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Notice of Determination 

TO: [ql Office of Planning and Research 

For US.  Mail: 
P.O. Box 3044 
Sacramento, CA 958 12-3044 

Street Address: 
1400 Tenth Street 
Sacramento, CA 958 14 

FROM: Department of Fish and Game 
Bay-Delta Region 
7329 Silverado Trail 
Napa, CA 94558 
Contact: Kathy Geary 
Phone: (707) 944-55 17 

LEAD AGENCY: 
California Department of Water Resources 
P.O. Box 942836 
Sacramento, CA 9423 6 
Contact: Heidi Rooks 
Phone: (9 16) 376-9704 

SUBJECT: Filing of Notice of Deterinination in coinpliance with $21108 of the Public Resources Code 

State Clearinghouse Number (if submitted to State Clearinghouse): 2009012022 

Project Title: Ongoing California State Water Project Operations in the Sacramento-San Joaquin Delta for the 
Protection of Longfin Smelt 

Project Location: Sacramento-San Joaquin Delta (Contra Costa, Sacramento, San Joaq~lin, Solano and Y~lba 
Counties) 

Project Description: California Endangered Species Act (CESA) Incidental Take Permit (ITP or Permit) 
(No. 208 l-2OO9-OOl-O3), pursuant to Fish and Game Code sections 2081(b) and 2081(c), and California Code of 
Regulations, Title 14 (CEQA Guidelines), section 783.4, to authorize take of the longfin smelt(~~irinchus 
thaleichthys) by Permittee California Department of Water Resources (DWR) in its on-going operation of the 
State Water Project (SWP) existing facilities in the Sacramento-San Joaquin Delta. The SWP is operated to 
provide flood control and water for agricultural, municipal, industrial, recreational, and environmental purposes. 
The ITP, which was issued by the California Department of Fish and Game (DFG) on February 23,2009, covers 
the longfin smelt (hereafter sometimes referred to as Covered Species) during the remainder of its candidacy 
period and continuing after the effective date of the Fish and Game Commission's decision to list the longfm 
smelt as threatened. 

The various SWP facilities are within the range bf the longfm smelt. Operation of the SWP will result in take of 
individuals of the Covered Species as well as temporary and permanent impacts to the Covered Species and its 
habitat as described in detail in the ITP. The Permit a~~thorizes DWR to take Covered Species incidentally in 
operating the SWP, subject to the Conditions of Approval set forth in the ITP and within the scope of the 
operations described in the ITP. 

On February 17, 2009, DWR adopted a . ~ e ~ a t i v e  Declaration (ND) for the Ongoing California State Water 
Project Operations in the Sacramento-San ~ b a ~ u i n  Delta for the Protection of the Longfm Smelt. DFG, in issuing 
the ITP, adopted an Addendum to the ND, pursuant to CEQA Guidelines sections 15096(f) and 15164, beca~lse it 
found that the Project Description in DWR's ND did not include all of the required protective measures for SWP 
impacts to longfm smelt. These additional measures, described in the Addendum, are changes or additions that, 
pursuant to CEQA Guidelines section 15162, do not require preparation of either a subsequent environmental 
impact report or a negative declaration. DFG considered the ND adopted by DWR and the environmental effects 
described therein, in conjunction with the Addendum, prior to making a decision on issuance of the ITP [CEQA 
Guidelines 8 15050(b)]. 



Notice of Determination 
This is to advise that the Department of Fish and Game (DFG), acting as the lead agency / a responsible 
agency approved the above-described project on 02 I 23 I 09 and has made the following 
determinations regarding the above described project: 
1. The project will / rn will not have a significant effect on the environment. (This determination is limited 

to effects within DFG's jurisdiction when DFG acts as a responsible agency.) 
2. An environmental impact report / A negative declaration was prepared for this project pursuant to 

CEQA. 
3. Mitigation measures were / were not made a condition of DFG's approval of the project.1 
4. A mitigation reporting or monitoring plan was / [Xi was not adopted by DFG for this project.2 
5. A Statement of Overriding Considerations was / was not adopted by DFG for this project. 
6. Findings were made by DFG pursuant to Public Resomces Code $21081(a). 
7. Compliance with the environmental filing fee requirement at Fish and Game Code $ 71 1.4 (check one): 

Payment is submitted with this notice. 
A copy of a receipt showing prior payment is attached to this notice. 
A copy of the Lead Agency's Certificate of Fee Exemption and De Minimis Impact Finding is 
attached to this notice. 

Responsible Agency statement: The final Negative Declaration that was prepared by the Lead Agency for this 
project is available to the General Public at the office location listed above for the Lead Agency. DFG's 

s available at the DFG office identified above. 

Date: 3 / 2 3 / d j  , 

Charles Armor, Regional Manager 

Date Received for filing at OPR: 

1 Mitigation measures were required as part of the Department's CESA approval pursuant to CESA section 2081(b)(2). 

2 A mitigation monitoring and reporting plan was adopted by the Department as part of its CESA approval. 

















 











California Department of Water Resources

Annual Emissions Report

01/25/2010 02:47 pmReport Generated On: PT

(Emissions from California operations)

Holly B. CroninContact:

(916) 574-2673

hcronin@water.ca.gov

The mission of the California Department of Water Resources (DWR) is “To manage the water 

resources of California in cooperation with other agencies for the benefit of the state’s people and 

protect, restore, and enhance the natural and human  environments.”  

DWR operates and maintains the State Water Project (SWP), including the California Aqueduct, and 

provides dam safety, flood control, and local water management assistance while it plans for the 

state’s future water needs.

Description:

9241-Administration of Environmental Quality ProgramsNAIC Code:

Government – StateIndustry Type:

1416 9th Street, Sacramento, CA 95814

www.water.ca.gov

SIC Code:

Legend

Blue = required

Orange = optional

Sacramento, CA 94236 United States

Primary Calculation 

Methodologies:

Reports of emissions associated with DWR operations is derived using the California Climate Action 

Registry (CCAR) General Reporting Protocol, and the Power/Utility Reporting Protocol.  

Continuous Emissions Monitoring Systems (CEMS) data from the SWP's Power Procurements for 

Reid Gardner Unit No. 4 was reported by the plant's operator to the United States Environmental 

Protection Agency (US EPA) Clean Air Markets Division (CAMD).  DWR in turn downloaded CO2 

emissions directly from the CAMD website.  

For unspecified emissions, DWR applied the emissions factors reported to the CCAR when available 

for its bilateral counterparties.  CCAR members' most recent filings report emissions factors for 

2006, with the exception of one counterparty, whose most recently reported emissions are 

associated with 2005.

For unspecified emissions from purchases where this data is not available, DWR applied the 

applicable Western Electricity Coordinating Council (WECC) regional default emissions factors that 

are associated with the Emissions & Generation Resource Integrated Database (eGRID) most recent 

published default emissions factors (eGRID2006 Version 2.1, April 2007).  DWR takes receipt of the 

energy it has acquired within the State of California.   Consequently, the default emissions factor for 

DWR unspecified purchases is eGRID Subregion Name "WECC California" or Code "CAMX."

Some of the indirect emissions from purchased electricity disclosed in this report are estimated 

based on a California Registry-approved methodology for estimating electricity use, not calculated 

based on metered data.

Organizational 

structure disclosure:

DWR is a State Department under the Resources Agency of the State of California, headquartered 

in Sacramento, responsible for monitoring, conserving, and developing California’s water resources, 

providing public safety and preventing property damage related to water resources.

CAReporting Scope:

2007Reporting Year:

 VERIFIED EMISSIONS INFORMATION

Reporting Protocol: General Reporting Protocol, Version 3.0, (April 2008)

2007

2007Baseline Year (Indirect Emissions):

Baseline Year (Direct Emissions):

Management Control - Operational CriteriaReporting Boundaries:
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(Emissions from California operations)

UnitPFCs*N2OCO2CO2eDirect Emissions SF6CH4 HFCs*

* *Mobile Combustion  13,614.62  0.00  0.00  0.00  0.00 metric ton 13,614.62  0.00

Stationary Combustion  683.62  0.00  0.00  0.00  0.00 metric ton 683.62  0.00

Process Emissions  0.00  0.00  0.00  0.00  0.00 - 0.00  0.00

Fugitive Emissions  0.00  0.00  0.00  0.00  0.00 - 0.00  0.00

TOTAL DIRECT  14,298.24  0.00  0.00  0.00  0.00 metric ton 14,298.24  0.00

* HFCs and PFCs are classes of greenhouse gases that include many compounds. These columns may reflect the total emissions of multiple HFC and PFC 

compounds, each of which has a unique Global Warming Potential (GWP). Emissions of each gas are first multiplied by their respective GWP and then summed in 

the total CO2-equivalent column.

Indirect Emissions UnitN2OCO2CO2e CH4

metric ton 0.00  0.00 3,226,249.51 3,226,249.51Purchased Electricity

- 0.00  0.00 0.00 0.00Purchased Steam

- 0.00  0.00 0.00 0.00Purchased Heating and Cooling

metric ton 0.00  0.00 3,226,249.51 3,226,249.51TOTAL INDIRECT

UnitSF6PFCs*HFCs*CH4 N2OCO2CO2eDe Minimis Emissions

Percentage of Total Inventory:

VERIFICATION INFORMATION

Verification Body: Eastern Research Group
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Basis of Verification Opinion: ERG verified CDWR’s inventory according to the GVP, version 3.0 (current 

protocol at the time of inventory development), including conducting site visits 

of nine CDWR locations throughout California.  ERG found that all emission 

sources were accounted for.  Although CDWR does not have a formal GHG 

Management Plan, personnel involved in GHG inventory development are 

informed and knowledgeable of the CCAR protocols. Detailed documentation at 

the facility-level within the CARROT report, as well as supporting spreadsheets 

and data, helped to demonstrate that appropriate methods were used. ERG 

focused verification efforts on verifying emissions generated from sources 

categorized under the Power Purchase Portfolio (PPP), which accounts for 

approximately 99.5% of CDWR’s 2007 CO2 emissions. The PPP comprises 

electricity generated and purchased through energy marketers to operate the 

State Water Project (e.g., Nevada Power Company, American Electric Power, BP 

Energy Company, Calpine Energy Services, Shell Power, Duke Energy Trading, 

etc.).  Actual power purchase records were cross checked against the PPP 

financial settlements spreadsheet which CDWR used to compile PPP emissions. 

No mistakes in the data, emission factors used, and resulting emissions 

estimates were found. The only difference between CDWR reported emissions 

and ERG calculated emissions appeared to be from rounding.

Also, spreadsheet calculations for CDWR’s other direct and indirect sources were 

reviewed, and independent calculations were made for selected sources.  These 

other direct and indirect sources, which comprise <0.5% of the total entity-level 

CO2 emissions, include: mobile sources (i.e., gasoline, diesel, and propane 

combustion in trucks, cars, and off-road mobile equipment); stationary sources 

(i.e., combustion of diesel and LPG in standby emergency generators [SEGs], 

and natural gas combustion for heating/cooling); and indirect electricity 

purchases, including power purchased through several named utility providers 

(e.g., Sacramento Municipal Utility District, Pacific Gas & Electric, Southern 

California Edison, etc.). ERG verified electricity and natural gas purchases from 

PG&E. ERG did not verify all data used and CDWR calculations for these other 

direct and indirect sources because of their relative insignificance, not all 

electricity, natural gas, and mobile/stationary fuel purchase receipts were readily 

available, and difficulty in determining how Voyager (for mobile fuels) and SAP 

(for stationary and mobile fuels) data were disaggregated to the facility level.

Overall, ERG found that CDWR had accounted for all sources and activity data, 

and had made all calculations according to the GRP.  ERG found only minor 

errors, or differences, between emission results in CDWR’s 2007 CARROT report 

as compared to ERG’s calculations; no material misstatements (i.e., 5% or 

greater) were found.

Date Submitted:

5/26/09   4:54 pm

 OPTIONAL INFORMATION

Information in this section is voluntarily provided by the participant for public information, but is not required and thus, not verified under 

California Registry protocols.

UnitSF6PFCs*HFCs*N2OOptional Emissions CH4CO2CO2e

 0.00  0.00  0.00 0.00  0.00  0.00  0.00 -

TOTAL OPTIONAL  0.00  0.00  0.00 0.00  0.00  0.00  0.00 -

0.27 MT CO2/MWhEmissions Efficiency metric:
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The SWP’s aqueducts and reservoirs were designed to provide water storage 

with some flexibility for the SWP to pump during hours of lower power demand 

and generate during hours of higher power demand.  However, this flexibility is 

constrained by water delivery obligations and environmental and regulatory 

requirements.  

In addition to the vital role of the SWP as California’s water delivery system and 

the functions DWR performs in managing floods, the SWP provides benefits to 

the CAISO wholesale power grid, including consuming off-peak resources, and 

contributing clean, carbon-free hydroelectric generation during peak hours.  

SWP hydroelectric generation replaces energy provided by less efficient, carbon 

emission producing generators during peak hours. 

DWR also provides grid participants with a zero-emissions energy product 

through a Demand Response option of dropping pump load up to 200 MW 

during the summer.  This service effectively reduces greenhouse gas emissions 

by decreasing the amount of peak generation that would be necessary and 

likely served by inefficient, high carbon emitting resources. SWP is California’s 

largest individual demand response provider.

DWR develops and administers a comprehensive power resources program for 

the strategic timing of generation and pumping schedules, purchase of power 

resources and transmission services, short-term sales of energy surpluses, and 

studies of resources for future needs.

DWR is continually evaluating its operational strategies and energy portfolio to 

increase its carbon free energy resources to complement SWP’s ability to 

deliver water using environmentally sensitive and sustainable energy resources.

The State Water Project Power Purchase Portfolio MWh and Metric Tons of 

carbon dioxide represents gross emissions levels.  However, when SWP power 

purchases exceed the energy required to serve the SWP's pumpload, DWR sells 

its surplus energy.  Since SWP sales transactions are not tied to specific 

generation resources, the SWP emissions rate of 0.270 MT CO2/MWh 

represents MT CO2 divided by MWh from all Generation Sources.  This derived 

rate yields an estimated 395,291 MT CO2 associated with Electricity Sales.  

Consequently, the net MT CO2 associated with the SWP pumpload in 2007 

equals 2,653,991 MT CO2

Emissions Management Programs:
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DWR operates California’s SWP, the largest State-built multipurpose project in 

the United States.  Each pump manufactured for the SWP meets the highest 

standards and the highest levels of efficiencies that are technically possible at 

the time the pumps are manufactured, refurbished, or replaced.  DWR also 

invests substantial resources to conduct engineering feasibility and design 

studies to improve the overall water to energy conversion of all SWP equipment 

and facilities.  DWR’s improvement programs include pump and turbine 

replacements and refurbishments using state-of-the-art design and construction 

methods to bring SWP’s hydroelectric units to first in class levels of energy 

efficiency.  The A.D. Edmonston Pumping Plant and Edward Hyatt Powerplant 

are two SWP facilities where major energy efficiency projects have been 

undertaken with some still in progress.

A. D. Edmonston Pumping Plant is the largest plant in the SWP, with 14 pumps, 

each rated at 80,000 horsepower, pumping water from the California Aqueduct 

over Tehachapi Mountains into Southern California.  Based upon the SWP’s 

metered data, averaged over years 2002 through 2006, with increases in 

efficiencies measured against each units’ original efficiency levels, DWR’s 

refurbishment of Edmonston Unit No. 6 reduces the SWP pumpload requirement 

by 4,020 MWh annually.  Together with upgrades to Edmonston Units No. 1, 2, 

and 3, by 2011, the SWP pumpload requirement at Edmonston will be reduced 

by an estimated 40,000 MWh annually.  

The SWP’s largest generation resource is the Edward Hyatt Powerplant, an 

underground, hydroelectric, pumping-generating facility constructed in the 

bedrock below Lake Oroville.  DWR developed the Hyatt Powerplant 

modernization program to increase unit efficiency in the generation mode and 

reduce power consumption in the pump mode.  All six of Hyatt’s units have 

been upgraded using state-of-the-art model design technologies, manufacturing 

techniques, and materials. DWR’s refurbishment of Hyatt Unit Nos. 1 through 6 

represents an estimated annual energy savings of 132,000 MWh annually.

DWR will continue its role as the State’s third largest generator of clean 

hydropower.  DWR is currently investigating ownership interest and contractual 

agreements to not only replace its resources provided by coal generation, but 

also to reduce its use of fossil fuels.  This can be accomplished with a 

combination of cleaner, more efficient resources, including renewables, and 

improvements to the SWP system.  

DWR’s membership in the CCAR, as well as the ARB’s reporting regulations 

which integrate and expand upon the CCAR’s standards, will provide a 

consistent and transparent reporting mechanism of DWR’s CO2 emissions and 

its progress in meeting California’s GHG emissions reductions goals.

Emissions Reduction Projects:

The electric power needed to operate the SWP comes from its own and jointly 

developed hydroelectric facilities, long-term and short-term purchase 

agreements, and a 30 year agreement with Nevada Power Company (NPC).    

Since July 25, 1983, DWR has received up to 235 MW from Unit 4, one of four 

units at the Reid Gardner coal-fired generation facility located in Moapa, 

Nevada.  In May 2007, DWR formally notified the plant’s owner that DWR will 

not renew this agreement, which expires on July 25, 2013.  DWR intends to 

replace this coal based energy with a combination of cleaner, more efficient 

resources, improvements to the SWP system and renewable energy resources.

DWR anticipates meeting the AB 32 goal of reducing its carbon emissions to 

1990 levels at least six years earlier than the mandated reduction target for 

California in 2020.

Emissions Reduction Goals:

Title Author Publish DateDocument Status

Holly B. Cronin 05/20/2009  12:00:00AMCDWR 2007 Electric Power Generation Report Public

 REFERENCE DOCUMENTS
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UNITED STATES DEPARTMENT OF COMMERCE 
National ceanic and Atmospheric Administration 
NATIONAL MARINE FISHE IES SERVIC 

Southwest Region 
501 West Ocean Boulevard. SUite 4200 
Long Beach, California 90802-4213 

In response reply to: 

2008/09022 

JUN - 4 2009 

Mr. Donald Glaser 
Regional Director 
Mid-Pacific Region 
U.S. Bureau of Reclamation 
2800 Cottage Way, MP-3700 
Sacramento, California 95825-1898 

Dear Mr. Glaser: 

This document transmits NOAA's National Marine Fisheries Service's (NMFS) final biological 
opinion and conference opinion (Opinion, enclosure 1) based on NMFS review of the proposed 
long-tenn operations of the Central Valley Project and State Water Project (hereafter referred to 
as CVP/SWP operations) in the Central Valley, California, and its effects on listed anadromous 
fishes and marine mammal species, and designated and proposed critical habitats, in accordance 
with section 7 of the Endangered Species Act (ESA) of 1973, as amended (16 U.S.c. 1531 et 
seq.). This final Opinion is based on infonnation provided in the Bureau of Reclamation's 
(Reclamation) October 1, 2008, transmittal letter and biological assessment (BA), discussions 
between NMFS and Reclamation staff, declarations filed pursuant to Pacific Coast Federation of 
Fishennen Association et al. v. Gutierrez et aI. 1:06-cv-245-0WW-GSA (E.D. Cal. 2008). 
comments received from Reclamation, peer review reports from CALFED and the Center for 
Independent Experts, and an extensive literature review completed by NMFS staff. A complete 
administrative record of this consultation is on file at the NMFS Sacramento Area Office. 

Based on the best available scientific and commercial infonnation, NMFS' final Opinion 
concludes that the CVPISWP operations are likely to jeopardize the continued existence of 
Federally listed: 

•	 Endangered Sacramento River winter-run Chinook salmon (Oncorhynchus tshawytscha), 
•	 Threatened Central Valley spring-run Chinook salmon (0. tshawytscha), 
•	 Threatened Central Valley steelhead (0. mykiss), 
•	 Threatened Southern Distinct Population Segment (DPS) of North American green
 

sturgeon (Acipenser medirostris) , and
 
•	 Southern Resident killer whales (Orcinus orca). 

NMFS also concludes that the proposed action is likely to destroy or adversely modify the 
designated critical habitats of: 

•	 Sacramento River winter-run Chinook salmon, 



2
 

• Central Valley spring-run Chinook salmon, and 
• Central Valley steelhead, and 

• proposed critical habitat for the Southern DPS of North American green sturgeon. 

The final Opinion concludes that the CVP/SWP operations are not likely to jeopardize the 
continued existence of Central California Coast steelhead (0. mykiss). 

The conference opinion concerning proposed critical habitat for Southern DPS of North 
American green sturgeon does not take the place of a biological opinion under section 7(a)(2) of 
the ESA unless and until the conference opinion is adopted as a biological opinion when the 
proposed critical habitat designation for the Southern DPS of North American green sturgeon 
becomes final. Adoption may occur if no significant new information is developed, and no 
significant changes to the project are made that would alter the contents, analyses, or conclusions 
of this Opinion. 

Take of threatened green sturgeon is currently not prohibited by Section 9 of the ESA. When the 
rule proposed on May 21, 2009 (74 FR 23822) under section 4(d) of the ESA becomes effective 
as a final rule, all take of threatened green sturgeon not in conformance with that rule will be 
prohibited under the ESA. Upon the effectiveness of the final green sturgeon take rule, 
compliance with this Incidental Take Statement provides exemption for take under section 7(0). 

The ESA provides that if NMFS has reached a jeopardy or adverse modification conclusion, it 
must identify a reasonable and prudent alternative (RPA) to the proposed action that is expected 
to avoid the likelihood of jeopardy to the species and adverse modification of designated and 
proposed critical habitat, if such an alternative action can be offered. NMFS includes with this 
Opinion a RPA that we believe meets all four regulatory requirements, as set forth in 50 CFR 
402.02. This has been a very challenging consultation for our agencies due to its complexity, 
long-term nature, and importance to the people of California and the resources we are required to 
manage. NMFS and Reclamation have had extensive discussions on the preparation of the BA, 
the draft Opinion, and the draft RPA, and while NMFS understands that Reclamation may have 
reservations with portions of the Opinion, NMFS understands that it is a package that 
Reclamation can accept. Because this is a jeopardy Opinion, Reclamation is required 
(402. 15(b)) to notify NMFS " ...ofits final decision on the action." NMFS, therefore, requests 
that Reclamation provide NMFS with timely notification as to your agency's final decision. 

Also enclosed are Essential Fish Habitat (EFH) Conservation Recommendations for Pacific 
Coast Salmon species, as required by the Magnuson-Stevens Fishery Conservation and 
Management Act (MSFCMA) as amended (16 U.S.c. 1801 et seq.; enclosure 2). NMFS EFH 
analysis concludes that the CVP/SWP operations will adversely affect EFH for Pacific Coast 
Salmon species in the action area. The RPA that was developed for the ESA-listed salmon was 
designed to avoid jeopardy and adverse modification for those species but it also has substantial 
benefits to Pacific salmon EFH, and commercially valuable Central Valley fall-run Chinook 
salmon. Pursuant to the MSFCMA, Conservation Recommendations are also provided to further 
reduce adverse effects on EFH. 
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I want to express my sincere appreciation to you and to your staff for their professionalism and 
commitment to find a solution that comports with our various Federal mandates. You have my 
commitment that NMFS will continue to be close partner with Reclamation, CA Department of 
Water Resources, CA Fish and Game, and US Fish and Wildlife Service as we embark on 
implementation. I also look forward to continuing our participation with Reclamation, partner 
agencies and stakeholders in the Bay Delta Conservation Planning effort, a very important action 
to boost habitat improvements in the Delta and counterbalance some of the aging infrastructure 
limitations. If you have any questions regarding this consultation, please c0l1tact Mr. Garwin 
Yip, of my staff, at (916) 930-3611 or via e-mail at garwin.yip@noaa.gov. 

Sincerely, 

R~~I~j!~ 
Regional Administrator 

Enclosures: 
Enclosure 1: Biological and conference opinion on the long-tenn operations of the Central 

Valley Project and State Water Project 
Appendix 1: Project Description 
Appendix 2: Supporting documents for the RPA 
Appendix 3: Fall-run and late fall-run Chinook salmon analysis 
Appendix 4: Responses to CALFED peer review recommendations 
Appendix 5: Technical memorandum for the San Joaquin actions 

Enclosure 2: EFH Conservation Recommendations 

cc:	 Copy to file ARN: 151422SWR2004SA9116 
NMFS-PRD, Long Beach, CA 
Ron Milligan, Reclamation, 3310 EJ Camino Avenue, Suite 300, Sacramento, CA 95821 
Lester Snow, CA DWR 
Don Koch, CA DFG 
Ren Lohoefener, FWS 

-
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with 2,400,000 total potential eggs, 1923-2002 from SALMOD model. Study 6.0 represents 2004 
operations, 7.0 represents current operations, 7.1 represents near future operations, and 8.0 represents 
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Figure 6-23.  Reduction in upper Sacramento River juvenile late fall-run Chinook salmon production during 
each year of the CALSIM II modeling period relative to the maximum production year.  Production was 
based on 12,051 adults and an average of 7 million juveniles produced in most years. 
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Figure 6-25.  Dewatered redds at Nimbus Basin and Sailor Bar, February 2006 (figure was modified from 
Hannon and Deason 2008). 
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http://cdec.water.ca.gov/
http://cdec.water.ca.gov/
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thermal stress in juvenile steelhead are associated with exposure to daily mean water temperatures above 
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http://cdec.water.ca.gov/
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1.0  BACKGROUND AND CONSULTATION HISTORY 
 
1.1  Purpose 
 
The purpose of this document is to present NOAA’s National Marine Fisheries Service’s 
(NMFS) biological and conference opinion (Opinion), about whether the U.S. Bureau of 
Reclamation’s (Reclamation) proposed long-term operations of the Central Valley Project 
(CVP), operated in coordination with the State Water Project (SWP; hereafter referred to as 
CVP/SWP operations, the proposed action, or the project), is likely to jeopardize the continued 
existence of the following species: 

• Endangered Sacramento River winter-run Chinook salmon (Oncorhynchus tshawytscha, 
hereafter referred to as winter-run) 

• Threatened Central Valley spring-run Chinook salmon (O. tshawytscha, hereafter 
referred to as spring-run) 

• Threatened Central Valley (CV) steelhead (O. mykiss) 
• Threatened Central California Coast (CCC) steelhead (O. mykiss) 
• Threatened Southern Distinct Population Segment (DPS) of North American green 

sturgeon (Acipenser medirostris, hereafter referred to as Southern DPS of green 
sturgeon) 

• Endangered Southern Resident killer whales (Orcinus orca, hereafter referred to as 
Southern Residents) 

 
or destroy or adversely modify the designated critical habitat of the above salmon and steelhead 
species, or proposed critical habitat for Southern DPS of green sturgeon.  This Opinion is based 
on the best scientific and commercial information available. 
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1.2  Background 
 
Alterations to the natural hydrologic systems of the Sacramento and San Joaquin River basins 
began in the late 1800s, accelerating in the early 1900s, including the construction of three dams 
owned and operated by Reclamation, a fourth dam owned and operated by the California 
Department of Water Resources (DWR), and a multitude of pumps and hundreds of miles of 
gravity-fed water diversions constructed and operated by private water users and by Reclamation 
and DWR.  None of the major dams were constructed with fish ladders to pass anadromous fish 
and, as a result, salmon and steelhead have effectively been blocked from accessing the upper 
reaches of the basin.  Beginning in 1993, Shasta and Keswick Dam releases on the upper 
Sacramento River have been managed to provide cold water to the spawning habitat below 
Keswick Dam as per requirements of NMFS’ winter-run biological opinion on the operations of 
the CVP and SWP. 
 
1.3  Coordinated Operations Agreement 
 
In November 1986, the U.S. Federal government and DWR signed the Coordinated Operation 
Agreement (COA), which defines the rights and responsibilities of the CVP and SWP with 
respect to in-basin water needs and provides a mechanism to account for those rights and 
responsibilities.  Congress, through Public Law 99-546, authorized and directed the Secretary of 
the Interior to execute and implement the COA.  Under the COA, Reclamation and DWR agree 
to operate the CVP and SWP, respectively, under balanced conditions in a manner that meets 
Sacramento Valley and Delta needs while maintaining their respective water supplies, as 
identified in the COA.  “Balanced conditions” are defined as periods when the CVP and SWP 
agree that releases from upstream reservoirs, plus unregulated flow, approximately equal water 
supply needed to meet Sacramento Valley in-basin uses and CVP/SWP exports.  The COA is the 
Federal nexus for ESA section 7 consultation on operations of the SWP.  In this CVP/SWP 
operations consultation, DWR is considered an applicant. 
 
1.4  Consultation History 
 
On October 22, 2004, NMFS issued its biological opinion on the proposed CVP/SWP operations 
(NMFS 2004c, hereafter referred to as 2004 CVP/SWP operations Opinion).  Within that 
document was a consultation history that dated back to 1991, which is incorporated here by 
reference. 
 
On April 26 and May 19, 2006, Reclamation requested reinitiation of consultation on CVP/SWP 
operations based on new species listings and designated critical habitats.  In a June 19, 2006, 
letter to Reclamation, NMFS stated that there was not enough information in Reclamation’s 
request to initiate consultation.  NMFS provided a list of information required to fulfill the 
initiation package requirements [50 CFR 402.14(c)].  From May 2007, until May 29, 2008, 
NMFS participated in the following interagency forums, along with representatives from 
Reclamation, DWR, U.S. Fish and Wildlife Service (USFWS), and California Department of 
Fish and Game (CDFG), in order to provide technical assistance to Reclamation in its 
development of a biological assessment (BA) and reinitiation package. 
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• Biweekly interagency CVP/SWP operations meetings; 
• Biweekly five agencies management meetings; 
• Weekly directors’ meetings; and 
• Several modeling meetings. 

 
In addition, NMFS provided written feedback on multiple occasions: 

• Multiple e-mails from the USFWS (submitted on behalf of USFWS, NMFS, and CDFG) 
providing specific comments on various chapters of the draft CVP/SWP operations BA, 
including the legal setting (Chapter 1) and project description (Chapter 2); 

• February 15, 2008, e-mails from NMFS to Reclamation, transmitting comments on 
species accounts for the anadromous salmonid species and green sturgeon (Chapters 3-6, 
and 8); 

• A February 21, 2008, letter providing comments with regard to the development of the 
draft CVP/SWP operations BA, and in particular, the draft project description; and 

• An April 22, 2008, list of threatened and endangered species and critical habitats that 
occur within areas affected by the proposed action. 

 
On May 19, 2008, NMFS received Reclamation’s May 16, 2008, request to reinitiate formal 
consultation on CVP/SWP operations.  On May 30, 2008, Reclamation hand-delivered a revised 
BA containing appendices and modeling results.  On June 10, 2008, NMFS issued a letter to 
Reclamation indicating that a reinitiation package was received, and that NMFS would conduct a 
30-day sufficiency review of the BA received on May 30, 2008.  On July 2, 2008, NMFS issued 
a letter to Reclamation, indicating that the BA was not sufficient to reinitiate formal consultation.  
NMFS described additional information necessary to reinitiate consultation.  In addition, on July 
17, 2008, NMFS offered additional comments on the BA via e-mail.  Throughout July 2008, 
NMFS continued to participate in the interagency forums listed above to continue to provide 
technical assistance to Reclamation on its development of a final BA and complete reinitiation 
package.  In addition, meetings were held between NMFS and Reclamation staff on August 8, 
September 9, and September 19, 2008, to discuss and clarify outstanding concerns regarding the 
modeling, Essential Fish Habitat (EFH), and project description information contained in the 
draft BA.  On August 20 and September 3, 2008, NMFS received additional versions of the draft 
BA, hand-delivered to the NMFS Sacramento Area Office on digital video disc (DVD). 
 
On October 1, 2008, the Sacramento Area Office received a hand-delivered letter from 
Reclamation, transmitting the following documents:  (1) final BA on a DVD (Reclamation 
2008a, hereafter referred to as the CVP/SWP operations BA), (2) Attachment 1:  Comment 
Response Matrix, (3) Attachment 2:  errata sheet; (4) Attachment 3:  Additional modeling 
simulation information regarding Shasta Reservoir carryover storage and Sacramento River 
water temperature performance and exceedances; and (5) Attachment 4:  American River Flow 
Management Standard 2006 Draft Technical Report.  The letter and enclosures were provided in 
response to our July 2, 2008, letter to Reclamation, indicating that the BA was not sufficient to 
reinitiate formal consultation.  In its October 1, 2008, letter, Reclamation also committed to 
providing, by mid-October 2008, the following:  responses to comments and reinitiating 
consultation related to Pacific Coast Salmon EFH within the Central Valley, and (2) a request for 
conferencing and an analysis of effects of the continued long-term operation of the CVP and 
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SWP on proposed critical habitat for green sturgeon.  On October 20, 2008, Reclamation 
provided to NMFS via e-mail the analysis of effects on the proposed critical habitat of Southern 
DPS of green sturgeon.  In addition, on October 22, 2008, Reclamation provided to NMFS via e-
mail supplemental information regarding the EFH assessment on fall-run Chinook salmon 
(hereafter referred to as fall-run).  On November 21, 2008, NMFS issued a letter to Reclamation, 
indicating that Reclamation had provided sufficient information to reinitiate formal consultation 
on the effects of CVP/SWP operations, with the understandings that:  (1) Reclamation is 
committed to working with NMFS staff to provide any additional information NMFS determines 
necessary to analyze the effects of the proposed action; and (2) NMFS is required to issue a final 
Opinion on or before March 2, 2009 (see section 1.5.8.2, below).  
 
On December 11, 2008, NMFS issued a draft CVP/SWP operations Opinion for peer review 
through the CALFED Bay-Delta Program (CALFED) and the Center for Independent Experts 
(CIE), and also to Reclamation for review and comment.  Details about the reviews are provided 
below in sections 1.5.6.2 and 1.5.6.3.  Beginning the week of January 5, 2009, NMFS hosted 
weekly meetings with representatives from USFWS, CDFG, Reclamation, and DWR at the 
directors, managers, and technical levels, in addition to scheduling meetings on specific topics, 
to address, clarify, and resolve Reclamation’s and DWR’s comments on the draft Opinion and 
draft reasonable and prudent alternative (RPA). 
 
On January 15, 2009, Reclamation sent NMFS an e-mail, transmitting an attached file with 2 
pages to replace the North Bay Aqueduct section of the CVP/SWP operations BA on pages 13-
49 and 13-50.  In addition, section 3.1 of this Opinion documents additional changes to the 
CVP/SWP operations BA, specifically in Chapter 2 (project description). 
 
This document is NMFS’ Opinion on the proposed action, in accordance with section 7 of the 
Endangered Species Act (ESA) of 1973, as amended (16 U.S.C. 1531 et seq.).  The request for 
formal consultation was received on October 1, 2008.  This final Opinion supersedes the 2004 
CVP/SWP operations Opinion.  This Opinion is based on:  (1) the reinitiation package provided 
by Reclamation, including the CVP/SWP operations BA, received by NMFS on October 1, 2008; 
(2) the supplemental analysis of effects on the proposed critical habitat of Southern DPS of green 
sturgeon and supplemental information regarding the EFH assessment on fall-run; (3) other 
supplemental information provided by Reclamation; (4) declarations submitted in court 
proceedings pursuant to Pacific Coast Federation of Fishermen Association (PCFFA) et al. v. 
Gutierrez et al.; and (5) scientific literature and reports.  A complete administrative record of this 
consultation is on file at the NMFS, Sacramento Area Office. 
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1.5  Key Consultation Considerations 
 
1.5.1  Southern Oregon/Northern California Coast (SONCC) Coho Salmon 
 
This Opinion analyzes the effects of the proposed action, including the Trinity River Division, on 
listed Central Valley anadromous fish species and Southern Residents (as it pertains to effects on 
Central Valley Chinook salmon availability as prey).  NMFS is analyzing the effects of the 
proposed action on SONCC coho salmon in a separate biological opinion.  Reclamation is 
currently in consultation with NMFS on this aspect of its operations. 
 
After consideration of the complexity of the SONCC coho salmon consultation and availability 
of staff resources, NMFS is committed to completing the SONCC coho salmon consultation by 
September 30, 2009. 
 
1.5.2  ESA Consultation on CVP and SWP Hatcheries 
 
CVP and SWP hatcheries within the Central Valley include the Livingston Stone National Fish 
Hatchery (LSNFH), Coleman National Fish Hatchery, Feather River Fish Hatchery (FRFH), and 
Nimbus Fish Hatchery.  The USFWS, which manages the LSNFH and Coleman National Fish 
Hatchery, has requested a separate ESA section 7 consultation on those hatcheries.  Therefore, 
the effects of the ongoing operations of the LSNFH and Coleman National Fish Hatchery are not 
analyzed as part of the proposed action in this consultation.  The FRFH is a mitigation hatchery 
for the impacts of DWR’s Oroville Dam.  Currently, the Federal Energy Regulatory Commission 
(FERC) is in consultation with NMFS on the effects of relicensing Oroville Dam (including the 
effects of FRFH).  Therefore, the FRFH is not considered in this consultation. 
 
The Trinity River Fish Hatchery is part of the Trinity River Division of the CVP.  Consistent 
with how NMFS will address the effects on SONCC coho salmon (see section 1.5.1, above), 
NMFS will defer the consideration of effects from Trinity River Fish Hatchery, as it pertains to 
any effects on SONCC coho salmon, to the separate formal consultation currently in process.   
 
The exception to the above consultation considerations on CVP and SWP hatcheries is that all 
Chinook salmon production from all Central Valley hatcheries (i.e., Coleman National Fish 
Hatchery, LSNFH, FRFH, Nimbus Fish Hatchery, Mokelumne Fish Hatchery, and Merced Fish 
Hatchery), in addition to the Trinity River Fish Hatchery, are considered in the analysis of effects 
on Southern Residents in this Opinion because these runs provide forage for Southern Residents.  
The Molelume River Hatchery (funded and operated by CDFG) and Merced Fish Hatchery 
(funded by the East Bay Municipal Utilities District and operated by CDFG) are not CVP or 
SWP hatcheries, but they make up a portion of hatchery-produced Chinook salmon from the 
Central Valley. 
 
In summary, of all the CVP and SWP hatcheries, aside from hatchery production for the 
Southern Residents, the specific operation of Nimbus Fish Hatchery will be analyzed in this 
consultation.  Overall, the combined effects from hatchery-produced fish in the Central Valley 
are included in the environmental baseline. 
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Managers for each CVP and SWP hatchery are currently engaged in discussions with NMFS in 
their development of a Hatchery and Genetic Management Plan (HGMP), pursuant to section 4 
of the ESA.  The HGMPs will include long-range planning and management of fish species 
cultured at the hatcheries.  To that end, the consultation and exemption of incidental take related 
to the continued operation of Nimbus Hatchery will sunset 2 years from the date of issuance of 
this Opinion.  As adoption of an HGMP under section 4 of the ESA is a Federal action, NMFS 
will conduct an intra-agency section 7 consultation prior to adoption of the HGMP. 
 
1.5.3  ESA Consultation Linkage to the Operation of Oroville Dam 
 
The Oroville Complex (Oroville Dam and related facilities, including the FRFH) is part of the 
SWP.  DWR has been operating the Oroville Complex under a FERC license and is currently 
undergoing a relicensing process with FERC.  The FERC license expired in January 2007, and 
until a new license is issued, DWR operates to the existing FERC license.  FERC is currently in 
consultation with NMFS regarding the effects of relicensing the Oroville Complex for 50 years.  
Because the effects of the Oroville Complex are considered in the ongoing FERC consultation, 
the effects of operation of Oroville Dam on listed fish within the Feather River is not considered 
in this consultation.  The analytical cutoff point of the hydrologic effects in the FERC analysis is 
at the Feather River’s confluence with the Sacramento River.  The effects of the flows from the 
Oroville Complex on all listed fish under NMFS jurisdiction in the Sacramento River and Delta 
are considered in this consultation. 
 
1.5.4  Individual Contracts 
 
This consultation addresses the long-term operations of the CVP and SWP, and does not satisfy 
Reclamation’s ESA section 7(a)(2) obligations for issuance of individual water supply contracts.    
Reclamation should consult with NMFS separately on their issuance of individual contracts.   
The analysis of effects of the proposed actions, however, assumes water deliveries under the 
contracts, as described and modeled in the BA. 
 
NMFS requests that by June 4, 2010, Reclamation provide written notification to NMFS and the 
State Water Resources Control Board (SWRCB) of any contract that it believes is creates a 
nondiscretionary obligation to deliver water, including the basis for this determination and the 
quantity of nondiscretionary water delivery required by the contract.  Any incidental take due to 
delivery of water to such a contractor is not be exempt from the ESA section 9 take prohibition 
in this Opinion.  
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1.5.5  Inspector General’s Report for the 2004 CVP/SWP Operations Opinion 
 
On October 8, 2004, 19 members of the U.S. House of Representatives submitted a letter to the 
inspectors general of the departments of Interior and Commerce, requesting a review of 
allegations that Reclamation, “…in its haste to finalize water contracts in California, has 
improperly undermined the required NOAA Fisheries environmental review process for the 
proposed long-term Operations, Criteria, and Plan (OCAP) for the Central Valley Project (CVP) 
and the State Water Project (SWP).”  Subsequent to that request, the Department of Commerce 
Office of Inspector General (IG), audited the process used by NMFS to develop the 2004 
CVP/SWP operations Opinion, with objectives to:  (1) identify the review process used to issue 
the 2004 CVP/SWP operations Opinion on Reclamation’s CVP and DWR’s SWP, and (2) 
determine whether NMFS – in developing the 2004 CVP/SWP operations Opinion – followed 
the consultation process for issuing biological opinions that is defined by its policies, procedures, 
and normal practices.  On July 8, 2005, Johnnie E. Frazier (Office of Audits, Seattle Regional 
Office) issued Final Report STL-17242-5-0001 to NMFS, which included the following findings:  
(1) The NMFS southwest regional office deviated from the agency’s established consultation 
initiation process, and (2) The southwest regional office did not follow its process for ensuring 
the quality of the biological opinion. 
 
Section 1.4 provides details regarding the consultation history leading up to the issuance of this 
CVP/SWP operations Opinion.  In response to IG finding #1, on November 21, 2008, NMFS 
issued a letter to Reclamation, indicating that Reclamation had provided sufficient information to 
reinitiate formal consultation on the effects of CVP/SWP operations, with the understanding that:  
(1) Reclamation is committed to working with NMFS staff to provide any additional information 
NMFS determines necessary to analyze the effects of the proposed action. 
 
To address IG finding #2, NMFS issued a series of documents to provide a clear and transparent 
description of the roles and responsibilities of regional staff in the review and clearance process 
for consultation documents.  The review and clearance process for non-routine formal 
consultations (which includes highly controversial, novel, or precedent-setting biological 
opinions, including this CVP/SWP operations Opinion) requires signatures of the Area Fffice 
Section 7 Coordinator, Area Office Supervisor, Regional Section 7 Coordinator, NOAA General 
Counsel, and Assistant Regional Administrator for Protected Resources on a clearance sheet 
acknowledging that proper review procedures were followed, prior to final signature by the 
Regional Administrator.  During the review process, consultation documents were reviewed for 
consistency with applicable policies, procedures and mandates; scientific accuracy; legal 
sufficiency; clear, effective, and efficient communication of analysis and reasoning; and 
compliance with required format, style, and tone.   
 
As provided above, the IG’s recommendations have been incorporated into NMFS’ review 
process and current formal consultation on the CVP/SWP operations. 
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1.5.6  Independent Peer Reviews of the 2004 CVP/SWP Operations Opinion 
 
In 2005, NMFS initiated peer reviews of its 2004 CVP/SWP operations Opinion through 
CALFED and the CIE.  In general, the peer reviewers’ charge was to evaluate and comment on 
the technical information, models, analyses, results, and assumptions that formed the basis for 
the assessment of the proposed long-term water operations of the CVP and SWP.  In December 
2005, CALFED issued its report and findings to NMFS.  Also in 2005, Dr. Thomas E. McMahon 
(CIE reviewer) and Dr. Jean-Jacques Maguire (CIE reviewer) issued their report and findings to 
NMFS.  Each of the reports had constructive recommendations for the 2004 CVP/SWP 
operations Opinion.  As an added level of review, NMFS requested the NMFS-Southwest 
Fisheries Science Center (SWFSC) to evaluate the peer reviews.  The NMFS-SWFSC issued a 
report to NMFS-Protected Resources Division on May 25, 2006, concluding that the three peer 
reviews offered generally valid and helpful critiques of the science underlying the 2004 
CVP/SWP operations Opinion.  The CVP/SWP operations BA and this Opinion considered 
and/or incorporated all of the substantive peer review recommendations, as appropriate. 
 
1.5.7  Reviews throughout the Current Reinitiated CVP/SWP Operations Consultation 
 
1.5.7.1  Temperature Management and Modeling Workshop 
 
The peer reviews of the 2004 CVP/SWP operations Opinion identified several temperature-
related concerns, with recommendations on how to address those concerns.  In February and 
March, 2008, NMFS convened an interagency planning team, consisting of representatives from 
Reclamation, DWR, USFWS, CALFED, and NMFS, to develop the scope and agenda for a 
workshop intended to provide a forum for discussion of issues related to temperature modeling 
and management on the upper Sacramento River in support of the CVP/SWP operations BA and 
NMFS’ Opinion.  On April 1, 2008, CALFED convened the 1-day public workshop, which 
consisted of a series of presentations and question-and-answer periods with selected local agency 
representatives, in Sacramento, California.  Topics discussed included anadromous species’ 
temperature needs, recovery approach for listed Central Valley salmonids, operational practices 
to manage temperature of the Sacramento River, modeling and technical tools presently used for 
CVP stream management, and case studies of temperature management in other watersheds.  
Following the workshop, CALFED convened a Review Panel of independent subject matter 
experts to evaluate the technical and scientific approach used to manage temperature in CVP 
streams as presented in the workshop.  The Review Panel provided a written synthesis of topics 
discussed during the workshop, their perspective of important issues, and available tools (with 
recommendations for their use) for addressing water temperature management in the upper 
Sacramento River, in support of NMFS’ Central Valley Recovery Plan temperature objectives 
(Deas et al. 2008).  The CVP/SWP operations BA and this Opinion considered and incorporated, 
as appropriate, the recommendations from Deas et al. (2008). 
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1.5.7.2  Peer Review of NMFS’ 2008 Draft CVP/SWP Operations Opinion 
 
NMFS sought peer reviews of its 2008 draft CVP/SWP operations Opinion through CALFED 
and the CIE.  Each review involved a different approach and process. 
 
The CALFED review format involves convening of a Panel of independent subject matter 
experts who review documents provided, then meet in a public workshop format where the Panel 
may interact with NMFS and other agency staff, ask questions and clarify information regarding 
their review charge.  Following the workshop, the Panel produces a report of their findings and 
recommendations.  This approach is beneficial in that the Panel has the opportunity to clear up 
potential misunderstandings regarding the information they have been provided so that their 
product is most likely to provide relevant feedback to NMFS, and there is the potential to 
discover useful input from attendees at the workshop, as well as from collaboration among 
reviewers.     
 
The CALFED peer review of the draft CVP/SWP operations Opinion occurred in two phases.  
The first phase was to evaluate and comment on NMFS analytical framework that would form 
the basis for this CVP/SWP operations Opinion.  On July 22, 2008, NMFS submitted its 
analytical framework document to CALFED for peer review.  On August 5, 2008, CALFED 
convened a public workshop in Sacramento, California, which consisted of several presentations 
from NMFS staff on the ESA section 7 consultation process and the proposed analytical 
approach, followed by a questions-and-answers session from the peer review Panel to the NMFS 
presenters.  At the end of the workshop, the Panel requested additional information from NMFS 
in order for it to provide meaningful feedback and recommendations to assist us in the 
development of the CVP/SWP operations Opinion.  Specifically, the Panel requested a copy of 
the CVP/SWP operations BA, making it clear that their intention was not to peer review the 
CVP/SWP operations BA, but to understand the information presented in the CVP/SWP 
operations BA in order to better respond to the peer review charge for the analytical framework.  
In addition, the peer review panel requested two mock analyses to show them how we intended 
to utilize our analytical framework, and also how the recommendations from the peer review of 
the 2004 CVP/SWP operations Opinion were addressed in the current reinitiated CVP/SWP 
operations consultation.  After NMFS fulfilled the peer review panel’s requests (at the time, the 
most recent draft of the CVP/SWP operations BA was August 20, 2008), a follow-up public 
workshop via conference call was held on August 29, 2008, mainly in the form of a questions-
and-answers session.  On November 4, 2008, NMFS received a letter from CALFED, 
transmitting the Panel’s October 31, 2008, document, “Independent Review of the 2008 NMFS 
Analytical Framework for its CVP/SWP operations Biological Opinion.” 
 
The second phase of the CALFED peer review was the review of a draft of the CVP/SWP 
operations Opinion in the current consultation.  The purpose of this independent review was to 
obtain the views of experts not involved in the consultation on the use of the best available 
scientific and commercial information as it pertains to the development of the CVP/SWP 
operations Opinion.  In addition, CIE peer reviewed a draft of the CVP/SWP operations Opinion 
in the current consultation.  On December 11, 2008, NMFS submitted its draft CVP/SWP 
operations Opinion to CALFED and the CIE for peer review.  As NMFS had draft conclusions of 
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jeopardy for winter-run, spring-run, CV steelhead, and Southern DPS of green sturgeon, and 
adverse modification of designated critical habitats of winter-run, spring-run, CV steelhead, and 
proposed critical habitat for Southern DPS of green sturgeon, NMFS also provided the draft 
reasonable and prudent alternative (RPA) to CALFED for review.  On January 8, 2009, 
CALFED convened a public workshop in Sacramento, California, which consisted of several 
presentations from NMFS staff, summarizing the effects analysis conducted in this consultation, 
followed by a questions-and-answers session from the Panel to the NMFS presenters.  On 
January 26, 2009, NMFS received a letter from CALFED, transmitting the Panel’s January 23, 
2009, document, “Independent Review of a Draft Version of the 2009 NMFS CVP/SWP 
operations Biological Opinion” (Anderson et al. 2009).   
 
The CALFED peer review approach also has been criticized for a potential lack of independence, 
as NMFS is a CALFED member agency.  NMFS fully supports the CALFED criteria for 
independence in its reviews, but also sought independent peer review through the CIE.   
 
The process for the CIE peer review is that CIE identifies a group of reviewers who will receive 
the materials for review.  They conduct their reviews guided by “Terms of Reference,” that is, a 
list of specific questions that NMFS requested to be answered in the peer review.  The reviewers 
work independently, and after the specified review period, they provide individual review reports 
to CIE and NMFS. 
 
On January 21, 2009, Dr. E. Eric Knudsen, Dr. Ian A. Fleming, and Dr. Richard A. Marston 
(CIE reviewers) issued their reports and findings to NMFS.  Each of the peer review reports had 
constructive recommendations towards the development of a more scientifically robust final 
Opinion.  However, in general, all of the peer reviewers and their reports acknowledged the 
incredibly complex proposed action, and that NMFS applied the best available information in its 
development of the draft Opinion.  This Opinion, and its supporting administrative record, 
considered and/or incorporated all of the substantive peer review recommendations, as 
appropriate.  NMFS also incorporated many of the suggested line edits from the peer review 
reports to improve the quality of this Opinion. 
 
1.5.7.3  Reclamation’s Review of the Draft CVP/SWP Operations Opinion 
 
In addition to the CALFED and CIE peer reviews, on December 11, 2008, NMFS issued the 
draft CVP/SWP operations Opinion, draft RPA, and EFH Conservation Recommendations to 
Reclamation for its review and comments.  On January 13, 2009, Reclamation provided its 
comments, in addition to transmitting comments from DWR.  On March 3, 2009, NMFS issued a 
revised draft of its CVP/SWP operations Opinion and draft RPA to Reclamation for its review 
and comment.  On March 20, 2009, Reclamation provided its comments, in addition to 
transmitting comments from DWR.  DWR provided additional comments on April 20, April 28, 
and May 1, 2009.  Many of Reclamation’s and DWR’s comments were consistent with and 
echoed those of the peer review reports.  NMFS considered and/or incorporated all of 
Reclamation’s and DWR’s substantive comments, as appropriate.  
 
1.5.8  Litigation and Settlement 
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1.5.8.1  USFWS’ CVP/SWP Operations Consultation on Delta Smelt 
 
On December 14, 2007, the United States District Court for the Eastern District of California 
issued an Interim Remedial Order in Natural Resources Defense Council, et al. v. Kempthorne, 
1:05-cv-1207 OWW GSA (E.D. Cal. 2007), to provide additional protection of the Federally-
listed Delta smelt pending completion of a new biological opinion for the continued operation of 
the CVP and SWP.  The Interim Remedial Order remains in effect until the USFWS issues a new 
biological opinion for the continued operation of the CVP and SWP, which must be completed 
by September 15, 2008.  A motion to extend the time for completion was filed on July 29, 2008.  
The court granted USFWS’ request to extend its court-ordered deadline to complete the 
biological opinion to December 15, 2008.   
 
The USFWS issued its biological opinion on December 15, 2008 (USFWS 2008a), with a 
jeopardy finding for Delta smelt, and adverse modification of Delta smelt designated critical 
habitat.  In its biological opinion, the USFWS proposed an RPA for Reclamation to consider.  
On December 15, 2008, Reclamation issued a memorandum to the USFWS, provisionally 
accepting the USFWS’ RPA, conditioned upon the further development and evaluation of RPA 
Components 3 and 4. 
 
1.5.8.2  NMFS’ CVP/SWP Operations Consultation 
 
On April 16, 2008, the United States District Court for the Eastern District of California issued a 
Memorandum Decision and Order on the Cross-Motions for Summary Judgment filed in PCFFA 
et al. v. Gutierrez et al, 1:06-cv-245-OWW-GSA (E.D. Cal. 2008).  The Court found that the 
Opinion issued by NMFS in 2004 was invalid.  An evidentiary hearing followed, resulting in a 
Remedies Ruling on July 18, 2008.  The ruling concluded that the court needed further evidence 
to consider the Plaintiffs’ proposed restrictions on CVP/SWP operations.  A Scheduling Order 
was filed by the court on July 24, 2008, and a further status conference was set for September 4, 
2008.  On October 21, 2008, Judge Wanger issued a ruling that California's canal water systems 
are placing wild salmon "unquestionably in jeopardy."  However, he did not issue any court-
ordered interim remedies pending a final NMFS Opinion, to be issued by March 2, 2009.  A 
motion to extend the time for completion was filed on January 21, 2009.  The court granted 
NMFS’ request to extend its court-ordered deadline to complete the biological opinion to June 2, 
2009.   
 
1.6  Term of the Opinion 
 
This biological opinion is effective through December 31, 2030. 
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2.0  Analytical Approach  
 
2.1  Introduction 
 
This section describes the analytical approach used by NMFS to evaluate the effects of the 
proposed action on listed species under NMFS jurisdiction.  The approach is intended to ensure 
that NMFS comports with the requirements of statute and regulations when conducting and 
presenting the analysis.  This includes the use of the best available scientific and commercial 
information relating to the status of the species and critical habitat and the effects of the proposed 
action.   
 
The following sub-sections outline the specific conceptual framework and key steps and 
assumptions utilized in the listed species jeopardy risk assessment and the critical habitat 
destruction or adverse modification risk assessment.  Wherever possible, these sections were 
written to apply to all six listed species, and associated designated and proposed critical habitats, 
occurring in the action area, which include: 

• Endangered Sacramento River winter-run Chinook salmon (Oncorhynchus tshawytscha); 
• Threatened Central Valley spring-run Chinook salmon (O. tshawytscha); 
• Threatened Central Valley steelhead (O. mykiss); 
• Threatened Central California Coast steelhead (O. mykiss); 
• Threatened Southern Distinct Population Segment of North American green sturgeon 

(Acipenser medirostris); 
• Endangered Southern Resident killer whales (Orcinus orca) 
• Designated critical habitats for listed salmonids; and  
• Proposed critical habitat for Southern DPS of green sturgeon. 

 
In the case of listed salmonids, NMFS has additional data and analytical frameworks that are 
applied as part of the overall approach.  These tools are called out in separate sub-sections.  
Readers are advised that with the exception of these specific sub-sections, the remainder of the 
discussion should be read as generally applicable to all affected listed species and critical 
habitats. 
 
The following discussion of our analytical approach is organized into several sub-sections, with 
the first sub-section describing the legal framework provided by the ESA and case law and 
policy guidance related to section 7 consultations.  Second, a general overview of how NMFS 
conducts its section 7 analysis is described, including various conceptual models of the overall 
approach and specific features of the approach are discussed.  This includes information on tools 
used in the analysis specific to this consultation.  We first describe our listed species analysis as 
it pertains to individual fish species and the physical, chemical, and biotic changes to the 
ecosystem caused by the proposed action.  Description of our critical habitat analysis follows.  
Third, we discuss the evidence available for the analysis, the related uncertainties, and critical 
assumptions NMFS made to bridge data gaps in the information provided to initiate consultation.  
Fourth, we diagram the overall conceptual approach in the assessment to address the integration 
of all available information and decision frameworks to support our assessment of the effects of 
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the proposed action.  Finally, we discuss the presentation of all of these analyses within this 
Opinion to provide a basic guide to the reader on the relevant sections where the results of 
specific analytical steps can be reviewed.  
  
2.2  Legal and Policy Framework 
 
The purposes of the ESA, “…are to provide a means whereby the ecosystems upon which 
endangered species and threatened species depend may be conserved, to provide a program for 
the conservation of such endangered species and threatened species, and to take such steps as 
may be appropriate to achieve the purposes of the treaties and conventions set forth in 
subsection (a) of this section.”  To help achieve these purposes, the ESA requires that, “Each 
Federal agency shall, in consultation with and with the assistance of the Secretary, insure that 
any action authorized, funded, or carried out by such agency is not likely to jeopardize the 
continued existence of any endangered species or threatened species or result in the destruction 
or adverse modification of habitat…”   
 
Jeopardy Standard.  The “jeopardy” standard has been further interpreted in regulation (50 CFR 
402.02) as a requirement that Federal agencies insure that their actions are not likely to result in 
appreciable reductions in the likelihood of both the survival and recovery of the species in the 
wild by reducing its numbers, reproduction, or distribution.  It is important to note that the 
purpose of the analysis is to determine whether or not appreciable reductions are reasonably 
expected, but not to precisely quantify the amount of those reductions.  As a result, our 
assessment often focuses on whether an appreciable reduction is expected or not, but not on 
detailed analyses designed to quantify the absolute amount of reduction or the resulting 
population characteristics (absolute abundance, for example) that could occur as a result of 
proposed action implementation.   
 
For the purposes of this analysis, NMFS equates a listed species’ probability (or risk) of 
extinction with the likelihood of both the survival and recovery of the species in the wild for 
purposes of conducting jeopardy analyses under section 7(a)(2) of the ESA.  In the case of listed 
salmonids, we use the Viable Salmonid Populations (VSP) framework (McElhany et al. 2000) as 
a bridge to the jeopardy standard.  A designation of “a high risk of extinction” or “low likelihood 
of becoming viable” indicates that the species faces significant risks from internal and external 
processes that can drive it to extinction.  The status assessment considers and diagnoses both the 
internal and external processes affecting a species’ extinction risk. 
 
For salmonids, the four VSP parameters are important to consider because they are predictors of 
extinction risk, and the parameters reflect general biological and ecological processes that are 
critical to the survival and recovery of the listed salmonid species (McElhany et al. 2000).  The 
VSP parameters of productivity, abundance, and population spatial structure are consistent with 
the “reproduction, numbers, or distribution” criteria found within the regulatory definition of 
jeopardy (50 CFR 402.02) and are used as surrogates for “numbers, reproduction, and 
distribution.”  The VSP parameter of diversity relates to all three jeopardy criteria.  For example, 
numbers, reproduction, and distribution are all affected when genetic or life history variability is 
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lost or constrained, resulting in reduced population resilience to environmental variation at local 
or landscape-levels. 
 
NMFS is currently in the process of developing a recovery plan for the listed Central Valley 
salmon and steelhead species.  A technical recovery team (TRT) was established to assist in the 
effort.  One of the TRT products, Lindley et al. (2007), provides a “Framework for Assessing 
Viability of Threatened and Endangered Chinook Salmon and Steelhead in the Sacramento-San 
Joaquin Basin.”  Along with assessing the current viability of the listed Central Valley salmon 
and steelhead species, Lindley et al. (2007) provided recommendations for recovering those 
species.  In addition, a co-managers’ review draft of the Central Valley recovery plan was issued, 
and NMFS received comments from various co-managers.  A public review draft of the recovery 
plan is likely to be issued in 2009.  Lindley et al. (2007) was relied on to establish the current 
status of the listed Central Valley salmon and steelhead species, and both Lindley et al. (2007) 
and the draft recovery plan were utilized to evaluate whether the proposed action does not 
“reduce appreciably the likelihood of survival and recovery.” 
 
Destruction or Adverse Modification Standard.  For critical habitat, NMFS did not rely on the 
regulatory definition of “destruction or adverse modification” of critical habitat at 50 CFR 
402.02.  Instead, we have relied upon the statutory provisions of the ESA to complete the 
analysis with respect to critical habitat.  NMFS will evaluate “destruction or adverse 
modification” of critical habitat by determining if the action reduces the value of critical habitat 
for the conservation of the species. 
 
Additional requirements on the analysis of the effects of an action are described in regulation (50 
CFR 402) and our conclusions related to “jeopardy” and “destruction or adverse modification” 
generally require an expansive evaluation of the direct and indirect consequences of the proposed 
action, related actions, and the overall context of the impacts to the species and habitat from past, 
present, and future actions as well as the condition of the affected species and critical habitat [for 
example, see the definitions of “cumulative effects,” “effects of the action,” and the requirements 
of 50 CFR 402.14(g)].  
 
Recent court cases have reinforced the requirements provided in section 7 regulations that NMFS 
must evaluate the effects of a proposed action within the context of the current condition of the 
species and critical habitat, including other factors affecting the survival and recovery of the 
species and the functions and value of critical habitat.  In addition, the courts have directed that 
our risk assessments consider the effects of climate change on the species and critical habitat and 
our prediction of the future impacts of a proposed action.     
 
Consultations designed to allow Federal agencies to fulfill these purposes and requirements are 
concluded with the issuance of a biological opinion or a concurrence letter.  For biological 
opinions, section 7 of the ESA and the implementing regulations (50 CFR 402), and associated 
guidance documents (e.g., USFWS and NMFS 1998) require the opinions to present:  (1) a 
description of the proposed Federal action; (2) a summary of the status of the affected species 
and its critical habitat; (3) a summary of the environmental baseline within the action area; (4) a 
detailed analysis of the effects of the proposed action on the affected species and critical habitat; 



(5) a description of cumulative effects; and (6) a conclusion as to whether it is reasonable to 
expect the proposed action is not likely to appreciably reduce the species’ likelihood of both 
surviving and recovering in the wild by reducing its numbers, reproduction, or distribution or 
result in the destruction or adverse modification of the species designated critical habitat.  
    
2.3  General Overview of the Approach and Models Used 
 
NMFS uses a series of sequential analyses to assess the effects of Federal actions on endangered 
and threatened species and designated critical habitat.  These sequential analyses are illustrated 
in figure 2-1.  The first analysis identifies those physical, chemical, or biotic aspects of proposed 
actions that are likely to have individual, interactive, or cumulative direct and indirect effects on 
the environment (we use the term “stressors” for these aspects of an action).  As part of this step, 
we identify the spatial extent of any potential stressors and recognize that the spatial extent of 
those stressors may change with time (the combined spatial extent of these stressors is the 
“action area” for a consultation).  
 
The second step of our analyses starts by identifying the endangered species, threatened species, 
or designated or proposed critical habitat that are likely to occur in the same space and at the 
same time as these potential stressors.  Then we try to estimate the nature of that co-occurrence 
(these represent our exposure analyses).  In this step of our analyses, we try to identify the 
number and age (or life stage) of the individuals that are likely to be exposed to an action’s 
effects and the populations or subpopulations those individuals represent or the specific areas 
and primary constituent elements of critical habitat that are likely to be exposed.  

Assess Species’
Response

Assess Risk to       
Individuals

Assess Risk to                 
Populations

Assess Risk to       
Species

Jeopardy or No

Jeopardy Conclusion

Environmental Baseline Species’ Status Cumulative Effects

Identify 
“Action”
Identify the 

“Action”

Deconstruct the 

“Action”

Identify the

Action Area

Assess Species
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Figure 2-1.  General Conceptual Model for Conducting Section 7 as Applied to Analyses for Listed Species. 
 
Once we identify which listed resources (endangered and threatened species and designated 
critical habitat) are likely to be exposed to potential stressors associated with an action and the 
nature of that exposure, in the third step of our analyses, we examine the scientific and 
commercial data available to determine whether and how those listed resources are likely to 
respond given their exposure (these represent our response analyses).  The final steps of our 
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analyses - establishing the risks those responses pose to listed resources - are different for listed 
species and designated critical habitat and are further discussed in the following sub-sections 
(these represent our risk analyses). 
 
2.3.1  Application of the Approach to Listed Species Analyses 
 
Our jeopardy determinations must be based on an action’s effects on the continued existence of 
threatened or endangered species and how those “species” have been listed (e.g., as true 
biological species, subspecies, or distinct population segments of vertebrate species).  Because 
the continued existence of listed species depends on the fate of the populations that comprise 
them, the probability of extinction, or probability of persistence of listed species depends on the 
probabilities of extinction and persistence of the populations that comprise the species.  
Similarly, the continued existence of populations are determined by the fate of the individuals 
that comprise them; populations grow or decline as the individuals that comprise the population 
live, die, grow, mature, migrate, and reproduce (or fail to do so).  
 
Our analyses reflect these relationships between listed species and the populations that comprise 
them, and the individuals that comprise those populations.  We identify the probable risks that 
actions pose to listed individuals that are likely to be exposed to an action’s effects.  Our 
analyses then integrate those individuals risks to identify consequences to the populations those 
individuals represent.  Our analyses conclude by determining the consequences of those 
population-level risks to the species those populations comprise. 
 
We measure risks to listed individuals using the individual’s “fitness,” which are changes in an 
individual’s growth, survival, annual reproductive success, or lifetime reproductive success.  In 
particular, we examine the scientific and commercial data available to determine if an 
individual’s probable response to an action’s effects on the environment (which we identify in 
our response analyses) are likely to have consequences for the individual’s fitness. 
 
When individuals, whether they are listed plants or animals, are expected to experience 
reductions in fitness, we would expect those reductions to also reduce the abundance, 
reproduction rates, or growth rates (or increase variance in one or more of these rates) of the 
populations those individuals represent (see Stearns 1992).  Reductions in one or more of these 
variables (or one of the variables we derive from them) is a necessary condition for increases in a 
population’s probability of extinction, which is itself a necessary condition for increases in a 
species’ probability of extinction.   
 
If we conclude that listed plants or animals are likely to experience reductions in their fitness, 
our assessment tries to determine if those fitness reductions are likely to be sufficient to increase 
the probability of extinction of the populations those individuals represent (measured using 
changes in the populations’ abundance, reproduction, diversity, spatial structure and 
connectivity, growth rates, or variance in these measures to make inferences about the 
population’s extinction risks).  In this step of our analyses, we use the population’s base 
condition (established in the Status of the Species section of this Opinion) as our point of 
reference.  Generally, this reference condition is a measure of how near to or far from a species is 
to extinction or recovery.  



 
An important tool we use in this step of the assessment is a consideration of the life cycle of the 
species.  The consequences on a population’s probability of extinction as a result of impacts to 
different life stages are assessed within the framework of this life cycle and our current 
knowledge of the transition rates (essentially, survival and reproductive output rates) between 
stages, the sensitivity of population growth to changes in those rates, and the uncertainty in the 
available estimates or information.  An example of a Pacific salmonid life cycle is provided in 
figure 2-2. 
 
Various sets of data and modeling efforts are useful to consider when evaluating the transition 
rates between life stages and consequences on population growth as a result of variations in those 
rates.  These data are not available for all species considered in this Opinion; however data from 
surrogate species may be available for inference.  Where available, information on transition 
rates, sensitivity of population growth rate to changes in these rates, and the relative importance 
of impacts to different life stages is used to inform the translation of individual effects to 
population level effects.  Generally, however, we assume that the consequences of impacts to 
older reproductive and pre-reproductive life stages are more likely to affect population growth 
rates than impacts to early life stages.  But it is not always the adult transition rates that have the 
largest effect on population growth rate.  For example, absolute changes in the number of smolts 
that survive their migration to the ocean may have the largest impact on Chinook salmon 
population growth rate (Wilson 2003) followed by the number of alevins that survive to fry stage 
(POPTOOLS add-in to Microsoft Excel sensitivity analysis of simplified Chinook salmon life 
table). 
 

 
 
Figure 2-2.  Conceptual diagram of the life cycle of a Pacific salmonid. 
 
Similarly, in some sturgeon species, growth rate is most sensitive to young-of-the-year (YOY) 
and juvenile survival, and less sensitive to annual adult fecundity and survival (Caswell 2001).  
Thus, habitat alterations that decrease the survival of YOY or any class within the juvenile life 
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stage will more strongly influence the affected population’s growth rate than if the alteration will 
only affect fecundity or survival of adults (Gross et al. 2002).   
 
In addition, we recognize that populations may be vulnerable to small changes in transition rates.  
As hypothetically illustrated in figure 2-3, small reductions across multiple life stages can be 
sufficient to cause the extirpation of a population through the reduction of future abundance and 
reproduction of the species. 

 
Figure 2-3.  Illustration of cumulative effects associated with different life stages of Pacific salmon.  It is 
possible to increase population size or drive the population to extinction by only slight changes in 
survivorship at each life history stage.  Originally figure 9 in Naiman and Turner (2000, reproduced with 
permission from the publisher). 
 
Finally, our assessment tries to determine if changes in population viability are likely to be 
sufficient to reduce the viability of the species those populations comprise.  In this step of our 
analyses, we use the species’ status (established in the Status of the Species section of this 
Opinion) as our point of reference.  We also use our knowledge of the population structure of the 
species to assess the consequences of the increase in extinction risk to one or more of those 
populations.  Our Status of the Species section will discuss the available information on the 
structure and diversity of the populations that comprise the listed species and any available 
guidance on the role of those populations in the recovery of the species.  An example conceptual 
model of the population structure of spring-run is provided in figure 2-4.  This model illustrates 
the historic structure of the species and notes those populations that have been extirpated to 
provide a sense of the existing and lost diversity and structure within the species.  Both the 
existing and lost diversity and structure are important considerations when evaluating the 
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consequences of increases in the extinction risk of an existing population or effects to areas that 
historically had populations.   
 

 
 BPL – Basalt and Porous Lava 
 NW Cali -  Northwest California   

DG – Diversity Group 
 
Figure 2-4.  Population structure of the Central Valley spring-run Chinook salmon ESU.  Red crosses 
indicate populations and diversity groups that have been extirpated.  Extant independent populations are 
identified in all capital letters.  It should be noted that all four independent populations which historically 
occurred in the Feather River watershed tributaries (i.e., north, middle, and south forks, and the west 
branch) are now extinct, however, a hatchery population does currently occur in the Feather River below 
Oroville Dam.  Chinook salmon exhibiting spring-run characteristics occur in the mainstem Sacramento 
River below Keswick Dam. 
 
NMFS developed a set of tables designed to collect and evaluate the available information on the 
expected proposed action stressors and the exposure, response and risk posed to individuals of 
the species.  Figure 2-6 outlines the basic set of information we evaluated.  We rank the effects to 
individuals on the basis of the severity of the predicted response and resulting fitness 
consequence within life stages.  As discussed above, in the absence of other information, we 
assume that fitness consequences to smolts are more likely to have resulting population level 
effects than impacts to early life stages, like eggs or alevins.   
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A discussion of the method of determining effects to individuals of the species using listed 
salmonids. 
 
The first steps in evaluating the potential impacts a project may have on an individual fish would entail:  
(1) identifying the seasonal periodicity and life history traits and biological requirements of listed 
salmon and steelhead within the Project area.  Understanding the spatial and temporal occurrence of 
these fish is a key step in evaluating how they are affected by current human activities and natural 
phenomena; (2) identifying the main variables that define riverine characteristics that may change as 
the result of project implementation; (3) determining the extent of change in each variable in terms of 
time, space, magnitude, duration, and frequency; (4) determining if individual listed species will be 
exposed to potential changes in these variables; and (5) then evaluating how the changed characteristic 
would affect the individual fish in terms of the fish’s growth, survival, and/or reproductive success.   
 
Riverine characteristics may include:  flow, water quality, vegetation, channel morphology, hydrology, 
neighboring channel hydrodynamics, and connectivity among upstream and downstream processes.  
Each of these main habitat characteristics is defined by several attributes (i.e., water quality includes 
water temperature, dissolved oxygen, ammonia concentrations, turbidity, etc.).  The degree to which the 
proposed project may change attributes of each habitat characteristic will be evaluated quantitatively 
and/or qualitatively, in the context of its spatial and temporal relevance.  Not all of the riverine 
characteristics and associated attributes identified above may be affected by proposed project 
implementation to a degree where meaningful qualitative or quantitative evaluations can be conducted.  
That is, if differences in flow with and without the proposed project implementation are not sufficient to 
influence neighboring channel hydrodynamics, then these hydrodynamics will not be evaluated in 
detail, either quantitatively or qualitatively. The changed nature of each attribute will then be compared 
to the attribute’s known or estimated habitat requirements for each fish species and life stage.  For 
example, if water temperature modeling results demonstrate that water temperatures during the winter-
run spawning season (mid-April through mid-August) would be warmer with implementation of the 
proposed project, then the extent of warming and associated impact, would be assessed in consideration 
of the water temperature ranges required for successful winter-run spawning. 
 
NMFS then evaluates the likely response of listed salmonids to such stressors based on the best 
available scientific and commercial information available, including observations of how similar 
exposures have affected these species.  NMFS assesses whether the conditions that result from the 
proposed project, in combination with conditions influenced by other past and ongoing activities and 
natural phenomena as described by the factors responsible for the current status of the listed species, 
will affect growth, survival, or reproductive success (i.e., fitness) of individual listed salmonids at the 
life stage scale.  
 
NMFS will then evaluate how the proposed project’s effects on riverine characteristics may affect the 
growth, survival, and reproductive success of individual fish.  For example, growth and survival and 
reproductive success of individual fish may all be affected if the proposed project results in increased 
water temperatures during multiple life stages.  Individual fish growth also may be affected by reduced 
availability, quantity, and quality of habitats (e.g., floodplains, channel margins, intertidal marshes, 
etc.).  Survival of an individual fish may be affected by suboptimal water quality, increased predation 
risk associated with non-native predatory habitats and physical structures (such as gates, weirs), 
impeded passage, and susceptibility to disease.  Reproductive success of individual fish may be affected 
by impeded or delayed passage to natal streams, suboptimal water quality (e.g., temperature), which can 
increase susceptibility to disease, and reduced quantity and quality of spawning habitats.  Instream flow 
studies (e.g., instream flow incremental methodology studies) available in the literature, which describe 
the relationship between spawning habitat availability and flow, will be used to assess proposed project-
related effects on reproductive success.  All factors associated with the proposed project that affect 
individual fish growth, survival, or reproductive success will be identified during the exposure analyses.
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For example, the Central Valley Domain TRT recommended that for winter-run, spring-run, and 
CV steelhead, all extant (still surviving) populations should be secured and that, “…every extant 
population be viewed as necessary for the recovery of the ESU [Evolutionarily Significant Unit]” 
(Lindley et al. 2007).  Based on this recommendation, it was assumed that if appreciable 
reductions in any population’s viability are expected to result from implementation of the 
proposed action, then this would be expected to appreciably reduce the likelihood of both the 
survival and recovery of the diversity group the population belongs to as well as the listed 
ESU/DPS. 
 
Figure 2-1 outlined these basic steps in the analysis.  Table 2-1 presents the basic set of 
propositions and consultation outcomes associated with acceptance or rejection of those 
propositions that we utilize when conducting our evaluation of effects of the proposed action.  
These follow a logic path and hierarchical structure (figure 2-5) that is used to organize the 
jeopardy risk assessment. 
 
Table 2-1.  Reasoning and decision-making steps for analyzing the effects of the proposed action on listed 
species.  Acronyms and abbreviations in the action column refer to not likely to adversely affect (NLAA) and 
not likely/likely to jeopardize (NLJ/LJ). 
Step Apply the Available Evidence to Determine if… True/False Action 

True End 
A The proposed action is not likely to produce stressors that have direct or indirect 

adverse consequences on the environment False Go to 
B 

True NLAA 
B Listed individuals are not likely to be exposed to one or more of those stressors or 

one or more of the direct or indirect consequences of the proposed action False Go to 
C 

True NLAA 
C Listed individuals are not likely to respond upon being exposed to one or more of 

the stressors produced by the proposed action False Go to 
D 

True NLAA 
D Any responses are not likely to constitute “take” or reduce the fitness of the 

individuals that have been exposed. False Go to 
E 

True NLJ 
E Any reductions in individual fitness are not likely to reduce the viability of the 

populations those individuals represent. False Go to 
F 

True NLJ F Any reductions in the viability of the exposed populations are not likely to reduce 
the viability of the species. False LJ 
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Figure 2-5.  Conceptual model of the hierarchical structure that is used to organize the jeopardy risk 
assessment. 
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Figure 2-6.  General set of information collected to track effects of the proposed action and resulting 
exposure, response, and risk to listed species. 
 
2.3.1.1  The Viable Salmonid Populations Framework in Listed Salmonid Analyses 
 
In order to assess the survival and recovery of any species, a guiding framework that includes the 
most appropriate biological and demographic parameters is required.  This has been generally 
defined above.  For Pacific salmon, McElhany et al. (2000) defines VSP as an independent 
population that has a negligible probability of extinction over a 100-year time frame.  The VSP 
concept provides specific guidance for estimating the viability of populations and larger-scale 
groupings of Pacific salmonids such as ESU or DPS.  Four VSP parameters form the key to 
evaluating population and ESU/DPS viability:  (1) abundance; (2) productivity (i.e., population 
growth rate); (3) population spatial structure; and (4) diversity (McElhany et al. 2000).  These 
four parameters and their associated attributes are presented in figure 2-7.  In addition, the 
condition and capacity of the ecosystem upon which the population (and species) depends plays 
a critical role in the viability of the population or species.  Without sufficient space, including 
accessible and diverse areas the species can utilize to weather variation in their environment, the 
population and species cannot be resilient to chance environmental variations and localized 
catastrophes.  As discussed in the Status of the Species, salmonids have evolved a wide variety of 
life history strategies designed to take advantage of varying environmental conditions.  Loss or 
impairment of the species’ ability to utilize these adaptations increases their risk of extinction. 
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ABUNDANCE (N) 
 
A population should be large enough to 
survive and be resilient to environmental 
variations and catastrophes such as 
fluctuations in ocean conditions, local 
contaminant spills, or landslides. 
 
Population size must be sufficient to 
maintain genetic diversity. 

PRODUCTIVITY  
(POPULATION GROWTH RATE) 
 
Natural productivity should be sufficient to reproduce the 
population at a level of abundance that is viable. 
 
Productivity should be sufficient throughout freshwater, 
estuarine, and nearshore life stages to maintain viable 
abundance levels, even during poor ocean conditions. 
 
A viable salmon population that includes naturally 
spawning hatchery-origin fish should exhibit sufficient 
productivity from spawners of natural origin to maintain 
the population without hatchery subsidy. 
 
A viable salmon population should not exhibit sustained 
declines that span multiple generations. 

N

POP GROWTH 

DIVERSITY STRUCTURE 
Freshwater 
Estuarine 
Marine

HABITAT CAPACITY AND DIVERSITY 

DIVERSITY 
 
Human-caused factors such as habitat changes, 
harvest pressures, artificial propagation, and exotic 
species introduction should not substantially alter 
variation in traits such as run timing, age structure, 
size, fecundity (birth rate), morphology, behavior, 
and genetic characteristics. 
 
The rate of gene flow among populations should 
not be altered by human caused factors. 
 
Natural processes that cause ecological variation 
should be maintained. 
 

SPATIAL STRUCTURE  
 
Habitat patches should not be destroyed faster than they are 
naturally created. 
 
Human activities should not increase or decrease natural rates of 
straying among salmon sub-populations. 
 
Habitat patches should be close enough to allow the appropriate 
exchange of spawners and the expansion of population into 
underused patches. 
 
Some habitat patches may operate as highly productive sources for 
population production and should be maintained. 
 
Due to the time lag between the appearance of empty habitat and 
its colonization by fish, some habitat patches should be maintained 
that appear to be suitable, or marginally suitable, even if they 
currently contain no fish. 

 
Figure 2-7.  Viable salmonid population (VSP) parameters and their attributes.  In addition, the quality, 
quantity and diversity of the habitat (habitat capacity and diversity) available to the species in each of its 
three main habitat types (freshwater, estuarine and marine environments) is a critical foundation to VSP.  
Salmon cannot persist in the wild and withstand natural environmental variations in limited or degraded 
habitats. 
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As presented in Good et al. (2005), criteria for VSP are based upon measures of the VSP 
parameters that reasonably predict extinction risk and reflect processes important to populations.  
Abundance is critical, because small populations are generally at greater risk of extinction than 
large populations.  Stage-specific or lifetime productivity (i.e., population growth rate) provides 
information on important demographic processes.  Genotypic and phenotypic diversity are 
important in that they allow species to use a wide array of environments, respond to short-term 
changes in the environment, and adapt to long-term environmental change.  Spatial structure 
reflects how abundance is distributed among available or potentially available habitats, and can 
affect overall extinction risk and evolutionary processes that may alter a population’s ability to 
respond to environmental change. 
 
The VSP concept also identifies guidelines describing a viable ESU/DPS.  The viability of an 
ESU or DPS depends on the number of populations within the ESU or DPS, their individual 
status, their spatial arrangement with respect to each other and to sources of potential 
catastrophes, and diversity of the populations and their habitat (Lindley et al. 2007).  Guidelines 
describing what constitutes a viable ESU are presented in detail in McElhany et al. (2000).  More 
specific recommendations of the characteristics describing a viable Central Valley salmon 
population are found in table 1 of Lindley et al. (2007). 
 
Along with the VSP concept, NMFS uses a conceptual model of the species to evaluate the 
potential impact of proposed actions.  For the species, the conceptual model is based on a 
bottom-up hierarchical organization of individual fish at the life stage scale, population, diversity 
group, and ESU/DPS (figure 2-8).  The guiding principle behind this conceptual model is that the 
viability of a species (e.g., ESU) is dependent on the viability of the diversity groups that 
compose that species and the spatial distribution of those groups; the viability of a diversity 
group is dependent on the viability of the populations that compose that group and the spatial 
distribution of those populations; and the viability of the population is dependent on the four 
VSP parameters, and on the fitness and survival of individuals at the life stage scale.  The 
anadromous salmonid life cycle (see figure 2-2) includes the following life stages and behaviors, 
which will be evaluated for potential effects resulting from the proposed action:  adult 
immigration and holding, spawning, embryo incubation, juvenile rearing and downstream 
movement1, and smolt outmigration. 
 
2.3.1.2  Approach to Southern DPS of Green Sturgeon 
 
Although McElhany et al. (2000) specifically addresses viable populations of salmonids, NMFS 
believes that the concepts and viability parameters in McElhany et al. (2000) can also be applied 
to the Southern DPS of green sturgeon.  Therefore, in this consultation, NMFS applies McElhany 
et al. (2000) and the viability parameters in its characterization of the environmental baseline and 
analysis of effects of the action to the Southern DPS of green sturgeon. 

 
1 The juvenile rearing and downstream movement life stage is intended to include fry emergence, and fry and 

fingerling rearing, which occurs both in natal streams and as these fish are moving downstream through migratory 
corridors at a pre-smolt stage.  The distinction between juveniles and smolts is made because smolts have colder 
thermal requirements than juveniles that are not undergoing osmoregulatory physiological transformations.   



 
 

 
Figure 2-8.  Conceptual model of the hierarchical structure that is used to organize the jeopardy risk 
assessment for anadromous salmonids.   
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2.3.1.3  Approach Specific to Southern Resident Killer Whales 
 
The General Approach (section 2.3) and Application of the Approach to Listed Species Analysis 
(section 2.3.1) described above also applies to our approach for Southern Residents.  The 
Southern Resident killer whale DPS is a single population.  The population is composed of three 
pods, or groups of related matrilines, that belong to one clan of a common but older maternal 
heritage (NMFS 2008a).  The Southern Residents population is sufficiently small and the 
probability of quasi-extinction is sufficiently likely that all individuals of the three pods are 
important to the survival and recovery of the DPS.  Representation from all three pods is 
necessary to meet biological criteria for Southern Resident downlisting and recovery (NMFS 
2008).  For these reasons, it is NMFS’ opinion that any action that is likely to hinder the 
reproductive success or result in serious injury or mortality of a single individual is likely to 
appreciably reduce the survival and recovery of the DPS.  Therefore, effects on the Southern 
Resident killer whale DPS are informed by evaluating effects on individual whales. 
 
2.3.2  Application of the Approach to Critical Habitat Analyses 
 
The basis of the “destruction or adverse modification” analysis is to evaluate whether the 
proposed action results in negative changes in the function and role of the critical habitat in the 
conservation of the species.  Our evaluation of habitat conservation value entails an assessment 
of whether the essential features are functioning to meet the biological requirements of a 
recovered species, or how far the features are from this condition.  As a result, NMFS bases the 
critical habitat analysis on the affected areas and functions of critical habitat essential for the 
conservation of the species, and not on how individuals of the species will respond to changes in 
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habitat quantity and quality.  If an area encompassed in a critical habitat designation is likely to 
be exposed to the direct or indirect consequences of the proposed action on the natural 
environment, we ask if constituent elements included in the designation (if there are any) or 
physical, chemical, or biotic phenomena that give the designated area value for the conservation 
of the species are likely to respond to that exposure.  In particular we are concerned about 
responses that are sufficient to reduce the quantity, quality, or availability of those constituent 
elements or physical, chemical, or biotic phenomena. 
 
To conduct this analysis, NMFS follows the basic exposure-response-risk analytical steps 
described in figure 2-1 and applies a set of reasoning and decision-making questions designed to 
aid in our determination.  These questions follow a similar logic path and hierarchical approach 
of the elements and areas within a critical habitat designation.  The reasoning and decision-
making steps are outlined in table 2-2.  Figure 2-9 contains the basic hierarchical organization of 
critical habitat. 
 
Table 2-2.  Reasoning and Decision-Making Steps for Analyzing the Proposed Action’s Effects on Designated 
Critical Habitat.  Acronyms and Abbreviations in the Action Column Refer to Not Likely to Adversely Affect 
(NLAA) and Adverse Modification of Critical Habitat (AD MOD). 
Step Apply the Available Evidence to Determine if… True/False Action 

True End A The proposed action is not likely to produce stressors that have direct of indirect 
adverse consequences on the environment False Go to B 

True NLAA 
B 

Areas of designated critical habitat are not likely to be exposed to one or more of 
those stressors or one or more of the direct or indirect consequences of the 
proposed action False Go to C 

True NLAA 
C 

The quantity, quality, or availability of all constituent elements of critical habitat 
are not likely to be reduced upon being exposed to one or more of the stressors 
produced by the proposed action False Go to D 

True - 
D 

Any reductions in the quantity, quality, or availability of one or more constituent 
elements of critical habitat are not likely to reduce the conservation value of the 
exposed area False Go to E 

True No AD 
MOD E Any reductions in the conservation value of the exposed area of critical habitat are 

not likely to reduce the conservation value of the critical habitat designation False AD 
MOD 

 
To aid our analysis, NMFS developed a set of tables designed to track and combine the stressors, 
exposure, response, and risk related to the various elements of the proposed action.  Figure 2-10 
contains the basic set of information we evaluated.  These tables allow us to determine the 
expected consequences of the action on elements and areas of critical habitat, sort or rank 
through those consequences, and determine whether areas of critical habitat are exposed to 
additive effects of the proposed action and the environmental baseline.  We rank the effects to 
critical habitat on the basis of the severity of the predicted response of the element or area within 
the functions provided by various areas of critical habitat (effects ranked within spawning habitat 
or migratory corridors, for example).  In the absence of information regarding the relative 
importance or vulnerability of different habitat types, we did not find it appropriate to attempt to 
rank effects across habitat types or functions.  We recognize that the conservation value of 
critical habitat is a dynamic property that changes over time in response to changes in land use 
patterns, climate (at several spatial scales), ecological processes, changes in the dynamics of 



biotic components of the habitat, etc.  For these reasons, some areas of critical habitat might 
respond to an exposure when others do not.  We also considered how areas and functions of 
designated critical habitat are likely to respond to any interactions and synergisms between or 
cumulative effects of pre-existing stressors and proposed stressors. 
 
At the heart of the analysis is the basic premise that the conservation value of an overall critical 
habitat designation is the sum of the values of the components that comprise the habitat.  For 
example, the conservation value of listed salmonid critical habitat is determined by the 
conservation value of the watersheds that make up the designated area.  In turn, the conservation 
value of the components is the sum of the value of the primary constituent elements (PCEs) that 
make up the area.  PCEs are specific areas or functions, such as spawning or rearing habitat, that 
support different life history stages or requirements of the species.  The conservation value of the 
PCE is the sum of the quantity, quality, and availability of the essential features of that PCE.  
Essential features are the specific processes, variables, or elements that comprise a PCE.  Thus, 
an example of a PCE would be spawning habitat and the essential features of that spawning 
habitat would be conditions such as clean spawning gravels, appropriate timing and duration of 
certain water temperatures, and water free of pollutants. 
 

 
Figure 2-9.  Conceptual model of the hierarchical structure that is used to organize the destruction or adverse 
modification assessment for critical habitat.  This structure is sometimes collapsed for actions with very large 
action areas that encompass more than one specific area or feature.   
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Figure 2-10.  General set of information collected to track proposed action effects and resulting exposure, 
response, and risk to elements of critical habitat. 
 
Therefore, reductions in the quantity, quality, or availability of one or more essential features 
reduce the value of the PCE, which in turn reduces the function of the sub-area (e.g., 
watersheds), which in turn reduces the function of the overall designation.  In the strictest 
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interpretation, reductions to any one essential feature or PCE would equate to a reduction in the 
value of the whole.  However there are other considerations.  We look to various factors to 
determine if the reduction in the value of an essential feature or PCE would affect higher levels 
of organization.  For example: 
 

• The timing, duration and magnitude of the reduction 
• The permanent or temporary nature of the reduction 
• Whether the essential feature or PCE is limiting (in the action area or across the 

designation) to the recovery of the species or supports a critical life stage in the recovery 
of the species (for example, juvenile survival is a limiting factor in recovery of the 
species and the habitat PCE supports juvenile survival). 

 
In our assessment, we combine information about the contribution of critical habitat PCEs (or of 
the physical, chemical, or biotic phenomena that give the designated area value for the 
conservation of listed species) to the conservation value of those areas of critical habitat that 
occur in the action area, given the physical, chemical, biotic, and ecological processes that 
produce and maintain those PCEs in the action area.  We use the conservation value of those 
areas of designated critical habitat that occur in the action area as our point of reference for this 
comparison.  For example, if the critical habitat in the action area has limited current value or 
potential value for the conservation of listed species that limited value is our point of reference 
for our assessment of the consequences of the added effects of the proposed action on that 
conservation value. 
 
Figure 2-11 illustrates the basic model of the critical habitat analysis following the hierarchical 
organization of critical habitat and the comparison between the reference (without action) 
condition of the conservation value of critical habitat and the conservation value of critical 
habitat with action implementation. 
 
2.3.3  Characterization of the Environmental Baseline 
 
ESA regulations define the environmental baseline as “the past and present impacts of all 
Federal, State, or private actions and other human activities in the action area, the anticipated 
impacts of all proposed Federal projects in the action area that have already undergone formal or 
early section 7 consultation, and the impact of State or private actions which are 
contemporaneous with the consultation in process” (50 CFR 402.02).  The "effects of the action” 
include the direct and indirect effects of the proposed action and of interrelated or interdependent 
activities, “that will be added to the environmental baseline” (50 CFR 402.02).  Implicit in both 
these definitions is a need to anticipate future effects, including the future component of the 
environmental baseline.  Future effects of Federal projects that have undergone consultation and 
of contemporaneous State and private actions, as well as future changes due to natural processes, 
are part of the future baseline, to which effects of the proposed project are added.   
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Figure 2-11.  Conceptual diagram of the critical habitat analyses presented in this biological opinion.  For illustration purposes, the Rearing Habitat 
PCE for listed salmonids is pulled out to show the basic flow of the analysis.  Full analyses consider the effects to all PCEs and essential features of 
critical habitat.
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In consultations on continuing actions such as CVP/SWP operations, it is quite difficult to 
separate future baseline effects from the anticipated effects of the proposed action.  Operations of 
existing structures, such as dams and gates, for water supply, flood control, and other purposes -- 
the proposed action -- are integrally related to the existence of the structures themselves, but 
effects of the mere existence of the structures are not effects of the proposed action.  See 
National Wildlife Federation v. National Marine Fisheries Service, 524 F.3d 917, 930-31 (9th 
Cir. 2008). Similarly, some activities that are part of the proposed project are non-discretionary, 
and their effects are also not effects of the proposed action.  See id. at 928-29 (citing National 
Ass’n of Home Builders v. Defenders of Wildlife, 551 U.S. 644 (2007). 
 
Consequently, it is not surprising that in its review of NMFS’ December 11, 2008, draft OCAP 
Opinion, the CALFED Science Review Panel (Anderson et al. 2009) commented that a clearly 
defined baseline was lacking.  Reclamation (2009) provided similar comments.  NMFS 
acknowledges that it was not easy to discern a uniform approach to characterizing the 
environmental baseline in the draft Opinion.  NMFS believes, however, that this is due to the 
nature of the action under consultation and available information, rather than a flawed approach 
to the analysis.  NMFS clarifies its approach here and in relevant sections of the Opinion. 
 
In National Wildlife Federation, a case regarding consultation on the effects of operating 
hydropower dams on the Columbia River, the 9th Circuit Court of Appeals rejected NMFS’ 
attempt to narrow the “effects of the action” by defining the baseline to include operations that 
NMFS deemed to be “nondiscretionary.”  The Court observed that many of the actions NMFS 
deemed “nondiscretionary” actually were subject to the action agencies’ discretion, and it held 
that it was impermissible to create an imaginary “reference operation” excluding these actions, to 
which the effects of the action could be compared.  Rather, the Court said that the regulatory 
requirement to consider the effects of the action added to the environmental baseline “simply 
requires NMFS to consider the effects of [the] actions ‘within the context of other existing 
human activities that impact the listed species.’ [citations omitted]”  Id. at 930.  In other words, 
the effects of a particular Federal action are intended to be evaluated not simply on their own, but 
as they affect the species in combination with other processes and activities.      
 
The question addressed in a consultation is whether the project jeopardizes the species’ 
continued existence.  As the court stated in National Wildlife Federation, even if the baseline 
itself causes jeopardy to the species, only if the project causes additional harm can the project be 
found to jeopardize the species’ continued existence.  Id.  This determination requires an 
evaluation of the project’s effects, separate from the conditions that would exist if the project 
were not carried out.  
 
NMFS and Reclamation together attempted to isolate the effects of proposed project operations 
by segregating the activities that are within Reclamation’s discretion to change in the future from 
those that are not.  This effort was not fruitful.  The CVP/SWP operations BA begins with a 
summary of legal and statutory authorities, water rights, and other obligations relevant to the 
action (Chapter 1), all of which are incorporated into the project description (Chapter 2).  Neither 
chapter describes what Reclamation’s nondiscretionary operations would be if discretionary 
aspects of the proposed action were not implemented.  In addition, in all of the models and 
simulations that Reclamation used to prepare the CVP/SWP operations BA, a “no project” 



scenario was not run.  For example, table 2-1 in the CVP/SWP operations BA identifies the 
major proposed operational actions for consultation, including implementation of the water 
quality control plan (WQCP), but it is not clear whether implementing the WQCP, or some 
portion of it, is a non-discretionary action. 
 
Consequently, we determined that if NMFS were to propose a “no project operations” scenario 
to characterize the environmental baseline, it would be speculative and not supported by the 
model runs.  Following the 9th Circuit’s reasoning, with limited exceptions, NMFS assumed that 
all CVP and SWP operations are subject to the discretion of the project agencies and, thus, that 
all effects of future operations are effects of the proposed action.  The only project effects 
considered to be within the future baseline (and thus not effects of the proposed action) are those 
caused by activities that are clearly outside the agencies’ authority.  For example, as in National 
Wildlife Federation, it is not within the agencies’ discretion to remove dams, so the effects of 
their existence are part of the baseline.  Figure 2-12 provides a conceptual diagram of how 
NMFS characterizes the past and future components of the environmental baseline for 
consultations on an ongoing action. 
 
 

 
Figure 2-12.  Conceptual diagram of how the environmental baseline changes in this NMFS Opinion.  The 
right side of the figure depicts the effects of the proposed action added on top of the baseline into the future 
(future baseline).  Note that the slopes of the curves are only for graphical representation. 
 
In this Opinion, we analyze the entire suite of operational effects, based on the project 
description and modeled studies.  With this approach, we capture as “effects of the action,” both 
the effects of operations that are proposed to continue in the future as they have in the past, and 
any new effects that result from proposed changes in operation.  We then add these effects to the 
future baseline, in which we have captured anticipated effects of non-project processes and 
activities.   
 
The analytical approach NMFS used is not different from that which USFWS used in its Delta 
smelt Opinion (USFWS 2008a).  There may be a perceived difference due to the presentation of 
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the material in the biological opinions.  In the Delta smelt Opinion, the USFWS provided a more 
thorough analysis of the past and present effects of ongoing CVP/SWP operations in its 
Environmental Baseline section (figure 2-13).  In the Effects of the Action section, the USFWS 
summarized the effects from ongoing CVP/SWP operations, then provided a detailed analysis of 
the effects resulting from the proposed changes in CVP/SWP operations.  In NMFS’ Opinion, 
NMFS summarizes in the Environmental Baseline section the past and present impacts leading to 
the current status of the species in the action area, including the effects of CVP/SWP operations 
in the past.  Also in the Environmental Baseline section, NMFS sets the stage for the analysis of 
effects of the action by describing the future non-project stressors to which the listed species and 
their critical habitats will be exposed.  In the Effects of the Action section of the Opinion, NMFS 
provides a detailed analysis of predicted effects of CVP/SWP operations between the time the 
biological opinion is issued and December 31, 2030.  This difference in presentation is of no 
consequence to the outcomes of the consultations, since both agencies made their ultimate 
determinations by (1) finding that proposed operations cause additional harm to listed species, 
and (2) aggregating all future stressors, as regulations and case law require. 
 
 

 
Figure 2-13.  USFWS’ Delta smelt Opinion baseline:  A conceptual model of the effects of the proposed action 
added on top of the baseline into the future (future baseline).  Note that the slopes of the curves are only for 
graphical representation. 
 
Both Services conduct a separate analysis to determine whether the “effects of the action” reduce 
either the likelihood of survival and recovery of the species, or the value of critical habitat for the 
conservation of the species, after the effects of the proposed action have been determined.  The 
Delta smelt opinion states:  
  

In accordance with the implementing regulations for section 7 and Service policy, the 
jeopardy determination is made in the following manner:  The effects of the proposed 
Federal action are evaluated in the context of the aggregate effects of all factors that 
have contributed to the delta smelt’s current status and, for non-Federal activities in the 
action area, those actions likely to affect the delta smelt in the future, to determine if 
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implementation of the proposed action is likely to cause an appreciable reduction in the 
likelihood of both the survival and recovery of the delta smelt in the wild (USFWS 2008a 
page 139). 
 

This is precisely the approach used in this Opinion. 
 
2.4  Evidence Available for the Analysis   
 
To conduct these analyses, NMFS considered many lines of evidence available through 
published and unpublished sources that represent evidence of adverse consequences or the 
absence of such consequences.  The following provides a list of resources that we considered in 
the development of our analyses: 

• Final rules listing the species in this consultation as threatened or endangered; 
• Final rules designating critical habitat for the Central Valley salmon and steelhead 

species and proposed critical habitat for Southern DPS of green sturgeon; 
• CVP/SWP operations BA (Reclamation 2008a); 
• Previously issued NMFS biological opinions; 
• Recommendations from the various reviews and peer review reports (see sections 1.5.5 

and 1.5.6, above); 
• NMFS-SWFSC reviews (e.g., ocean productivity, declarations, climate change); 
• Declarations pursuant to PCFFA et al. v. Gutierrez et al.; 
• NMFS’ draft recovery plans for winter-run and Central Valley salmon and steelhead 

species; 
• Various letters submitted to NMFS, including San Luis & Delta-Mendota Water 

Authority and State Water Contractors, Inc. (2008); 
• California Data Exchange Center (CDEC) data (http://cdec.water/ca/gov/; hereafter 

referred to as CDEC data);  
• U.S. Army Corps of Engineers (Corps) data;  
• CDFG’s Grand Tab database 
• Studies conducted within the Delta.  NMFS understands that the use of surrogates in the 

form of hatchery releases (e.g., late fall-run to determine spring-run behavior), different 
species (e.g., Chinook salmon to determine steelhead behavior; Atlantic or shovelnose 
sturgeon to determine effects of contaminant exposures on green sturgeon), and even the 
same run and species (e.g., hatchery fish and laboratory studies to determine wild/natural 
fish behavior) may not accurately predict or emulate the exact behavior of the species 
under analysis in its natural environment in order to determine exact fish routing, timing, 
duration of migration, and export pumping entrainment patterns.  However, when direct 
evidence or similar evaluations are not available for the species under analysis, NMFS 
has utilized data and results from the use of surrogates that exhibit strong similarities in 
physiological needs, in life history stages, and in general behaviors.  In the absence of 
data on salmonids and green sturgeon in the wild, NMFS considers these studies one of 
the best available sources of information used to determine the potential effects of 
CVP/SWP operations. 

• For purposes of incidental take where the origin of races of Chinook salmon or steelhead 
cannot be differentiated, uniquely-marked hatchery fish (surrogates) that are released at 
the same time, location, and size as the listed species may best represent the incidental 
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take of that listed species.  The use of surrogates for this purpose minimizes the amount 
and extent of take associated with tagging or capturing listed species to monitor take. 

 
The primary source of initial project-related information was the CVP/SWP operations BA 
produced for this consultation.  Included with the CVP/SWP operations BA was an extensive 
bibliography that served as a valuable resource for identifying key unpublished reports available 
from state and Federal agencies, as well as private consulting firms.  It also provided a robust set 
of key background papers and reports in the published literature on which to base further 
literature searches. 
 
We conducted electronic literature searches using several electronic databases available through 
NMFS’ Northwest Fisheries Science Center (NWFSC) and U.C. Davis.  NMFS’ biologists 
utilized, among others:  (1) the Aquatic Sciences and Fisheries Abstracts (ASFA), Fish & 
Fisheries Worldwide; (2) Oceanic Abstracts; (3) Waves, the Catalogue of the Libraries of 
Fisheries and Oceans, Canada; (4) the search engine for the journals published by the American 
Fisheries Society; and (5) Toxline.  When references were found that were deemed to be 
valuable, Scientific Citation Index was utilized to see what other articles had referenced that 
paper.  NMFS’ biologists used keyword searchs (e.g., salmon, salmonids, Chinook salmon, 
Central Valley, migrations, dams, copper toxicity, survival, thermal tolerance, predation, survival 
models, Sacramento River, Sacramento Delta, steelhead, green sturgeon, etc.) to find potential 
articles and literature.  Searches by author were utilized when an author was found to have 
published numerous articles and papers within a given area of interest.  In addition, physical 
searches of the extensive electronic holdings of agencies were conducted from their websites, 
such as Reclamation’s Central Valley Operations (CVO) website for the Tracy Fish Facility 
Reports. 
 
We examined the literature that was cited in documents and any articles we collected through our 
electronic searches.  If, based on a reading of the title or abstract of a reference, the reference 
appeared to comply with the keywords presented in the preceding paragraph, we acquired the 
reference.  If a reference’s title did not allow us to eliminate it as irrelevant to this inquiry, we 
acquired it.  We continued this process until we identified all (100 percent) of the relevant 
references cited by the introduction and discussion sections of the relevant papers, articles, 
books, and, reports and all of the references cited in the materials and methods, and results 
sections of those documents.  We did not conduct hand searches of published journals for this 
consultation. 
 
References were collected by individual biologists and shared as a group.  Most references were 
available as electronic copies.  However, many of the older reports, articles, or book chapters had 
to be scanned and converted into electronic copies when feasible. 
 
2.4.1  Other tools used in the analysis 
 
Reclamation and DWR utilized the following models in their analyses and development of the 
CVP/SWP operations BA.  Figure 2-14 provides a schematic of how each model relates to the 
others. 

• Statewide planning model of water supply, stream flow, and Delta export capability: 
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o CalSim-II:  Monthly time step, designed to evaluate the performance of the CVP and 
SWP systems for: existing and future levels of land development, potential future 
facilities, current or alternative operational policies and regulatory environments. 

o CalLite:  A rapid and interactive screening tool that simulates California’s water 
management system for planning purposes. 

• Sacramento-San Joaquin Delta hydrodynamics and particle tracking: 
o Delta Simulation Model Version 2 (DSM2):  15-minute time step, used to simulate 

the flow, velocity, and particle movement in the Delta. 
 

System 
CalSim-II 

Delta Hydrodynamics
DSM2 

Temperature 
Reclamation Temperature 
SRWQM 
Feather River Model 

Salmon 
Reclamation Mortality 
SALMOD 
IOS 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2-14.  Models used in the development of the CVP/SWP operations BA, and their information flow 
with respect to each other (CVP/SWP operations BA figure 9-1). 
 

• River temperature: 
o Reclamation Temperature:  Monthly time step, where the reservoir temperature 

models simulate monthly mean vertical temperature profiles and release temperatures 
for Trinity, Whiskeytown, Shasta, Folsom, New Melones, and Tullock Reservoirs 
based on hydrologic and climatic input data. 
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o Sacramento River Water Quality Model (SRWQM):  6-hour time step, with mean 
daily flow inputs, used to simulate daily temperatures on Clear Creek and the Upper 
Sacramento River. 

o Oroville Facilities Water Temperature Modeling:  1-hour time steps that include 
reservoir simulations of Oroville Reservoir, the Thermalito Diversion Pool, the 
Thermalito Forebay, and the Thermalito Afterbay, and a river model of the Feather 
River between the Thermalito Diversion Dam and the Sacramento River confluence. 

• Salmon mortality  
o Reclamation Salmon Mortality Model:  Daily time step which computes salmon 

spawning losses for the Trinity, Sacramento, American, and Stanislaus rivers based 
on the Reclamation Temperature Model estimates.  It is limited to temperature effects 
on early life stages of Chinook salmon, and does not evaluate potential direct or 
indirect temperature impacts on later life stages, such as emergent fry, smolts, 
juvenile out-migrants, or adults.  Also, it does not consider other factors that may 
affect salmon mortality, such as in-stream flows, gravel sedimentation, diversion 
structures, predation, ocean harvest, etc. 

o SALMOD:  Weekly time step simulates population dynamics for all four runs of 
Chinook salmon in the Sacramento River between Keswick Dam and Red Bluff 
Diversion Dam (RBDD). 

o Interactive Object-Oriented Salmon simulation (IOS) Winter-Run Life Cycle Model:  
Daily time step, used to evaluate the influence of different Central Valley water 
operations on the life cycle of winter-run using simulated historical flow and water 
temperature inputs. 

 
In addition, NMFS’ biologists utilized an interactive spreadsheet model developed by DWR to 
estimate interior Delta survival of emigrating salmonids from the Sacramento River.  This 
model, the Delta Survival Model (DSM2), utilized user inputs of export rate and Delta inflow to 
determine absolute and relative survival of salmonids moving throughout the Delta interior and 
remaining in the main stem Sacramento River as a proportion of the total salmonid population.  
Additonal inputs to the model were the fraction of particles entrained at the different channel 
bifurcations as modeled in the Particle Tracking Model (PTM) module of the DSM2 model, as 
well as the relative survival in the Delta interior and the export related interior mortality, which 
were calculated internally in the model.   
 
NMFS did not use the results of the IOS model for our analysis in this Opinion because the 
intended application of the model in the CVP/SWP operations BA was not useful for estimating, 
in an overall sense, how winter-run might respond to the proposed action.  For example, the 
CVP/SWP operations BA cautions the use of the IOS model results in making inferences related 
to how winter-run abundance is affected by the proposed action:  “In evaluating effects of the 
proposed actions, differences between the three studies rather than absolute trends should be 
examined” (Appendix O in CVP/SWP operations BA).  Thus, it seems that the IOS model 
results presented in the CVP/SWP operations BA are not intended to reflect either abundance 
estimates observed in the past or future abundance with implementation of the proposed Project.  
Estimates based on observations are much different than estimates based on modeling without 
observation input.  Results of the IOS model presented in the CVP/SWP operations BA show an 
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increasing trend in winter-run escapement throughout the entire simulation period (i.e., from 
1923 through 2002), such that by 2002, escapement is above 40,000 fish for all CALSIM II 
studies examined (figure 11-5 in CVP/SWP operations BA).  Those results contrast with 
observed winter-run escapement estimates, which show a dramatic population crash during this 
period (see Grandtab at http://www.delta.dfg.ca.gov/afrp/), eventually leading to their 
endangered status under the ESA.   
 
In the Opinion, NMFS must consider how winter-run is expected to respond to implementation 
of the proposed action.  Model results, such as the IOS model results presented in the CVP/SWP 
operations BA, that are not intended to at least generally approximate past or future conditions, 
do not inform us in this consideration.  If the IOS model results in the CVP/SWP operations BA 
are intended to be used strictly as an alternatives comparison tool, as the CVP/SWP operations 
BA indicates, instead of one that produces somewhat meaningful trend information for 
individual model runs, then the utility of those results for the Opinion is limited, particularly 
considering that a model alternative representing just baseline conditions does not exist.  The 
CALFED Peer Review Panel stated that, “The default should be comparing the CALSIM studies 
of future scenarios (with different scenarios for climate change) to baseline”(Anderson et al. 
2009).  The context of this statement was that comparisons among alternatives such as those used 
in the IOS model (e.g., CALSIM studies 6, 7, and 8) are inconsistent with the Opinion’s 
analytical approach.  As such, NMFS did not use the IOS model results presented in the 
CVP/SWP operations BA as evidence for analyzing how winter-run will be affected by the 
proposed action.   
 
Another consideration for not using the IOS model in the Opinion is that the model has not yet 
been published in peer reviewed scientific literature, and NMFS does not understand either the 
model’s limitations or its extent.  As described in Paine et al. (2000), mathematical models 
intended to help guide management of natural populations must be used wisely and with 
understanding of limitations.  One potential limitation associated with applying large scale 
models over the entire life cycle of a species, as is done in the IOS model, is whether enough 
data are available to reliably estimate model parameters.  Paine et al. (2000) state: “When the 
data are not available for the needed estimates of parameter values, there is a tendency to insert 
values based on opinion or expert testimony. This practice is dangerous. The idea that opinion 
and "expert testimony" might substitute for rigorous scientific methodology is anathema to a 
serious modeler and clearly represents a dangerous trend.”  With these considerations in mind, 
NMFS did not utilize the IOS model in this Opinion.   
 
2.4.2  Consideration of a Quantitative Life Cycle Approach to the Analysis 
 
One recommendation made by the CALFED Science Review Panel in its review of NMFS’ 
December 11, 2008, draft Opinion was to analyze the effects of the proposed action using 
common measures of survival.  Ideally, a life cycle approach, in which the effects on individual 
life stages on the life cycle could be estimated independent of the effects on other stages, would 
be implemented to assess the relative impacts on abundance.  Two potential methods for 
measuring salmon population levels include the spawner-to-recruit ratio (SRR), which is the 
ratio of the number of recruits returning to the spawning habitat divided by the number of 
spawners producing those recruits, and the adult-to-smolt ratio (ASR), which measures the 
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number of young fish exiting the freshwater system divided by the number of adult spawners that 
produced those young (Anderson et al. 2009).  Unlike the SRR, which encompasses the full life 
cycle, including both freshwater and marine environments, the ASR omits the ocean phase and, 
thus, would provide a more appropriate method for assessing the effects of freshwater 
environmental conditions and water operations. 
 
The benefits that this type of integrative analysis would provide towards understanding the 
relative importance of proposed action-related effects at various life stages on overall abundance 
are apparent.  However, completing such an analysis is not practicable at this time for several 
reasons.  For instance, one of the key components in the process would be the establishment of 
survival rates at various life stages under both natural conditions (i.e., “without project”) and 
those conditions observed with the project in place (i.e., “with project”).  This information is 
currently lacking for the Central Valley region of California, and is further discussed in section 5 
of this Opinion.  Considerable efforts have been made in an attempt to develop life stage specific 
survival rates in the Columbia River Basin with some level of success (Anderson 2002).  
However, given the major differences that exist between the Columbia River Basin and 
California’s Central Valley (e.g., flows, temperature, etc.), it would not be appropriate to apply 
any values derived for basins in that region toward this analysis in the Central Valley.  Instead, 
site-specific studies within the Central Valley would have to be conducted to establish suitable 
values. 
 
Information from MacFarlane et al.’s (2008a) acoustic tagging study represents some of the first 
data to be gathered on migration and survival patterns of juvenile salmonids in the Central 
Valley.  Early results indicate different survival patterns between the Central Valley and those 
observed in the Columbia River Basin.  However, these results are still considered preliminary, 
and the studies will need to continue for some time to provide a more reliable, long-term data 
series.  Still, these preliminary results underscore the need to develop information specific to the 
unique conditions of the Central Valley region for this type of life cycle analysis.  
 
An alternative approach recommended by the CALFED Science Review Panel for estimating an 
ASR for the Central Valley includes the use of computer models.  In particular, the IOS model 
(Cavallo et al. 2008) and the Oncorhynchus Bayesian Analysis (OBAN) model (Hendrix 2008) 
were referenced as potentially useful tools.  IOS is a detailed mechanistic model that describes 
the entire life cycle of both winter-run and spring-run in the Sacramento River, while the OBAN 
model is a Bayesian statistical model for winter-run in the Sacramento River.  Although the 
CALFED Science Review Panel identified these models as potentially viable options either in 
combination or independently, it acknowledged the necessary refinement and implementation of 
this type of model by NMFS for the Opinion may not have been practical because of time 
constraints and the need for additional modeling expertise.  Further development of mortality 
rates at different life stages specific to the Central Valley could be incorporated into the model to 
reduce the amount of assumptions currently required, and lead to more realistic and informative 
results.  However, as previously mentioned, this type of information will not be available in the 
near term.  Moreover, in order to sufficiently address the issue of fish routing through the Delta, 
identified as a critical component by the CALFED Science Review Panel, additional data 
collection and modeling over the long term (i.e., beyond the timeline allowed for the 
development of this Opinion) would be required.   
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As discussed above, this Opinion equates a listed species’ probability or risk of extinction with 
the likelihood of both the survival and recovery of the species, and uses “likelihood of viability” 
as a standard to bridge between the VSP framework (McElhany et al. 2000) and the jeopardy 
standard.  Assessing the viability of salmonid populations requires the consideration of other 
parameters in addition to population abundance, including productivity (i.e., population growth 
rate), spatial structure, and genetic and life-history diversity (McElhany et al. 2000).  All four 
VSP parameters are deemed important in evaluating a population’s ability to persist, especially 
when faced with catastrophic disturbances (Lindley et al. 2007).  Although the life cycle 
modeling approaches discussed above have the potential to provide information on all VSP 
parameters at some point in the future, it would require substantial data collection and model 
refinement.  Any present attempt to complete such an exercise would only address one of those 
parameters (i.e., abundance), and any results would include making many assumptions.  
Therefore, although a method for evaluating impacts during a specific life stage in terms of the 
overall loss in numbers of fish would be useful, there are other potential consequences resulting 
from project operations that need to be considered.  For example, are mortalities at different life 
stages, or the loss of historical habitats, likely to have effects on the other VSP parameters?  The 
analyses within this Opinion, in an attempt to encompass this broader range of effects, focused 
on determining whether or not appreciable reductions were expected from the proposed action, 
rather than trying to quantify the absolute magnitude of those reductions.      
 
2.4.3  Critical Assumptions in the Analysis 
 
To address the uncertainties identified above related to the proposed action and the analysis 
provided in the CVP/SWP operations BA, NMFS established a set of key assumptions we would 
need to make to bridge the existing data gaps in the CVP/SWP operations BA that are critical to 
our analysis of effects.  Table 2-3 provides the general assumptions that we made in filling those 
data gaps. 
 
2.5  Integrating the Effects 
 
The preceding discussions describe the various quantitative and qualitative models, decision 
frameworks, and ecological foundations for the analyses presented in this Opinion.  The purpose 
of these various methods and tools is to provide a transparent and repeatable mechanism for 
conducting analyses to determine whether the proposed action is not likely to jeopardize the 
continued existence of the listed species and not likely to result in the destruction or adverse 
modification of designated critical habitat. 
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Table 2-3.  General assumptions, and their bases, made in analyzing the effects of the proposed action. 
Assumption Basis 

We assume that the effects from the near 
term analysis (Study 7.1) will be in effect 
from the issuance of this Opinion through 
year 2019 (which Reclamation stated is 
the end of the near term, specifically, 
“Near term refers to the timeframe 
between now to 2030, a rough midpoint 
between the two years”).  Likewise, we 
assume that the effects from the full build-
out at 2030 analysis (Study 8.0) will be in 
effect from the end of the near term in 
2019 through year 2030. 

The CVP/SWP operations BA does not provide 
an incremental build-out schedule or analyses of 
incremental effects by year. 

A “soft” target of 1.9 million acre-feet 
(MAF) end of September carryover 
storage in Shasta Reservoir is met only 
when conditions allow.   

The project description does not explicitly 
propose an end of September carryover storage in 
Shasta Reservoir.  However, modeling Chapter 9 
of the CVP/SWP operations BA (p.9-41) assumes 
a 1.9 MAF end of September carryover storage 
target in Shasta Reservoir in non-critical years.   

The following are tools, in order of 
priority that we used to understand the 
proposed action. 
-- CVP/SWP operations BA Chapter 2 

(project description). 
-- CVP/SWP operations BA Chapter 9 

(Modeling and Assumptions)  
-- CDEC data:  ~10 years of actual data.  

When the project description is not 
explicit in fully describing 
Reclamation’s proposed action, CDEC 
data on recent past operations will be 
utilized as a tool to help us understand 
the proposed action.   

Chapter 2 (project description) has many gaps 
regarding the description of the proposed action.  

Central Valley Project Improvement Act 
(CVPIA) 3406 B(2) [hereafter referred to 
as “b(2)”] is assumed to be implemented 
as proposed in the project description. 

Although b(2) is proposed, there are no 
operational rules or certainties in order for us to 
determine that b(2) is reasonably certain to occur 
in a given location, timing, quantity, and duration.  

Use CDEC data for last ~10 years (or 
more to get critically dry years) as an 
approximation of water temperature  
impacts through 2030.  

In most cases, Reclamation and DWR have not 
proposed to meet specific water temperature 
targets or or operate the CVP/SWP different than 
they have in the past with respect to water 
temperature, so we use recent past data as an 
indicator of future water temperatures.   
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Many of the methods described above focus the analyses on particular aspects of the action or 
affected species.  Key to the overall assessment, however, is an integration of the effects of the 
proposed action with each other and with the baseline set of stressors to which the species and 
critical habitat are also exposed.  In addition, the final steps of the analysis require a 
consideration of the effects of the action within the context of the reference (or without action) 
condition of the species and critical habitat.  That is, following the hierarchical approaches 
outlined above, NMFS rolls up the effects of the action to determine if the action is not likely to 
appreciably reduce the likelihood of both the survival and recovery of the species and not likely 
to result in the destruction or adverse modification of critical habitat. 
 
Figure 2-15 is intended to capture the overall conceptual model of the analysis and illustrates the 
analytical steps within each “rung” of the hierarchical analysis.  We provide an example utilizing 
the approach for listed salmonids. 
 
2.6  Presentation of the Analysis in this Opinion 
 
Biological opinions are constructed around several basic sections that represent specific 
requirements placed on the analysis by the ESA and implementing regulations.  These sections 
contain different portions of the overall analytical approach described here.  This section is 
intended as a basic guide to the reader of the other sections of this Opinion and the analyses that 
can be found in each section.  Every step of the analytical approach described above will be 
presented in this Opinion in either detail or summary form. 
 
Description of the Proposed Action – This section contains a basic summary of the proposed 
Federal action and any interrelated and interdependent actions.  This description forms the basis 
of the first step in the analysis where we consider the various elements of the action and 
determine the stressors expected to result from those elements.  The nature, timing, duration, and 
location of those stressors define the action area and provide the basis for our exposure analyses. 
 
Status of the Species – This section provides the reference condition for the species and critical 
habitat at the listing and designation scale.  For example, NMFS evaluates the current viability of 
each salmonid ESU/DPS given its exposure to human activities and natural phenomena such as 
variations in climate and ocean conditions, throughout its geographic distribution.  These 
reference conditions form the basis for the determinations of whether the proposed action is not 
likely to jeopardize the species or result in the destruction or adverse modification of critical 
habitat.  Other key analyses presented in this section include critical information on the 
biological and ecological requirements of the species and critical habitat and the impacts to 
species and critical habitat from existing stressors.   
 
Environmental Baseline – This section provides the reference condition for the species and 
critical habitat within the action area.  By regulation, the baseline includes the impacts of past, 
present, and future actions (except the effects of the proposed action) on the species and critical 
habitat.  In this Opinion, some of this analysis is contained within the Status of the Species and 
Critical Habitat section due to the large size of the action area (which entirely or almost entirely 
encompasses the freshwater geographic ranges of the listed fish species).  This section also 
contains summaries of the impacts from stressors that will be ongoing in the same areas and 
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times as the effects of the proposed action (future baseline).  This information forms part of the 
foundation of our exposure, response, and risk analyses. 

 
 
Figure 2-15.  Conceptual diagram of the overall analytical approach utilized in this Opinion.  The individual 
level includes exposure, response, and risk to individuals of the species and a consideration of the life cycle 
and life history strategies.  Population level includes consideration of the response of and risk to the 
population given the risk posed to individuals of the population within the context of the “pyramid” of VSP 
parameters for the populations.  Strata/Diversity Group and Species levels include a consideration of the 
response of and risk to those levels given the risk posed to the population(s) within the larger context of the 
VSP “pyramid.” 
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Effects of the Proposed Action – This section details the results of the exposure, response, and 
risk analyses NMFS conducted for individuals of the listed species and elements, functions, and 
areas of critical habitat.  Given the organization of the proposed action, this section is organized 
around the various Divisions that comprise the CVP and SWP. 
 
Cumulative Effects – This section summarizes the impacts of future non-Federal actions 
reasonably certain to occur within the action area, as required by regulation.  Similar to the rest 
of the analysis, if cumulative effects are expected, NMFS determines the exposure, response, and 
risk posed to individuals of the species and features of critical habitat.  
 
Integration and Synthesis of Effects – In this section of the Opinion, NMFS presents the 
summary of the effects identified in the preceding sections and then details the consequences of 
the risks posed to individuals and features of critical habitat to the higher levels of organization.  
These are the response and risk analyses for the population, diversity group, species, and 
designated critical habitat.  The section is organized around the species and designated or 
proposed critical habitat and includes the summation of impacts across the proposed action 
Divisions, as appropriate, and follows the hierarchical organizations of the species and critical 
habitat summarized in figures 2-8 and 2-9, respectively, of this section. 
 
 
3.0   PROPOSED ACTION 
 
Reclamation and DWR propose to operate the CVP and SWP, respectively, to divert, store, and 
convey CVP and SWP (Project) water, consistent with applicable law and contractual 
obligations, until the year 2030.  The CVP and the SWP are two major inter-basin water storage 
and delivery systems that divert and re-divert water from the southern portion of the Sacramento-
San Joaquin Delta (Delta).  The CVP’s major storage facilities are Shasta, Trinity, Folsom and 
New Melones reservoirs.  The upstream reservoirs release water to provide water for the Delta, 
that can be exported, a portion through Jones pumping plant to store in the joint San Luis 
reservoir, or delivered down the Delta Mendota Canal.  The SWP owns Lake Oroville upstream 
and releases water for the Delta that can be exported at Harvey O. Banks Pumping Plant (Banks) 
for delivery through the California Aqueduct. 
 
The projects are permitted by the California State Water Resources Control Board (SWRCB) to 
store water during wet periods, divert water that is surplus to the Delta, and re-divert Project 
water that has been stored in upstream reservoirs. Both projects operate pursuant to water right 
permits and licenses issued by the SWRCB, authorizing the appropriation of water by diverting 
to storage or by directly diverting to use and re-diverting releases from storage later in the year. 
As conditions of the water right permits and licenses, the SWRCB requires the CVP and SWP to 
meet specific water quality, quantity, and operational criteria within the Delta. Reclamation and 
DWR closely coordinate the CVP and SWP operations, respectively, to meet these conditions. 
 
In addition to diverting, storing, and conveying water, Reclamation proposed several other 
actions that are included in this consultation.  These actions are:  (1) an intertie between the 
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California Aqueduct (CA) and the Delta-Mendota Canal (DMC); (2) Freeport Regional Water 
Project (FRWP); (3) the operation of permanent gates, which will replace the temporary barriers 
in the South Delta; (4) changes in the operation of RBDD; and (5) Alternative Intake Project for 
the Contra Costa Water District. 
 
3.1  Project Description 
 
Appendix 1 to this Opinion provides a detailed project description of the proposed action.  
Reclamation and NMFS staff engaged in e-mail exchanges throughout January 2009 to clarify 
various aspects of the project description, as follows: 

• January 15, 2009, for Contra Costa Water District:  “In addition to the existing 75-day 
no-fill period (March 15-May 31) and the concurrent no-diversion 30-day period, 
beginning in the February following the first operation of the Alternative Intake Project, 
CCWD shall not divert water to storage in Los Vaqueros Reservoir for 15 days from 
February 14 through February 28, provided that reservoir storage is at or above 90 TAF 
on February 1; if reservoir storage is at or above 80 TAF on February 1 but below 90 
TAF, CCWD shall not divert water to storage in Los Vaqueros Reservoir for 10 days 
from February 19 through February 28; if reservoir storage is at or above 70 TAF on Feb 
1, but below 80 TAF CCWD shall not divert water to storage in Los Vaqueros Reservoir 
for 5 days from February 24 through February 28.”; and 

• January 28, 2009:  Confirmation that the Sacramento River Reliability Project is no 
longer part of the project description. 

 
Appendix 1 to this Opinion reflects the above changes to the project description, has been 
coordinated with Reclamation and the USFWS, and is consistent with the project description in 
the USFWS’ December 15, 2008, biological opinion on the effects of CVP/SWP operations on 
Delta smelt.  Hereafter, all reference to the project description refers to Appendix 1 to this 
Opinion, unless otherwise specified. 
 
3.2  Interrelated or Interdependent Actions 
 
3.2.1  CVP and SWP Fish Hatcheries 
 
In the Central Valley, six hatcheries have been established to offset the loss of salmon and 
steelhead due to construction of dams.  Additionally, Trinity River Fish Hatchery mitigates for 
salmon and steelhead losses on the Trinity River.  The Mokelumne River Hatchery, although not 
directly related to CVP or SWP dams, does influence fall-run and steelhead populations.  Added 
together, Central Valley hatcheries annually produce approximately 250,000 winter-run, 5 
million spring-run, 29.76 million fall-run, and 1.5 million steelhead.  Currently, most Central 
Valley hatcheries truck their salmon production to the Bay-Delta region for release.  The 
exception to this is Coleman National Fish Hatchery, which began trucking a small portion of its 
fall-run production into San Pablo Bay beginning in 2008.  Section 1.5.2, above, describes ESA 
consultation on the CVP and SWP hatcheries.   Listed below are the production goals for 
Nimbus Fish Hatchery and TRFH.   
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3.2.1.1  Nimbus Fish Hatchery 
 
The Nimbus Fish Hatchery and the American River Trout Hatchery were constructed to mitigate 
for the loss of riverine habitat caused by the construction of CVP Nimbus and Folsom dams.  
The American River Trout Hatchery produces fish for stocking inland areas (i.e., above dams) 
and is, therefore, not considered in the production goals for the Central Valley.  Nimbus Fish 
Hatchery is located below Nimbus Dam and is operated by CDFG to meet annual production 
goals of 4 million fall-run smolts and 430,000 steelhead yearlings. 
 
3.2.1.2  Trinity River Fish Hatchery 
 
The Trinity River Fish Hatchery was constructed to provide CVP mitigation for the loss of 
upstream riverine habitat caused by the construction of the Trinity and Lewiston dams.  The 
hatchery, operated by CDFG, produces 1.4 million spring-run, 2.9 million fall-run, 500,000 coho 
salmon, and 800,000 steelhead annually. 
 
3.2  Action Area 
 
The action area is defined as all areas to be affected directly or indirectly by the Federal action 
and not merely the immediate area involved in the action (50 CFR 402.02).  For the purposes of 
this biological opinion, the action area encompasses:  (1) Sacramento River from Shasta Lake 
downstream to and including the Sacramento-San Joaquin Delta; (2) Clear Creek from 
Whiskeytown Reservoir to its confluence with the Sacramento River; (3) Feather River from 
Oroville Dam downstream to its confluence with the Sacramento River; (4) American River 
from Folsom Lake downstream to its confluence with the Sacramento River; (5) Stanislaus River 
from New Melones Reservoir to its confluence with the San Joaquin River; (6) San Joaquin 
River from the confluence with the Stanislaus River downstream to and including the 
Sacramento-San Joaquin Delta; (7) San Francisco Bay; and (8) the nearshore Pacific Ocean on 
the California, Oregon, and Washington coasts. 
 
 
4.0  STATUS OF THE SPECIES AND CRITICAL HABITAT 
 
The following Federally listed species and designated critical habitats occur in the action area 
and may be affected by CVP/SWP operations in this consultation: 

• Sacramento River winter-run Chinook salmon ESU (Oncorhynchus tshawytscha), 
endangered (June 28, 2005, 70 FR 37160); 

• Sacramento River winter-run Chinook salmon designated critical habitat (June 16, 1993, 
58 FR 33212); 

• CV spring-run Chinook salmon ESU (O. tshawytscha), threatened (June 28, 2005, 70 FR 
37160); 

• CV spring-run Chinook salmon designated critical habitat (September 2, 2005, 70 FR 
52488); 

• CV steelhead DPS (O. mykiss), threatened (January 5, 2006, 71 FR 834); 
• CV steelhead designated critical habitat (September 2, 2005, 70 FR 52488); 
• CCC steelhead DPS (O. mykiss), threatened (January 5, 2006, 71 FR 834); 
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• CCC steelhead designated critical habitat (September 2, 2005, 70 FR 52488); 
• Southern DPS of North American green sturgeon (Acipenser medirostris), threatened 

(April 7, 2006, 71 FR 17757); and  
• Southern DPS of North American green sturgeon proposed critical habitat (September 8, 

2008, 73 FR 52084); 
• Southern Resident killer whales (Orcinus orca), endangered (November 18, 2005,  

70 FR 69903). 
 
4.1  Species and Critical Habitat not likely to be Adversely Affected by the Proposed Action 
 
4.1.1  Central California Coast Steelhead  
 
The CCC steelhead DPS (O. mykiss) was listed as threatened on January 5, 2006 (71 FR 834), 
and includes all naturally spawned steelhead populations below natural and manmade impassable 
barriers in California streams from the Russian River (inclusive) to Aptos Creek (inclusive), and 
the drainages of San Francisco, San Pablo, and Suisun bays eastward to Chipps Island at the 
confluence of the Sacramento and San Joaquin Rivers.  Tributary streams to Suisun Marsh 
include Suisun Creek, Green Valley Creek, and an unnamed tributary to Cordelia Slough, 
excluding the Sacramento-San Joaquin River Basin, as well as two artificial propagation 
programs: the Don Clausen Fish Hatchery, and Kingfisher Flat Hatchery/Scott Creek (Monterey 
Bay Salmon and Trout Project) steelhead hatchery programs. 
 
CCC steelhead adults and smolts travel through the western portion of Suisun Marsh and Suisun 
Bay as they migrate between the ocean and these natal spawning streams.  CVP and SWP water 
export facilities in the Delta are approximately 40 miles to the southeast of Suisun Marsh.  CCC 
steelhead are unlikely to travel eastward towards the Delta pumping facilities, because their 
seaward migration takes them westward of their natal streams.  Similarly, DWR’s Suisun Marsh 
Salinity Control Gates (SMSCG) in Montezuma Slough are located to the east of these three 
Suisun Marsh steelhead streams and CCC steelhead are unlikely to travel 10-15 miles eastward 
through Montezuma Slough to the SMSCG.  Therefore, it is unlikely that CCC steelhead will 
encounter the SMSCG or the Delta pumping facilities during their upstream and downstream 
migrations, because their spawning streams are located in the western portion of Suisun Marsh. 
 
Operations at CVP and SWP Delta facilities, including the SMSCG, affect water quality and 
river flow volume in Suisun Bay and Marsh.  Delta water exports are expected to cause elevated 
levels of salinity in Suisun Bay due to reductions in the amount of freshwater inflow from the 
Sacramento and San Joaquin Rivers.  Reduced river flow volumes into Suisun Bay can also 
affect the transport of larval and juvenile fish.  CCC steelhead originating from Suisun Marsh 
tributary streams will be subject to these changes in salinity and river inflow volumes in Suisun 
Bay, but are not expected to be negatively affected by these conditions.  Estuarine areas, such as 
Suisun Bay, are transitional habitat between freshwater riverine environments and the ocean.  
Expected changes in Suisun Bay salinity levels due to CVP and SWP exports are within the 
range commonly encountered in estuaries by migrating steelhead.  River flow volumes may be 
reduced by water exports, but in an estuary, the tidal cycle of the ocean causes semidiurnal 
changes to salinity, velocity, temperature, and other conditions.  Steelhead generally move 
through estuaries rapidly (Quinn 2005) and CCC steelhead smolts in Suisun Bay are not 
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dependent on river flow to transport them to the ocean.  Thus, reductions in river flow volumes 
and changes in salinity in Suisun Bay due to CVP/SWP operations are not expected to negatively 
impact CCC steelhead estuarine residence or migration.  In consideration of the above and the 
distance separating CCC steelhead streams from the Delta pumping facilities and the SMSCG, 
the proposed action is not likely to adversely affect CCC steelhead. 
 
4.1.2  CCC Steelhead Designated Critical Habitat 
 
The CVP/SWP operations BA determined that CVP/SWP operations will not influence critical 
habitat for CCC steelhead because Suisun Bay is not a designated area.  CCC steelhead critical 
habitat includes San Francisco Bay and San Pablo Bay, but does not extend eastward into Suisun 
Bay (September 2, 2005, 70 FR 52488).  PCEs of designated critical habitat for CCC steelhead 
include water quality and quantity, foraging habitat, natural cover including large substrate and 
aquatic vegetation, and migratory corridors free of obstructions.  Due to the location of CCC 
steelhead critical habitat in San Pablo Bay and areas westward, NMFS concurs with 
Reclamation’s finding that the habitat effects of CVP/SWP operations in this area are 
insignificant and discountable.  Therefore, NMFS has concluded that CVP/SWP facilities and 
their operations are not likely to adversely affect essential physical or biological features 
associated with CCC steelhead critical habitat. 
 
4.2  Life Histories, Population Trends, Critical Habitat, and Factors Affecting the Status of 
the Species 
 
4.2.1  Chinook Salmon 
 
4.2.1.1  General Life History 
 
Chinook salmon exhibit two generalized freshwater life history types (Healey 1991).  Adult 
“stream-type” Chinook salmon enter freshwater months before spawning, and juveniles reside in 
freshwater for a year or more, whereas “ocean-type” Chinook salmon spawn soon after entering 
freshwater and migrate to the ocean as fry or parr within their first year.  Adequate instream 
flows and cool water temperatures are more critical for the survival of Chinook salmon 
exhibiting a stream-type life history due to over-summering by adults and/or juveniles. 
 
Chinook salmon typically mature between 2 and 6 years of age (Myers et al. 1998).  Freshwater 
entry and spawning timing generally are thought to be related to local water temperature and 
flow regimes.  Runs are designated on the basis of adult migration timing.  However, distinct 
runs also differ in the degree of maturation of the fish at the time of river entry, thermal regime, 
and flow characteristics of their spawning sites, and the actual time of spawning (Myers et al. 
1998).  Both winter-run and spring-run tend to enter freshwater as immature fish, migrate far 
upriver, and delay spawning for weeks or months.  Fall-run enter freshwater at an advanced stage 
of maturity, move rapidly to their spawning areas on the mainstem or lower tributaries of the 
rivers, and spawn within a few days or weeks of freshwater entry (Healey 1991). 
 
During their upstream migration, adult Chinook salmon require streamflows sufficient to provide 
olfactory and other orientation cues used to locate their natal streams.  Adequate streamflows are 
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necessary to allow adult passage to upstream holding habitat.  The preferred temperature range 
for upstream migration is 38ºF to 56ºF (Bell 1991, CDFG 1998).  Boles (1988) recommends 
water temperatures below 65oF for adult Chinook salmon migration, and Lindley et al. (2004) 
report that adult migration is blocked when temperatures reach 70oF, and that fish can become 
stressed as temperatures approach 70oF. 
 
Information on the migration rates of adult Chinook salmon in freshwater is scant and primarily 
comes from the Columbia River basin, where information regarding migration behavior is 
needed to assess the effects of dams on travel times and passage (Matter and Sanford 2003).  
Keefer et al. (2004) found migration rates of Chinook salmon ranging from approximately 10 
kilometers (km) per day to greater than 35 km per day and to be primarily correlated with date, 
and secondarily with discharge, year, and reach, in the Columbia River basin.  Matter and 
Sanford (2003) documented migration rates of adult Chinook salmon ranging from 29 to 32 km 
per day in the Snake River.  Adult Chinook salmon inserted with sonic tags and tracked 
throughout the Delta and lower Sacramento and San Joaquin rivers were observed exhibiting 
substantial upstream and downstream movement in a random fashion, for several days at a time, 
while migrating upstream (CALFED 2001a).  Adult salmonids migrating upstream are assumed 
to make greater use of pool and mid-channel habitat than channel margins (Stillwater Sciences 
2004), particularly larger salmon such as Chinook salmon, as described by Hughes (2004).  
Adults are thought to exhibit crepuscular behavior during their upstream migrations, meaning 
that they are primarily active during twilight hours.  Recent hydroacoustic monitoring conducted 
by LGL Environmental Research Associates (2006) showed peak upstream movement of adult 
spring-run in lower Mill Creek, a tributary to the Sacramento River, occurring in the 4-hour 
period before sunrise and again after sunset. 
 
Spawning Chinook salmon require clean, loose gravel in swift, relatively shallow riffles or along 
the margins of deeper runs, and suitable water temperatures, depths, and velocities for redd 
construction and adequate oxygenation of incubating eggs.  Chinook salmon spawning typically 
occurs in gravel beds that are located at the tails of holding pools (USFWS 1995).  The range of 
water depths and velocities in spawning beds that Chinook salmon find acceptable is very broad.  
The upper preferred water temperature for spawning Chinook salmon is 55oF to 57oF (Chambers 
1956, Smith 1973, Bjornn and Reiser 1991, and Snider 2001). 
 
Incubating eggs are vulnerable to adverse effects from floods, siltation, desiccation, disease, 
predation, poor gravel percolation, and poor water quality.  Studies of Chinook salmon egg 
survival to hatching conducted by Shelton (1995) indicated 87 percent of fry emerged 
successfully from large gravel with adequate subgravel flow.  The optimal water temperature for 
egg incubation ranges from 41oF to 56oF [44oF to 54oF (Rich 1997), 46oF to 56oF (NMFS 1997), 
and 41oF to 55.4oF (Moyle 2002)].  A significant reduction in egg viability occurs at water 
temperatures above 57.5oF and total embryo mortality can occur at temperatures above 62oF 
(NMFS 1997).  Alderdice and Velsen (1978) found that the upper and lower temperatures 
resulting in 50 percent pre-hatch mortality were 61oF and 37oF, respectively, when the 
incubation temperature was held constant.  As water temperatures increase, the rate of embryo 
malformations also increases, as well as the susceptibility to fungus and bacterial infestations.  
The length of development for Chinook salmon embryos is dependent on the ambient water 
temperature surrounding the egg pocket in the redd.  Colder water necessitates longer 
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development times as metabolic processes are slowed.  Within the appropriate water temperature 
range for embryo incubation, embryos hatch in 40 to 60 days, and the alevins (yolk-sac fry) 
remain in the gravel for an additional 4 to 6 weeks before emerging from the gravel. 
 
During the 4 to 6 week period when alevins remain in the gravel, they utilize their yolk-sac to 
nourish their bodies.  As their yolk-sac is depleted, fry begin to emerge from the gravel to begin 
exogenous feeding in their natal stream.  Fry typically range from 25 mm to 40 mm at this stage.  
Upon emergence, fry swim or are displaced downstream (Healey 1991).  The post-emergent fry 
disperse to the margins of their natal stream, seeking out shallow waters with slower currents, 
finer sediments, and bank cover such as overhanging and submerged vegetation, root wads, and 
fallen woody debris, and begin feeding on zooplankton, small insects, and other micro-
crustaceans.  Some fry may take up residence in their natal stream for several weeks to a year or 
more, while others are displaced downstream by the stream’s current.  Once started downstream, 
fry may continue downstream to the estuary and rear there, or may take up residence in river 
reaches farther downstream for a period of time ranging from weeks to a year (Healey 1991). 
 
Fry then seek nearshore habitats containing riparian vegetation and associated substrates 
important for providing aquatic and terrestrial invertebrates, predator avoidance, and slower 
velocities for resting (NMFS 1996a).  The benefits of shallow water habitats for salmonid rearing 
have been found to be more productive than the main river channels, supporting higher growth 
rates, partially due to higher prey consumption rates, as well as favorable environmental 
temperatures (Sommer et al. 2001).  
 
When juvenile Chinook salmon reach a length of 50 to 57 mm, they move into deeper water with 
higher current velocities, but still seek shelter and velocity refugia to minimize energy 
expenditures (Healey 1991).  Catches of juvenile salmon in the Sacramento River near West 
Sacramento exhibited larger-sized juveniles captured in the main channel and smaller-sized fry 
along the margins (USFWS 1997).  When the channel of the river is greater than 9 to 10 feet in 
depth, juvenile salmon tend to inhabit the surface waters (Healey 1982).  Migrational cues, such 
as increasing turbidity from runoff, increased flows, changes in day length, or intraspecific 
competition from other fish in their natal streams, may spur outmigration of juveniles from the 
upper Sacramento River basin when they have reached the appropriate stage of maturation 
(Kjelson et al. 1982, Brandes and McLain 2001). 
 
As fish begin their emigration, they are displaced by the river’s current downstream of their natal 
reaches.  Similar to adult movement, juvenile salmonid downstream movement is crepuscular.  
The daily migration of juveniles passing RBDD is highest in the 4-hour period prior to sunrise 
(Martin et al. 2001).  Juvenile Chinook salmon migration rates vary considerably presumably 
depending on the physiological stage of the juvenile and hydrologic conditions.  Kjelson et al. 
(1982) found Chinook salmon fry to travel as fast as 30 km per day in the Sacramento River, and 
Sommer et al. (2001) found travel rates ranging from approximately 0.5 miles up to more than 6 
miles per day in the Yolo Bypass.  As Chinook salmon begin the smoltification stage, they prefer 
to rear further downstream where ambient salinity is up to 1.5 to 2.5 parts per thousand (ppt, 
Healey 1980, Levy and Northcote 1981). 
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Fry and parr may rear within riverine or estuarine habitats of the Sacramento River, the Delta, 
and their tributaries (Maslin et al. 1997, Snider 2001).  Within the Delta, juvenile Chinook 
salmon forage in shallow areas with protective cover, such as intertidal and subtidal mudflats, 
marshes, channels, and sloughs (McDonald 1960, Dunford 1975, Meyer 1979, Healey 1980).  
Cladocerans, copepods, amphipods, and larvae of diptera, as well as small arachnids and ants are 
common prey items (Kjelson et al. 1982, Sommer et al. 2001, MacFarlane and Norton 2002).  
Shallow water habitats are more productive than the main river channels, supporting higher 
growth rates, partially due to higher prey consumption rates, as well as favorable environmental 
temperatures (Sommer et al. 2001).  Optimal water temperatures for the growth of juvenile 
Chinook salmon in the Delta are between 54ºF to 57ºF (Brett 1952).  In Suisun and San Pablo 
bays, water temperatures reach 54ºF by February in a typical year.  Other portions of the Delta 
(i.e., South Delta and Central Delta) can reach 70ºF by February in a dry year.  However, cooler 
temperatures are usually the norm until after the spring runoff has ended. 
 
Within the estuarine habitat, juvenile Chinook salmon movements are dictated by the tidal 
cycles, following the rising tide into shallow water habitats from the deeper main channels, and 
returning to the main channels when the tide recedes (Levings 1982, Levy and Northcote 1982, 
Levings et al. 1986, Healey 1991).  As juvenile Chinook salmon increase in length, they tend to 
school in the surface waters of the main and secondary channels and sloughs, following the tides 
into shallow water habitats to feed (Allen and Hassler 1986).  In Suisun Marsh, Moyle et al. 
(1989) reported that Chinook salmon fry tend to remain close to the banks and vegetation, near 
protective cover, and in dead-end tidal channels.  Kjelson et al. (1982) reported that juvenile 
Chinook salmon demonstrated a diel migration pattern, orienting themselves to nearshore cover 
and structure during the day, but moving into more open, offshore waters at night.  The fish also 
distributed themselves vertically in relation to ambient light.  During the night, juveniles were 
distributed randomly in the water column, but would school up during the day into the upper 3 
meters of the water column.  Available data indicate that juvenile Chinook salmon use Suisun 
Marsh extensively both as a migratory pathway and rearing area as they move downstream to the 
Pacific Ocean.  Juvenile Chinook salmon were found to spend about 40 days migrating through 
the Delta to the mouth of San Francisco Bay and grew little in length or weight until they 
reached the Gulf of the Farallones (MacFarlane and Norton 2002).  Based on the mainly ocean-
type life history observed (i.e., fall-run), MacFarlane and Norton (2002) concluded that unlike 
other salmonid populations in the Pacific Northwest, Central Valley Chinook salmon show little 
estuarine dependence and may benefit from expedited ocean entry. 
 
4.2.1.2  Sacramento River Winter-Run Chinook Salmon 
 
The distribution of winter-run spawning and rearing historically is limited to the upper 
Sacramento River and its tributaries, where spring-fed streams provided cold water throughout 
the summer, allowing for spawning, egg incubation, and rearing during the mid-summer period 
(Slater 1963, Yoshiyama et al. 1998).  The headwaters of the McCloud, Pit, and Little 
Sacramento rivers, and Hat and Battle creeks, historically provided clean, loose gravel; cold, 
well-oxygenated water; and optimal stream flow in riffle habitats for spawning and incubation.  
These areas also provided the cold, productive waters necessary for egg and fry development and 
survival, and juvenile rearing over the summer.  The construction of Shasta Dam in 1943 
blocked access to all of these waters except Battle Creek, which has its own impediments to 
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upstream migration (i.e., the fish weir at the Coleman National Fish Hatchery and other small 
hydroelectric facilities situated upstream of the weir; Moyle et al. 1989; NMFS 1997, 1998a, 
1998b).  Approximately, 299 miles of tributary spawning habitat in the upper Sacramento River 
is now inaccessible to winter-run.  Yoshiyama et al. (2001) estimated that in 1938, the Upper 
Sacramento had a “potential spawning capacity” of 14,303 redds.  Most components of the 
winter-run life history (e.g., spawning, incubation, freshwater rearing) have been compromised 
by the habitat blockage in the upper Sacramento River.  
 
Winter-run exhibit characteristics of both stream- and ocean-type races (Healey 1991).  Adults 
enter freshwater in winter or early spring, and delay spawning until spring or early summer 
(stream-type).  However, juvenile winter-run migrate to sea after only 4 to 7 months of river life 
(ocean-type).  Adult winter-run enter San Francisco Bay from November through June (Hallock 
and Fisher 1985), enter the Sacramento River basin between December and July, the peak 
occurring in March (table 4-1; Yoshiyama et al. 1998, Moyle 2002), and migrate past the RBDD 
from mid-December through early August (NMFS 1997).  The majority of the run passes RBDD 
from January through May, with the peak passage occurring in mid-March (Hallock and Fisher 
1985).  The timing of migration may vary somewhat due to changes in river flows, dam 
operations, and water year type (Yoshiyama et al. 1998, Moyle 2002).  Spawning occurs 
primarily from mid-April to mid-August, with the peak activity occurring in May and June in the 
Sacramento River reach between Keswick Dam and RBDD (Vogel and Marine 1991).  The 
majority of winter-run spawners are 3 years old.   
 
Table 4-1.  The temporal occurrence of (a) adult and (b) juvenile winter-run in the Sacramento River.  
Darker shades indicate months of greatest relative abundance. 

 
Sources:  aYoshiyama et al. (1998); Moyle (2002); bMyers et al. (1998); Vogel and Marine (1991) ; cMartin 
et al. (2001); dSnider and Titus (2000); eUSFWS (2001, 2001a) 

 
Winter-run fry begin to emerge from the gravel in late June to early July and continue through 
October (Fisher 1994).  Emigration of juvenile winter-run past RBDD may begin as early as mid 
July, typically peaks in September, and can continue through March in dry years (Vogel and 
Marine 1991, NMFS 1997).  From 1995 to 1999, all winter-run outmigrating as fry passed 
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RBDD by October, and all outmigrating pre-smolts and smolts passed RBDD by March (Martin 
et al. 2001).  Juvenile winter-run occur in the Delta primarily from November through early 
May, based on data collected from trawls in the Sacramento River at West Sacramento [river 
mile (RM) 57; USFWS 2001, 2001a].  The timing of migration may vary somewhat due to 
changes in river flows, dam operations, and water year type.  Winter-run juveniles remain in the 
Delta until they reach a fork length of approximately 118 millimeters (mm) and are from 5 to 10 
months of age, and then begin emigrating to the ocean as early as November and continue 
through May (Fisher 1994, Myers et al. 1998).   
 
4.2.1.2.1  Range-Wide (ESU) Status and Trends 
 
Historical winter-run population estimates, which included males and females, were as high as 
over 230,000 adults in 1969, but declined to under 200 fish in the 1990s (Good et al. 2005, figure 
4-1).  A rapid decline occurred from 1969 to 1979 after completion of the RBDD (figure 4-1).  
Over the next 20 years, the population eventually reached a low point of only 186 adults in 1994.  
At that point, winter-run was at a high risk of extinction, as defined in the most recent guideline 
for recovery of Central Valley salmonids (Lindley et al. 2007).  If not for a very successful 
captive broodstock program, construction of a temperature control device (TCD) on Shasta Dam, 
having the RBDD gates up for much of the year, and restrictions in the ocean harvest, the 
population would have likely failed to exist in the wild.  In recent years, the carcass survey 
population estimates of winter-run included a high of 17,205 (table 4-2) in 2006, followed by a 
precipitous decline in 2007 that continued in 2008, when less than 3,000 adult fish returned to 
the upper Sacramento River.  The preliminary estimate of the winter-run in 2008 is 2,850 (CDFG 
2008).   
 
A conservation program at LSNFH located at the base of Keswick Dam annually supplements 
the in-river production by releasing on average 250,000 winter-run smolts into the upper 
Sacramento River.  The LSNFH operates under strict guidelines for propagation that includes 
genetic testing of each pair of adults and spawning less than 25 percent of the hatchery returns.  
This program and the captive broodstock program (phased out in 2007) were instrumental in 
stabilizing winter-run following very low returns in the 1990s. 
 
The status of winter-run is typical of most endangered species populations, that is, a sharp 
downward decline followed by years of low abundance (figure 4-1).   Since there is only one 
winter-run population, there are no other populations to act as a reserve should a catastrophic 
event happen in the mainstem Sacramento River.  Four highway bridges cross the upper 
Sacramento River spawning grounds.  One truck overturning could spill enough oil or 
contaminants to extirpate an entire year class.  The winter-run population is completely 
dependent on coldwater releases from Shasta Dam in order to sustain the remnant population.     
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Figure 4-1.  Estimated yearly adult natural production and in-river adult escapement of winter-run from 
1967 - 2007 based on RBDD ladder counts (Hanson 20082). 
 
The upper Sacramento River is the only spawning area used by winter-run, although occasional 
strays have been reported in Battle Creek and Clear Creek.  Since fish passage was improved in 
2001 at the ACID Dam, winter-run spawning has shifted upstream.  The majority of winter-run 
in recent years (i.e., > 50 percent since 2007) spawn in the area from Keswick Dam downstream 
to the ACID Dam (approximately 5 miles).  Keswick Dam re-regulates flows from Shasta Dam 
and mixes it with water diverted from the Trinity River through the Spring Creek tunnel.  When 
the gates are down at RBDD, or flashboards in at the ACID Dam, access to the upper 
Sacramento River basin, including tributaries, can only be achieved through the RBDD and 
ACID Dam fish ladders.  Both of these diversions’ fish ladders allow salmonids to pass 
upstream, but completely block green sturgeon. 
 
Table 4-2 provides data on the cohort replacement rate (CRR), which is similar to the SRR 
recommended by Anderson et al. (2009), that is, the ratio of the number of recruits returning to 
the spawning habitat divided by the number of spawners producing those recruits.  As discussed, 
above, the majority of winter-run spawners are 3 years old.  Therefore, NMFS calculated the 
CRR using the spawning population of a given year, divided by the spawning population 3 years 
prior. 
                                                 
2 Mohr (2008) stated that the source of the 1992–2007 production values from Hanson (2008) was 
Chinookprod_33108.xls rather than CDFG Grand Tab. 
3 Upper Sacramento River basin is considered the area upstream of RBDD for purposes of this Opinion. 
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Table 4-2.  Winter-run population estimates from RBDD counts (1986 to 2001) and carcass counts (2001 to 
2008), and corresponding cohort replacement rates for the years since 1986 (CDFG 2004a, CDFG 2007). 

Year Population 
Estimatea 

5-Year Moving 
Average of 
Population 
Estimate 

Cohort 
Replacement 

Rateb 

5-Year Moving 
Average of Cohort 
Replacement Rate 

NMFS-Calculated 
Juvenile 

Production 
Estimate (JPE)c 

1986 2,596 - - -  
1987 2,186 - - -  
1988 2,885 - - -  
1989 696 - 0.27 -  
1990 433 1,759 0.20 -  
1991 211 1,282 0.07 - 40,100 
1992 1,240 1,092 1.78 - 273,100 
1993 387 593 0.90 0.64 90,500 
1994 186 491 0.88 0.77 74,500 
1995 1,297 664 1.05 0.94 338,107 
1996 1,337 889 3.45 1.61 165,069 
1997 880 817 4.73 2.20 138,316 
1998 3,002 1,340 2.31 2.48 454,792 
1999 3,288 1,961 2.46 2.80 289,724 
2000 1,352 1,972 1.54 2.90 370,221 
2001 8,224 3,349 2.74 2.76 1,864,802 
2002 7,441 4,661 2.26 2.22 2,136,747 
2003 8,218 5,705 6.08 3.02 1,896,649 
2004 7,701 6,587 0.94 2.71 881,719 
2005 15,730 9,463 2.11 2.83 3,556,995 
2006 17,205 11,259 2.09 2.70 3,890,534 
2007 2,488 10,268 0.32 2.31 1,100,067 
2008 2,850d 9,195 0.18 1.13 1,152,043e 

median 2,488 1,961 1.54 2.31 370,221 
a Population estimates were based on RBDD counts until 2001.  Starting in 2001, population estimates were based on carcass 

surveys. 
b The majority of winter-run spawners are 3 years old.  Therefore, NMFS calculated the CRR using the spawning population of 

a given year, divided by the spawning population 3 years prior. 
c JPE estimates were derived from NMFS calculations utilizing RBDD winter-run counts through 2001, and carcass counts 

thereafter for deriving adult escapement numbers.  Only estimated to RBDD, does not include survival to the Delta. 
d CDFG (2008) 
e NMFS (2009b) preliminary estimate to Reclamation 

 
Two current methods are utilized to estimate juvenile production of winter-run:  the Juvenile 
Production Estimate (JPE) method, and the Juvenile Production Index (JPI) method (Gaines and 
Poytress 2004).  Gaines and Poytress (2004) estimated the juvenile population of winter-run 
exiting the upper Sacramento River at RBDD to be 3,707,916 juveniles per year using the JPI 
method between the years 1995 and 2003 (excluding 2000 and 2001).  Using the JPE method, 
Gaines and Poytress (2004) estimated an average of 3,857,036 juveniles exiting the upper 
Sacramento River at RBDD between the years of 1996 and 2003.  Averaging these two estimates 
yields an estimated population size of 3,782,476 juveniles during that timeframe. 
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4.2.1.2.2  Current Viability of the Sacramento River Winter-Run Chinook Salmon ESU 
 
One prerequisite for predicting the effects of a proposed action on a species is understanding the 
likelihood of the species in question becoming viable, and whether the proposed action can be 
expected to reduce this likelihood.  The abundance of spawners is just one of several criteria that 
must be met for a population to be considered viable.  McElhany et al. (2000) acknowledged that 
a viable salmonid population at the ESU scale is not merely a quantitative number that needs to 
be attained.  Rather, for an ESU to persist, populations within the ESU must be able to spread 
risk and maximize future potential for adaptation.  ESU viability depends on the number of 
populations and subunits within the ESU, their individual status, their spatial arrangement with 
respect to each other and sources of catastrophic disturbance, and diversity of the populations 
and their habitats (Lindley et al. 2007).  Populations comprise diversity groups, which are 
intended to capture important components of habitat, life history or genetic diversity that 
contribute to the viability of the ESU (Hilborn et al. 2003 op. cit. Lindley et al. 2007, Bottom et 
al. 2005 op. cit. Lindley et al. 2007).  Lindley et al. (2007) suggest that at least two viable 
populations within each diversity group are required to ensure the viability of the diversity 
group, and hence, the ESU. 
 
In order to determine the current likelihood of winter-run becoming viable, we used the historical 
population structure of winter-run presented in Lindley et al. (2004) and the concept of VSP for 
evaluating populations described by McElhany et al. (2000).  While McElhany et al. (2000) 
introduced and described the concept of VSP, Lindley et al. (2007) applied the concept to the 
winter-run ESU.  Lindley et al. (2004) identified four historical populations within the winter-
run ESU, all independent populations, defined as those sufficiently large to be historically 
viable-in isolation and whose demographics and extinction risk were minimally influenced by 
immigrants from adjacent populations (McElhany et al. 2000).  All four independent 
populations, however, are extinct in their historical spawning ranges.  Three (Little Sacramento; 
Pit, Fall, Hat; and McCloud River) are blocked by the impassable Keswick and Shasta Dams 
(Lindley et al. 2004), and the Battle Creek independent population is no longer self-sustaining 
(Lindley et al. 2007). 
 
Although Lindley et al. (2007) did not provide numerical goals for each population of Pacific 
salmonid to be categorized at low risk for extinction, they did provide various quantitative 
criteria to evaluate the risk of extinction (table 4-3).  A population must meet all the low-risk 
thresholds to be considered viable.  The following provides the evaluation of the likelihood of 
winter-run becoming viable based on the VSP parameters of population size, population growth 
rate, spatial structure, and diversity.  These specific parameters are important to consider because 
they are predictors of extinction risk, and the parameters reflect general biological and ecological 
processes that are critical to the growth and survival of salmon (McElhany et al. 2000).  
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Table 4-3.  Criteria for assessing the level of risk of extinction for populations of Pacific salmonids 
(reproduced from Lindley et al. 2007). 

 
 
4.2.1.2.2.1  Population Size 
 
Information about population size provides an indication of the type of extinction risk that a 
population faces.  For instance, smaller populations are at a greater risk of extinction than large 
populations because the processes that affect populations operate differently in small populations 
than in large populations (McElhany et al. 2000).  One risk of low population sizes is 
depensation.  Depensation occurs when populations are reduced to very low densities and per 
capita growth rates decrease as a result of a variety of mechanisms [e.g., failure to find mates and 
therefore reduced probability of fertilization, failure to saturate predator populations (Liermann 
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and Hilborn 2001)].  As provided in table 4-2, the winter-run population, as represented by the 5-
year moving average for adult escapement, was following an increasing trend from the mid-
1990s until 2006.  In 2007, the winter-run population declined precipitously.  Low adult 
escapement was repeated in 2008.  Likewise, the 5-year moving average cohort replacement rate 
was relatively stable since the late 1990s, with each cohort approximately doubling in size.  
However, the cohort replacement rate of 6.08 in 2003 buffered the effect of the significant 
decline in the cohort replacement rate of 0.32 in 2007.  This is evident in the 5-year moving 
average cohort replacement rate ending in 2008, when the 6.08 cohort replacement rate in 2003 
is not factored in.  At the time of publication, Lindley et al. (2007) indicated that winter-run 
satisfies the low-risk criteria for population size, population decline, and catastrophe.  However, 
they also acknowledged that the previous precipitous decline to a few hundred spawners per year 
in the early 1990s would have qualified it as high risk at that time, and the 1976-77 drought 
would have qualified as a high-risk catastrophe.  In consideration of the almost 7-fold decrease in 
population in 2007, coupled with the dry water year type in 2007, followed by the critically dry 
water year type in 2008 (which could be qualified as a high-risk catastrophe) and likely a similar 
forecast for 2009, NMFS concludes that winter-run are at a high risk of extinction based on 
population size. 
 
4.2.1.2.2.2  Population Growth Rate 
 
The productivity of a population (i.e., production over the entire life cycle) can reflect conditions 
(e.g., environmental conditions) that influence the dynamics of a population and determine 
abundance.  In turn, the productivity of a population allows an understanding of the performance 
of a population across the landscape and habitats in which it exists and its response to those 
habitats (McElhany et al. 2000).  In general, declining productivity equates to declining 
population abundance.  McElhany et al. (2000) suggested a population’s natural productivity 
should be sufficient to maintain its abundance above the viable level (a stable or increasing 
population growth rate).  This guideline seems reasonable in the absence of numeric abundance 
targets. 
 
Winter-run have declined substantially from historic levels.  The one remaining population of 
winter-run on the mainstem Sacramento River is also the entire current ESU.  Although the 
population growth rate (indicated by the cohort replacement rate) increased since the late 1990s, 
it drastically decreased in 2007 and 2008, indicating that the population is not replacing itself, 
and is at a high risk of extinction in the foreseeable future. 
 
4.2.1.2.2.3  Spatial Structure 
 
In general, there is less information available on how spatial processes relate to salmonid 
viability than there is for the other VSP parameters (McElhany et al. 2000).  Understanding the 
spatial structure of a population is important because the population structure can affect 
evolutionary processes and, therefore, alter the ability of a population to adapt to spatial or 
temporal changes in the species’ environment (McElhany et al. 2000).  The spatial structure of 
winter-run resembles that of a panmictic population, where there are no subpopulations, and 
every mature male is equally likely to mate with every other mature female.   The four historical 
independent populations of winter-run have been reduced to one population, resulting in a 
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significant reduction in their spatial diversity.  An ESU comprised of one population is not viable 
because it is unlikely to be able to adapt to significant environmental changes.  A single 
catastrophe (e.g., volcanic eruption of Lassen Peak, prolonged drought which depletes the cold 
water pool at Lake Shasta, or some related failure to manage cold water storage, spill of toxic 
materials, or a disease outbreak) could extirpate the entire winter-run ESU if its effects persisted 
for 3 or more years.  The majority of winter-run return to spawn in 3 years, so a single 
catastrophe with effects that persist for at least 3 years would affect all of the winter-run cohorts.  
Therefore, NMFS concludes that winter-run are at a high risk of extinction based on spatial 
structure. 
 
4.2.1.2.2.4  Diversity 
 
Diversity, both genetic and behavioral, is critical to success in a changing environment.  
Salmonids express variation in a suite of traits, such as anadromy, morphology, fecundity, run 
timing, spawn timing, juvenile behavior, age at smolting, age at maturity, egg size, 
developmental rate, ocean distribution patterns, male and female spawning behavior, and 
physiology and molecular genetic characteristics.  The more diverse these traits (or the more 
these traits are not restricted), the more adaptable a population is, and the more likely that 
individuals, and therefore the species, would survive and reproduce in the face of environmental 
variation (McElhany et al. 2000).  However, when this diversity is reduced due to loss of entire 
life history strategies or to loss of habitat used by fish exhibiting variation in life history traits, 
the species is in all probability less able to survive and reproduce given environmental variation.   
 
The primary factor affecting the diversity of winter-run is the limited area of spawning habitat 
available on the mainstem Sacramento River downstream of Keswick Dam.  This specific and 
narrow spawning habitat limits the flexibility and variation in spawning locations for winter-run 
to tolerate environmental variation.  For example, a catastrophe on the mainstem Sacramento 
River could affect the entire population, and therefore, ESU.  However, with the majority of 
spawners being 3 years old, winter-run do reserve some genetic and behavioral variation in that 
in any given year, two cohorts are in the marine environment, and therefore, not exposed to the 
same environmental stressors as their freshwater cohorts. 
 
Although LSNFH is characterized as one of the best examples of a conservation hatchery 
operated to maximize genetic diversity and minimize domestication of the offspring produced in 
the hatchery, it still faces some of the same diversity issues as other hatcheries in reducing the 
diversity of the naturally-spawning population.  Therefore, Lindley et al. (2007) characterizes 
hatchery influence as a looming concern with regard to diversity.  Even with a small contribution 
of hatchery fish to the natural spawning population, hatchery contributions could compromise 
the long term viability and extinction risk of winter-run. 
 
NMFS concludes that the current diversity in this ESU is much reduced compared to historic 
levels, and that winter-run are at a high risk of extinction based on the diversity VSP parameter. 
 

 87 
 



4.2.1.2.2.5  Summary of the Current Viability of the Sacramento River Winter-Run 
Chinook Salmon ESU 
 
An age-structured density-independent model of spawning escapement by Botsford and 
Brittnacker (1998 op. cit. Good et al. 2005) assessing the viability of winter-run found the 
species was certain to fall below the quasi-extinction threshold of 3 consecutive spawning runs 
with fewer than 50 females (Good et al. 2005).  Lindley and Mohr (2003) assessed the viability 
of the population using a Bayesian model based on spawning escapement that allowed for 
density dependence and a change in population growth rate in response to conservation 
measures.  This analysis found a biologically significant expected quasi-extinction probability of 
28 percent.  There is only one population, and it depends on cold-water releases from Shasta 
Dam, which could be vulnerable to a prolonged drought (Good et al. 2005).   
 
Recently, Lindley et al. (2007) determined that the winter-run population, which is confined to 
spawning below Keswick Dam, is at a moderate extinction risk according to population viability 
analysis (PVA), and at a low risk according to other criteria (i.e., population size, population 
decline, and the risk of wide ranging catastrophe).  However, concerns of genetic introgression 
with hatchery populations are increasing.  Hatchery-origin winter-run from LSNFH have made 
up more than 5 percent of the natural spawning run in recent years and in 2005, it exceeded 18 
percent of the natural run.  If this proportion of hatchery origin fish from the LSNFH exceeds 15 
percent in 2006-2007, Lindley et al. (2007) recommends reclassifying the winter-run population 
extinction risk as moderate, rather than low, based on the impacts of the hatchery fish over 
multiple generations of spawners.  In addition, data used for Lindley et al. (2007) did not include 
the significant decline in adult escapement numbers in 2007 and 2008, and thus, does not reflect 
the current status of the population size or the recent population decline.  Furthermore, the 
current drought conditions in the Central Valley were not incorporated into the analysis of the 
winter-run population status in Lindley et al. (2007) as a potential catastrophic event. 
 
Lindley et al. (2007) also states that the winter-run ESU fails the “representation and redundancy 
rule” because it has only one population, and that population spawns outside of the ecoregion in 
which it evolved.  In order to satisfy the “representation and redundancy rule,” at least two 
populations of winter-run would have to be re-established in the basalt- and porous-lava region 
of its origin.  An ESU represented by only one spawning population at moderate risk of 
extinction is at a high risk of extinction over an extended period of time (Lindley et al. 2007).  
Based on the above descriptions of the population viability parameters, NMFS believes that the 
winter-run ESU is currently not viable. 
 
4.2.1.2.3  Status of Sacramento River Winter-Run Chinook Salmon Critical Habitat 
 
4.2.1.2.3.1  Summary of Designated Critical Habitat 
 
The designated critical habitat for winter-run includes the Sacramento River from Keswick Dam 
(RM 302) to Chipps Island (RM 0) at the westward margin of the Delta; all waters from Chipps 
Island westward to Carquinez Bridge, including Honker Bay, Grizzly Bay, Suisun Bay, and 
Carquinez Strait; all waters of San Pablo Bay westward of the Carquinez Bridge; and all waters 
of San Francisco Estuary to the Golden Gate Bridge north of the San Francisco/Oakland Bay 
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Bridge (June 16, 1993, 58 FR 33212).  In the Sacramento River, critical habitat includes the river 
water column, river bottom, and adjacent riparian zone (limited to those areas above a 
streambank that provide cover and shade to the nearshore aquatic areas) used by fry and 
juveniles for rearing.  In the areas westward of Chipps Island, critical habitat includes the 
estuarine water column and essential foraging habitat and food resources used by winter-run as 
part of their juvenile emigration or adult spawning migration. 
 
In designating critical habitat, NMFS considers the following requirements of the species:  (1) 
space for individual and population growth, and for normal behavior; (2) food, water, air, light, 
minerals, or other nutritional or physiological requirements; (3) cover or shelter; (4) sites for 
breeding, reproduction, or rearing offspring; and, generally, (5) habitats that are protected from 
disturbance or are representative of the historic geographical and ecological distributions of a 
species [see 50 CFR 424.12(b)].  In addition to these factors, NMFS also focuses on the known 
physical and biological features (essential features) within the designated area that are essential 
to the conservation of the species and that may require special management considerations or 
protection.  These essential features may include, but are not limited to, spawning sites, food 
resources, water quality and quantity, and riparian vegetation. 
 
Within the range of winter-run, biological features of the designated critical habitat that are 
considered vital for winter-run include unimpeded adult upstream migration routes, spawning 
habitat, egg incubation and fry emergence areas, rearing areas for juveniles, and unimpeded 
downstream migration routes for juveniles. 
 
4.2.1.2.3.2  Factors Affecting Critical Habitat   
 
A wide range of activities may affect the essential habitat requirements of winter-run. 
Water quantity and quality have been altered by the continued operations of Reclamation’s CVP 
and DWR’s SWP.  In addition, small and large water diversions by private entities, such as the 
ACID and the GCID, withdraw incremental amounts of water directly from the Sacramento 
River, many of which are not screened, resulting in the direct loss of (mostly) juveniles to the 
diversions. 
 
Habitat quantity and quality have also been altered.  Keswick Dam precludes access to all of the 
historical spawning habitat for three independent populations of winter-run.  In addition, access 
for the Battle Creek independent population has been blocked by the Coleman National Fish 
Hatchery weir and various hydropower dams and diversions (Lindley et al. 2004).  Corps 
permitting activities that authorize dredging and other construction-related activities in the 
Sacramento River, Sacramento-San Joaquin Delta, and San Francisco Bay have modified aquatic 
habitat, including increasing sedimentation, simplifying streambank and riparian habitat, 
reducing connectivity to floodplain habitat, and modifying hydrology.  All of these activities 
result in changes to the value of the essential features of winter run critical habitat that are 
necessary for their conservation. 
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4.2.1.2.3.3  Current Condition of Critical Habitat at the ESU Scale 
 
The final rule designating critical habitat for winter-run (June 16, 1993, 58 FR 33212) identifies 
the following physical and biological features that are essential for the conservation of winter-
run:  (1) access from the Pacific Ocean to appropriate spawning areas in the upper Sacramento 
River, (2) the availability of clean gravel for spawning substrate, (3) adequate river flows for 
successful spawning, incubation of eggs, fry development and emergence, and downstream 
transport of juveniles, (4) water temperatures between 42.5 and 57.5oF for successful spawning, 
egg incubation, and fry development, (5) habitat areas and adequate prey that are not 
contaminated, (6) riparian habitat that provides for successful juvenile development and survival, 
and (7) access downstream so that juveniles can migrate from spawning grounds to San 
Francisco Bay and the Pacific Ocean. 
 
4.2.1.2.3.3.1  Access to Spawning Areas in the Upper Sacramento River 
 
Adult migration corridors should provide satisfactory water quality, water quantity, water 
temperature, water velocity, cover/shelter and safe passage conditions in order for adults to reach 
spawning areas.  Adult winter-run generally migrate in the winter and spring months to spawning 
areas.  During that time of year, the migration route is mostly free of obstructions.  However, 
during the annual May 15 through September 15 gates in position, RBDD reduces the value of 
the migratory corridor. 
 
4.2.1.2.3.3.2  The Availability of Clean Gravel for Spawning Substrate 
 
Spawning habitat for winter-run is restricted to the Sacramento River primarily between Keswick 
Dam and RBDD.  This reach was not historically utilized by winter-run for spawning.  Because 
Shasta and Keswick dams preclude spawning gravel recruitment, Reclamation injects spawning 
gravel into various areas of the upper Sacramento River.  With the supplemented gravel 
injections, the reach of the upper Sacramento River continues to support the current populations 
of winter-run. 
 
4.2.1.2.3.3.3  Adequate River Flows for Successful Spawning, Incubation of Eggs, Fry 
Development and Emergence, and Downstream Transport of Juveniles 
 
An April 5, 1960, Memorandum of Agreement (MOA) between Reclamation and the DFG 
originally established flow objectives in the Sacramento River for the protection and preservation 
of fish and wildlife resources.  In addition, Reclamation complies with the flow releases required 
in Water Rights Order (WRO) 90-05.  Table 5 of the project description provides the flow 
requirements in the 1960 MOA and WRO 90-05.  Flow releases for agriculture and other 
consumptive uses during the winter-run egg incubation, fry development, and emergence life 
history stages, rather than minimum flow requirements, drive operations of Shasta and Keswick 
dams. 
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4.2.1.2.3.3.4  Water Temperatures for Successful Spawning, Egg Incubation, and Fry 
Development 
 
Reclamation releases cold water from Shasta Reservoir to provide for adult winter-run migration, 
spawning, and egg incubation.  However, the extent winter-run habitat needs are met depends on 
Reclamation’s other operational commitments, including those to settlement contractors, water 
service contractors, D-1641 requirements, and projected end of September storage volume.  
Based on these commitments, and Reclamation’s modeled February and subsequent monthly 
forecasts, Reclamation determines how far downstream 56oF can be maintained and sustained 
throughout the winter-run spawning, egg incubation, and fry development stages.  Although 
WRO 90-05 and 91-1 require Reclamation to operate Keswick and Shasta dams, and the Spring 
Creek Powerplant, to meet a daily average water temperature of 56oF at RBDD, they also 
provide the exception that the water temperature compliance point (TCP) may be modified when 
the objective cannot be met at RBDD.  In every year since the SWRCB issued WRO 90-05 and 
91-1, operations plans have included modifying the RBDD compliance point to make best use of 
the coldwater resources based on the location of spawning Chinook salmon (CVP/SWP 
operations BA page 2-40).  Once a TCP has been identified and established, it generally does not 
change, and therefore, water temperatures are typically adequate for successful, egg incubation, 
and fry development for those redds constructed upstream of the TCP.  However, the annual 
change in TCP has degraded the conservation value of spawning habitat (based on water 
temperature).   
 
4.2.1.2.3.3.5  Habitat Areas and Adequate Prey that are not Contaminated 
 
Current water quality conditions are better than in previous decades, however legacy 
contaminants such as mercury (and methyl mercury), polychlorinated biphenyls (PCB), heavy 
metals, and persistent organochlorine pesticides continue to be found in watersheds throughout 
the Central Valley.  Although most of these contaminants are at low concentrations in the food 
chain, they continue to work their way into the base of the food web, particularly when 
sediments are disturbed and previously entombed compounds are released into the water column.  
Exposure to these contaminated food sources may create delayed sublethal effects that reduce 
fitness at a time when the animal is physiologically stressed, i.e., during smoltification or ocean 
entry. 
 
Contaminants are typically associated with areas of urban development or other anthropogenic 
activities (e.g., mercury contamination as a result of gold mining or processing).  Areas with low 
human impacts frequently have low contaminant burdens, and therefore lower levels of 
potentially harmful toxicants in the aquatic system. 
 
4.2.1.2.3.3.6  Riparian Habitat that Provides for Successful Juvenile Development and 
Survival  
 
The channelized, leveed, and riprapped river reaches and sloughs that are common in the 
Sacramento River system typically have low habitat complexity, low abundance of food 
organisms, and offer little protection from either fish or avian predators.  Juvenile life stages of 
salmonids are dependant on the function of this habitat for successful survival and recruitment. 
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Some complex, productive habitats with floodplains remain in the system [e.g., Sacramento 
River reaches with setback levees (i.e., primarily located upstream of the City of Colusa)] and 
flood bypasses (i.e., Yolo and Sutter bypasses).  Nevertheless, the current condition of riparian 
habitat for winter-run is degraded. 
 
4.2.1.2.3.3.7  Access Downstream so that Juveniles can Migrate from Spawning Grounds to 
San Francisco Bay and the Pacific Ocean  
 
Ideal freshwater migration corridors are free of migratory obstructions, with water quantity and 
quality conditions that enhance migratory movements.  They contain natural cover such as 
riparian canopy structure, submerged and overhanging large woody objects, aquatic vegetation, 
large rocks and boulders, side channels, and undercut banks which augment juvenile and adult 
mobility, survival, and food supply.  Migratory corridors are downstream of the spawning areas 
and include the mainstem of the Sacramento River.  These corridors allow the downstream 
emigration of outmigrant juveniles.  Migratory habitat condition is strongly affected by the 
presence of barriers, which can include dams (i.e., hydropower, flood control, and irrigation 
flashboard dams), unscreened or poorly screened diversions, degraded water quality, or 
behavioral impediments to migration.  For successful survival and recruitment of salmonids, 
freshwater migration corridors must function sufficiently to provide adequate passage.  
Currently, when the gates are in, RBDD reduces the value of the migratory corridor for 
downstream migration.  In addition, although predators of juvenile Chinook salmon are 
prominent throughout the Sacramento River and Delta, they concentrate around structures, and 
therefore, a higher concentration of striped bass, and especially Sacramento pikeminnow, 
congregate downstream of RBDD when the gates are in, resulting in increased mortality of 
juvenile Chinook salmon from predation.   
 
Unscreened diversions that entrain juvenile salmonids are prevalent throughout the mainstem 
Sacramento River.  Although actual entrainment rates are not known, the CVP/SWP operations 
BA provided calculations of estimated entrainment of salmonids through unscreened diversions 
along the Sacramento River.  According to the calculations, over 7,000 juvenile winter-run are 
lost to unscreened diversions annually. 
 
D-1641 provides for 45 days of discretionary gate closures of the DCC between November 1 and 
January 31, which leaves the DCC gates open half the time during those 3 months.  When the 
DCC gates are open during winter-run outmigration, a portion of the flow, and therefore, a 
portion of the outmigrating winter-run, is entrained through the DCC into the interior Delta, 
where their chances of survival and successful migration to San Francisco Bay and the Pacific 
Ocean are reduced. 
 
Based on the impediments caused by the RBDD, unscreened diversions, and the opening of the 
DCC gates during the winter-run outmigration period, the current condition of the freshwater 
migration corridor in the Sacramento River is much degraded. 
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4.2.1.2.3.3.8  Sacramento River Winter-Run Chinook Salmon Critical Habitat Summary 
 
Critical habitat for winter-run is composed of physical and biological features that are essential 
for the conservation of winter-run, including up and downstream access, and the availability of 
certain habitat conditions necessary to meet the biological requirements of the species.  
Currently, many of these physical and biological features are impaired, and provide limited 
conservation value.  For example, when the gates are in, RBDD reduces the value of the 
migratory corridor for upstream and downstream migration.  Unscreened diversions throughout 
the mainstem Sacramento River, and the DCC when the gates are open during winter-run 
outmigration, do not provide a safe migratory corridor to San Francisco Bay and the Pacific 
Ocean. 
 
In addition, the annual change in TCP has degraded the conservation value of spawning habitat 
(based on water temperature).  The current condition of riparian habitat for winter-run rearing is 
degraded by the channelized, leveed, and riprapped river reaches and sloughs that are common in 
the Sacramento River system.  However, some complex, productive habitats with floodplains 
remain in the system (e.g., Sacramento River reaches with setback levees (i.e., primarily located 
upstream of the City of Colusa) and flood bypasses (i.e., Yolo and Sutter bypasses).   
 
Based on the impediments caused by RBDD when the gates are in, unscreened diversions, 
annual changes to the TCP, the time when the DCC gates are open during the winter-run 
outmigration period, and the degraded condition of spawning habitat and riparian habitat, the 
current condition of winter-run critical habitat is degraded, and has low value for the 
conservation of the species.   
 
4.2.1.3  Central Valley Spring-Run Chinook Salmon 
 
Historically, spring-run occupied the upper and middle reaches (1,000 to 6,000 feet) of the San 
Joaquin, American, Yuba, Feather, Sacramento, McCloud and Pit rivers, with smaller 
populations in most tributaries with sufficient habitat for over-summering adults (Stone 1874, 
Rutter 1904, Clark 1929).   
 
Spring-run exhibit a stream-type life history.  Adults enter freshwater in the spring, hold over the 
summer, spawn in the fall, and the juveniles typically spend a year or more in freshwater before 
emigrating.  Adult spring-run leave the ocean to begin their upstream migration in late January 
and early February (CDFG 1998) and enter the Sacramento River between March and 
September, primarily in May and June (table 4-4; Yoshiyama et al. 1998, Moyle 2002).  Lindley 
et al. (2007) indicate that adult spring-run migrate from the Sacramento River into spawning 
tributaries primarily between mid April and mid June.  Typically, spring-run utilize mid- to high-
elevation streams that provide appropriate temperatures and sufficient flow, cover, and pool 
depth to allow over-summering while conserving energy and allowing their gonadal tissue to 
mature (Yoshiyama et al. 1998).  Reclamation reports that spring-run holding in upper watershed 
locations prefer water temperatures below 60oF, although salmon can tolerate temperatures up to 
65oF before they experience an increased susceptibility to disease.   
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Spring-run spawning occurs between September and October depending on water temperatures.  
Between 56 and 87 percent of adult spring-run that enter the Sacramento River basin to spawn 
are 3 years old (Calkins et al. 1940, Fisher 1994).   
 
Spring-run fry emerge from the gravel from November to March (Moyle 2002) and the 
emigration timing is highly variable, as they may migrate downstream as YOY or as juveniles or 
yearlings.  The modal size of fry migrants at approximately 40 mm between December and April 
in Mill, Butte, and Deer creeks reflects a prolonged emergence of fry from the gravel (Lindley et 
al. 2007).  Studies in Butte Creek (Ward et al. 2002, 2003; McReynolds et al. 2005) found the 
majority of spring-run migrants to be fry occurring primarily from December through February, 
and that these movements appeared to be influenced by flow.  Small numbers of spring-run 
remained in Butte Creek to rear and migrated as yearlings later in the year, typically the next fall.  
Juvenile emigration patterns in Mill and Deer creeks are very similar to patterns observed in 
Butte Creek, with the exception that Mill and Deer creek juveniles typically exhibit a later YOY 
migration and an earlier yearling migration (Lindley et al. 2007). 
 
Once juveniles emerge from the gravel, they seek areas of shallow water and low velocities 
while they finish absorbing the yolk sac and transition to exogenous feeding (Moyle 2002).  
Many also will disperse downstream during high-flow events.  As is the case in other salmonids, 
there is a shift in microhabitat use by juveniles to deeper, faster, water as they grow larger.  
Microhabitat use can be influenced by the presence of predators, which can force fish to select 
areas of heavy cover and suppress foraging in open areas (Moyle 2002).  The emigration period 
for spring-run extends from November to early May, with up to 69 percent of the YOY fish 
outmigrating through the lower Sacramento River and Delta during this period (CDFG 1998).  
Spring-run juveniles have been observed rearing in the lower reaches of non-natal tributaries and 
intermittent streams in the Sacramento Valley during the winter months (Maslin et al. 1997, 
Snider 2001).  Peak movement of juvenile (yearling) spring-run in the Sacramento River at 
Knights Landing occurs in December, and again in March and April for YOY juveniles.  
However, juveniles also are observed between November and the end of May (Snider and Titus 
2000).  Based on the available information, the emigration timing of spring-run appears highly 
variable (CDFG 1998).  Some fish may begin emigrating soon after emergence from the gravel, 
whereas others over summer and emigrate as yearlings with the onset of intense fall storms 
(CDFG 1998).   
 
4.2.1.3.1  Range-Wide (ESU) Status and Trends 
 
Historically, spring-run were the second most abundant salmon run in the Central Valley (CDFG 
1998).  The Central Valley drainage as a whole is estimated to have supported spring-run runs as 
large as 600,000 fish between the late 1880s and 1940s (CDFG 1998).  Before the construction 
of Friant Dam, nearly 50,000 adults were counted in the San Joaquin River alone (Fry 1961).  
Construction of other low elevation dams in the foothills of the Sierras on the American, 
Mokelumne, Stanislaus, Tuolumne, and Merced rivers extirpated spring-run from these 
watersheds.  Naturally-spawning populations of spring-run currently are restricted to accessible 
reaches of the upper Sacramento River, Antelope Creek, Battle Creek, Beegum Creek, Big Chico 
Creek, Butte Creek, Clear Creek, Deer Creek, Feather River, Mill Creek, and Yuba River (CDFG 
1998).  However, only Deer, Mill, and Butte creeks are considered to be independent spring-run 
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populations.  The other tributary populations are considered dependent populations, which rely 
on the three independent populations for continued existence at this time. 
 
Table 4-4.  The temporal occurrence of adult (a-c) and juvenile (d) Central Valley spring-run Chinook 
salmon in the Sacramento River.  Darker shades indicate months of greatest relative abundance.   Note: 
Yearling spring-run Chinook salmon rear in their natal streams through the first summer following their 
birth.  Downstream emigration generally occurs the following fall and winter.  YOY spring-run Chinook 
salmon emigrate during the first spring after they hatch. 

 
Sources:  aYoshiyama et al. (1998); bMoyle (2002); cMyers et al. (1998); dLindley et al. (2007); eCDFG (1998); 

fMcReynolds et al. (2005); Ward et al. (2002, 2003); gSnider and Titus (2000) 
 
On the Feather River, significant numbers of spring-run, as identified by run timing, return to the 
FRFH.  From 1986 to 2007, the average number of spring-run returning to the FRFH was 3,992, 
compared to an average of 12,888 spring-run returning to the entire Sacramento River Basin 
(table 4-5).  CWT information from these hatchery returns indicates substantial introgression has 
occurred between spring-run and fall-run populations within the Feather River system due to 
hatchery practices.  Because Chinook salmon have not always been temporally separated in the 
hatchery, spring-run and fall-run have been spawned together, thus compromising the genetic 
integrity of the spring-run and early fall-run stocks.  The number of naturally spawning spring-
run in the Feather River has been estimated only periodically since the 1960s, with estimates 
ranging from 2 fish in 1978 to 2,908 in 1964.  However, the genetic integrity of this population is 
questionable because of the significant temporal and spatial overlap between spawning 
populations of spring-run and fall-run (Good et al. 2005).  For the reasons discussed above, and 
the importance of genetic diversity as one of the VSP parameters, the Feather River spring-run 
population numbers are not included in the following discussion of ESU abundance. 
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The spring-run ESU has displayed broad fluctuations in adult abundance, ranging from 1,403 in 
1993 to 25,890 in 1982 (table 4-5, figure 4-2).  Sacramento River tributary populations in Mill, 
Deer, and Butte creeks are probably the best trend indicators for the spring-run ESU as a whole 
because these streams contain the primary independent populations within the ESU.  Generally, 
these streams have shown a positive escapement trend since 1991.  Escapement numbers are 
dominated by Butte Creek returns, which have averaged over 7,000 fish since 1995.  During this 
same period, adult returns on Mill Creek have averaged 778 fish, and 1,463 fish on Deer Creek.  
Although recent trends are positive, annual abundance estimates display a high level of 
fluctuation, and the overall number of spring-run remains well below estimates of historic 
abundance.  In 2008, adult escapement of spring-run declined in several of the region’s 
watersheds.  Butte Creek had an estimated 6,000 adults return to the watershed, while more 
significant decreases occurred on Mill Creek (362 fish), Deer Creek (140 fish), and Antelope 
Creek (2 fish).  In contrast, Clear Creek had a modest increase in returning spring-run adults with 
an estimated 199 adults returning in 2008.  These fluctuations may be attributable to poor ocean 
conditions that existed when the returning 2008 adults entered the ocean as smolts (spring of 
2006) and led to poor ocean survival in the critical ocean entry phase of their life history.  
Additional factors that have limited adult spawning populations are in-river water quality 
conditions.  In 2002 and 2003, mean water temperatures in Butte Creek exceeded 21oC for 10 or 
more days in July (Williams 2006).  These persistent high water temperatures, coupled with high 
fish densities, precipitated an outbreak of columnaris disease (Flexibacter columnaris) and 
ichthyophthiriasis (Ichthyophthirius multifiis) in the adult spring-run over-summering in Butte 
Creek.  In 2002, this contributed to the pre-spawning mortality of approximately 20 to 30 percent 
of the adults.  In 2003, approximately 65 percent of the adults succumbed, resulting in a loss of 
an estimated 11,231 adult spring-run in Butte Creek.  
 
Recent actions by fishery management agencies have improved habitat conditions on Clear 
Creek for spring-run.  The Clear Creek population of spring-run appears to be increasing in 
abundance, albeit modestly.  Significant efforts have beeen made to enhance oversummering 
flows in the upper reaches below Whiskeytown Dam, maintain suitable water temperatures in 
those reaches, enhance spawning habitat through gravel augmentation, and prevent genetic 
introgression with fall-run which utilize the same watershed.  Concern exists over the timing of 
the RBDD gate closures and whether this action delays spring-run bound for Clear Creek to the 
extent that adults cannot access the watershed due to thermal barriers forming in the lower 
reaches of the creek near its confluence with the Sacramento River. 
 
The Butte, Deer, and Mill Creek populations of spring-run are in the Northern Sierra Nevada 
diversity group.  Lindley et al. (2007) indicated that spring-run populations in Butte and Deer 
Creeks had a low risk of extinction, according to their PVA model and the other population 
viability criteria (i.e., population size, population decline, catastrophic events, and hatchery 
influence).  The Mill Creek population of spring-run is at moderate extinction risk according to 
the PVA model, but appears to satisfy the other viability criteria for low-risk status.  However, 
the spring-run ESU fails to meet the “representation and redundancy rule,” since the Northern 
Sierra Nevada is the only diversity group in the spring-run ESU that contains demonstrably 
viable populations out of at least 3 diversity groups that historically contained them.  
Independent populations of spring-run only occur within the Northern Sierra Nevada diversity 
group.  The Northwestern California diversity group contains a few ephemeral populations of 
spring-run that are likely dependent on the Northern Sierra Nevada populations for their 
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continued existence.  The spring-run populations that historically occurred in the Basalt and 
Porous Lava, and Southern Sierra Nevada, diversity groups have been extirpated.  Over the long 
term, the three remaining independent populations are considered to be vulnerable to 
catastrophic events, such as volcanic eruptions from Mount Lassen or large forest fires due to the 
close proximity of their headwaters to each other.  Drought is also considered to pose a 
significant threat to the viability of the spring-run populations in the Deer, Mill, and Butte Creek 
watersheds due to their close proximity to each other.  One large event could eliminate all three 
populations. 
 
Table 4-5.  Central Valley spring-run Chinook salmon population estimates with corresponding cohort 
replacement rates (CRR) for years since 1986 (CDFG 2008). 

Year 

Sacramento 
River Basin 
Escapemen
t Run Sizea 

FRFH 
Populatio
n 

Tributary 
Population
s 

5-Year 
Moving 
Average 
of 
Tributary 
Populatio
n Estimate 

Trib 
CRRb,

c 

5-Year 
Moving 
Averag
e of 
Trib 
CRR 

5-Year 
Moving 
Average 
of Basin 
Populatio
n Estimate 

Basi
n 
CRR 

5-Year 
Moving 
Averag
e of 
Basin 
CRR 

1986 25,696 1,433 24,263      
1987 13,888 1,213 12,675      
1988 18,933 6,833 12,100      
1989 12,163 5,078 7,085  0.29   0.47 
1990 7,683 1,893 5,790 12,383 0.46  15,673 0.55 
1991 5,927 4,303 1,624 7,855 0.13  11,719 0.31 
1992 3,044 1,497 1,547 5,629 0.22  9,550 0.25 
1993 6,075 4,672 1,403 3,490 0.24 0.27 6,978 0.79 0.48
1994 6,187 3,641 2,546 2,582 1.57 0.52 5,783 1.04 0.59
1995 15,238 5,414 9,824 3,389 6.35 1.70 7,294 5.01 1.48
1996 9,082 6,381 2,701 3,604 1.93 2.06 7,925 1.49 1.72
1997 5,086 3,653 1,433 3,581 0.56 2.13 8,334 0.82 1.83
1998 31,471 6,746 24,725 8,246 2.52 2.58 13,413 2.07 2.09
1999 9,835 3,731 6,104 8,957 2.26 2.72 14,142 1.08 2.09
2000 9,234 3,657 5,577 8,108 3.89 2.23 12,942 1.82 1.46
2001 17,698 4,135 13,563 10,280 0.55 1.96 14,665 0.56 1.27
2002 17,409 4,189 13,220 12,638 2.17 2.28 17,129 1.77 1.46
2003 17,570 8,662 8,908 9,474 1.60 2.09 14,349 1.90 1.43
2004 13,986 4,212 9,774 10,208 0.72 1.78 15,179 0.79 1.37
2005 16,117 1,771 14,346 11,962 1.09 1.22 16,556 0.93 1.19
2006 10,652 1,952 8,700 10,990 0.98 1.31 15,147 0.61 1.20
2007 10,571 2,752 7,819 9,909 0.80 1.04 13,779 0.76 1.00

Media
n 

10,652 3,731 7,819 8,246 0.98 1.96 13,413 0.82 1.43

a NMFS included both the escapement numbers from the Feather River Fish Hatchery (FRFH) and the Sacramento 
River and its tributaries in this table.  Sacramento River Basin run size is the sum of the escapement numbers 
from the FRFH and the tributaries. 

b Abbreviations:  CRR = Cohort Replacement Rate, Trib = tributary 
c The majority of spring-run spawners are 3 years old.  Therefore, NMFS calculated the CRR using the spawning population of 

a given year, divided by the spawning population 3 years prior. 
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Annual Estimated Central Valley spring-run Chinook salmon Escapement
1969 to 2006
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Figure 4-2.  Annual estimated Central Valley spring-run Chinook salmon escapement population for the 
Sacramento River watershed for years 1969 through 2006 (PFMC 2002, 2004, CDFG 2004b, Yoshiyama 1998, 
GrandTab 2006). 
 
4.2.1.3.2  Current Viability of the Central Valley Spring-Run Chinook Salmon ESU 
 
The earlier analysis to determine the likelihood of winter-run becoming viable described the 
process that NMFS uses to apply the VSP concept in McElhany et al. (2000).  In order to 
determine the current likelihood of the spring-run ESU becoming viable, we used the historical 
population structure of spring-run presented in Lindley et al. (2007, figure 4-3) and the concept 
of VSP for evaluating populations described by McElhany et al. (2000).  While McElhany et al. 
(2000) introduced and described the concept of VSP, Lindley et al. (2007) applied the concept to 
the spring-run ESU.  Lindley et al. (2004) identified 26 historical populations within the spring-
run ESU; 19 were independent populations, and 7 were dependent populations.  Of the 19 
independent populations of spring-run that occurred historically, only three remain, in Deer, 
Mill, and Butte creeks.  Extant dependent populations occur in Battle, Antelope, Big Chico, 
Clear, Beegum, and Thomes creeks, as well as in the Yuba River, the Feather River below 
Oroville Dam, and in the mainstem Sacramento River below Keswick Dam.   
 
Table 4-3 provides various quantitative criteria to evaluate the risk of extinction.  The following 
provides the evaluation of the likelihood of the threatened spring-run ESU becoming viable 
based on the VSP parameters of population size, population growth rate, spatial structure, and 
diversity.   
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Figure 4-3.  CV spring-run Chinook salmon diversity groups (replicated from Lindley et al. 2007). 
 
4.2.1.3.2.1  Population Size 
 
As provided in table 4-5, spring-run declined drastically in the mid to late 1980s before 
stabilizing at very low levels in the early to mid 1990s.  Since the late 1990s, there does not 
appear to be a trend in basin-wide abundance, having fluctuated from approximately 25,000 fish 
in 1999 to slightly more than 10,000 fish in 2008.  Abundance is generally dominated by the 
Butte Creek population.  Other independent and dependent populations are smaller.  The cohort 
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replacement rate behaved similarly, falling below 1.0 in the 3 of the previous 4 years, in parallel 
with the reduced escapement numbers.  The 5-year moving average cohort replacement rate, 
however, has remained above 1.0 since 1995. 
 
4.2.1.3.2.2  Population Growth Rate 
 
Cohort replacement rates are indications of whether a cohort is replacing itself in the next 
generation.  As mentioned in the previous subsection, the cohort replacement rate since the late 
1990s has fluctuated, and does not appear to have a pattern.  Since the cohort replacement rate is 
a reflection of population growth rate, there does not appear to be an increasing or decreasing 
trend.  The 5-year moving average of population estimate indicated an increasing population 
trend since the mid 1990s until very recently (2006), at which point the population has decreased 
in two consecutive years. 
 
4.2.1.3.2.3  Spatial Structure 
 
Lindley et al. (2007) indicated that of the 19 independent populations of spring-run that occurred 
historically, only three (Butte, Mill, and Deer creeks) remain, and their current distribution 
makes the spring-run ESU vulnerable to catastrophic disturbance.  Butte, Mill, and Deer Creeks 
all occur in the same biogeographic region (diversity group), whereas historically, independent 
spring-run populations were distributed throughout the CV among at least three diversity groups 
(i.e., basalt and porous lava, northern Sierra Nevada, and southern Sierra Nevada).  In addition, 
dependent spring-run populations historically persisted in the Northwestern California diversity 
group (Lindley et al. 2004).  Currently, there are dependent populations of spring-run in the Big 
Chico, Antelope, Clear, Thomes, Battle, and Beegum creeks, and in the Sacramento, Feather, 
and Yuba rivers.  As mentioned earlier, the extant Feather River and mainstem Sacramento River 
populations probably do not represent historical entities (Lindley et al. 2007).   
 
4.2.1.3.2.4  Diversity 
 
Diversity, both genetic and behavioral, provides a species the opportunity to track 
environmental changes.  As a species’ abundance decreases, and spatial structure of the ESU is 
reduced, a species has less flexibility to track changes in the environment.  Spring-run have been 
entirely extirpated from the basalt and porous lava region and the southern Sierra Nevada 
region.  The only viable and independent populations (i.e., Mill, Deer, and Butte creeks) of 
spring-run are limited to the northern Sierra Nevada region, and a few ephemeral or dependent 
populations are found in the Northwestern California region.  A single catastrophe, for example, 
the eruption of Mount Lassen, a large wildland fire at the headwaters of Mill, Deer, and Butte 
creeks, or a drought, poses a significant threat to the extinction risk of the ESU that otherwise 
would not be there if the ESU’s spatial structure and diversity were greater.  As with winter-run, 
spring-run do reserve some genetic and behavioral variation in that in any given year, at least 
two cohorts are in the marine environment, and therefore, not exposed to the same 
environmental stressors as their freshwater cohorts. 
 
Although spring-run produced at the FRFH are part of the spring-run ESU (June 28, 2005, 70 FR 
37160), they compromise the genetic diversity of naturally-spawned spring-run.  More than 
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523,000 FRFH spring-run fry were planted at the base of Whiskeytown Dam during the 3-year 
period 1991−1993 (CDFG 1998 op. cit. CVP/SWP operations BA).  The fact that these hatchery 
fish behave more like fall-run (spawn later than spring-run in Deer, Mill, and Butte creeks), 
likely increases introgression of the spring- and fall- runs, and reduces diversity. 
 
4.2.1.3.2.5  Summary of the Current Viability of the Central Valley Spring-Run Chinook 
Salmon ESU 
 
Butte Creek and Deer Creek spring-run are at low risk of extinction, satisfying both the 
population viability analysis (PVA) and other viability criteria.  Mill Creek is at moderate 
extinction risk according to the PVA, but appear to satisfy the other viability criteria for low-risk 
status (Lindley et al. 2007).  Spring-run fail the representation and redundancy rule for ESU 
viability, as the current distribution of independent populations has been severely constricted to 
only one of their former geographic diversity groups.  Therefore, the spring-run ESU are at 
moderate risk of extinction in 100 years. 
 
4.2.1.3.3  Status of Central Valley Spring-Run Chinook Salmon Critical Habitat 
 
4.2.1.3.3.1  Summary of Designated Critical Habitat 
 
Critical habitat was designated for spring-run on September 2, 2005 (70 FR 52488), and includes 
stream reaches such as those of the Feather and Yuba Rivers, Big Chico, Butte, Deer, Mill, 
Battle, Antelope, and Clear creeks, the Sacramento River, as well as portions of the northern 
Delta.  Critical habitat includes the stream channels in the designated stream reaches and the 
lateral extent as defined by the ordinary high-water line.  In areas where the ordinary high-water 
line has not been defined, the lateral extent will be defined by the bankfull elevation (defined as 
the level at which water begins to leave the channel and move into the floodplain; it is reached at 
a discharge that generally has a recurrence interval of 1 to 2 years on the annual flood series; 
Bain and Stevenson 1999; September 2, 2005, 70 FR 52488). 
 
In designating critical habitat, NMFS considers the following requirements of the species:  (1) 
space for individual and population growth, and for normal behavior; (2) food, water, air, light, 
minerals, or other nutritional or physiological requirements; (3) cover or shelter; (4) sites for 
breeding, reproduction, or rearing offspring; and, generally, (5) habitats that are protected from 
disturbance or are representative of the historic geographical and ecological distributions of a 
species [see 50 CFR 424.12(b)].  In addition to these factors, NMFS also focuses on the known 
physical and biological features (essential features) within the designated area that are essential 
to the conservation of the species and that may require special management considerations or 
protection.  These essential features may include, but are not limited to, spawning sites, food 
resources, water quality and quantity, and riparian vegetation. 
 
Critical habitat for spring-run is defined as specific areas that contain the PCEs and physical 
habitat elements essential to the conservation of the species.  Within the range of the spring-run 
ESU, biological features of the designated critical habitat that are considered vital for spring-run 
include freshwater spawning sites, freshwater rearing sites, freshwater migration corridors, 
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estuarine areas, and nearshore marine areas.  The following describe the current conditions of the 
freshwater PCEs for spring-run. 
 
4.2.1.3.3.2  Spawning Habitat 
 
Freshwater spawning sites are those with water quantity and quality conditions and substrate 
supporting spawning, incubation, and larval development.  Spring-run spawn in the mainstem 
Sacramento River between RBDD and Keswick Dam (however, little spawning activity has been 
recorded in recent years) and in tributaries such as Mill, Deer, and Butte creeks.  Operations of 
Shasta and Keswick Dams on the mainstem Sacramento River that are focused primarily to 
ensure an adequate quantity and quality of water for successful adult winter-run migration, 
holding, spawning, and incubation may at the same time be limiting the amount of cold water 
needed to ensure successful incubation of any spring-run eggs spawned on the mainstem 
Sacramento River. 
 
4.2.1.3.3.3  Freshwater Rearing Habitat 
 
Freshwater rearing sites are those with water quantity and floodplain connectivity to form and 
maintain physical habitat conditions and support juvenile growth and mobility; water quality and 
forage supporting juvenile development; and natural cover such as shade, submerged and 
overhanging large woody material, log jams and beaver dams, aquatic vegetation, large rocks 
and boulders, side channels, and undercut banks.  Both spawning areas and migratory corridors 
comprise rearing habitat for juveniles, which feed and grow before and during their 
outmigration.  Non-natal, intermittent tributaries also may be used for juvenile rearing.  Rearing 
habitat condition is strongly affected by habitat complexity, food supply, and the presence of 
predators of juvenile salmonids.  The channelized, leveed, and riprapped river reaches and 
sloughs that are common in the Sacramento River system are much degraded, and typically have 
low habitat complexity, low abundance of food organisms, and offer little protection from either 
fish or avian predators.  However, some complex, productive habitats with floodplains remain in 
the system [e.g., Sacramento River reaches with setback levees (i.e., primarily located upstream 
of the City of Colusa)] and flood bypasses (i.e., Yolo and Sutter bypasses).  Juvenile life stages 
of salmonids are dependant on the function of this habitat for successful survival and 
recruitment. 
 
4.2.1.3.3.4  Freshwater Migration Corridors 
 
Ideal freshwater migration corridors are free of migratory obstructions, with water quantity and 
quality conditions that enhance migratory movements.  They contain natural cover such as 
riparian canopy structure, submerged and overhanging large woody objects, aquatic vegetation, 
large rocks and boulders, side channels, and undercut banks which augment juvenile and adult 
mobility, survival, and food supply.  Migratory corridors are downstream of the spawning areas 
and include the lower reaches of the spawning tributaries, the mainstem of the Sacramento River 
and the Delta.  These corridors allow the upstream passage of adults, and the downstream 
emigration of outmigrant juveniles.  Migratory habitat condition is strongly affected by the 
presence of barriers, which can include dams (i.e., hydropower, flood control, and irrigation 
flashboard dams), unscreened or poorly screened diversions, degraded water quality, or 
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behavioral impediments to migration.  For successful survival and recruitment of salmonids, 
freshwater migration corridors must function sufficiently to provide adequate passage.  The 
RBDD creates an upstream migratory barrier during its May 15 through September 15 “gates in” 
configuration.  Approximately 10 percent of the spring-run spawn upstream of RBDD.  Of those, 
approximately 72 percent of them attempt to migrate past RBDD during the gates in period 
[Tehama-Colusa Canal Authority (TCCA) and Reclamation 2002].  Less than 1 percent of 
spring-run juveniles are potentially impacted by passing under the dam during their downstream 
migration (TCCA and Reclamation 2002).  Juvenile spring-run that try to migrate past RBDD in 
its gates down position are subjected to disorientation.  In addition, although predators of 
juvenile spring-run are prominent throughout the Sacramento River and Delta, they concentrate 
around structures, and therefore, a higher concentration of striped bass, and especially 
Sacramento pikeminnow, reside downstream of RBDD and prey on outmigrating juvenile 
salmonids.   
 
Significant amounts of flow and many juvenile spring-run enter the DCC (when the gates are 
open) and Georgiana Slough, especially during increased Delta pumping.  Mortality of juvenile 
salmon entering the central Delta is higher than for those continuing downstream in the 
Sacramento River.  This difference in mortality could be caused by a combination of factors:  the 
longer migration route through the central Delta to the western Delta, exposure to higher water 
temperatures, higher predation rates, exposure to seasonal agricultural diversions, water quality 
impairments due to agricultural and municipal discharges, and a more complex channel 
configuration making it more difficult for salmon to successfully migrate to the western Delta 
and the ocean.  In addition, the State and Federal pumps and associated fish facilities increase 
mortality of juvenile spring-run through various means, including entrainment into the State and 
Federal canals, handling, trucking, and release.   
 
The current condition of freshwater migration corridors in the Sacramento River is much 
degraded. 
 
4.2.1.3.3.5  Estuarine Areas 
 
Ideal estuarine areas are free of migratory obstructions with water quality, water quantity, and 
salinity conditions supporting juvenile and adult physiological transitions between fresh and salt 
water.  Natural cover such as submerged and overhanging large woody material, aquatic 
vegetation, and side channels, are necessary for juvenile and adult foraging.  Current estuarine 
areas are degraded as a result of the operations of the CVP and SWP.  Spring-run smolts are 
drawn to the central and south Delta as they outmigrate, and are subjected to the indirect (e.g., 
predation, contaminants) and direct (e.g., salvage, loss) effects of the Delta and both the Federal 
and State fish facilities.  
 
The current condition of the estuarine habitat in the project area has been substantially degraded 
from historic conditions.  Over 90 percent of the fringing fresh, brackish, and salt marshes have 
been lost to human actions.  This loss of the fringing marshes reduces the availability of forage 
species and eliminates the cycling of nutrients from the marsh vegetation into the water column 
of the adjoining waterways.  The channels of the Delta have been modified by the raising of 
levees and armoring of the levee banks with stone riprap.  This reduces habitat complexity by 
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reducing the incorporation of woody debris and vegetative material into the nearshore area, 
minimizing and reducing local variations in water depth and velocities, and simplifying the 
community structure of the nearshore environment.  Delta hydraulics has been modified as a 
result of CVP and SWP actions.  Within the central and southern Delta, net water movement is 
towards the pumping facilities, altering the migratory cues for emigrating fish in these regions.  
Operations of upstream reservoir releases and diversion of water from the southern Delta have 
been manipulated to maintain a “static” salinity profile in the western Delta near Chipps Island 
(the X2 location).  This area of salinity transition, the low salinity zone (LSZ), is an area of high 
productivity.  Historically, this zone fluctuated in its location in relation to the outflow of water 
from the Delta and moved westwards with high Delta inflow (i.e., floods and spring runoff) and 
eastwards with reduced summer and fall flows.  This variability in the salinity transition zone has 
been substantially reduced by the operations of the projects.  The project’s long-term water 
diversions also have contributed to reductions in the phytoplankton and zooplankton populations 
in the Delta itself as well as alterations in nutrient cycling within the Delta ecosystem.  Heavy 
urbanization and industrial actions have lowered water quality and introduced persistent 
contaminants to the sediments surrounding points of discharge (i.e., refineries in Suisun and San 
Pablo bays, creosote factories in Stockton, etc.) 
 
4.2.1.3.3.6  Central Valley Spring-Run Chinook Salmon Critical Habitat Summary 
 
The current condition of spring-run critical habitat is degraded, and does not provide the 
conservation value necessary for the recovery of the species.  Spring-run critical habitat has 
suffered similar types of degradation as winter-run critical habitat. 
 
4.2.2  Steelhead  
 
4.2.2.1  General Life History 
 
Steelhead can be divided into two life history types, summer-run steelhead and winter-run 
steelhead, based on their state of sexual maturity at the time of river entry and the duration of 
their spawning migration, stream-maturing and ocean-maturing.  Only winter steelhead are 
currently found in Central Valley rivers and streams (McEwan and Jackson 1996), although there 
are indications that summer steelhead were present in the Sacramento river system prior to the 
commencement of large-scale dam construction in the 1940s [Interagency Ecological Program 
(IEP) Steelhead Project Work Team 1999].  At present, summer steelhead are found only in 
northern California coast drainages, mostly in tributaries of the Eel, Klamath, and Trinity River 
systems (McEwan and Jackson 1996).  
 
4.2.2.2  Central Valley Steelhead 
 
CV steelhead generally leave the ocean from August through April (Busby et al. 1996), and 
spawn from December through April, with peaks from January though March, in small streams 
and tributaries where cool, well oxygenated water is available year-round (table 4-6; Hallock et 
al. 1961, McEwan and Jackson 1996).  Timing of upstream migration is correlated with higher 
flow events, such as freshets or sand bar breaches at river mouths, and associated lower water 
temperatures.  Unlike Pacific salmon, steelhead are iteroparous, or capable of spawning more 
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than once before death (Barnhart 1986, Busby et al. 1996).  However, it is rare for steelhead to 
spawn more than twice before dying; most that do so are females (Busby et al. 1996).  Iteroparity 
is more common among southern steelhead populations than northern populations (Busby et al. 
1996).  Although one-time spawners are the great majority, Shapovalov and Taft (1954) reported 
that repeat spawners are relatively numerous (17.2 percent) in California streams.   
 
Table 4-6.  The temporal occurrence of (a) adult and (b) juvenile Central Valley steelhead in the Central 
Valley.  Darker shades indicate months of greatest relative abundance.  

 
Sources:  aHallock et al. (1961); bMcEwan (2001); cUSFWS (unpublished data); dCDFG (1995); eHallock et al. 
(1957); fBailey (1954); gCDFG Steelhead Report Card Data; hCDFG (unpublished data); iSnider and Titus 
(2000); jNobriga and Cadrett (2003); kJones & Stokes Associates, Inc. (2002); lS.P. Cramer and Associates, Inc. 
(2000, 2001); mSchaffter (1980, 1997) 

 
Spawning occurs during winter and spring months.  The length of time it takes for eggs to hatch 
depends mostly on water temperature.  Hatching of steelhead eggs in hatcheries takes about 30 
days at 51°F.  Fry emerge from the gravel usually about 4 to 6 weeks after hatching, but factors 
such as redd depth, gravel size, siltation, and temperature can affect emergence timing 
(Shapovalov and Taft 1954).  Newly emerged fry move to the shallow, protected areas associated 
with the stream margin (McEwan and Jackson 1996) and they soon move to other areas of the 
stream and establish feeding locations, which they defend (Shapovalov and Taft 1954). 
 
Steelhead rearing during the summer takes place primarily in higher velocity areas in pools, 
although YOY also are abundant in glides and riffles.  Productive steelhead habitat is 
characterized by complexity, primarily in the form of large and small woody debris.  Cover is an 
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important habitat component for juvenile steelhead both as velocity refugia and as a means of 
avoiding predation (Meehan and Bjornn 1991).   
 
Juvenile steelhead emigrate episodically from natal streams during fall, winter, and spring high 
flows.  Emigrating CV steelhead use the lower reaches of the Sacramento River and the Delta for 
rearing and as a migration corridor to the ocean.  Juvenile CV steelhead feed mostly on drifting 
aquatic organisms and terrestrial insects and will also take active bottom invertebrates (Moyle 
2002). 
 
Some juvenile steelhead may utilize tidal marsh areas, non-tidal freshwater marshes, and other 
shallow water areas in the Delta as rearing areas for short periods prior to their final emigration 
to the sea.  Hallock et al. (1961) found that juvenile steelhead in the Sacramento River basin 
migrate downstream during most months of the year, but the peak period of emigration occurred 
in the spring, with a much smaller peak in the fall.  Nobriga and Cadrett (2003) also have 
verified these temporal findings based on analysis of captures at Chipps Island, Suisun Bay. 
 
4.2.2.2.1  Range-Wide (DPS) Status and Trends 
 
Over the past 30 years, the naturally-spawned steelhead populations in the upper Sacramento 
River have declined substantially (figure 4-4).  Hallock et al. (1961) estimated an average of 
20,540 adult steelhead through the 1960s in the Sacramento River, upstream of the Feather 
River.  Steelhead counts at the RBDD declined from an average of approximately 8,000 for the 
period of 1967 to 1977, to an average of approximately 2,000 through the early 1990s, with an 
estimated total annual run size for the entire Sacramento-San Joaquin system, based on RBDD 
counts, to be no more than 10,000 adults (McEwan and Jackson 1996, McEwan 2001).  
Steelhead escapement surveys at RBDD ended in 1993 due to changes in dam operations. 
 
Nobriga and Cadrett (2003) compared CWT and untagged (wild) steelhead smolt catch ratios at 
Chipps Island trawl from 1998 through 2001 to estimate that about 100,000 to 300,000 steelhead 
juveniles are produced naturally each year in the Central Valley.  Good et al. (2005) made the 
following conclusion based on the Chipps Island data: 
 

"If we make the fairly generous assumptions (in the sense of generating large estimates of 
spawners) that average fecundity is 5,000 eggs per female, 1 percent of eggs survive to 
reach Chipps Island, and 181,000 smolts are produced (the 1998-2000 average), about 
3,628 female steelhead spawn naturally in the entire Central Valley.  This can be 
compared with McEwan's (2001) estimate of 1 million to 2 million spawners before 
1850, and 40,000 spawners in the 1960s." 
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Estimated Natural Central Valley Steelhead Run Size on the Upper Sacramento River
1967 to 1993
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Figure 4-4.  Estimated natural Central Valley steelhead escapement in the upper Sacramento River based on 
RBDD counts.  Note:  Steelhead escapement surveys at RBDD ended in 1993 (from McEwan and Jackson 
1996). 
 
Existing wild steelhead stocks in the Central Valley are mostly confined to the upper Sacramento 
River and its tributaries, including Antelope, Deer, and Mill creeks and the Yuba River.  
Populations may exist in Big Chico and Butte creeks and a few wild steelhead are produced in 
the American and Feather Rivers (McEwan and Jackson 1996).  Snorkel surveys from 1999 to 
2002 indicate that steelhead are present in Clear Creek (Newton 2002 op. cit. Good et al. 2005).  
Because of the large resident O. mykiss population in Clear Creek, steelhead spawner abundance 
has not been estimated. 
 
Recent monitoring has detected small, self-sustaining populations (i.e., non-hatchery origin) of 
steelhead in the Stanislaus, Mokelumne, and Calaveras rivers, and other streams previously 
thought to be devoid of steelhead (McEwan 2001).  On the Stanislaus River, steelhead smolts 
have been captured in rotary screw traps at Caswell State Park and Oakdale each year since 1995 
(S.P. Cramer and Associates Inc. 2000, 2001).  Zimmerman et al. (2008) documented CV 
steelhead in the Stanislaus, Tuolumne and Merced rivers based on otilith microchemistry. 
 
It is possible that naturally-spawning populations exist in many other streams but are undetected 
due to lack of monitoring programs (IEP Steelhead Project Work Team 1999).  Incidental 
catches and observations of juvenile steelhead also have occurred on the Tuolumne and Merced 
Rivers during fall-run monitoring activities, indicating that steelhead are widespread throughout 
accessible streams and rivers in the Central Valley (Good et al. 2005).  CDFG staff have 
prepared catch summaries for juvenile migrant CV steelhead on the San Joaquin River near 
Mossdale, which represents migrants from the Stanislaus, Tuolumne, and Merced rivers.  Based 
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on trawl recoveries at Mossdale between 1988 and 2002, as well as rotary screw trap efforts in 
all three tributaries, CDFG (2003) stated that it is “clear from this data that rainbow trout do 
occur in all the tributaries as migrants and that the vast majority of them occur on the Stanislaus 
River” (figure 4-5).  The documented returns on the order of single fish in these tributaries 
suggest that existing populations of CV steelhead on the Tuolumne, Merced, and lower San 
Joaquin rivers are severely depressed.   
 

Annual Steelhead Smolt Catch from the Mossdale Trawl
1988 through 2008
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Figure 4-5.  Annual number of Central Valley steelhead smolts caught while Kodiak trawling at the Mossdale 
monitoring location on the San Joaquin River (Marston 2004, SJRGA 2007, Speegle 2008). 
 
4.2.2.2.2  Current Viability of the Central Valley Steelhead DPS 
 
The earlier analysis to determine the likelihood of winter-run becoming viable described the 
process that NMFS uses to apply the VSP concept in McElhany et al. (2000).  In order to 
determine the current likelihood of the CV steelhead DPS becoming viable, we used the 
historical population structure of CV steelhead presented in Lindley et al. (2006, 2007; figure 4-
6) and the concept of VSP for evaluating populations described by McElhany et al. (2000).  
While McElhany et al. (2000) introduced and described the concept of VSP, Lindley et al. 
(2007) applied the concept to the CV steelhead DPS.     
 
Table 4-3 provides various quantitative criteria to evaluate the risk of extinction.  The following 
provides the evaluation of the likelihood of the threatened CV steelhead DPS becoming viable 
based on the VSP parameters of population size, population growth rate, spatial structure, and 
diversity. 
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4.2.2.2.2.1  Population Size 
 
As provided above and in figure 4-4, estimated natural CV steelhead escapement in the upper 
Sacramento River has declined substantially from 1967 through 1993.  There is still a nearly 
complete lack of steelhead monitoring in the Central Valley (Good et al. 2005), and therefore, 
data are lacking regarding a definitive population size for CV steelhead.  However, the little data 
that exist indicate that the CV steelhead population continues to decline (Good et al. 2005). 
  
4.2.2.2.2.2  Population Growth Rate 
 
CV steelhead has shown a pattern of a negative growth rate since the late 1960s (figure 4-4).  
Good et al. (2005) provided no indication that this trend has changed since the last CV steelhead 
population census in 1993. 
 
4.2.2.2.2.3  Spatial Structure 
 
Lindley et al. (2006) identified 81 historical and independent populations within the CV 
steelhead DPS.  These populations form 8 clusters, or diversity groups, based on the similarity of 
the habitats they occupied for spawning and rearing.  About 80 percent of the habitat that was 
historically available to CV steelhead is now behind impassable dams, and 38 percent of the 
populations have lost all of their habitats.  Although much of the habitat has been blocked by 
impassable dams, or degraded, small populations of CV steelhead are still found throughout 
habitat available in the Sacramento River and many of the tributaries, and some of the tributaries 
to the San Joaquin River. 
 
4.2.2.2.2.4  Diversity 
 
Diversity, both genetic and behavioral, provides a species the opportunity to track environmental 
changes.  CV steelhead naturally experience the most diverse life history strategies of the listed 
Central Valley anadromous salmonid species.  In addition to being iteroparous, they reside in 
freshwater for 2-4 years before emigrating to the ocean.  However, as the species’ abundance 
decreases, and spatial structure of the DPS is reduced, it has less flexibility to track changes in 
the environment.  CV steelhead abundance and growth rate continue to decline, largely the result 
of a significant reduction in the diversity of habitats available to CV steelhead (Lindley et al. 
2006).  The genetic diversity of CV steelhead is also compromised by hatchery-origin fish, 
which likely comprise the majority of the natural spawning run, placing the natural populations 
at high risk of extinction (Lindley et al. 2007).  Consistent with the life history strategy of 
winter-run and spring-run, some genetic and behavioral variation is conserved in that in any 
given year, there are additional cohorts in the marine environment, and therefore, not exposed to 
the same environmental stressors as their freshwater cohorts. 
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Figure 4-6.  CV steelhead4 diversity groups (replicated from Lindley et al. 2007). 
 
 

                                                 
4 Note that the Suisun Bay Tribs identified in the figure (in pink) belong in the CCC steelhead DPS (see section 

4.1.1). 
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4.2.2.2.2.5  Summary of the Current Viability of the CV Steelhead DPS 
 
Lindley et al. (2007) indicated that prior population census estimates completed in the 1990s 
found the CV steelhead spawning population above RBDD had a fairly strong negative 
population growth rate and small population size.  Good et al. (2005) indicated the decline was 
continuing as evidenced by new information (Chipps Island trawl data).  CV steelhead 
populations generally show a continuing decline, an overall low abundance, and fluctuating 
return rates.  The future of CV steelhead is uncertain due to limited data concerning their status.  
However, Lindley et al. (2007) concluded that there is sufficient evidence to suggest that the 
DPS is at moderate to high risk of extinction. 
 
4.2.2.2.3  Status of CV Steelhead Critical Habitat 
 
4.2.2.2.3.1  Summary of Designated Critical Habitat 
 
Critical habitat was designated for CV steelhead on September 2, 2005 (70 FR 52488).  Critical 
habitat for CV steelhead includes stream reaches such as those of the Sacramento, Feather, and 
Yuba Rivers, and Deer, Mill, Battle, and Antelope creeks in the Sacramento River basin; the 
lower San Joaquin River to the confluence with the Merced River, including its tributaries, and 
the waterways of the Delta.  Critical habitat includes the stream channels in the designated 
stream reaches and the lateral extent as defined by the ordinary high-water line.  In areas where 
the ordinary high-water line has not been defined, the lateral extent will be defined by the 
bankfull elevation (defined as the level at which water begins to leave the channel and move into 
the floodplain; it is reached at a discharge that generally has a recurrence interval of 1 to 2 years 
on the annual flood series; Bain and Stevenson 1999; September 2, 2005, 70 FR 52488).  Critical 
habitat for CV steelhead is defined as specific areas that contain the PCE and physical habitat 
elements essential to the conservation of the species.  Following are the inland habitat types used 
as PCEs for CV steelhead. 
 
4.2.2.2.3.2  Spawning Habitat 
 
Freshwater spawning sites are those with water quantity and quality conditions and substrate 
supporting spawning, incubation, and larval development.  Most spawning habitat in the Central 
Valley for steelhead is located in areas directly downstream of dams containing suitable 
environmental conditions for spawning and incubation.  Spawning habitat for CV steelhead is 
similar in nature to the requirements of Chinook salmon, primarily occurring in reaches directly 
below dams (i.e., above RBDD, but below Keswick Dam, on the Sacramento River) on perennial 
watersheds throughout the Central Valley.  These reaches can be subjected to variations in flows 
and temperatures, particularly over the summer months, which can have negative effects upon 
salmonids spawning below them. 
 
4.2.2.2.3.3  Freshwater Rearing Habitat 
 
Freshwater rearing sites are those with water quantity and floodplain connectivity to form and 
maintain physical habitat conditions and support juvenile growth and mobility; water quality and 
forage supporting juvenile development; and natural cover such as shade, submerged and 
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overhanging large woody material, log jams and beaver dams, aquatic vegetation, large rocks 
and boulders, side channels, and undercut banks.  Both spawning areas and migratory corridors 
comprise rearing habitat for juveniles, which feed and grow before and during their 
outmigration.  Non-natal, intermittent tributaries also may be used for juvenile rearing.  Rearing 
habitat condition is strongly affected by habitat complexity, food supply, and the presence of 
predators of juvenile salmonids.  Some complex, productive habitats with floodplains remain in 
the system [e.g., the lower Cosumnes River, Sacramento River reaches with setback levees (i.e., 
primarily located upstream of the City of Colusa)] and flood bypasses (i.e., Yolo and Sutter 
bypasses).  However, the channelized, leveed, and riprapped river reaches and sloughs that are 
common in the Sacramento-San Joaquin system typically have low habitat complexity, low 
abundance of food organisms, and offer little protection from either fish or avian predators.  
Juvenile life stages of salmonids are dependant on the function of this habitat for successful 
survival and recruitment.  Steelhead are more susceptible to the negative effects of degraded 
rearing habitat, as they rear in freshwater longer than winter-run and spring-run. 
 
4.2.2.2.3.4  Freshwater Migration Corridors 
 
Ideal freshwater migration corridors are free of migratory obstructions, with water quantity and 
quality conditions that enhance migratory movements.  They contain natural cover such as 
riparian canopy structure, submerged and overhanging large woody objects, aquatic vegetation, 
large rocks and boulders, side channels, and undercut banks which augment juvenile and adult 
mobility, survival, and food supply.  Migratory corridors are downstream of the spawning areas 
and include the lower mainstems of the Sacramento and San Joaquin rivers and the Delta.  These 
corridors allow the upstream passage of adults, and the downstream emigration of outmigrant 
juveniles.  Migratory habitat condition is strongly affected by the presence of barriers, which can 
include dams (i.e., hydropower, flood control, and irrigation flashboard dams), unscreened or 
poorly screened diversions, degraded water quality, or behavioral impediments to migration.  For 
successful survival and recruitment of salmonids, freshwater migration corridors must function 
sufficiently to provide adequate passage.  Currently, RBDD gates are down from May 15 
through September 15, and impede the upstream and downstream migration of a portion of each 
adult and juvenile cohort.  Juvenile CV steelhead that try to migrate past RBDD when its gates 
are down are subjected to disorientation.  In addition, although predators of juvenile CV 
steelhead are prominent throughout the Sacramento River and Delta, they concentrate around 
structures, and therefore, a higher concentration of striped bass, and especially Sacramento 
pikeminnow, reside downstream of RBDD and prey on outmigrating juvenile salmonids.   
 
Juvenile CV steelhead that outmigrate from the San Joaquin River tributaries are exposed to 
degraded migration corridors, just as they are exposed to degraded water quality in the lower San 
Joaquin River basin and the Stockton DWSC.  Significant amounts of flow and many juvenile 
CV steelhead from the Sacramento River enter the DCC (when the gates are open) and 
Georgiana Slough into the central Delta.  Likewise, some juvenile CV steelhead from the San 
Joaquin River are diverted into the southern Delta through Old River and Turner and Columbia 
Cuts.  Mortality of juvenile CV steelhead entering the central Delta is higher than for those 
continuing downstream in the Sacramento and San Joaquin rivers.  This difference in mortality 
could be caused by a combination of factors:  the longer migration route through the central 
Delta to the western Delta, exposure to higher water temperatures, higher predation rates, 
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exposure to seasonal agricultural diversions, water quality impairments due to agricultural and 
municipal discharges, and a more complex channel configuration making it more difficult for CV 
steelhead to successfully migrate to the western Delta and the ocean.  In addition, the State and 
Federal pumps and associated fish facilities increase mortality of juvenile CV steelhead through 
various means, including entrainment into the State and Federal facilities, handling, trucking, and 
release.  The current condition of freshwater migration corridors in the Sacramento River, San 
Joaquin River, and Delta are very degraded. 
 
4.2.2.2.3.5  Estuarine Areas 
 
Ideal estuarine areas are free of migratory obstructions with water quality, water quantity, and 
salinity conditions supporting juvenile and adult physiological transitions between fresh and salt 
water.  Natural cover such as submerged and overhanging large woody material, aquatic 
vegetation, and side channels, are suitable for juvenile and adult foraging.  Current estuarine 
areas are degraded as a result of the operations of the CVP and SWP.  CV steelhead smolts are 
drawn to the central and south Delta as they outmigrate, and are subjected to the indirect (e.g., 
predation, contaminants) and direct (e.g., salvage, loss) effects of the Delta and both the Federal 
and State fish facilities. 
 
The location of X2 has also been modified from natural conditions.  Historically, the Delta 
provided the transitional habitat for CV steelhead to undergo the physiological change to salt 
water.  However, as X2 was modified to control Delta water quality, and competing species’ 
needs (i.e., Delta smelt), the Delta served more as a migratory corridor for outmigrating 
anadromous salmonids.  The current condition of the estuarine area has been described in section 
4.2.1.3.3.5 for spring-run critical habitat. 
 
4.2.2.2.3.6  Central Valley Steelhead Critical Habitat Summary 
 
The current condition of CV steelhead critical habitat is degraded, and does not provide the 
conservation value necessary for the recovery of the species.  CV steelhead critical habitat has 
suffered similar types of degradation as winter-run critical habitat.  In addition, the Sacramento-
San Joaquin River Delta, as part of CV steelhead designated critical habitat, provides very little 
function necessary for juvenile CV steelhead rearing and physiological transition to salt water. 
 
4.2.3  Southern DPS of North American Green Sturgeon 
 
4.2.3.1  General Life History 
 
In North America, spawning populations of green sturgeon are currently found in only three river 
systems:  the Sacramento and Klamath rivers in California and the Rogue River in southern 
Oregon.  Green sturgeon are known to range from Baja California to the Bering Sea along the 
North American continental shelf.  Data from commercial trawl fisheries and tagging studies 
indicate that the green sturgeon occupy waters within the 110 meter contour (Erickson and 
Hightower 2007).  During the late summer and early fall, subadults and nonspawning adult green 
sturgeon frequently can be found aggregating in estuaries along the Pacific coast (Emmett et al. 
1991, Moser and Lindley 2007).  Particularly large concentrations of green sturgeon from both 
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the northern and southern populations occur in the Columbia River estuary, Willapa Bay, Grays 
Harbor and Winchester Bay, with smaller aggregations in Humboldt Bay, Tillamook Bay, 
Nehalem Bay, and San Francisco and San Pablo bays (Emmett et al 1991, Moyle et al. 1992, and 
Beamesderfer et al. 2007).  Lindley et al. (2008) reported that green sturgeon make seasonal 
migratory movements along the west coast of North America, overwintering north of Vancouver 
Island and south of Cape Spencer, Alaska.  Individual fish from the Southern DPS of green 
sturgeon have been detected in these seasonal aggregations.  Information regarding the migration 
and habitat use of the Southern DPS of green sturgeon has recently emerged.  Lindley (2006) 
presented preliminary results of large-scale green sturgeon migration studies, and verified past 
population structure delineations based on genetic work and found frequent large-scale 
migrations of green sturgeon along the Pacific Coast.  This work was further expanded by recent 
tagging studies of green sturgeon conducted by Erickson and Hightower (2007) and Lindley et 
al. (2008).  To date, the data indicate that North American green sturgeon are migrating 
considerable distances up the Pacific Coast into other estuaries, particularly the Columbia River 
estuary.  This information also agrees with the results of previous green sturgeon tagging studies 
(CDFG 2002), where CDFG tagged a total of 233 green sturgeon in the San Pablo Bay estuary 
between 1954 and 2001.  A total of 17 tagged fish were recovered:  3 in the Sacramento-San 
Joaquin Estuary, 2 in the Pacific Ocean off of California, and 12 from commercial fisheries off 
of the Oregon and Washington coasts.  Eight of the 12 commercial fisheries recoveries were in 
the Columbia River estuary (CDFG 2002).   
 
The Southern DPS of green sturgeon includes all green sturgeon populations south of the Eel 
River, with the only known spawning population being in the Sacramento River.  Green sturgeon 
life history can be broken down into four main stages: eggs and larvae, juveniles, sub-adults, and 
sexually mature adults.  Sexually mature adults are those fish that have fully developed gonads 
and are capable of spawning.  Female green sturgeon are typically 13 to 27 years old when 
sexually mature and have a total body length (TL) ranging between 145 and 205 cm at sexual 
maturity (Nakamoto et al. 1995, Van Eenennaam et al. 2006).  Male green sturgeon become 
sexually mature at a younger age and smaller size than females.  Typically, male green sturgeon 
reach sexual maturity between 8 and 18 years of age and have a TL ranging between 120 cm to 
185 cm (Nakamoto et al. 1995, Van Eenennaam et al. 2006).  The variation in the size and age of 
fish upon reaching sexual maturity is a reflection of their growth and nutritional history, genetics, 
and the environmental conditions they were exposed to during their early growth years.  Adult 
green sturgeon are believed to feed primarily upon benthic invertebrates such as clams, mysid 
shrimp, grass shrimp, and amphipods (Radtke 1966).  Adult sturgeon caught in Washington state 
waters were found to have fed on Pacific sand lance (Ammodytes hexapterus) and callianassid 
shrimp (Moyle et al. 1992).  It is unknown what forage species are consumed by adults in the 
Sacramento River upstream of the Delta. 
 
Adult green sturgeon are gonochoristic (sex genetically fixed), oviparous and iteroparous.  They 
are believed to spawn every 2 to 5 years (Beamesderfer et al. 2007).  Upon maturation of their 
gonadal tissue, but prior to ovulation or spermiation, the adult fish enter freshwater and migrate 
upriver to their spawning grounds.  The remainder of the adult’s life is generally spent in the 
ocean or near-shore environment (bays and estuaries) without venturing upriver into freshwater.  
Younger females may not spawn the first time they undergo oogenesis and subsequently they 
reabsorb their gametes without spawning.  Adult female green sturgeon produce between 60,000 
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and 140,000 eggs, depending on body size, with a mean egg diameter of 4.3 mm (Moyle et al. 
1992, Van Eenennaam et al. 2001).  They have the largest egg size of any sturgeon, and the 
volume of yolk ensures an ample supply of energy for the developing embryo.  The outside of 
the eggs are adhesive, and are more dense than than those of white sturgeon (Kynard et al. 2005, 
Van Eenennaam et al. 2009).  Adults begin their upstream spawning migrations into freshwater 
in late February with spawning occuring between March and July (CDFG 2002. Heublin 2006, 
Heublin et al. 2009, Vogel 2008).  Peak spawning is believed to occur between April and June in 
deep, turbulent, mainstem channels over large cobble and rocky substrates with crevices and 
interstices.  Females broadcast spawn their eggs over this substrate, while the male releases its 
milt (sperm) into the water column.  Fertilization occurs externally in the water column and the 
fertilized eggs sink into the interstices of the substrate where they develop further (Kynard et al. 
2005, Heublin et al. 2009). 
 
Known historic and current spawning occurs in the Sacramento River (Adams et al. 2002, 
Beamesderfer et al. 2004, Adams et al. 2007).  Currently, Keswick and Shasta dams on the 
mainstem of the Sacramento River block passage to the upper river.  Although no historical 
accounts exist for identified green sturgeon spawning occuring above the current dam sites, 
suitable spawning habitat existed and based on habitat assessments done for Chinook salmon, the 
geographic extent of spawning has been reduced due to the impassable barriers constructed on 
the river. 
 
Spawning on the Feather River is suspected to have occurred in the past due to the continued 
presence of adult green sturgeon in the river below Oroville Dam.  This continued presence of 
adults below the dam suggests that fish are trying to migrate to upstream spawning areas now 
blocked by the dam, which was constructed in 1968. 
 
Spawning in the San Joaquin River system has not been recorded historically or observed 
recently, but alterations of the San Joaquin River and its tributaries (Stanislaus, Tuolumne, and 
Merced rivers) occurred early in the European settlement of the region.  During the latter half of 
the 1800s, impassable barriers were built on these tributaries where the water courses left the 
foothills and entered the valley floor.  Therefore, these low elevation dams have blocked 
potentially suitable spawning habitats located further upstream for approximately a century.  
Additional destruction of riparian and stream channel habitat by industrialized gold dredging 
further disturbed any valley floor habitat that was still available for sturgeon spawning.  
Additional impacts to the watershed include the increased loads of selenium entering the system 
through agricultural practices in the western side of the San Joaquin Valley.  Green sturgeon 
have recently been identified by University of California at Davis (U.C. Davis) researchers as 
being highly sensitive to selenium levels.  Currently, only white sturgeon have been encountered 
in the San Joaquin River system upstream of the Delta, and adults have been captured by sport 
anglers as far upstream on the San Joaquin River as Hills Ferry and Mud Slough (2007 sturgeon 
report card - CDFG 2008).  These locations are near the confluence of the Merced River with the 
mainstem San Joaquin River. 
 
Kelly et al. (2007) indicated that green sturgeon enter the San Francisco Estuary during the 
spring and remain until autumn (table 4-7).  The authors studied the movement of adults in the 
San Francisco Estuary and found them to make significant long-distance movements with 
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distinct directionality.  The movements were not found to be related to salinity, current, or 
temperature, and Kelly et al. (2007) surmised that they are related to resource availability and 
foraging behavior.  Recent acoustical tagging studies on the Rogue River (Erickson et al. 2002) 
have shown that adult green sturgeon will hold for as much as 6 months in deep (> 5m), low 
gradient reaches or off channel sloughs or coves of the river during summer months when water 
temperatures were between 15oC and 23oC.  When ambient temperatures in the river dropped in 
autumn and early winter (<10oC) and flows increased, fish moved downstream and into the 
ocean.  Erickson et al. (2002) surmised that this holding in deep pools was to conserve energy 
and utilize abundant food resources.  Benson et al. (2007) found similar behavior on the Klamath 
and Trinity River systems with adult sturgeon acoustically tagged during their spawning 
migrations.  Most fish held over the summer in discrete locations characterized by deep, low 
velocity pools until late fall or early winter when river flows increased with the first storms of 
the rainy season.  Fish then moved rapidly downstream and out of the system.  Recent data 
gathered from acoustically tagged adult green sturgeon revealed comparable behavior by adult 
fish on the Sacramento River based on the positioning of adult green sturgeon in holding pools 
on the Sacramento River above the GCID diversion (RM 205).  Recent acoustic tag data indicate 
that adult green sturgeon migrate upstream as far as the mouth of Cow Creek, near Bend Bridge, 
in May.  Adults prefer deep holes at the mouths of tributary streams, where they spawn and rest 
on the bottom.  After spawning, the adults hold over in the upper Sacramento River between 
RBDD and GCID until November (Klimley 2007).  Heublin (2006, 2009) and Vogel (2008) have 
documented the presence of adults in the Sacramento River during the spring and through the fall 
into the early winter months.  These fish hold in upstream locations prior to their emigration 
from the system later in the year.  Like the Rogue and Klamath river systems, downstream 
migration appears to be triggered by increased flows, decreasing water temperatures, and occurs 
rapidly once initiated.  Some adults rapidly leave the system following their suspected spawning 
activity and re-enter the ocean in early summer (Heublin 2006).  This behavior has also been 
observed on the other spawning rivers (Benson et al. 2007) but may have been an artifact of the 
stress of the tagging procedure in that study. 
 
During the spring and summer, the main processes influencing green sturgeon are in the 
freshwater environment (figure 4-7).  Spawning requires sufficient instream flows for passage of 
reproductive adults and effective fertilization.  Temperature, DO, and suitable in-river habitats 
influence larval survival.  Ecological processes and stressors begin to influence green sturgeon 
immediately during their first summer (figure 4-7).  These stressors are cumulative to the effects 
of temperature, salinity, and flow during green sturgeon’s first fall and winter.  Currently 
spawning appears to occur primarily above RBDD, based on the recovery of eggs and larvae at 
the dam in monitoring studies (Gaines and Martin 2002, Brown 2007).  Green sturgeon larvae 
hatch from fertilized eggs after approximately 169 hours at a water temperature of 15oC (Van 
Eenennaam et al. 2001, Deng et al. 2002), which is similar to the sympatric white sturgeon 
development rate (176 hours).  Van Eenennaam et al. (2005) indicated that an optimum range of 
water temperature for egg development ranged between 14oC and 17oC.  Temperatures over 
23oC resulted in 100 percent mortality of fertilized eggs before hatching.  Eggs incubated at 
water temperatures between 17.5oC and 22 oC resulted in elevated mortalities and an increased 
occurrence of morphological abnormalities in those eggs that did hatch.  At incubation 
temperatures below 14oC, hatching mortality also increased significantly, and morphological 
abnormalities increased slightly, but not statistically so. 
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Table 4-7.  The temporal occurrence of (a) adult, (b) larval (c) juvenile and (d) subadult coastal migrant 
Southern DPS of green sturgeon.  Locations emphasize the Central Valley of California.  Darker shades 
indicate months of greatest relative abundance.  
(a) Adult-sexually mature (≥145 – 205 cm TL for females and ≥ 120 – 185 cm TL old for males) 

Location Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Upper Sac. Rivera,b,c.i                                             
SF Bay Estuaryd,h,i                                             
                          
(b) Larval and juvenile (≤10 months old)                 

Location Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
RBDD, Sac Rivere                                             
GCID, Sac Rivere                                             
                          
(c) Older Juvenile (> 10 months old and ≤3 years 
old)                 

Location Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
South Delta*f                                             
Sac-SJ Deltaf                                             
Sac-SJ Deltae                                             
Suisun Baye                                             
                          
(d) Sub-Adult/non-sexually mature (approx. 75 cm to 145 cm for females and 75 to 120 cm for males) 

Location Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Pacific Coastc,g                                             
                         
Relative Abundance:    =  High       = Medium      = Low     

* Fish Facility salvage operations 
Sources:  aUSFWS (2002); bMoyle et al. (1992); cAdams et al. (2002) and NMFS (2005); dKelly et al. (2007); 
eCDFG (2002); fIEP Relational Database, fall midwater trawl green sturgeon captures from 1969 to 2003; 
gNakamoto et al. (1995); hHeublein (2006); iCDFG Draft Sturgeon Report Card (2007) 

 
Survival of eggs and larvae requires specific water quality parameters like temperature, DO, and 
turbidity.  These parameters likely constrain the current area available as larval nursery and 
juvenile foraging areas.  Increased water quantity has a positive influence on spawning, and since 
flow in spawning segments of the Sacramento River is controlled by Shasta Dam, the 
predictability of flows is high, and project operations can directly influence the successful 
production of larvae and juveniles.  Large flow rates of greater than 14,000 cfs between February 
1 and May 31 are similar to what are necessary for producing strong year classes of white 
sturgeon at spawning sites in the Sacramento River, but not in the Feather or Yuba rivers 
(Neuman et al. 2007). 
 
Newly hatched green sturgeon are approximately 12.5 to 14.5 mm in length and have a large 
ovoid yolk sac that supplies nutritional energy until exogenous feeding occurs.  These yolksac 
larvae are less developed in their morphology than older juveniles and external morphology 
resembles a “tadpole” with a continuous fin fold on both the dorsal and ventral sides of the 
caudal trunk.  The eyes are well developed with differentiated lenses and pigmentation. 
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Figure 4-7.  Life history conceptual model for green sturgeon:  Coastal Migrant to Eggs Submodel (Israel and 
Klimley 2008).   
 
Olfactory and auditory vesicles are present while the mouth and respiratory structures are only 
shallow clefts on the head.  At 10 days of age, the yolk sac has become greatly reduced in size 
and the larvae initiates exogenous feeding through a functional mouth.  The fin folds have 
become more developed and formation of fin rays begins to occur in all fin tissues.  By 45 days 
of age, the green sturgeon larvae have completed their metamorphosis, which is characterized by 
the development of dorsal, lateral, and ventral scutes, elongation of the barbels, rostrum, and 
caudal peduncle, reabsorption of the caudal and ventral fin folds, and the development of fin 
rays.  The juvenile fish resembles the adult form, including the dark olive coloring, with a dark 
mid-ventral stripe (Deng et al. 2002) and are approximately 75 mm TL.   
 
Green sturgeon larvae do not exhibit the initial pelagic swim–up behavior characteristic of other 
acipenseridae.  The are strongly oriented to the bottom and exhibit nocturnal activity patterns.  
After 6 days, the larvae exhibit nocturnal swim-up activity (Deng et al. 2002) and nocturnal 
downstream migrational movements (Kynard et al. 2005).  Juvenile fish continue to exhibit 
nocturnal behavioral beyond the metamorphosis from larvae to juvenile stages.  Kynard et al.’s 
(2005) laboratory studies indicated that juvenile fish continued to migrate downstream at night 
for the first 6 months of life.  When ambient water temperatures reached 8oC, downstream 
migrational behavior diminished and holding behavior increased.  This data suggests that 9 to 10 
month old fish would hold over in their natal rivers during the ensuing winter following 
hatching, but at a location downstream of their spawning grounds. 
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Green sturgeon juveniles tested under laboratory conditions had optimal bioenergetic 
performance (i.e. growth, food conversion, swimming ability) between 15oC and 19oC under 
either full or reduced rations (Mayfield and Cech 2004).  This temperature range overlaps the 
egg incubation temperature range for peak hatching success previously discussed.  Ambient 
water temperature conditions in the Rogue and Klamath River systems range from 4oC to 
approximately 24oC.  The Sacramento River has similar temperature profiles and, like the 
previous two rivers, is a regulated system with dams controlling flows on its mainstem (Shasta 
and Keswick dams), and its tributaries (Whiskeytown, Oroville, Folsom, and Nimbus dams). 
 
Larval and juvenile green sturgeon are subject to predation by both native and introduced fish 
species.  Prickly sculpin (Cottus asper) have been shown to be an effective predator on the larvae 
of sympatric white sturgeon (Gadomski and Parsley 2005).  This study also indicated that the 
lowered turbidity found in tailwater streams and rivers due to dams increased the effectiveness of 
sculpin predation on sturgeon larvae under laboratory conditions. 
 
Larval and juvenile sturgeon have been caught in traps at two sites in the upper Sacramento 
River: below RBDD (RM 342) and from the GCID pumping plant (RM 205, CDFG 2002).  
Larvae captured at the RBDD site are typically only a few days to a few weeks old, with lengths 
ranging from 24 to 31 mm.  This body length is equivalent to 15 to 28 days post hatch as 
determined by Deng et al. (2002).  Recoveries of larvae at the RBDD rotary screw traps (RSTs) 
occur between late April/early May and late August with the peak of recoveries occurring in 
June (1995-1999 and 2003–2008 data).  The mean yearly total length of post-larval green 
sturgeon captured in the GCID RST, approximately 30 miles downstream of RBDD, ranged 
from 33 mm to 44 mm between 1997 and 2005 (CDFG, 2002) indicating they are approximately 
3-4 weeks old (Van Eenennaam et al. 2001, Deng et al. 2002).  Taken together, the average 
length of larvae captured at the two monitoring sites indicate that fish were hatched upriver of 
the monitoring site and drifted downstream over the course of 2 to 4 weeks of growth.  
According to the CDFG document commenting on the NMFS proposal to list the Southern DPS 
(CDFG 2002), some green sturgeon rear to larger sizes above RBDD, or move back to this 
location after spending time downstream.  Two sturgeon between 180 and 400 mm TL were 
captured in the RST during 1999 and green sturgeon within this size range have been impinged 
on diffuser screens associated with a fish ladder at RBDD (K. Brown, USFWS, pers. comm. as 
cited in CDFG 2002). 
 
Juvenile green sturgeon migrate downstream and feed mainly at night.  Larvae and YOY are 
small enough to be entrained in water diversions.  During the day, their benthic behavior likely 
limits this impact.  However, their nocturnal swim up behavior may place them at risk for 
entrainment by local agricultural diversions in the upper river reaches. 
 
Juvenile green sturgeon have been salvaged at the Harvey O. Banks Pumping Plant and the John 
E. Skinner Fish Collection Facility (Fish Facilities) in the South Delta, and captured in trawling 
studies by CDFG during all months of the year (CDFG 2002).  The majority of these fish were 
between 200 and 500 mm, indicating they were from 2 to 3 years of age based on Klamath River 
age distribution work by Nakamoto et al. (1995).  The lack of a significant proportion of 
juveniles smaller than approximately 200 mm in Delta captures indicates that juveniles of the 
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Southern DPS of green sturgeon likely hold in the mainstem Sacramento River, as suggested by 
Kynard et al. (2005). 
 
4.2.3.2  Range-Wide (DPS) Status and Trends 
 
Population abundance information concerning the Southern DPS of green sturgeon is described 
in the NMFS status reviews (Adams et al. 2002, NMFS 2005).  Limited population abundance 
information comes from incidental captures of North American green sturgeon from the white 
sturgeon monitoring program by the CDFG sturgeon tagging program (CDFG 2002).  By 
comparing ratios of white sturgeon to green sturgeon captures, CDFG provides estimates of adult 
and sub-adult North American green sturgeon abundance.  Estimated abundance between 1954 
and 2001 ranged from 175 fish in 1993 to more than 8,421 in 2001, and averaged 1,509 fish per 
year.  Unfortunately, there are many biases and errors associated with these data, and CDFG 
does not consider these estimates reliable, since the population estimates are based on small 
sample sizes, intermittent reporting, and inferences made from white sturgeon catches.  Fish 
monitoring efforts at RBDD and GCID on the upper Sacramento River have captured between 0 
and 2,068 juvenile Southern DPS of green sturgeon per year (Adams et al. 2002).   
 
Green sturgeon larvae and juveniles are routinely observed in rotary screw traps at RBDD and 
GCID, indicating spawning occurs above both these sites.  Adults have been observed as far 
down as Hamilton City (RM 200).  RST data from RBDD and GCID show a declining trend in 
juvenile production since the 1990s (figure 4-8).  Recent data indicate that very little production 
took place in 2007 and 2008 (13 and 3 larval green sturgeon captured in the RST monitoring 
sites at RBDD, respectively; Poytress 2008, Poytress et al. 2009).  Newly hatched larvae in the 
30-40 mm range peak at RBDD and GCID in July, indicating they are at least 10 days old (figure 
4-9).  Length data from GCID do not show the same general increase in size over the sampling 
season as observed at RBDD, which may indicate less favorable growing conditions in the river 
between RBDD and GCID (CDFG 2002).  Juvenile green sturgeon migrate downstream and feed 
mainly at night.  Larvae and YOY are small enough to be entrained in water diversions.  During 
the day, their benthic behavior likely limits this impact.  However, their nocturnal swim up 
behavior may place them at risk for entrainment by local agricultural diversions in the upper 
river reaches. 
 
The only existing information regarding changes in the abundance of the Southern DPS of green 
sturgeon includes changes in abundance at the John E. Skinner Fish Collection Facility between 
1968 and 2006 (figures 4-10 and 4-11, table 4-8).  The average number of Southern DPS of 
green sturgeon entrained per year at the State Facility prior to 1986 was 732; from 1986 on, the 
average per year was 47 (April 5, 2005, 70 FR 17386).  For the Harvey O. Banks Pumping Plant, 
the average number prior to 1986 was 889; from 1986 to 2001 the average was 32 (April 5, 2005, 
70 FR 17386).  In light of the increased exports, particularly during the previous 10 years, it is 
clear that the abundance of the Southern DPS of green sturgeon is declining.  Additional analysis 
of North American green and white sturgeon taken at the Fish Facilities indicates that take of 
both North American green and white sturgeon per acre-foot of water exported has decreased 
substantially since the 1960s (April 5, 2005, 70 FR 17386).  Catches of sub-adult and adult 
Northern and Southern DPS of green sturgeon, primarily in San Pablo Bay, by the IEP ranged 
from 1 to 212 green sturgeon per year between 1996 and 2004 (212 occurred in 2001).  
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However, the portion of the Southern DPS of green sturgeon is unknown.  Recent spawning 
population estimates using sibling-based genetics by Israel (2006) indicate spawning populations 
of 32 spawner pairs in 2002, 64 in 2003, 44 in 2004, 92 in 2005, and 124 in 2006 above RBDD 
(with an average of 71).   
 

Juvenile green sturgeon at RBDD and GCID 
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Figure 4-8.  Rotary screw trap data of juvenile green sturgeon caught at RBDD and GCID from 1994-2008 
(OCAPCVP/SWP operations BA). 
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Figure 4-9.  Juvenile green sturgeon average catch by month at GCID (1994-2005, CVP/SWP operations BA). 
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Estimated Salvage at the CVP and SWP Fish Collection Facilities
1981 to 2006
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Figure 4-10.  Estimated number of juvenile Southern DPS of green sturgeon salvaged from the SWP and the 
CVP fish collection facilities (Beamesderfer et al. 2007, CDFG 2002, and Adams et al. 2007).  Measured fish 
lengths from 1981 through 2006 ranged from 136 mm to 774 mm with an average length of 330 mm. 

Sum of monthly salvage rates for North American green sturgeon
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Figure 4-11.  Estimated total number of Southern DPS of green sturgeon salvaged monthly from the SWP 
and the CVP fish collection facilities (CDFG 2002, unpublished CDFG records).  Measured fish lengths from 
1981 through 2006 ranged from 136 mm to 774 mm with an average length of 330 mm. 
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Table 4-8.  The annual occurrence of juvenilea Southern DPS of North American green sturgeon at the CVP 
and SWP fish collection facilities in the South Delta.  (Adams et al. 2007, CDFG 2002). 
 

State Facilities Federal Facilities 
Year Salvage 

Numbers 
Numbers per 
1000 acre feet 

Salvage 
Numbers 

Numbers per 
1000 acre feet 

1968 12 0.0162   
1969 0 0   
1970 13 0.0254   
1971 168 0.2281   
1972 122 0.0798   
1973 140 0.1112   
1974 7313 3.9805   
1975 2885 1.2033   
1976 240 0.1787   
1977 14 0.0168   
1978 768 0.3482   
1979 423 0.1665   
1980 47 0.0217   
1981 411 0.1825 274 0.1278 
1982 523 0.2005 570 0.2553 
1983 1 0.0008 1475 0.653 
1984 94 0.043 750 0.2881 
1985 3 0.0011 1374 0.4917 
1985 0 0 49 0.0189 
1987 37 0.0168 91 0.0328 
1988 50 0.0188 0 0 
1989 0 0 0 0 
1990 124 0.0514 0 0 
1991 45 0.0265 0 0 
1992 50 0.0332 114 0.0963 
1993 27 0.0084 12 0.0045 
1994 5 0.003 12 0.0068 
1995 101 0.0478 60 0.0211 
1996 40 0.0123 36 0.0139 
1997 19 0.0075 60 0.0239 
1998 136 0.0806 24 0.0115 
1999 36 0.0133 24 0.0095 
2000 30 0.008 0 0 
2001 54 0.0233 24 0.0106 
2002 12 0.0042 0 0 
2003 18 0.0052 0 0 
2004 0 0 0 0 
2005 16 0.0044 12 0.0045 
2006 39 0.0078 324 0.1235 

a Measured fish lengths from 1981 through 2006 ranged from 136 mm to 774 mm with an average length of 330 
mm. 
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As described previously, the majority of spawning by green sturgeon in the Sacramento River 
system appears to take place above the location of RBDD.  This is based on the length and 
estimated age of larvae captured at RBDD (approximately 2-3 weeks of age) and GCID 
(downstream, approximately 3-4 weeks of age) indicating that hatching occurred above the 
sampling location.  Note that there are many assumptions with this interpretation (i.e., equal 
sampling efficiency and distribution of larvae across channels) and this information should be 
considered cautiously.  
 
Available information on green sturgeon indicates that, as with winter-run, the mainstem 
Sacramento River may be the last viable spawning habitat (Good et al. 2005) for the Southern 
DPS of green sturgeon.  Lindley et al. (2007) pointed out that an ESU represented by a single 
population at moderate risk is at a high risk of extinction over the long term.  Although the 
extinction risk of the Southern DPS of green sturgeon has not been assessed, NMFS believes that 
the extinction risk has increased because there is only one known population, within the 
mainstem Sacramento River. 
 
4.2.3.3  Current Viability of the Southern DPS of North American Green Sturgeon 
 
4.2.3.3.1  Population Size 
 
The current population status of Southern DPS green sturgeon is unknown (Beamesderfer et al. 
2007, Adams et al. 2007).  It is believed, based on captures of green sturgeon during surveys for 
the sympatric white sturgeon in the San Francisco Bay estuary that the population is relatively 
small (USFWS 1995), ranging from several hundred to a few thousand adults.  However, these 
estimates are very uncertain, and limited by the inherent biases of the sampling methods.  The 
sole population of Southern DPS of green sturgeon spawns within the Sacramento River basin 
and is believed to spawn primarily in the mainstem of the Sacramento River between Keswick 
Dam (RM 302) and Hamilton City (RM 200).  Israel (2006) indicated that between 2002 and 
2005, a range of 18 to 42 adult green sturgeon were estimated to have bred above RBDD, based 
on genetic analysis of captured larvae in the Sacramento River.   
 
4.2.3.3.2  Population Growth Rate 
 
Recruitment data for the Southern DPS of green sturgeon are essentially nonexistent.  Incidental 
catches of larval green sturgeon in the mainstem Sacramento River and juvenile fish at the CVP 
and SWP pumping facilities in the South Delta suggest that green sturgeon are successful at 
spawning, but that annual year class strength may be highly variable (Beamesderfer et al. 2007, 
Adams et al. 2005).  Recent declines in the number of larvae captured in the RSTs near the 
RBDD may indicate a reduction in spawning success in the past several years, with resulting 
depressions in the year class strengths for those years.  Green sturgeon are iteroparous and long-
lived, so that spawning failure in any 1 year may be rectified in a succeeding spawning year.  
This would give the potential for a succesion of multiple, strong year classes, interspersed with 
weaker year classes. 
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4.2.3.3.3  Spatial Structure 
 
Like the winter-run population, the Southern DPS of green sturgeon population has been 
relegated to a single spawning area, which is, for the most part, outside of its historical spawning 
area.  The recent habitat evaluations conducted in the upper Sacramento River for salmonid 
recovery suggest that significant spawning habitat was made inaccessible or altered by dams 
(Lindley et al. 2004, 2006; Adams et al. 2007).  The historical spawning habitat may have 
extended up into the three major branches of the upper Sacramento above the current location of 
Shasta Dam; the Little Sacramento River, the Pitt River, and the McCloud River.  Additional 
spawning habitat is believed to have once existed above the current location of Oroville Dam on 
the Feather River.  Other watersheds, including the San Joaquin River basin may also have 
supported opportunistic green sturgeon spawning in the past (Adams et al. 2007, Beamesderfer 
et al. 2007)   
 
Green sturgeon are found throughout the Sacramento – San Joaquin Delta and the San Francisco 
Bay estuary.  Coastal migrants, which include both adult and subadult life stages, are found from 
approximately Central California to southeastern Alaska with aggregations of Southern DPS of 
green sturgeon occurring in several estuaries along the West Coast from California northwards to 
Washington during the late summer and early fall.  An aggregation of green sturgeon has also 
recently been identified off of the northwestern tip of Vancouver Island.  Although both northern 
and southern populations mix in the ocean and coastal estuaries, it is believed that each DPS 
maintains a high fidelity to their natal watershed and little straying occurs between the two DPSs. 
 
The reduction of the Southern DPS of green sturgeon spawning habitat into one reach on the 
Sacramento River between Keswick Dam and Hamilton City increases the vulnerability of this 
spawning population to catastrophic events.  One spill of toxic materials into this reach of river, 
similar to the Cantara Loop spill of herbicides on the upper Sacramento River, could remove a 
significant proportion of the adult spawning broodstock from the population, as well as reduce 
the recruitment of the exposed year class of juvenile fish.  Likewise, the necessary water 
temperatures required for normal egg development in the spawning reach is reliant on the cold-
water releases for winter-run.  Extended drought conditions could imperil the spawning success 
for green sturgeon, particularly those that are restricted to the river reaches below RBDD. 
 
4.2.3.3.4  Diversity 
 
Diversity, both genetic and behavioral, provides a species the opportunity to track and adapt to 
environmental changes.  As a species’ abundance decreases, and spatial structure of the 
ESU/DPS is reduced, a species has less flexibility to track changes in the environment.  The 
reduction of the Southern DPS of green sturgeon population to one extant population reduces the 
potential variation of life history expression and genetic diversity within this population.  Like 
winter-run, the Southern DPS of green sturgeon face greater risks to long term persistence of the 
population due to the lack of this flexibilty in their current condition. 
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4.2.3.3.5  Summary of the Current Viability of the Southern DPS of North American Green 
Sturgeon DPS 
 
The Southern DPS of green sturgeon is at substantial risk of future population declines (Adams 
et al. 2007).  The potential threats faced by the green sturgeon include enhanced vulnerability 
due to the reduction of spawning habitat into one concentrated area on the Sacramento River, 
lack of good empirical population data, vulnerability of long-term cold water supply for egg 
incubation and larval survival, loss of juvenile green sturgeon due to entrainment at the project 
fish collection facilities in the South Delta and agricultural diversions within the Sacramento 
River and Delta systems, alterations of food resources due to changes in the Sacramento River 
and Delta habitats, and exposure to various sources of contaminants throughout the basin to 
juvenile, sub-adult, and adult life stages.   
 
4.2.3.4  Status of Southern DPS of Green Sturgeon Proposed Critical Habitat 
 
4.2.3.4.1  Summary of Proposed Critical Habitat 
 
Critical habitat was proposed for Southern DPS of green sturgeon on September 8, 2008 (73 FR 
52084).  Proposed critical habitat for Southern DPS of green sturgeon includes approximately 
325 miles of riverine habitat and 1,058 square miles of estuarine habitat in California, Oregon, 
and Washington, and 11,927 square miles of coastal marine habitat off California, Oregon, and 
Washington within the geographical area presently occupied by the Southern DPS of green 
sturgeon.  In addition, approximately 136 square miles of habitat within the Yolo and Sutter 
bypasses, adjacent to the Sacramento River, California, are proposed for designation. 
 
4.2.3.4.2  For Freshwater Riverine Systems 
 
4.2.3.4.2.1  Food Resources 
 
Abundant food items for larval, juvenile, subadult, and adult life stages should be present in 
sufficient amounts to sustain growth (larvae, juveniles, and subadults) or support basic 
metabolism (adults).  Although we lack specific data on food resources for green sturgeon within 
freshwater riverine systems, nutritional studies on white sturgeon suggest that juvenile green 
sturgeon most likely feed on macro benthic invertebrates, which can include plecoptera 
(stoneflies), ephemeroptera (mayflies), trichoptera (caddis flies), chironomid (dipteran fly 
larvae), oligochaetes (tubifex worms) or decapods (crayfish).  These food resources are 
important for juvenile foraging, growth, and development during their downstream migration to 
the Delta and bays.  In addition, subadult and adult green sturgeon may forage during their 
downstream post-spawning migration or on non-spawning migrations within freshwater rivers.  
Subadult and adult green sturgeon in freshwater rivers most likely feed on benthic invertebrates 
similar to those fed on in bays and estuaries, including freshwater shrimp and amphipods.  Many 
of these different invertebrate groups are endemic to and readily available in the Sacramento 
River from Keswick Dam downstream to the Delta.  Heavy hatches of mayflies, caddis flies, and 
chironomids occur in the upper Sacramento River, indicating that these groups of invertebrates 
are present in the river system.  NMFS anticipates that the aquatic life stages of these insects 
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(nymphs, larvae) would provide adequate nutritional resources for green sturgeon rearing in the 
river. 
 
4.2.3.4.2.2  Substrate Type or Size 
 
Suitable critical habitat in the freshwater riverine system should include substrate suitable for 
egg deposition and development (e.g., cobble, gravel, or bedrock sills and shelves with 
interstices or irregular surfaces to “collect” eggs and provide protection from predators, and free 
of excessive silt and debris that could smother eggs during incubation), larval development (e.g., 
substrates with interstices or voids providing refuge from predators and from high flow 
conditions), and subadults and adult life stages (e.g., substrates for holding and spawning).  For 
example, spawning is believed to occur over substrates ranging from clean sand to bedrock, with 
preferences for cobble (Emmett et al. 1991, Moyle et al. 1995).  Eggs likely adhere to substrates, 
or settle into crevices between substrates (Deng 2000, Van Eenennaam et al. 2001, Deng et al. 
2002).  Both embryos and larvae exhibited a strong affinity for benthic structure during 
laboratory studies (Van Eenennaam et al. 2001, Deng et al. 2002, Kynard et al. 2005), and may 
seek refuge within crevices, but use flat-surfaced substrates for foraging (Nguyen and Crocker 
2007).  Recent stream surveys by USFWS and Reclamation biologists have identified 
approximately a 54 suitable holes and pools between Keswick Dam and approximately GCID 
that would support spawning or holding activities for green sturgeon, based on the identified 
physical criteria.  Many of these locations are at the confluence of tributaries with the mainstem 
Sacramento River or at bend pools.  Observations of channel type and substrate compositions 
during these surveys indicate that appropriate substrate is available in the Sacramento River 
between Keswick Dam and GCID.  Ongoing surveys are anticipated to further identify river 
reaches with suitable substrate characteristics in the upper river and their utilization by green 
sturgeon. 
 
4.2.3.4.2.3  Water Flow 
 
An adequate flow regime (i.e., magnitude, frequency, duration, seasonality, and rate-of-change 
of fresh water discharge over time) is necessary for normal behavior, growth, and survival of all 
life stages in the upper Sacramento River.  Such a flow regime should include stable and 
sufficient water flow rates in spawning and rearing reaches to maintain water temperatures 
within the optimal range for egg, larval, and juvenile survival and development (11-19°C) (Cech 
et al. 2000, Mayfield and Cech 2004, Van Eenennaam et al. 2005, Allen et al. 2006).  Sufficient 
flow is also needed to reduce the incidence of fungal infestations of the eggs, and to flush silt and 
debris from cobble, gravel, and other substrate surfaces to prevent crevices from being filled in 
and to maintain surfaces for feeding.  Successful migration of adult green sturgeon to and from 
spawning grounds is also dependent on sufficient water flow.  Spawning success is most 
certainly associated with water flow and water temperature compared to other variables.  
Spawning in the Sacramento River is believed to be triggered by increases in water flow to about 
14,000 cfs (average daily water flow during spawning months:  6,900-10,800 cfs; Brown 2007).  
Post-spawning downstream migrations are triggered by increased flows, ranging from 6,150-
14,725 cfs in the late summer (Vogel 2005) and greater than 3,550 cfs in the winter (Erickson et 
al. 2002, Benson et al. 2007).  The current suitability of these flow requirements is almost 
entirely dependent on releases from Shasta Dam.  High winter flows associated with the natural 
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hydrograph do not occur within the section of the river utilized by green sturgeon with the 
frequency and duration that was seen in pre-dam conditions.  Continued operations of the project 
are likely to further attenuate these high flow events.  Rearrangement of the river channel and the 
formation of new pools and holes are unlikely to occur given the management of the river’s 
discharge to prevent flooding downstream of the dam. 
 
4.2.3.4.2.4  Water Quality 
 
Adequate water quality, including temperature, salinity, oxygen content, and other chemical 
characteristics, necessary for normal behavior, growth, and viability of all life stages are required 
for the proper functioning of the freshwater habitat.  Suitable water temperatures would include:  
stable water temperatures within spawning reaches (wide fluctuations could increase egg 
mortality or deformities in developing embryos); temperatures within 11-17°C (optimal range = 
14-16°C) in spawning reaches for egg incubation (March-August) (Van Eenennaam et al. 2005); 
temperatures below 20°C for larval development (Werner et al. 2007); and temperatures below 
24°C for juveniles (Mayfield and Cech 2004, Allen et al. 2006).  Due to the temperature 
management of the releases from Keswick Dam for winter-run in the upper Sacramento River, 
water temperatures in the river reaches utilized currently by green sturgeon appear to be suitable 
for proper egg development and larval and juvenile rearing.  Suitable salinity levels range from 
fresh water [< 3 parts per thousand (ppt)] for larvae and early juveniles [about 100 days post 
hatch (dph)] to brackish water (10 ppt) for juveniles prior to their transition to salt water.  
Prolonged exposure to higher salinities may result in decreased growth and activity levels and 
even mortality (Allen and Cech 2007).  Salinity levels are suitable for green sturgeon in the 
Sacramento River and freshwater portions of the Delta for early life history stages.  Adequate 
levels of DO are needed to support oxygen consumption by early life stages (ranging from 61.78 
to 76.06 mg O2 hr-1 kg-1 for juveniles, Allen and Cech 2007).  Current mainstem DO levels are 
suitable to support the growth and migration of green sturgeon in the Sacramento River.  Suitable 
water quality would also include water free of contaminants (i.e., pesticides, organochlorines, 
elevated levels of heavy metals, etc.) that may disrupt normal development of embryonic, larval, 
and juvenile stages of green sturgeon.  Water free of such contaminants would protect green 
sturgeon from adverse impacts on growth, reproductive development, and reproductive success 
(e.g., reduced egg size and abnormal gonadal development, abnormal embryo development 
during early cleavage stages and organogenesis) likely to result from exposure to contaminants 
(Fairey et al. 1997, Foster et al. 2001a, Foster et al. 2001b, Kruse and Scarnecchia 2002, Feist et 
al. 2005, and Greenfield et al. 2005).  Legacy contaminants such as mercury still persist in the 
watershed and pulses of pesticides have been identified in winter storm discharges throughout 
the Sacramento River basin. 
 
4.2.3.4.2.5  Migratory Corridor 
 
Safe and unobstructed migratory pathways are necessary for passage within riverine habitats and 
between riverine and estuarine habitats (e.g., an unobstructed river or dammed river that still 
allows for passage).  Safe and unobstructed migratory pathways are necessary for adult green 
sturgeon to migrate to and from spawning habitats, and for larval and juvenile green sturgeon to 
migrate downstream from spawning/rearing habitats within freshwater rivers to rearing habitats 
within the estuaries.  Unobstructed passage throughout the Sacramento River up to Keswick 
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Dam (RM 302) is important, because optimal spawning habitats for green sturgeon are believed 
to be located upstream of the RBDD (RM 242).   
 
Green sturgeon adults that migrate upstream in April, May, and June are completely blocked by 
the ACID diversion dam.  Therefore, 5 miles of spawning habitat are inaccessible upstream of 
the diversion dam.  It is unknown if spawning is occurring in this area.  Adults that pass 
upstream of ACID dam before April are forced to wait 6 months until the stop logs are pulled 
before returning downstream to the ocean.  Upstream blockage forces sturgeon to spawn in 
approximately 12 percent less habitat between Keswick Dam and RBDD.  Newly emerged green 
sturgeon larvae that hatch upstream of the ACID diversion dam would be forced to hold for 6 
months upstream of the dam or pass over it and be subjected to higher velocities and turbulent 
flow below the dam, thus rendering the larvae and juvenile green sturgeon more susceptible to 
predation. 
 
Closure of the gates at RBDD from May 15 through September 15 precludes all access to 
spawning grounds above the dam during that time period.  Adult green sturgeon that cannot 
migrate upstream past the RBDD either spawn in what is believed to be less suitable habitat 
downstream of the RBDD (potentially resulting in lower reproductive success) or migrate 
downstream without spawning, both of which would reduce the overall reproductive success of 
the species.   
 
Adult green sturgeon that were successful in passing the RBDD prior to its closure have to 
negotiate the dam on their subsequent downstream migration following spawning during the 
gates down period.  Recent acoustic tag data indicate that some fish are successful in passing the 
dam when the gates are in the “closed” position.  Typically the gates are raised slightly from the 
bottom to allow water to flow underneath the radial gates and fish apparently can pass beneath 
the radial gates during this period.  However, recent observed mortalities of green sturgeon 
during an emergency gate operation (2007) indicate that passage is not without risk if the 
clearance is too narrow for successful passage.   
 
Juvenile green sturgeon first appear in USFWS sampling efforts at RBDD in May, June, and 
July, during the RBDD gates down period.  Juvenile green sturgeon would likely be subjected to 
the same predation and turbulence stressors caused by RBDD as the juvenile anadromous 
salmonids, leading to diminished survival through the structure and waters immediately 
downstream.   
 
4.2.3.4.2.6  Depth 
 
Deep pools of ≥ 5 m depth are critical for adult green sturgeon spawning and for summer holding 
within the Sacramento River.  Summer aggregations of green sturgeon are observed in these 
pools in the upper Sacramento River above GCID.  The significance and purpose of these 
aggregations are unknown at the present time, although it is likely that they are the result of an 
intrinsic behavioral characteristic of green sturgeon.  Adult green sturgeon in the Klamath and 
Rogue rivers also occupy deep holding pools for extended periods of time, presumably for 
feeding, energy conservation, and/or refuge from high water temperatures (Erickson et al. 2002, 
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Benson et al. 2007).  As described above, approximately a 54 pools with adequate depth have 
been identified in the Sacramento River above the GCID location. 
 
4.2.3.4.2.7  Sediment Quality 
 
Sediment should be of the appropriate quality and characteristics necessary for normal behavior, 
growth, and viability of all life stages.  This includes sediments free of contaminants [e.g., 
elevated levels of heavy metals (e.g., mercury, copper, zinc, cadmium, and chromium), PAHs, 
and organochlorine pesticides] that can result in negative effects on any life stages of green 
sturgeon.  Based on studies of white sturgeon, bioaccumulation of contaminants from feeding on 
benthic species may negatively affect the growth, reproductive development, and reproductive 
success of green sturgeon.  The Sacramento River and its tributaries have a long history of 
contaminant exposure from abandoned mines, separation of gold ore from mine tailings using 
mercury, and agricultural practices with pesticides and fertilizers which result in deposition of 
these materials in the sediment horizons in the river channel.  Disturbance of these sediment 
horizons by natural or anthropogenic actions can liberate the sequestered contaminants into the 
river.  This is a continuing concern in the river’s watershed. 
 
4.2.3.4.3  For Estuarine Habitats 
 
4.2.3.4.3.1  Food Resources 
 
Abundant food items within estuarine habitats and substrates for juvenile, subadult, and adult life 
stages are required for the proper functioning of this PCE for green sturgeon.  Prey species for 
juvenile, subadult, and adult green sturgeon within bays and estuaries primarily consist of 
benthic invertebrates and fish, including crangonid shrimp, callianassid shrimp, burrowing 
thalassinidean shrimp, amphipods, isopods, clams, annelid worms, crabs, sand lances, and 
anchovies.  These prey species are critical for the rearing, foraging, growth, and development of 
juvenile, subadult, and adult green sturgeon within the bays and estuaries.  Currently, the estuary 
provides these food resources, although annual fluctuations in the population levels of these food 
resources may diminish the contribution of one group to the diet of green sturgeon relative to 
another food source.  The recent spread of the Asian overbite clam has shifted the diet profile of 
white sturgeon to this invasive species.  The overbite clam now makes up a substantial 
proportion of the white sturgeon’s diet in the estuary.  NMFS assumes that green sturgeon have 
also altered their diet to include this new food source based on its increased prevalence in the 
benthic invertebrate community.   
 
4.2.3.4.3.2  Water Flow 
 
Within bays and estuaries adjacent to the Sacramento River (i.e., the Sacramento-San Joaquin 
Delta and the Suisun, San Pablo, and San Francisco bays), sufficient flow into the bay and 
estuary to allow adults to successfully orient to the incoming flow and migrate upstream to 
spawning grounds is required.  Sufficient flows are needed to attract adult green sturgeon to the 
Sacramento River from the bay and to initiate the upstream spawning migration into the upper 
river.  Currently, flows provide the necessary attraction to green sturgeon to enter the 
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Sacramento River.  Nevertheless, these flows are substantially less than what would have been 
available historically to stimulate the spawning migration. 
 
4.2.3.4.3.3  Water Quality 
 
Adequate water quality, including temperature, salinity, oxygen content, and other chemical 
characteristics, is necessary for normal behavior, growth, and viability of all life stages.  Suitable 
water temperatures for juvenile green sturgeon should be below 24°C (75oF).  At temperatures 
above 24°C, juvenile green sturgeon exhibit decreased swimming performance (Mayfield and 
Cech 2004) and increased cellular stress (Allen et al. 2006).  Suitable salinities in the estuary 
range from brackish water (10 ppt) to salt water (33 ppt).  Juveniles transitioning from brackish 
to salt water can tolerate prolonged exposure to salt water salinities, but may exhibit decreased 
growth and activity levels (Allen and Cech 2007), whereas subadults and adults tolerate a wide 
range of salinities (Kelly et al. 2007).  Subadult and adult green sturgeon occupy a wide range of 
DO levels, but may need a minimum DO level of at least 6.54 mg O2/l (Kelly et al. 2007, Moser 
and Lindley 2007).  As described above, adequate levels of DO are also required to support 
oxygen consumption by juveniles (ranging from 61.78 to 76.06 mg O2 hr-1 kg-1, Allen and Cech 
2007).  Suitable water quality also includes water free of contaminants (e.g., pesticides, 
organochlorines, elevated levels of heavy metals) that may disrupt the normal development of 
juvenile life stages, or the growth, survival, or reproduction of subadult or adult stages.  In 
general, water quality in the Delta and estuary meets these criteria, but local areas of the Delta 
and downstream bays have been identified as having deficiencies.  Water quality in the areas 
such as the Stockton turning basin and Port of Stockton routinely have depletions of DO and 
episodes of first flush contaminants from the surrounding industrial and urban watershed.  
Discharges of agricultural drain water have also been implicated in local elevations of pesticides 
and other related agricultural compounds within the Delta and the tributaries and sloughs feeding 
into the Delta.  Discharges from petroleum refineries in Suisun and San Pablo Bay have been 
identified as sources of selenium to the local aquatic ecosystem (Linville et al. 2002). 
 
4.2.3.4.3.4  Migratory Corridor 
 
Safe and unobstructed migratory pathways are necessary for the safe and timely passage of adult, 
sub-adult, and juvenile fish within the region’s different estuarine habitats and between the 
upstream riverine habitat and the marine habitats.  Within the waterways comprising the Delta, 
and bays downstream of the Sacramento River, safe and unobstructed passage is needed for 
juvenile green sturgeon during the rearing phase of their life cycle.  Rearing fish need the ability 
to freely migrate from the river through the estuarine waterways of the delta and bays and 
eventually out into the ocean.  Passage within the bays and the Delta is also critical for adults and 
subadults for feeding and summer holding, as well as to access the Sacramento River for their 
upstream spawning migrations and to make their outmigration back into the ocean.  Within bays 
and estuaries outside of the Delta and the areas comprised by Suisun, San Pablo, and San 
Francisco bays, safe and unobstructed passage is necessary for adult and subadult green sturgeon 
to access feeding areas, holding areas, and thermal refugia, and to ensure passage back out into 
the ocean.  Currently, safe and unobstructed passage has been diminished by human actions in 
the Delta and bays.  The CVP and SWP water projects alter flow patterns in the Delta due to 
export pumping and create entrainment issues in the Delta at the pumping and Fish Facilities.  
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Power generation facilities in Suisun Bay create risks of entrainment and thermal barriers 
through their operations of cooling water diversions and discharges.  Installation of seasonal 
barriers in the South Delta and operations of the radial gates in the DCC facilities alter migration 
corridors available to green sturgeon.  Actions such as the hydraulic dredging of ship channels 
and operations of large ocean going vessels create additional sources of risk to green sturgeon 
within the estuary.  Hydraulic dredging can result in the entrainment of fish into the dredger’s 
hydraulic cutterhead intake.  Commercial shipping traffic can result in the loss of fish, 
particularly adult fish, through ship and propeller strikes. 
 
4.2.3.4.3.5  Water Depth 
 
A diversity of depths is necessary for shelter, foraging, and migration of juvenile, subadult, and 
adult life stages.  Subadult and adult green sturgeon occupy deep (≥ 5 m) holding pools within 
bays and estuaries as well as within freshwater rivers.  These deep holding pools may be 
important for feeding and energy conservation, or may serve as thermal refugia for subadult and 
adult green sturgeon (Benson et al. 2007).  Tagged adults and subadults within the San Francisco 
Bay estuary primarily occupied waters over shallow depths of less than 10 m, either swimming 
near the surface or foraging along the bottom (Kelly et al. 2007).  In a study of juvenile green 
sturgeon in the Delta, relatively large numbers of juveniles were captured primarily in shallow 
waters from 3-8 feet deep, indicating juveniles may require shallower depths for rearing and 
foraging (Radtke 1966).  Thus, a diversity of depths is important to support different life stages 
and habitat uses for green sturgeon within estuarine areas. 
 
Currently, there is a diversity of water depths found throughout the San Francisco Bay estuary 
and Delta waterways.  Most of the deeper waters, however, are comprised of artificially 
maintained shipping channels, which do not migrate or fluctuate in response to the hydrology in 
the estuary in a natural manner.  The channels are simplified trapezoidal shapes with little 
topographical variation along the channel alignment.  Shallow waters occur throughout the Delta 
and San Francisco Bay.  Extensive “flats” occur in the lower reaches of the Sacramento and San 
Joaquin River systems as they leave the Delta region and are even more extensive in Suisun and 
San Pablo bays.  In most of the region, variations in water depth in these shallow water areas 
occur due to natural processes, with only localized navigation channels being dredged (e.g., the 
Napa River and Petaluma River channels in San Pablo Bay). 
 
4.2.3.4.3.6  Sediment Quality 
 
Sediment quality (i.e., chemical characteristics) is necessary for normal behavior, growth, and 
viability of all life stages.  This includes sediments free of contaminants (e.g., elevated levels of 
selenium, PAHs, and organochlorine pesticides) that can cause negative effects on all life stages 
of green sturgeon (see description of Sediment quality for riverine habitats above).   
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4.2.3.4.4  For Nearshore Coastal Marine Areas 
 
4.2.3.4.4.1  Migratory Corridor 
 
Safe and unobstructed migratory pathways are necessary for passage within marine coastal zones 
along the west coast of North America and between estuarine and marine habitats.  Subadult and 
adult green sturgeon spend as much as 13 years out at sea before returning to their natal rivers to 
spawn.  Safe and unobstructed passage within near shore marine waters is critical for subadult 
and adult green sturgeon to access over-summering habitats within coastal estuaries and over-
wintering habitats within coastal estuaries and coastal waters off of Vancouver Island, British 
Columbia.  Passage is also necessary for subadults and adults to migrate back to San Francisco 
Bay and to the Sacramento River for spawning.  Potential conflicts may occur in shipping 
corridors, areas with commercial bottom trawl fisheries, and coastal discharge of wastewater 
from sanitation facilities. 
 
4.2.3.4.4.2  Water Quality 
 
Nearshore marine waters should have adequate DO levels and be free of contaminants (e.g., 
pesticides, organochlorines, elevated levels of heavy metals) that may disrupt the normal 
behavior, growth, and viability of subadult and adult green sturgeon.  Based on studies of tagged 
subadult and adult green sturgeon in the San Francisco Bay estuary, California, and Willapa Bay, 
Washington, subadults and adults may need a minimum DO level of at least 6.54 mg O2/l (Kelly 
et al. 2007, Moser and Lindley 2007).  As described above, exposure to and bioaccumulation of 
contaminants may negatively affect the growth, reproductive development, and reproductive 
success of subadult and adult green sturgeon.  Thus, waters free of such contaminants would 
benefit the normal development of green sturgeon for optimal survival and spawning success.   
 
4.2.3.4.4.3  Food Resources 
 
Abundant food items for subadults and adults, which may include benthic invertebrates and fish, 
are important to the growth and viability of subadult and adult green sturgeon.  Green sturgeon 
spend from 3-13 years in marine waters, migrating long distances of up to 100 km per day 
(NMFS 2005a).  Although most tagged individuals swim at speeds too fast for feeding, some 
individuals swam at slower speeds and resided in areas over several days, indicating that they 
may be feeding.  Abundant food resources are important to support subadults and adults over 
long-distance migrations, and may be one of the factors attracting green sturgeon to habitats 
farther to the north (off the coast of Vancouver Island and Alaska) and to the south (Monterey 
Bay, California, and off the coast of southern California) of their natal habitat.  Although direct 
evidence is lacking, prey species are likely to include benthic invertebrates and fish species 
similar to those fed upon by green sturgeon in bays and estuaries (e.g., shrimp, clams, crabs, 
anchovies, sand lances).  Concentrations of these species in the near shore environment are likely 
to attract congregations of adult and sub-adult green sturgeon. 
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4.2.3.4.5  Southern DPS of North American Green Sturgeon Proposed Critical Habitat 
Summary 
 
The current condition of proposed critical habitat for the Southern DPS of green sturgeon is 
degraded over its historical conditions.  It does not provide the full extent of conservation values 
necessary for the recovery of the species, particularly in the upstream riverine habitat.  In 
particular, passage and water flow PCEs have been impacted by human actions, substantially 
altering the historical river characteristics in which the Southern DPS of green sturgeon evolved.  
The habitat values proposed for green sturgeon critical habitat have suffered similar types of 
degradation as already described for winter-run critical habitat.  In addition, the alterations to the 
Sacramento-San Joaquin River Delta may have a particularly strong impact on the survival and 
recruitment of juvenile green sturgeon due to the protracted rearing time in the delta and estuary.  
Loss of individuals during this phase of the life history of green sturgeon represents losses to 
multiple year classes rearing in the Delta, which can ultimately impact the potential population 
structure for decades to come. 
 
4.2.4  Factors Responsible for the Current Status of Winter-Run, Spring-Run, CV 
Steelhead, and the Southern DPS of Green Sturgeon 
 
Although the geographic extent of winter-run, spring-run, CV steelhead, and the Southern DPS 
of green sturgeon are different, much of their freshwater habitat overlap, and therefore, most of 
the factors responsible for their current statuses are similar.  Therefore, each of the following 
factors applies to winter-run, spring-run, CV steelhead, and the Southern DPS of green sturgeon, 
unless specified.. 
 
4.2.4.1  Habitat Blockage 
 
Hydropower, flood control, and water supply dams of the CVP, SWP, and other municipal and 
private entities have permanently blocked or hindered salmonid access to historical spawning 
and rearing grounds.  Clark (1929) estimated that originally there were 6,000 linear miles of 
salmon habitat in the Central Valley system and that 80 percent of this habitat had been lost by 
1928.  Yoshiyama et al. (1996) calculated that roughly 2,000 linear miles of salmon habitat was 
actually available before dam construction and mining, and concluded that 82 percent is not 
accessible today.  The percentage of habitat loss for steelhead is presumable greater, because 
steelhead were more extensively distributed upstream than Chinook salmon. 
 
As a result of migrational barriers, winter-run, spring-run, and steelhead populations have been 
confined to lower elevation mainstems that historically only were used for migration and rearing.  
Population abundances have declined in these streams due to decreased quantity, quality, and 
spatial distribution of spawning and rearing habitat (Lindley et al. 2009).  Higher temperatures at 
these lower elevations during late-summer and fall are also a major stressor to adult and juvenile 
salmonids.  According to Lindley et al. (2004), of the four independent populations of winter-run 
that occurred historically, only one mixed stock of winter-run remains below Keswick Dam.  
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Similarly, of the 19 independent populations5 of spring-run that occurred historically, only three 
independent populations remain in Deer, Mill, and Butte Creeks.  Dependent populations of 
spring-run continue to occur in Big Chico, Antelope, Clear, Thomes, and Beegum creeks and the 
Yuba River, but rely on the extant independent populations for their continued survival.  CV 
steelhead historically had at least 81 independent populations based on Lindley et al.’s (2006) 
analysis of potential habitat in the Central Valley.  However, due to dam construction, access to 
38 percent of all spawning habitat has been lost, as well as access to 80 percent of the historically 
available habitat. 
 
Juvenile downstream migration patterns have been altered by the presence of dams.  Juvenile 
winter-run, and spring-run on the mainstem Sacramento River, arrive at any given location 
downstream of Keswick Dam earlier than historical, since they are hatched much further 
downstream and have less distance to travel.  Therefore, in order smolt at the same size and time 
as historical, they must rear longer within the Sacramento River.  However, as will be discussed 
in sections 4.2.4.2, 4.2.4.4 through 4.2.4.7, and 4.2.4.10, below, the mainstem Sacramento River 
is not conducive to the necessary habitat features that provide suitable rearing habitat for listed 
anadromous fish species, especially for an extended duration of time.   
 
The SMSCG, located on Montezuma Slough, were installed in 1988, and are operated with gates 
and flashboards to decrease the salinity levels of managed wetlands in Suisun Marsh.  The 
SMSCG have delayed or blocked passage of adult Chinook salmon migrating upstream 
(Edwards et al. 1996, Tillman et al. 1996, DWR 2002a).  As a result of the SMSCG fish passage 
study and a term and condition in NMFS’ 2004 CVP/SWP operations Opinion, the boat lock has 
remained open since the 2001-2002 control season (CVP/SWP operations BA), and adult fish 
passage has improved. 
 
RBDD impedes adult salmonid passage throughout its May 15 through September 15 gates in 
period.  Although there are fish ladders at the right and left banks, and a temporary ladder in the 
middle of the dam, they are not very efficient at passing fish.  The range of effects resulting from 
upstream migrational delays at RBDD include delayed, but eventually successful spawning, to 
prespawn mortality and the complete loss of spawning potential in that fraction of the 
population. 
 
4.2.4.2  Water Development  
 
The diversion and storage of natural flows by dams and diversion structures on Central Valley 
waterways have depleted streamflows and altered the natural cycles by which juvenile and adult 
salmonids base their migrations.  As much as 60 percent of the natural historical inflow to 
Central Valley watersheds and the Delta have been diverted for human uses.  Depleted flows 
have contributed to higher temperatures, lower dissolved oxygen (DO) levels, and decreased 
recruitment of gravel and large woody debris (LWD).  More uniform flows year round have 
resulted in diminished natural channel formation, altered food web processes, and slower 
regeneration of riparian vegetation.  These stable flow patterns have reduced bedload movement 
                                                 
5 Lindley et al. (2007) identified evidence supporting the Deer and Mill Creek populations as individual independent 

populations, and also as one combined independent population.  For the purpose of this Opinion, we treat the Deer 
and Mill Creek populations as individual independent populations. 
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(Mount 1995, Ayers 2001), caused spawning gravels to become embedded, and decreased 
channel widths due to channel incision, all of which has decreased the available spawning and 
rearing habitat below dams.  The storage of unimpeded runoff in these large reservoirs also has 
altered the normal hydrograph for the Sacramento and San Joaquin River watersheds.  Rather 
than seeing peak flows in these river systems following winter rain events (Sacramento River) or 
spring snow melt (San Joaquin River), the current hydrology has truncated peaks with a 
prolonged period of elevated flows (compared to historical levels) continuing into the summer 
dry season. 
 
Water withdrawals, for agricultural and municipal purposes, have reduced river flows and 
increased temperatures during the critical summer months, and in some cases, have been of a 
sufficient magnitude to result in reverse flows in the lower San Joaquin River (Reynolds et al. 
1993).  Direct relationships exist between water temperature, water flow, and juvenile salmonid 
survival (Brandes and McLain 2001).  Elevated water temperatures in the Sacramento River have 
limited the survival of young salmon in those waters.  Juvenile fall-run survival in the 
Sacramento River is also directly related to June streamflow and June and July Delta outflow 
(Dettman et al. 1987). 
 
Water diversions for irrigated agriculture, municipal and industrial use, and managed wetlands 
are found throughout the Central Valley.  Thousands of small and medium-size water diversions 
exist along the Sacramento River, San Joaquin River, and their tributaries.  Although efforts have 
been made in recent years to screen some of these diversions, many remain unscreened.  
Depending on the size, location, and season of operation, these unscreened diversions entrain and 
kill many life stages of aquatic species, including juvenile salmonids.  For example, as of 1997, 
98.5 percent of the 3,356 diversions included in a Central Valley database were either 
unscreened or screened insufficiently to prevent fish entrainment (Herren and Kawasaki 2001).  
Most of the 370 water diversions operating in Suisun Marsh are unscreened (Herren and 
Kawasaki 2001). 
 
Outmigrant juvenile salmonids in the Delta have been subjected to adverse environmental 
conditions created by water export operations at the CVP and SWP facilities.  Specifically, 
juvenile salmonid survival has been reduced by:  (1) water diversion from the mainstem 
Sacramento River into the Central Delta via the Delta Cross Channel (DCC); (2) upstream or 
reverse flows of water in the lower San Joaquin River and southern Delta waterways; (3) 
entrainment at the CVP/SWP export facilities and associated problems at Clifton Court Forebay; 
and (4) increased exposure to introduced, non-native predators such as striped bass (Morone 
saxatilis), largemouth bass (Micropterus salmoides), and sunfishes (Centrarchidae spp.) within 
the waterways of the Delta while moving through the Delta under the influence of CVP/SWP 
pumping. 
 
4.2.4.3  Anderson-Cottonwood Irrigation District (ACID) Dam 
 
The ACID operates a diversion dam across the Sacramento River located 5 miles downstream 
from Keswick Dam.  ACID is one of the 3 largest diversions on the Sacramento River and has 
senior water rights of 128 thousand acre feet (TAF) of water since 1916 for irrigation along the 
west side of the Sacramento River.  The installation and removal of the diversion dam 
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flashboards requires close coordination between Reclamation and ACID.  The diversion dam is 
operated from April through October.  Substantial reductions in Keswick releases to install or 
remove the flashboards have resulted in dewatered redds, stranded juveniles, and higher water 
temperatures.  Based on run timing (table 5-1), the diversion dam operations could impact 
winter-run, spring-run, fall-run and green sturgeon.  Redd dewatering would mostly likely affect 
spring-run and fall-run in October, however, the reductions in flows are usually short-term, 
lasting less than 8 hours.  Such short-term reductions in flows may cause some mortality of 
incubating eggs and loss of stranded juveniles.  Reductions in Keswick releases are limited to 15 
percent in a 24-hour period and 2.5 percent in any 1 hour.  Experience with real-time operations 
has shown that the most significant reductions occur during wet years when Shasta releases are 
higher than 10,000 cubic feet per second (cfs).  Average April releases from Keswick are 6,000 
to 7,000 cfs.  The likelihood of a flow fluctuation occurring (when Shasta storage > 4.5 MAF in 
April) is 17 percent, or 14 out of the 82-year historical record.  During wet years, flows released 
from Shasta Dam are typically higher than in drier water year types.  The amount of flow that 
needs to be reduced to get to safe operating levels for the installation of the flashboards at the 
ACID dam is therefore greater and the wetted area reduction downstream of Keswick Dam is 
thus greater.  The likelihood of an October reduction in flows that could dewater redds is even 
lower, since average releases are 6,000 cfs in all water year types. 
 
Green sturgeon adults that migrate upstream in April, May, and June are are completely blocked 
by the ACID diversion dam.  Therefore, 5 miles of spawning habitat are inaccessible upstream of 
the diversion dam.  It is unknown if spawning is occurring in this area.  Adults that pass 
upstream of the diversion dam before April are forced to wait 6 months until the stop logs are 
pulled before returning downstream to the ocean.  Upstream blockage forces sturgeon to spawn 
in approximately 12 percent less habitat between Keswick Dam and RBDD.  Newly-emerged 
green sturgeon larvae that hatch upstream of the ACID diversion dam would be forced to hold 
for 6 months upstream of the dam or pass over it and be subjected to higher velocities and 
turbulent flow below the dam, thus rendering the larvae and juvenile green sturgeon more 
susceptible to predation. 
   
The ACID diversion dam was improved in 2001 with the addition of new fish ladders and fish 
screens around the diversion.  Since upstream passage was improved a substantial shift in winter-
run spawning has occurred.  In recent years, more than half of the winter-run redds have 
typically been observed above the ACID diversion dam (Killam 2008).  This makes flow 
fluctuations more a concern since such a large proportion of the run is spawning so close to 
Keswick Dam.   
 
4.2.4.4  Red Bluff Diversion Dam (RBDD) 
 
RBDD is owned and operated by Reclamation.  The TCCA operates the Corning Canal and 
Tehama-Colusa Canal, which divert up to 328 TAF from the Sacramento River.  RBDD is 
located 59 miles downstream of Keswick Dam.  It blocks or delays adult salmonids and sturgeon 
migrating upstream to various degrees, depending on run timing.  Based on various studies 
(Vogel et al. 1988; Hallock 1989; and CDFG 1998), the CVP/SWP operations BA states, 
“Problems in salmonid passage at RBDD provide a well-documented example of a diversion 
facility impairing salmon migration.”  
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A portion of the winter-run adults encounter the gates down and are forced to use the fish 
ladders.  There are 3 fish ladders on RBDD, one on each side and one temporary ladder in the 
middle of the dam.  The RBDD fish ladders are not efficient at passing adult salmonids due to 
the inability of salmon to find the entrances.  Water released from RBDD flows through a small 
opening under 11 gates across the river, causing turbulent flows that confuse fish and keep them 
from finding the ladders.  The fish ladders are not designed to allow enough water through them 
to attract adult salmonids towards them.  Previous studies (Vogel, USFWS) have shown that 
salmon can be delayed up to 20 days in passing the dam.  These delays can reduce the fitness of 
adults that expend their energy reserves fighting the flows beneath the gates, and increase the 
chance of prespawn mortality.  Run timing is critical to salmon, as it is what distinguishes one 
race from another.  Delays of a week or even days in passage likely prevents some spring-run 
adults (those that encounter gates down in May and June) from entering tributaries above RBDD 
that dry up or warm up in the spring (e.g., Cottonwood Creek, Cow Creek).  These delays have 
the potential of preventing these fish from accessing summer holding pools in the upper areas of 
the creeks.   
 
4.2.4.5  Water Conveyance and Flood Control 
 
The development of the water conveyance system in the Delta has resulted in the construction of 
armored, rip-rapped levees on more than 1,100 miles of channels and diversions to increase 
channel elevations and flow capacity of the channels (Mount 1995).  Levee development in the 
Central Valley affects spawning habitat, freshwater rearing habitat, freshwater migration 
corridors, and estuarine habitat PCEs.  As Mount (1995) indicates, there is an “underlying, 
fundamental conflict inherent in this channelization.”  Natural rivers strive to achieve dynamic 
equilibrium to handle a watershed’s supply of discharge and sediment (Mount 1995).  The 
construction of levees disrupts the natural processes of the river, resulting in a multitude of 
habitat-related effects, including isolation of the watershed’s natural floodplain behind the levee 
from the active river channel and its fluctuating hydrology. 
 
Many of these levees use angular rock (riprap) to armor the bank from erosive forces.  The 
effects of channelization, and riprapping, include the alteration of river hydraulics and cover 
along the bank as a result of changes in bank configuration and structural features (Stillwater 
Sciences 2006).  These changes affect the quantity and quality of nearshore habitat for juvenile 
salmonids and have been thoroughly studied (USFWS 2000, Schmetterling et al. 2001, Garland 
et al. 2002).  Simple slopes protected with rock revetment generally create nearshore hydraulic 
conditions characterized by greater depths and faster, more homogeneous water velocities than 
occur along natural banks.  Higher water velocities typically inhibit deposition and retention of 
sediment and woody debris.  These changes generally reduce the range of habitat conditions 
typically found along natural shorelines, especially by eliminating the shallow, slow-velocity 
river margins used by juvenile fish as refuge and to escape from fast currents, deep water, and 
predators (Stillwater Sciences 2006). 
 
Prior to the 1970s, there was so much debris resulting from poor logging practices that many 
streams were completely clogged and were thought to have been total barriers to fish migration.  
As a result, in the 1960s and early 1970s it was common practice among fishery management 
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agencies to remove woody debris thought to be a barrier to fish migration (NMFS 1996b).  
However, it is now recognized that too much LWD was removed from the streams resulting in a 
loss of salmonid habitat and it is thought that the large scale removal of woody debris prior to 
1980 had major, long-term negative effects on rearing habitats for salmonids in northern 
California (NMFS 1996b).  Areas that were subjected to this removal of LWD are still limited in 
the recovery of salmonid stocks; this limitation could be expected to persist for 50 to 100 years 
following removal of the debris. 
 
Large quantities of downed trees are a functionally important component of many streams 
(NMFS 1996b).  LWD influences stream morphology by affecting channel pattern, position, and 
geometry, as well as pool formation (Keller and Swanson 1979, Bilby 1984, Robison and 
Beschta 1990).  Reduction of wood in the stream channel, either from past or present activities, 
generally reduces pool quantity and quality, alters stream shading which can affect water 
temperature regimes and nutrient input, and can eliminate critical stream habitat needed for both 
vertebrate and invertebrate populations.  Removal of vegetation also can destabilize marginally 
stable slopes by increasing the subsurface water load, lowering root strength, and altering water 
flow patterns in the slope. 
 
In addition, the armoring and revetment of stream banks tends to narrow rivers, reducing the 
amount of habitat per unit channel length (Sweeney et al. 2004).  As a result of river narrowing, 
benthic habitat decreases and the number of macroinvertebrates, such as stoneflies and mayflies, 
per unit channel length decreases, affecting salmonid food supply.   
 
4.2.4.6  Land Use Activities 
 
Land use activities continue to have large impacts on salmonid habitat in the Central Valley 
watershed.  Until about 150 years ago, the Sacramento River was bordered by up to 500,000 
acres of riparian forest, with bands of vegetation extending outward for 4 or 5 miles (California 
Resources Agency 1989).  Starting with the gold rush, these vast riparian forests were cleared for 
building materials, fuel, and to clear land for farms on the raised natural levee banks.  The 
degradation and fragmentation of riparian habitat continued with extensive flood control and 
bank protection projects, together with the conversion of the fertile riparian lands to agriculture 
outside of the natural levee belt.  By 1979, riparian habitat along the Sacramento River 
diminished to 11,000 to 12,000 acres, or about 2 percent of historic levels (McGill 1987).  The 
clearing of the riparian forests removed a vital source of snags and driftwood in the Sacramento 
and San Joaquin River basins.  This has reduced the volume of LWD input needed to form and 
maintain stream habitat that salmon depend on in their various life stages.  In addition to this loss 
of LWD sources, removal of snags and obstructions from the active river channel for 
navigational safety has further reduced the presence of LWD in the Sacramento and San Joaquin 
Rivers, as well as the Delta. 
 
Increased sedimentation resulting from agricultural and urban practices within the Central Valley 
is one of the primary causes of salmonid habitat degradation (NMFS 1996a).  Sedimentation can 
adversely affect salmonids during all freshwater life stages by:  clogging or abrading gill 
surfaces, adhering to eggs, hampering fry emergence (Phillips and Campbell 1961), burying eggs 
or alevins, scouring and filling in pools and riffles, reducing primary productivity and 
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photosynthesis activity (Cordone and Kelley 1961), and affecting intergravel permeability and 
DO levels.  Excessive sedimentation over time can cause substrates to become embedded, which 
reduces successful salmonid spawning and egg and fry survival (Waters 1995). 
 
Land use activities associated with road construction, urban development, logging, mining, 
agriculture, and recreation have significantly altered fish habitat quantity and quality through the 
alteration of streambank and channel morphology; alteration of ambient water temperatures; 
degradation of water quality; elimination of spawning and rearing habitat; fragmentation of 
available habitats; elimination of downstream recruitment of LWD; and removal of riparian 
vegetation, resulting in increased streambank erosion (Meehan 1991).  Urban stormwater and 
agricultural runoff may be contaminated with herbicides and pesticides, petroleum products, 
sediment, etc.  Agricultural practices in the Central Valley have eliminated large trees and logs 
and other woody debris that would otherwise be recruited into the stream channel (NMFS 
1998a). 
 
Since the 1850s, wetlands reclamation for urban and agricultural development has caused the 
cumulative loss of 79 and 94 percent of the tidal marsh habitat in the Delta downstream and 
upstream of Chipps Island, respectively (Conomos et al. 1985, Nichols et al. 1986, Wright and 
Phillips 1988, Monroe et al. 1992, Goals Project 1999).  Prior to 1850, approximately 1400 km2 
of freshwater marsh surrounded the confluence of the Sacramento and San Joaquin Rivers, and 
another 800 km2 of saltwater marsh fringed San Francisco Bay’s margins.  Of the original 2,200 
km2 of tidally influenced marsh, only about 125 km2 of undiked marsh remains today.  In Suisun 
Marsh, saltwater intrusion and land subsidence gradually has led to the decline of agricultural 
production.  Presently, Suisun Marsh consists largely of tidal sloughs and managed wetlands for 
duck clubs, which first were established in the 1870s in western Suisun Marsh (Goals Project 
1999).  Even more extensive losses of wetland marshes occurred in the Sacramento and San 
Joaquin River Basins.  Little of the extensive tracts of wetland marshes that existed prior to 1850 
along the valley’s river systems and within the natural flood basins exist today.  Most has been 
“reclaimed” for agricultural purposes, leaving only small remnant patches. 
 
Dredging of river channels to enhance inland maritime trade and to provide raw material for 
levee construction has significantly and detrimentally altered the natural hydrology and function 
of the river systems in the Central Valley.  Starting in the mid-1800s, the Corps and private 
consortiums began straightening river channels and artificially deepening them to enhance 
shipping commerce.  This has led to declines in the natural meandering of river channels and the 
formation of pool and riffle segments.  The deepening of channels beyond their natural depth 
also has led to a significant alteration in the transport of bedload in the riverine system as well as 
the local flow velocity in the channel (Mount 1995).  The Sacramento Flood Control Project at 
the turn of the nineteenth century ushered in the start of large scale Corps actions in the Delta 
and along the rivers of California for reclamation and flood control.  The creation of levees and 
the deep shipping channels reduced the natural tendency of the San Joaquin and Sacramento 
Rivers to create floodplains along their banks with seasonal inundations during the wet winter 
season and the spring snow melt periods.  These annual inundations provided necessary habitat 
for rearing and foraging of juvenile native fish that evolved with this flooding process.  The 
armored riprapped levee banks and active maintenance actions of Reclamation Districts 
precluded the establishment of ecologically important riparian vegetation, introduction of 
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valuable LWD from these riparian corridors, and the productive intertidal mudflats characteristic 
of the undisturbed Delta habitat. 
 
Urban stormwater and agricultural runoff may be contaminated with pesticides, oil, grease, 
heavy metals, polycyclic aromatic hydrocarbons (PAHs), and other organics and nutrients 
[California Regional Water Quality Control Board-Central Valley Region (Regional Board) 
1998] that can destroy aquatic life necessary for salmonid survival (NMFS 1996a, b).  Point 
source (PS) and non-point source (NPS) pollution occurs at almost every point that urbanization 
activity influences the watershed.  Impervious surfaces (i.e., concrete, asphalt, and buildings) 
reduce water infiltration and increase runoff, thus creating greater flood hazard (NMFS 1996a, 
b).  Flood control and land drainage schemes may increase the flood risk downstream by 
concentrating runoff.  A flashy discharge pattern results in increased bank erosion with 
subsequent loss of riparian vegetation, undercut banks and stream channel widening.  In addition 
to the PS and NPS inputs from urban runoff, juvenile salmonids are exposed to increased water 
temperatures as a result of thermal inputs from municipal, industrial, and agricultural discharges. 
 
Past mining activities routinely resulted in the removal of spawning gravels from streams, the 
straightening and channelization of the stream corridor from dredging activities, and the leaching 
of toxic effluents into streams from mining operations.  Many of the effects of past mining 
operations continue to impact salmonid habitat today.  Current mining practices include suction 
dredging (sand and gravel mining), placer mining, lode mining and gravel mining.  Present day 
mining practices are typically less intrusive than historic operations (hydraulic mining); however, 
adverse impacts to salmonid habitat still occur as a result of present-day mining activities.  Sand 
and gravel are used for a large variety of construction activities including base material and 
asphalt, road bedding, drain rock for leach fields, and aggregate mix for concrete to construct 
buildings and highways.  
 
Most aggregate is derived principally from pits in active floodplains, pits in inactive river terrace 
deposits, or directly from the active channel.  Other sources include hard rock quarries and 
mining from deposits within reservoirs.  Extraction sites located along or in active floodplains 
present particular problems for anadromous salmonids.  Physical alteration of the stream channel 
may result in the destruction of existing riparian vegetation and the reduction of available area 
for seedling establishment (Stillwater Sciences 2002).  Loss of vegetation impacts riparian and 
aquatic habitat by causing a loss of the temperature moderating effects of shade and cover, and 
habitat diversity.  Extensive degradation may induce a decline in the alluvial water table, as the 
banks are effectively drained to a lowered level, affecting riparian vegetation and water supply 
(NMFS 1996b).  Altering the natural channel configuration will reduce salmonid habitat 
diversity by creating a wide, shallow channel lacking in the pools and cover necessary for all life 
stages of anadromous salmonids.  In addition, waste products resulting from past and present 
mining activities, include cyanide (an agent used to extract gold from ore), copper, zinc, 
cadmium, mercury, asbestos, nickel, chromium, and lead. 
 
Juvenile salmonids are exposed to increased water temperatures in the Delta during the late 
spring and summer due to the loss of riparian shading, and by thermal inputs from municipal, 
industrial, and agricultural discharges.  Studies by DWR on water quality in the Delta over the 
last 30 years show a steady decline in the food sources available for juvenile salmonids and 
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sturgeon and an increase in the clarity of the water due to a reduction in phytoplankton and 
zooplankton.  These conditions have contributed to increased mortality of juvenile Chinook 
salmon and steelhead as they move through the Delta. 
 
The following are excerpts from Lindley et al. (2009): 

“The long-standing and ongoing degradation of freshwater and estuarine habitats and the 
subsequent heavy reliance on hatchery production were also likely contributors to the 
collapse of the [fall-run] stock.  Degradation and simplification of freshwater and estuary 
habitats over a century and a half of development have changed the Central Valley Chinook 
salmon complex from a highly diverse collection of numerous wild populations to one 
dominated by fall Chinook salmon from four large hatcheries.”  
 
“In conclusion, the development of the Sacramento-San Joaquin watershed has greatly 
simplified and truncated the once-diverse habitats that historically supported a highly diverse 
assemblage of populations.  The life history diversity of this historical assemblage would 
have buffered the overall abundance of Chinook salmon in the Central Valley under varying 
climate conditions.” 

 
4.2.4.7  Water Quality 
 
The water quality of the Delta has been negatively impacted over the last 150 years.  Increased 
water temperatures, decreased DO levels, and increased turbidity and contaminant loads have 
degraded the quality of the aquatic habitat for the rearing and migration of salmonids.  Some 
common pollutants include effluent from wastewater treatment plants and chemical discharges 
such as dioxin from San Francisco bay petroleum refineries (McEwan and Jackson 1996 op cit. 
CVP/SWP operations BA).  In addition, agricultural drain water, another possible source of 
contaminants, can contribute up to 30 percent of the total inflow into the Sacramento River 
during the low-flow period of a dry year (CVP/SWP operations BA).  The Regional Board, in its 
1998 Clean Water Act §303(d) list characterized the Delta as an impaired waterbody having 
elevated levels of chlorpyrifos, dichlorodiphenyltrichlor (i.e. DDT), diazinon, electrical 
conductivity, Group A pesticides [aldrin, dieldrin, chlordane, endrin, heptachlor, heptachlor 
epoxide, hexachlorocyclohexanes (including lindane), endosulfan and toxaphene], mercury, low 
DO, organic enrichment, and unknown toxicities (Regional Board 1998, 2001). 
 
In general, water degradation or contamination can lead to either acute toxicity, resulting in death 
when concentrations are sufficiently elevated, or more typically, when concentrations are lower, 
to chronic or sublethal effects that reduce the physical health of the organism, and lessens its 
survival over an extended period of time.  Mortality may become a secondary effect due to 
compromised physiology or behavioral changes that lessen the organism's ability to carry out its 
normal activities.  For example, increased levels of heavy metals are detrimental to the health of 
an organism because they interfere with metabolic functions by inhibiting key enzyme activity in 
metabolic pathways, decrease neurological function, degrade cardiovascular output, and act as 
mutagens, teratogens or carcinogens in exposed organisms (Rand et al. 1995, Goyer 1996).  For 
listed species, these effects may occur directly to the listed fish or to its prey base, which reduces 
the forage base available to the listed species. 
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In the aquatic environment, most anthropogenic chemicals and waste materials, including toxic 
organic and inorganic chemicals eventually accumulate in sediment (Ingersoll 1995).  Direct 
exposure to contaminated sediments may cause deleterious effects to listed salmonids and green 
sturgeon.  This may occur if a fish swims through a plume of the resuspended sediments or rests 
on contaminated substrate and absorbs the toxic compounds through one of several routes: 
dermal contact, ingestion, or uptake across the gills.  Elevated contaminant levels may be found 
in localized “hot spots” where discharge occurs or where river currents deposit sediment loads.  
Sediment contaminant levels can thus be significantly higher than the overlying water column 
concentrations [Environmental Protection Agency (EPA) 1994].  However, the more likely route 
of exposure to salmonids or sturgeon is through the food chain, when the fish feed on organisms 
that are contaminated with toxic compounds.  Prey species become contaminated either by 
feeding on the detritus associated with the sediments or dwelling in the sediment itself.  
Therefore, the degree of exposure to the salmonids depends on their trophic level and the amount 
of contaminated forage base they consume.  Response of salmonids to contaminated sediments is 
similar to water borne exposures once the contaminant has entered the body of the fish. 
 
4.2.4.8   Hatchery Operations and Practices 
 
Five hatcheries currently produce Chinook salmon in the Central Valley, and four of these also 
produce steelhead.  Releasing large numbers of hatchery fish can pose a threat to wild Chinook 
salmon and steelhead stocks through genetic impacts, competition for food and other resources 
between hatchery and wild fish, predation of hatchery fish on wild fish, and increased fishing 
pressure on wild stocks as a result of hatchery production (Waples 1991).  The genetic impacts 
of artificial propagation programs in the Central Valley are primarily caused by straying of 
hatchery fish and the subsequent interbreeding of hatchery fish with wild fish.  In the Central 
Valley, practices such as transferring eggs between hatcheries and trucking smolts to distant sites 
for release contribute to elevated straying levels [U.S. Department of the Interior (DOI) 1999].  
For example, Nimbus Hatchery on the American River rears Eel River steelhead stock and 
releases these fish in the Sacramento River basin.  One of the recommendations in the Joint 
Hatchery Review Report (NMFS and CDFG 2001) was to identify and designate new sources of 
steelhead brood stock to replace the current Eel River origin brood stock. 
 
Hatchery practices as well as spatial and temporal overlaps of habitat use and spawning activity 
between spring- and fall-run fish have led to the hybridization and homogenization of some 
subpopulations (CDFG 1998).  As early as the 1960s, Slater (1963) observed that spring-run and 
early fall-run were competing for spawning sites in the Sacramento River below Keswick Dam, 
and speculated that the two runs may have hybridized.  Spring-run from the FRFH have been 
documented as straying throughout the Central Valley for many years (CDFG 1998), and in 
many cases have been recovered from the spawning grounds of fall-run, an indication that FRFH 
spring-run may exhibit fall-run life history characteristics.  Although the degree of hybridization 
has not been comprehensively determined, it is clear that the populations of spring-run spawning 
in the Feather River and counted at RBDD contain hybridized fish. 
 
The management of hatcheries, such as Nimbus Fish Hatchery and FRFH, can directly impact 
spring-run and steelhead populations by oversaturating the natural carrying capacity of the 
limited habitat available below dams.  In the case of the Feather River, significant redd 
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superimposition occurs in-river due to hatchery overproduction and the inability to physically 
separate spring-run and fall-run adults.  This concurrent spawning has led to hybridization 
between the spring-run and fall-run in the Feather River.  At Nimbus Hatchery, operating Folsom 
Dam to meet temperature requirements for returning hatchery fall-run often limits the amount if 
water available for steelhead spawning and rearing the rest of the year. 
 
The increase in Central Valley hatchery production has reversed the composition of the steelhead 
population, from 88 percent naturally-produced fish in the 1950s (McEwan 2001) to an estimated 
23 to 37 percent naturally-produced fish currently (Nobriga and Cadrett 2003).  The increase in 
hatchery steelhead production proportionate to the wild population has reduced the viability of 
the wild steelhead populations, increased the use of out-of-basin stocks for hatchery production, 
and increased straying (NMFS and CDFG 2001).  Thus, the ability of natural populations to 
successfully reproduce and continue their genetic integrity likely has been diminished.  
 
The relatively low number of spawners needed to sustain a hatchery population can result in high 
harvest-to-escapements ratios in waters where fishing regulations are set according to hatchery 
population.  This can lead to over-exploitation and reduction in the size of wild populations 
existing in the same system as hatchery populations due to incidental bycatch (McEwan 2001).  
 
Hatcheries also can have some positive effects on salmonid populations.  Winter-run produced in 
the LSNFH are considered part of the winter-run ESU.  Spring-run produced in the FRFH are 
considered part of the spring-run ESU.  Artificial propagation has been shown to be effective in 
bolstering the numbers of naturally spawning fish in the short term under specific scenarios.  
Artificial propagation programs can also aid in conserving genetic resources and guarding 
against catastrophic loss of naturally spawned populations at critically low abundance levels, as 
was the case with the winter-run population during the 1990s.  However, relative abundance is 
only one component of a viable salmonid population.  
 
4.2.4.9  Over Utilization 
 
4.2.4.9.1  Ocean Commercial and Sport Harvest – Chinook Salmon and Steelhead  
 
Extensive ocean recreational and commercial troll fisheries for Chinook salmon exist along the 
Northern and Central California coast, and an inland recreational fishery exists in the Central 
Valley for Chinook salmon and steelhead.  Ocean harvest of Central Valley Chinook salmon is 
estimated using an abundance index, called the Central Valley Index (CVI) harvest index.  The 
CVI harvest index is the ocean harvest landed south of Point Arena divided by the CVI.  The 
CVI is the sum of ocean fishery Chinook salmon harvested in the area south of Point Arena 
(where 85 percent of Central Valley Chinook salmon are caught), plus the Central Valley adult 
Chinook salmon escapement.  Coded wire tag (CWT) returns indicate that Sacramento River 
salmon congregate off the California coast between Point Arena and Morro Bay. 
 
Since 1970, the CVI harvest index for winter-run generally has ranged between 0.50 and 0.80.  
In 1990, when ocean harvest of winter-run was first evaluated by NMFS and the Pacific 
Fisheries Management Council (PFMC), the CVI harvest index was near the highest recorded 
level at 0.79.  NMFS determined in a 1991 biological opinion that continuance of the 1990 ocean 
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harvest rate would not prevent the recovery of winter-run.  In addition, the final rule designating 
winter-run critical habitat (June 16, 1993, 58 FR 33212) stated that commercial and recreational 
fishing do not appear to be significant factors in the decline of the species.  Through the early 
1990s, the ocean harvest index was below the 1990 level (i.e., 0.71 in 1991 and 1992, 0.72 in 
1993, 0.74 in 1994, 0.78 in 1995, and 0.64 in 1996).  NMFS (1996) and NMFS (1997b) 
concluded that incidental ocean harvest of winter-run represented a significant source of 
mortality to the endangered population, even though ocean harvest was not a key factor leading 
to the decline of the population.  As a result of these biological opinions, measures were 
developed and implemented by the PFMC, NMFS, and CDFG to reduce ocean harvest by 
approximately 50 percent.  In 2001, the CVI harvest index dropped to 0.27, most likely due to 
the reduction in harvest and the higher abundance of salmonids originating from the Central 
Valley (Good et al. 2005).  
 
Ocean fisheries have affected the age structure of spring-run through targeting large fish for 
many years and reducing the numbers of 4- and 5-year-old fish (CDFG 1998).  Winter-run 
spawners have also been affected by ocean fisheries, as most spawners return as 3-year olds.  As 
a result of very low returns of fall-run to the Central Valley in 2007, there was a complete 
closure of the commercial and recreational ocean Chinook salmon fishery in 2008.  As a result of 
not having been subjected to fishing pressure, there will likely be more 4- and 5-year old winter-
run and spring-run returning to spawn in 2009. 
 
Harvest rates of spring-run ranged from 0.55 to nearly 0.80 between 1970 and 1995 when 
harvest rates were adjusted for the protection of winter-run.  The drop in the CVI harvest index 
to 0.27 in 2001 as a result of high fall-run escapement also resulted in reducing the authorized 
harvest of spring-run.  There is essentially no ocean harvest of steelhead. 
 
4.2.4.9.2  Inland Sport Harvest – Chinook Salmon and Steelhead 
 
Historically in California, almost half of the river sport fishing effort was in the Sacramento-San 
Joaquin River system, particularly upstream from the city of Sacramento (Emmett et al. 1991).  
Since 1987, the Fish and Game Commission has adopted increasingly stringent regulations to 
reduce and virtually eliminate the in-river sport fishery for winter-run.  Present regulations 
include a year-round closure to Chinook salmon fishing between Keswick Dam and the 
Deschutes Road Bridge and a rolling closure to Chinook salmon fishing on the Sacramento River 
between the Deschutes River Bridge and the Carquinez Bridge.  The rolling closure spans the 
months that migrating adult winter-run are ascending the Sacramento River to their spawning 
grounds.  These closures have virtually eliminated impacts on winter-run caused by recreational 
angling in freshwater.  In 1992, the California Fish and Game Commission adopted gear 
restrictions (all hooks must be barbless and a maximum of 5.7 cm in length) to minimize 
hooking injury and mortality of winter-run caused by trout anglers.  That same year, the 
Commission also adopted regulations, which prohibited any salmon from being removed from 
the water to further reduce the potential for injury and mortality.  
 
In-river recreational fisheries historically have taken spring-run throughout the species’ range.  
During the summer, adult spring-run are easily targeted by anglers when they congregate and 
hold in large pools.  Poaching also occurs at fish ladders, and other areas where adults 
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congregate.  However, the significance of poaching on the adult population is unknown.  
Specific regulations for the protection of spring-run in Mill, Deer, Butte, and Big Chico creeks 
and the Yuba River have been added to the existing CDFG regulations.  The current regulations, 
including those developed for winter-run, provide some level of protection for spring-run (CDFG 
1998). 
 
There is little information on steelhead harvest rates in California.  Hallock et al. (1961) 
estimated that harvest rates for Sacramento River steelhead from the 1953-1954 through 1958-
1959 seasons ranged from 25.1 percent to 45.6 percent assuming a 20 percent non-return rate of 
tags.  The average annual harvest rate of adult steelhead above RBDD for the 3-year period from 
1991-1992 through 1993-1994 was 16 percent (McEwan and Jackson 1996).  Since 1998, all 
hatchery steelhead have been marked with an adipose fin clip allowing anglers to distinguish 
hatchery and wild steelhead.  Current regulations restrict anglers from keeping unmarked 
steelhead in Central Valley streams.  Overall, this regulation has greatly increased protection of 
naturally produced adult steelhead.  However, the total number of CV steelhead contacted might 
be a significant fraction of basin-wide escapement, and even low catch-and-release mortality 
may pose a problem for wild populations (Good et al. 2005). 
 
4.2.4.10  Disease and Predation 
 
Infectious disease is one of many factors that influence adult and juvenile salmonid survival.  
Salmonids are exposed to numerous bacterial, protozoan, viral, and parasitic organisms in 
spawning and rearing areas, hatcheries, migratory routes, and the marine environment (NMFS 
1996a, 1996b, 1998a).  Specific diseases such as bacterial kidney disease, Ceratomyxosis shasta, 
columnaris, furunculosis, infectious hematopoietic necrosis, redmouth and black spot disease, 
whirling disease, and erythrocytic inclusion body syndrome are known, among others, to affect 
Chinook salmon and steelhead (NMFS 1996a, 1996b, 1998a).  Very little current or historical 
information exists to quantify changes in infection levels and mortality rates attributable to these 
diseases; however, studies have shown that wild fish tend to be less susceptible to pathogens than 
are hatchery-reared fish.  Nevertheless, wild salmonids may contract diseases that are spread 
through the water column (i.e., waterborne pathogens) as well as through interbreeding with 
infected hatchery fish.  The stress of being released into the wild from a controlled hatchery 
environment frequently causes latent infections to convert into a more pathological state, and 
increases the potential of transmission from hatchery reared fish to wild stocks within the same 
waters. 
 
Accelerated predation also may be a factor in the decline of winter-run and spring-run, and to a 
lesser degree CV steelhead.  Human-induced habitat changes such as alteration of natural flow 
regimes and installation of bank revetment and structures such as dams, bridges, water 
diversions, piers, and wharves often provide conditions that both disorient juvenile salmonids 
and attract predators (Stevens 1961, Decato 1978, Vogel et al. 1988, Garcia 1989). 
 
On the mainstem Sacramento River, high rates of predation are known to occur at the RBDD, 
ACID diversion dam, Glenn-Colusa Irrigation District (GCID) diversion facility, areas where 
rock revetment has replaced natural river bank vegetation, and at South Delta water diversion 
structures (e.g., Clifton Court Forebay; CDFG 1998).  Predation at RBDD on juvenile winter-run 
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is believed to be higher than natural due to flow dynamics associated with the operation of this 
structure.  Due to their small size, early emigrating winter-run may be very susceptible to 
predation in Lake Red Bluff when the RBDD gates remain closed in summer and early fall.  In 
passing the dam, juveniles are subject to conditions which greatly disorient them, making them 
highly susceptible to predation by fish or birds.  Sacramento pikeminnow (Ptychocheilus 
grandis) and striped bass congregate below the dam and prey on juvenile salmon in the tail 
waters.  The Sacramento pikeminnow is a species native to the Sacramento River basin and has 
co-evolved with the anadromous salmonids in this system.  However, rearing conditions in the 
Sacramento River today (e.g., warm water, low-irregular flow, standing water, and water 
diversions) compared to its natural state and function decades ago in the pre-dam era, are more 
conducive to warm water species such as Sacramento pikeminnow and striped bass than to native 
salmonids.  Tucker et al. (1998) reported that Sacramento pikeminnow predation on juvenile 
salmonids during the summer months increased to 66 percent of the total weight of stomach 
contents in the predatory pikeminnow.  Striped bass showed a strong preference for juvenile 
salmonids as prey during this study.  This research also indicated that the percent frequency of 
occurrence for juvenile salmonids nearly equaled other fish species in the stomach contents of 
the predatory fish.  Tucker et al. (2003) showed the temporal distribution for these two predators 
in the RBDD area were directly related to RBDD operations (predators congregated when the 
dam gates were in, and dispersed when the gates were removed). 
 
USFWS found that more predatory fish were found at rock revetment bank protection sites 
between Chico Landing and Red Bluff than at sites with naturally eroding banks (Michny and 
Hampton 1984).  From October 1976 to November 1993, CDFG conducted 10 mark/recapture 
studies at the SWP’s Clifton Court Forebay to estimate pre-screen losses using hatchery-reared 
juvenile Chinook salmon.  Pre-screen losses ranged from 69 percent to 99 percent.  Predation by 
striped bass is thought to be the primary cause of the loss (Gingras 1997).  More recent studies 
by DWR (2008) have verified this level of predation also exists for steelhead smolts within 
Clifton Court Forebay, indicating that these predators were efficient at removing salmonids over 
a wide range of body sizes. 
 
Predation on juvenile salmonids has increased as a result of water development activities which 
have created ideal habitats for predators and non-native invasive species (NIS).  Turbulent 
conditions near dam bypasses, turbine outfalls, water conveyances, and spillways disorient 
juvenile salmonid migrants and increase their predator avoidance response time, thus improving 
predator success.  Increased exposure to predators has also resulted from reduced water flow 
through reservoirs; a condition which has increased juvenile travel time.  Other locations in the 
Central Valley where predation is of concern include flood bypasses, post-release sites for 
salmonids salvaged at the CVP and SWP Fish Facilities, and the SMSCG.  Striped bass and 
pikeminnow predation on salmon at salvage release sites in the Delta and lower Sacramento 
River has been documented (Orsi 1967, Pickard et al. 1982).  However, accurate predation rates 
at these sites are difficult to determine.  CDFG conducted predation studies from 1987 to 1993 at 
the SMSCG to determine if the structure attracts and concentrates predators.  The dominant 
predator species at the SMSCG was striped bass, and the remains of juvenile Chinook salmon 
were identified in their stomach contents (Edwards et al. 1996, Tillman et al. 1996, NMFS 
1997). 
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Avian predation on fish contributes to the loss of migrating juvenile salmonids by constraining 
natural and artificial production.  Fish-eating birds that occur in the California Central Valley 
include great blue herons (Ardea herodias), gulls (Larus spp.), osprey (Pandion haliaetus), 
common mergansers (Mergus merganser), American white pelicans (Pelecanus 
erythrorhynchos), double-crested cormorants (Phalacrocorax spp.), Caspian terns (Sterna 
caspia), belted kingfishers (Ceryle alcyon), black-crowned night herons (Nycticorax nycticorax), 
Forster’s terns (Sterna forsteri), hooded mergansers (Lophodytes cucullatus), and bald eagles 
(Haliaeetus leucocephalus, Stephenson and Fast 2005).  These birds have high metabolic rates 
and require large quantities of food relative to their body size.   
 
Mammals can also be an important source of predation on salmonids within the California 
Central Valley.  Predators such as river otters (Lutra canadensis), raccoons (Procyon lotor), 
striped skunk (Mephitis mephitis), and western spotted skunk (Spilogale gracilis) are common.  
Other mammals that take salmonid include:  badger (Taxidea taxus), bobcat (Linx rufis), coyote 
(Canis latrans), gray fox (Urocyon cinereoargenteus), long-tailed weasel (Mustela frenata), 
mink (Mustela vison), mountain lion (Felis concolor), red fox (Vulpes vulpes), and ringtail 
(Bassariscus astutus).  These animals, especially river otters, are capable of removing large 
numbers of salmon and trout from the aquatic habitat (Dolloff 1993).  Mammals have the 
potential to consume large numbers of salmonids, but generally scavenge post-spawned salmon.  
In the marine environment, pinnipeds, including harbor seals (Phoca vitulina), California sea 
lions (Zalophus californianus), and Steller’s sea lions (Eumetopia jubatus) are the primary 
marine mammals preying on salmonids (Spence et al. 1996).  Pacific striped dolphin 
(Lagenorhynchus obliquidens) and killer whale (Orcinus orca) can also prey on adult salmonids 
in the nearshore marine environment, and at times become locally important.  Southern 
Residents, in particular, target Chinook salmon as their preferred prey (96 percent of prey 
consumed during spring, summer and fall, from long-term study of resident killer whale diet; 
Ford and Ellis 2006).  Although harbor seal and sea lion predation primarily is confined to the 
marine and estuarine environments, they are known to travel well into freshwater after migrating 
fish and have frequently been encountered in the Delta and the lower portions of the Sacramento 
and San Joaquin rivers.  All of these predators are opportunists, searching out locations where 
juveniles and adults are most vulnerable, such as the large water diversions in the South Delta. 
 
4.2.4.11  Environmental Variation 
 
4.2.4.11.1  Natural Environmental Cycles 
 
Natural changes in the freshwater and marine environments play a major role in salmonid 
abundance.  Recent evidence suggests that marine survival among salmonids fluctuates in 
response to 20- to 30-year cycles of climatic conditions and ocean productivity (Hare et al. 1999, 
Mantua and Hare 2002).  This phenomenon has been referred to as the Pacific Decadal 
Oscillation.  In addition, large-scale climatic regime shifts, such as the El Niño condition, appear 
to change productivity levels over large expanses of the Pacific Ocean.  A further confounding 
effect is the fluctuation between drought and wet conditions in the basins of the American west.  
During the first part of the 1990s, much of the Pacific Coast was subject to a series of very dry 
years, which reduced inflows to watersheds up and down the west coast. 
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"El Niño" is an environmental condition often cited as a cause for the decline of West Coast 
salmonids (NMFS 1996b).  El Niño is an unusual warming of the Pacific Ocean off South 
America and is caused by atmospheric changes in the tropical Pacific Ocean [El Niño Southern 
Oscillation (ENSO)] resulting in reductions or reversals of the normal trade wind circulation 
patterns.  El Niño ocean conditions are characterized by anomalous warm sea surface 
temperatures and changes to coastal currents and upwelling patterns.  Principal ecosystem 
alterations include decreased primary and secondary productivity in affected regions and changes 
in prey and predator species distributions.  Cold-water species are displaced towards higher 
latitudes or move into deeper, cooler water, and their habitat niches are occupied by species 
tolerant of warmer water that move upwards from the lower latitudes with the warm water 
tongue. 
 
A key factor affecting many West Coast stocks has been a general 30-year decline in ocean 
productivity.  The mechanism whereby stocks are affected is not well understood, partially 
because the pattern of response to these changing ocean conditions has differed among stocks, 
presumably due to differences in their ocean timing and distribution.  It is presumed that survival 
in the ocean is driven largely by events occurring between ocean entry and recruitment to a sub-
adult life stage. 
 
The freshwater life history traits and habitat requirements of juvenile winter-run and fall-run are 
similar.  Therefore, the unusual and poor ocean conditions that caused the drastic decline in 
returning fall-run populations coast wide in 2007 (Varanasi and Bartoo 2008) are suspected to 
have also caused the observed decrease in the winter-run spawning population in 2007 
(Oppenheim 2008).  Lindley et al. (2009) reviewed the possible causes for the decline in 
Sacramento River fall-run in 2007 and 2008 for which reliable data were available.  They 
concluded that a broad body of evidence suggested that anomalous conditions in the coastal 
ocean in 2005 and 2006 resulted in unusually poor survival of the 2004 and 2005 broods of fall-
run.  However, Lindley et al. (2009) recognize that the rapid and likely temporary deterioration 
in ocean conditions acted on top of a long-term, steady degradation of the freshwater and 
estuarine environment. 
 
4.2.4.11.2  Ocean Productivity 
 
The time at which juvenile salmonids enter the marine environment marks a critical period in 
their life history.  Studies have shown the greatest rates of growth and energy accumulation for 
Chinook salmon occur during the first 1 to 3 months after they enter the ocean (Francis and 
Mantua 2003, MacFarlane et al. 2008).  Emigration periods and ocean entry can vary 
substantially among, and even within, races in the Central Valley.  For example, winter-run 
typically rear in freshwater for 5-9 months and exhibit a peak emigration period in March and 
April.  Spring-run emigration is more variable and can occur in December or January (soon after 
emergence as fry), or from October through March (after rearing for a year or more in 
freshwater; CVP/SWP operations BA).  In contrast to Chinook salmon, steelhead tend to rear in 
freshwater environments longer (anywhere from 1 to 3 years) and their period of ocean entry can 
span many months.  Juvenile steelhead presence at Chipps Island has been documented between 
at least October and July (CVP/SWP operations BA).  While still acknowledging this variability 
in emigration patterns, the general statement can be made that Chinook salmon typically rear in 
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freshwater environments for less than a year and enter the marine environment as subyearlings in 
late spring to early summer.  Likewise, although steelhead life histories are more elastic, they 
typically enter the ocean in approximately the same time frame.  This general timing pattern of 
ocean entry is commonly attributed to evolutionary adaptations that allow salmonids to take 
advantage of highly productive ocean conditions that typically occur off the California coast 
beginning in spring and extending into the fall (MacFarlane et al. 2008).  Therefore, the 
conditions that juvenile salmonids encounter when they enter the ocean can play an important 
role in their early marine survival and eventual development into adults. 
 
It is widely understood that variations in marine survival of salmon correspond with periods of 
cold and warm ocean conditions, with cold regimes being generally favorable for salmon 
survival and warm ones unfavorable (Behrenfeld et al. 2006, Wells et al. 2006).  Peterson et al. 
(2006) provide evidence that growth and survival rates of salmon in the California Current off 
the Pacific Northwest can be linked to fluctuations in ocean conditions.  An evaluation of 
conditions in the California Current since the late 1970s reveals a generally warm, unproductive 
regime that persisted until the late 1990s.  This regime has been followed by a period of high 
variability that began with colder, more productive conditions lasting from 1999 to 2002.  In 
general, salmon populations increased substantially during this period.  However, this brief cold 
cycle was immediately succeeded by a 4-year period of predominantly warm ocean conditions 
beginning in late 2002, which appeared to have negatively impacted salmon populations in the 
California Current (Peterson et al. 2006).  Evidence suggests these regime shifts follow a more 
or less linear pattern beginning with the amount and timing of nutrients provided by upwelling 
and passing “up” the food chain from plankton to forage fish and eventually, salmon.  There are 
also indications that these same regime shifts affect the migration patterns of larger animals that 
prey on salmon (e.g., Pacific hake, sea birds) resulting in a “top-down” effect as well (Peterson et 
al. 2006).      
 
Peterson et al. (2006) evaluated three sets of ecosystem indicators to identify ecological 
properties associated with warm and cold ocean conditions and determine how those conditions 
can affect salmon survival.  The three sets of ecosystem indicators include:  (1) large-scale 
oceanic and atmospheric conditions [specifically, the Pacific Decadal Oscillation (PDO) and the 
Multivariate ENSO Index]; (2) local observations of physical and biological ocean conditions off 
northern Oregon (e.g., upwelling, water temperature, plankton species compositions, etc.); and 
(3) biological sampling of juvenile salmon, plankton, forage fish, and Pacific hake (which prey 
on salmon).  When used collectively, this information can provide a general assessment of ocean 
conditions in the northern California Current that pertain to multi-year warm or cold phases.  It 
can also be used to develop a qualitative evaluation for a particular year of the effect these ocean 
conditions have on juvenile salmon when they enter the marine environment and the potential 
impact to returning adults in subsequent years. 
 
The generally warmer ocean conditions in the California Current that began to prevail in late 
2002 have resulted in coastal ocean temperatures remaining 1-2˚C above normal through 2005.  
A review of the previously mentioned indicators for 2005 revealed that almost all ecosystem 
indices were characteristic of poor ocean conditions and reduced salmon survival.  For instance, 
in addition to the high sea surface temperatures, the spring transition, which marks the beginning 
of the upwelling season and typically occurs between March and June, was very late, postponing 
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upwelling until mid-July.  In addition, the plankton species present during that time were the 
smaller organisms with lower lipid contents associated with warmer water, as opposed to the 
larger, lipid-rich organisms believed to be essential for salmon growth and survival throughout 
the winter.  The number of juvenile salmon collected during trawl surveys was also lower than 
any other year previously sampled (going back to 1998, Peterson et al. 2006).  Furthermore, 
although conditions in 2006 appeared to have improved somewhat over those observed in 2005 
(e.g., sea surface temperature was cooler, the spring transition occurred earlier, and coastal 
upwelling was more pronounced), not all parameters were necessarily “good.”  In fact, many of 
the indicators were either “intermediate” (e.g., PDO, juvenile Chinook salmon presence in trawl 
surveys) or “poor” (e.g., copepod biodiversity, Peterson et al. 2006).   
 
Updated information provided by Peterson et al. (2006) on the NWFSC Climate Change and 
Ocean Productivity website6 shows the transition to colder ocean conditions, which began in 
2007, has persisted throughout 2008.  All ocean indicators point toward a highly favorable 
marine environment for those juvenile salmon that entered the ocean in 2008.  After remaining 
neutral through much of 2007, PDO values became negative (indicating a cold California 
Current) in late 2007 and remained negative through at least August, 2008, with sea surface 
temperatures also remaining cold.  Coastal upwelling was initiated early and will likely be 
regarded as average overall.  Furthermore, the larger, energy-rich, cold water plankton species 
have been present in large numbers in 2007 and 2008.  Therefore, ocean conditions in the 
broader California Current appear to have been favorable for salmon survival in 2007 and to a 
greater extent in 2008, which bodes well for Chinook salmon populations returning in 2009 and 
20103.  These ecosystem indicators can be used to provide an understanding of ocean conditions, 
and their relative impact on marine survival of juvenile salmon, throughout the broader, northern 
portion of the California Current.  However, they may not provide an accurate assessment of the 
conditions observed on a more local scale off the California coast.  
 
Wells et al. (2008a) developed a multivariate environmental index that can be used to assess 
ocean productivity on a finer scale for the central California region.  This index (also referred to 
as the Wells Ocean Productivity Index) has also tracked the Northern Oscillation Index, which 
can be used to understand ocean conditions in the North Pacific Ocean in general.  The 
divergence of these two indices in 2005 and 2006 provided evidence that ocean conditions were 
worse off the California coast than they were in the broader North Pacific region.  The Wells et 
al. (2008a) index incorporates 13 oceanographic variables and indices and has correlated well 
with the productivity of zooplankton, juvenile shortbelly rockfish, and common murre 
production along the California coast (MacFarlane et al. 2008).  In addition to its use as an 
indicator of ocean productivity in general, the index may also relate to salmon dynamics due to 
their heavy reliance on krill and rockfish as prey items during early and later life stages.  For 
instance, not only did the extremely low index values in 2005 and 2006 correlate well with the 
extremely low productivity of salmon off the central California coast in those years, but the 
index also appears to have correlated well with maturation and mortality rates of adult salmon 
from 1990-2006 in that region (Wells and Mohr 2008).  Although not all of the data are currently 
available to determine the Wells et al. (2008a) index values for 2007 and 2008, there is sufficient 
information to provide an indication of the likely ocean conditions for those 2 years, which can 
then be compared to 2005 and 2006. 
                                                 
6 http://www.nwfsc.noaa.gov/research/divisions/fed/oeip/a-ecinhome.cfm 
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A review of the available information suggests ocean conditions in 2007 and 2008 have 
improved substantially over those observed in 2005 and 2006.  For instance, the spring 
transition, which marks the beginning of the upwelling season and typically occurs between 
March and June, was earlier in 2007 and 2008 compared to 2005 and 2006.  An early spring 
transition is often indicative of greater productivity throughout the spring and summer seasons 
(Wells and Mohr 2008, Peterson et al. 2006).  Coastal upwelling, the process by which cool, 
nutrient rich waters are brought to the surface (perhaps the most important parameter with 
respect to plankton productivity), was also above average in 2007 and 2008.  Moreover, coastal 
sea surface temperature and sea level height (representative of the strength of the California 
current and southern transport) values were also characteristic of improved ocean productivity 
(Wells and Mohr 2008).  Thus, contrary to the poor ocean conditions observed in the spring of 
2005 and 2006, the Wells et al. (2008a) index parameters available at this time indicate spring 
ocean conditions have been generally favorable for salmon survival off California in 2007 and 
2008. 
 
In contrast to the relatively “good” ocean conditions that occurred in the spring, the Wells et al. 
(2008a) index values for the summer of 2007 and 2008 were poor in general, and similar to those 
observed in 2005 and 2006.  Summer sea surface temperature followed a similar pattern in both 
2007 and 2008, starting out cool in June, and then rising to well above average in July before 
dropping back down to average in August (Wells and Mohr 2008).  The strong upwelling values 
observed in the spring of 2007 and 2008 were not maintained throughout the summer, and 
instead dropped to either at or below those observed in 2005 and 2006.  Finally, sea level height 
and spring curl values (a mathematical representation of the vertical component of wind shear 
which represents the rotation of the vector field), which are negatively correlated with ocean 
productivity, were both poor (Wells and Mohr 2008).  Therefore, during the spring of 2007 and 
2008, ocean conditions off California were indicative of a productive marine environment 
favorable for ocean salmon survival (and much improved over 2005 and 2006).  However, those 
conditions did not persist throughout the year, as Wells et al. (2008a) index values observed in 
the summer of 2007 and 2008 were similar to those experienced in the summer of 2005 and 
2006, 2 years marked by extremely low productivity of salmon off the central California coast.  
 
Evidence exists that suggests early marine survival for juvenile salmon is a critical phase in their 
survival and development into adults.  The correlation between various environmental indices 
that track ocean conditions and salmon productivity in the Pacific Ocean, both on a broad and 
local scale, provides an indication of the role they play in salmon survival in the ocean.  
Moreover, when discussing the potential extinctions of salmon populations, Francis and Mantua 
(2003) point out that climate patterns would not likely be the sole cause but could certainly 
increase the risk of extinction when combined with other factors, especially in ecosystems under 
stress from humans.  Thus, the efforts to try and gain a greater understanding of the role ocean 
conditions play in salmon productivity will continue to provide valuable information that can be 
incorporated into the management of these species and should continue to be pursued.  However, 
the highly variable nature of these environmental factors makes it very difficult, if not 
impossible, to accurately predict what they will be like in the future.  Because the potential for 
poor ocean conditions exists in any given year, and there is no way for salmon managers to 
control these factors, any deleterious effects endured by salmonids in the freshwater environment 
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can only exacerbate the problem of an inhospitable marine environment.  Therefore, in order to 
ensure viable populations, it is important that any impacts that can be avoided prior to the period 
when salmonids enter the ocean must be carefully considered and reduced to the greatest extent 
possible.   
 
4.2.4.11.3  Global Climate Change 
 
Climate change is postulated to have had a negative impact on salmonids throughout the Pacific 
Northwest due to large reductions in available freshwater habitat (Battin et al. 2007).  
Widespread declines in springtime snow-water equivalents (SWE) have occurred in much of the 
North American West since the 1920s, especially since mid-century (Knowles and Cayan 2004, 
Mote 2006).  This decrease in SWE can be largely attributed to a general warming trend in the 
western United States since the early 1900s (Mote et al. 2005, Regonda et al. 2005, Mote 2006), 
even though there have been modest upward precipitation trends in the western United States 
since the early 1900s (Hamlet et al. 2005).  The largest decreases in SWE are taking place at low 
to mid elevations (Mote 2006, Van Kirk and Naman 2008) because the warming trend 
overwhelms the effects of increased precipitation (Hamlet et al. 2005, Mote et al. 2005, Mote 
2006).  These climactic changes have resulted in earlier onsets of springtime snowmelt and 
streamflow across western North America (Hamlet and Lettenmaier 1999, Regonda et al. 2005, 
Stewart et al. 2005), as well as lower flows in the summer (Hamlet and Lettenmaier 1999, 
Stewart et al. 2005).   
 
The projected runoff-timing trends over the course of the 21st century are most pronounced in the 
Pacific Northwest, Sierra Nevada, and Rocky Mountain regions, where the eventual temporal 
centroid of streamflow (i.e. peak streamflow) change amounts to 20–40 days in many streams 
(Stewart et al. 2005).  Although climate models diverge with respect to future trends in 
precipitation, there is widespread agreement that the trend toward lower SWE and earlier 
snowmelt will continue (Zhu et al. 2005, Vicuna et al. 2007).  Thus, availability of water 
resources under future climate scenarios is expected to be most limited during the late summer 
(Gleick and Chalecki 1999, Miles et al. 2000).  A 1-month advance in timing centroid of 
streamflow would also increase the length of the summer drought that characterizes much of 
western North America, with important consequences for water supply, ecosystem, and wildfire 
management (Stewart et al. 2005).  These changes in peak streamflow timing and snowpack will 
negatively impact salmonid populations due to habitat loss associated with lower water flows, 
higher stream temperatures, and increased human demand for water resources.  
 
The global effects of climate change on river systems and salmon are often superimposed upon 
the local effects within river systems of logging, water utilization, harvesting, hatchery 
interactions, and development (Bradford and Irvine 2000, Mayer 2008, Van Kirk and Naman 
2008).  For example, total water withdrawal in California, Idaho, Oregon and Washington 
increased 82 percent between 1950 and 2000, with irrigation accounting for nearly half of this 
increase (MacKichan 1951, Hutson et al. 2004), while during the same period climate change 
was taking place. 
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4.2.4.12  Non-Native Invasive Species 
 
As currently seen in the San Francisco estuary, non-native invasive species (NIS) can alter the 
natural food webs that existed prior to their introduction.  Perhaps the most significant example 
is illustrated by the Asiatic freshwater clams Corbicula fluminea and Potamocorbula amurensis.  
The arrival of these clams in the estuary disrupted the normal benthic community structure and 
depressed phytoplankton levels in the estuary due to the highly efficient filter feeding of the 
introduced clams (Cohen and Moyle 2004).  The decline in the levels of phytoplankton reduces 
the population levels of zooplankton that feed upon them, and hence reduces the forage base 
available to salmonids transiting the Delta and San Francisco estuary which feed either upon the 
zooplankton directly or their mature forms.  This lack of forage base can adversely impact the 
health and physiological condition of these salmonids as they emigrate through the Delta region 
to the Pacific Ocean. 
 
Attempts to control the NIS also can adversely impact the health and well-being of salmonids 
within the affected water systems.  For example, the control programs for the invasive water 
hyacinth and Egeria densa plants in the Delta must balance the toxicity of the herbicides applied 
to control the plants to the probability of exposure to listed salmonids during herbicide 
application.  In addition, the control of the nuisance plants have certain physical parameters that 
must be accounted for in the treatment protocols, particularly the decrease in DO resulting from 
the decomposing vegetable matter left by plants that have died. 
 
4.2.4.13  Ecosystem Restoration  
 
4.2.4.13.1  CALFED 
 
Two programs included under CALFED, the Ecosystem Restoration Program (ERP) and the 
Environmental Water Account (EWA), were created to improve conditions for fish, including 
listed salmonids, in the Central Valley (CALFED 2000).  Restoration actions implemented by 
the ERP include the installation of fish screens, modification of barriers to improve fish passage, 
habitat acquisition, and instream habitat restoration.  The majority of these actions address key 
factors affecting listed salmonids and emphasis has been placed in tributary drainages with high 
potential for spring-run and steelhead production.  Additional ongoing actions include new 
efforts to enhance fisheries monitoring and directly support salmonid production through 
hatchery releases.  Recent habitat restoration initiatives sponsored and funded primarily by 
CALFED-ERP have resulted in plans to restore ecological function to 9,543 acres of shallow-
water tidal and marsh habitats within the Delta.  Restoration of these areas primarily involves 
flooding lands previously used for agriculture, thereby creating additional rearing habitat for 
juvenile salmonids.  Similar habitat restoration is imminent adjacent to Suisun Marsh (i.e., at the 
confluence of Montezuma Slough and the Sacramento River) as part of the Montezuma 
Wetlands project, which is intended to provide for commercial disposal of material dredged from 
San Francisco Bay in conjunction with tidal wetland restoration.  
 
A sub-program of the ERP called the Environmental Water Program (EWP) has been established 
to support ERP projects through enhancement of instream flows that are biologically and 
ecologically significant in anadromous salmonid reaches of priority streams controlled by dams.  
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This program is in the development stage and the benefits to listed salmonids are not yet clear.  
Clear Creek is one of five priority watersheds in the Central Valley that has been targeted for 
action during Phase I of the EWP. 
 
The EWA is designed to provide water at critical times to meet ESA requirements and incidental 
take limits without water supply impacts to other users, particularly South of Delta water users.  
In early 2001, the EWA released 290 TAF of water from San Luis Reservoir at key times to 
offset reductions in South Delta pumping implemented to protect winter-run, Delta smelt, and 
splittail.  However, the benefit derived by this action to winter-run in terms of number of fish 
saved was very small.  The anticipated benefits to other Delta fish from the use of the EWA 
water are much higher than those benefits ascribed to listed salmonids by the EWA release. 
 
4.2.4.13.2  Central Valley Project Improvement Act 
 
The CVPIA, implemented in 1992, requires that fish and wildlife get equal consideration with 
other demands for water allocations derived from the CVP.  From the CVPIA act arose several 
programs that have benefited listed salmonids: the Anadromous Fish Restoration Program 
(AFRP), the Anadromous Fish Screen Program (AFSP), and the Water Acquisition Program 
(WAP).  The AFRP is engaged in monitoring, education, and restoration projects geared toward 
recovery of all anadromous fish species residing in the Central Valley.  Restoration projects 
funded through the AFRP include fish passage, fish screening, riparian easement and land 
acquisition, development of watershed planning groups, instream and riparian habitat 
improvement, and gravel replenishment.  The AFSP combines Federal funding with State and 
private funds to prioritize and construct fish screens on major water diversions mainly in the 
upper Sacramento River.  The goal of the WAP is to acquire water supplies to meet the habitat 
restoration and enhancement goals of the CVPIA and to improve the DOI’s ability to meet 
regulatory water quality requirements.  Water has been used successfully to improve fish habitat 
for spring-run and steelhead by maintaining or increasing instream flows in Butte and Mill 
Creeks and the San Joaquin River at critical times.  
 
Although the above highlights the benefits of the CVPIA, Cummins et al. (2008) documented 
that DOI fell considerably short in implementing the CVPIA.  Cummins et al. (2008) 
acknowledge that the specific “doubling” mission itself may make little scientific or policy 
sense, especially within the time frames demanded (2002).  However, they also stated that it is 
far from clear that the agencies (Reclamation and USFWS) have done what is possible and 
necessary to improve freshwater conditions to help these species weather environmental 
variability, halt their decline and begin rebuilding in a sustainable way.  In their executive 
summary, Cummins et al. (2008) state the following: 

 
“The program effectively ignores the larger system problems that inhibit the natural 
production of anadromous fish: 

• headwaters dams that have taken away most of the spawning and rearing capacity in 
the valley; 

• highly regulated flows and diversions completely out of balance with natural flow 
regimes to which these species are adapted; 
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• rivers levied and channeled and disconnected from floodplains to such an extent that 
natural river habitats and rearing conditions are largely absent; and 

• environmentally degraded conditions for fish in the Delta due to water exports, 
degraded water quality, entrainment, and predation that are a significant source of 
poorly addressed mortality. 

The agencies need to fully use their authorities to understand and address the system 
problems, or ask Congress for additional authorities and guidance.” 
 

4.2.4.13.3  Iron Mountain Mine Remediation 
 
EPA's Iron Mountain Mine remediation involves the removal of toxic metals in acidic mine 
drainage from the Spring Creek Watershed with a state-of-the-art lime neutralization plant.  
Contaminant loading into the Sacramento River from Iron Mountain Mine has shown 
measurable reductions since the early 1990s (see Reclamation 2004 Appendix J).  Decreasing 
the heavy metal contaminants that enter the Sacramento River should increase the survival of 
salmonid eggs and juveniles.  However, during periods of heavy rainfall upstream of the Iron 
Mountain Mine, Reclamation substantially increases Sacramento River flows in order to dilute 
heavy metal contaminants being spilled from the Spring Creek debris dam.  This rapid change in 
flows can cause juvenile salmonids to become stranded or isolated in side channels below 
Keswick Dam. 
 
4.2.4.13.4  State Water Project Delta Pumping Plant Fish Protection Agreement (Four-
Pumps Agreement) 
 
The Four Pumps Agreement Program has approved about $49 million for projects that benefit 
salmon and steelhead production in the Sacramento and San Joaquin basins and Delta since the 
agreement inception in 1986.  Four Pumps projects that benefit spring-run and steelhead include 
water exchange programs on Mill and Deer creeks; enhanced law enforcement efforts from San 
Francisco Bay upstream to the Sacramento and San Joaquin Rivers and their tributaries; design 
and construction of fish screens and ladders on Butte Creek; and screening of diversions in 
Suisun Marsh and San Joaquin tributaries.  Predator habitat isolation and removal, and spawning 
habitat enhancement projects on the San Joaquin tributaries benefit steelhead (see Reclamation 
2004 Chapter 15).  
 
4.2.4.14  Additional Water Quality 
 
In addition to the factors, above, the following provides additional information on the effect of 
water quality resulting from water development in the San Joaquin River basin that affect the 
current status of CV steelhead.  Low DO levels are frequently observed in the portion of the 
Stockton deep water ship channel (DWSC) extending from Channel Point, downstream to Turner 
and Columbia Cuts.  Over a 5-year period, starting in August 2000, a DO meter has recorded 
channel DO levels at Rough and Ready Island (Dock 20 of the West Complex).  Over the course 
of this time period, there have been 297 days in which violations of the 5 mg/l DO criteria for the 
protection of aquatic life in the San Joaquin River between Channel Point and Turner and 
Columbia Cuts have occurred during the September through May migratory period for salmonids 
in the San Joaquin River (table 4-9).  CDEC data indicate that DO depressions occur during all 
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migratory months, with significant events occurring from November through March when listed 
CV steelhead adults and smolts would be utilizing this portion of the San Joaquin River as a 
migratory corridor (table 4-6). 
 
Table 4-9.  Monthly occurrences of dissolved oxygen depressions below the 5mg/L criteria in the Stockton 
deep water ship channel (Rough and Ready Island DO monitoring site), water years 2000 to 2004. 

Water Year 
Month 2000-01 2001-02 2002-03 2003-04 2004-05 Monthly Sum

September 0 26 b 30 b 16 b 30 b 102 
October 0 0 7 0 4 11 

November 0 0 12 0 3 15 
December 6 4* 13 2 13 38 
January 3 4 19 7 0 33 
February 0 25 28 13 0 66 
March 0 7 9 0 0 16 
April 0 4 4 0 0 8 
May 2 a 0 2 4 0 8 

Annual Sum 11 70 124 42 50 Total=297 
 aSuspect Data – potentially faulty DO meter readings 
 bWind driven and photosynthetic daily variations in DO level; very low night-time DO levels, high late 

afternoon levels 
 
Potential factors that contribute to these DO depressions are reduced river flows through the ship 
channel, released ammonia from the City of Stockton Wastewater Treatment Plant, upstream 
contributions of organic materials (e.g., algal loads, nutrients, agricultural discharges) and the 
increased volume of water in the dredged ship channel.  During the winter and early spring 
emigration period, increased ammonia concentrations in the discharges from the City of Stockton 
Waste Water Treatment Facility lowers the DO in the adjacent DWSC near the West Complex.  
In addition to the negative effects of the lowered DO on salmonid physiology, ammonia is in 
itself toxic to salmonids at low concentrations.  Likewise, adult fish migrating upstream will 
encounter lowered DO in the DWSC as they move upstream in the fall and early winter due to 
low flows and excessive algal and nutrient loads coming downstream from the upper San 
Joaquin River watershed.  Hallock et al. (1970) reported that levels of DO below 5 mg/L delay 
or block fall-run. 
 
4.2.4.15  Summary 
 
For winter-run, spring-run, and CV steelhead, the construction of high dams for hydropower, 
flood control, and water supply resulted in the loss of vast amounts of upstream habitat (i.e., 
approximately 80 percent, or a minimum linear estimate of over 1,000 stream miles), and often 
resulted in precipitous declines in affected salmonid populations.  For example, the completion 
of Friant Dam in 1947 has been linked with the extirpation of spring-run in the San Joaquin 
River upstream of the Merced River within just a few years.  The reduced populations that 
remain below Central Valley dams are forced to spawn in lower elevation tailwater habitats of 
the mainstem rivers and tributaries that were previously not used for this purpose.  This habitat 
is entirely dependent on managing reservoir releases to maintain cool water temperatures 
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suitable for spawning, and/or rearing of salmonids.  This requirement has been difficult to 
achieve in all water year types and for all life stages of affected salmonid species.  Steelhead, in 
particular, seem to require the qualities of small tributary habitat similar to what they historically 
used for spawning; habitat that is largely unavailable to them under the current water 
management scenario.  Winter-run, spring-run, and CV steelhead have all been negatively 
affected by the production of hatchery fish associated with the mitigation for the habitat lost to 
dam construction (e.g., from genetic impacts, increased competition, exposure to novel diseases, 
etc.). 
 
Land-use activities such as road and levee construction, urban development, logging, mining, 
agriculture, and recreation are pervasive and have significantly altered fish habitat quantity and 
quality for Chinook salmon and steelhead through alteration of streambank and channel 
morphology; alteration of ambient water temperatures; degradation of water quality; elimination 
of spawning and rearing habitat; fragmentation of available habitats; elimination of downstream 

recruitment of LWD; and removal of 
riparian vegetation resulting in increased 
streambank erosion.  Human-induced habitat 
changes, such as:  alteration of natural flow 
regimes; installation of bank revetment; and 
building structures such as dams, bridges, 
water diversions, piers, and wharves, often 
provide conditions that both disorient 
juvenile salmonids and attract predators.  
Harvest activities, ocean productivity, and 
drought conditions provide added stressors 
to listed salmonid populations.  In contrast, 
various ecosystem restoration activities have 
contributed to improved conditions for listed 
salmonids (e.g., various fish screens).  
However, some important restoration 
activities (e.g., Battle Creek Restoration 
Project) have not yet been implemented and 
benefits to listed salmonids from the EWA 
have been less than anticipated.  
 
4.2.5  Southern Resident Killer Whales 
 
4.2.5.1  Current Rangewide Status of the 
Species 
 
The Southern Resident killer whales DPS 
was listed as endangered under the ESA on 
November 18, 2005 (70 FR 69903).  
Southern Residents are designated as 

Figure 4-12. Geographic Range (light shading) of the 
Southern Resident Killer Whale DPS.  Source: Wiles 
(2004). 
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“depleted”7 under the Marine Mammal Protection Act (MMPA; May 29, 2003, 68 FR 31980).  
This section summarizes information taken largely from the final recovery plan for Southern 
Residents (NMFS 2008a), as well as new data that became available more recently. 
 
4.2.5.2  Range and Distribution 
 
Southern Residents are found throughout the coastal waters off Washington, Oregon, and 
Vancouver Island and are known to travel as far south as central California and as far north as 
the Queen Charlotte Islands, British Columbia (figure 4-12).  There is limited information on the 
distribution and habitat use of Southern Residents along the outer Pacific Coast.  Southern 
Residents are highly mobile and can travel up to 86 nautical miles (nmi, or 10 miles) in a single 
day (Erickson 1978, Baird 2000).  To date, there is no evidence that Southern Residents travel 
further than 31 miles offshore (Ford et al. 2005). 
 
Southern Residents spend considerable time from late spring to early autumn in inland 
waterways of Washington State and British Columbia (Strait of Georgia, Strait of Juan de Fuca, 
and Puget Sound; Bigg 1982, Ford et al. 2000, Krahn et al. 2002; table 4-10).  Typically, J, K 
and L pods are increasingly present in May or June and spend considerable time in the core area 
of Georgia Basin and Puget Sound until at least September.  During this time, pods (particularly 
K and L) make frequent trips from inland waters to the outer coasts of Washington and southern 
Vancouver Island, which typically last a few days (Ford et al. 2000). 
 
Table 4-10.  Average number of days spent by Southern Resident killer whales in inland and coastal waters 
by month, 2003-2007 (Hanson and Emmons, unpubl. report). 

Lpod Jpod Kpod 
Months Days 

Inland 
Days 

Coastal 
Days 

Inland 
Days 

Coastal 
Days 

Inland 
Days 

Coastal 
Jan 5 26 3 29 8 23 
Feb 0 28 4 24 0 28 
March 2 29 7 24 2 29 
April 0 30 13 17 0 30 
May 2 29 26 5 0 31 
June 14 16 26 5 12 18 
July 18 13 24 7 17 14 
Aug 17 15 17 15 17 14 
Sep 20 10 19 11 17 13 
Oct 12 19 14 17 8 24 
Nov 5 25 13 17 7 23 
Dec 1 30 8 23 10 21 

                                                 
7 Defined by the MMPA as any case in which (1) the Secretary, after consultation with the Marine Mammal 

Commission and the Committee of Scientific Advisors on Marine Mammals established under MMPA title II, 
determines that a species or population stock is below its optimum sustainable population; (2) a State, to which 
authority for the conservation and management of a species or population stock is transferred under section 109, 
determines that such species or stock is below its optimum sustainable population; or (3) a species or population 
stock is listed as an endangered species or a threatened species under the ESA.  
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Late summer and early fall movements of Southern Residents in the Georgia Basin have 
remained fairly consistent since the early 1970s, with strong site fidelity shown to the region as a 
whole, however presence in inland waters in the fall has increased in recent years (NMFS 
2008a).  During early autumn, J pod in particular expands their routine movements into Puget 
Sound, likely to take advantage of chum and Chinook salmon runs (Osborne 1999).  During late 
fall, winter, and early spring, the ranges and movements of the Southern Residents are less well 
known.  Sightings through the Strait of Juan de Fuca in late fall suggest that activity shifts to the 
outer coasts of Vancouver Island and Washington (Krahn et al. 2002). 
 
The Southern Residents were formerly thought to range southward along the coast to about 
Grays Harbor (Bigg et al. 1990) or the mouth of the Columbia River (Ford et al. 2000).  
However, recent sightings of members of K and L pods in Oregon (in 1999 and 2000) and 
California (in 2000, 2003, 2005, 2006 and 2008) have considerably extended the southern limit  
of their known range (NMFS 2008b). There have been 45 verified sightings or strandings of J, K 
or L pods along the outer coast from 1975 to present with most made from January through April 
(table 4-11).  These include 16 records off Vancouver Island and the Queen Charlottes, 15 off 
Washington, 4 off Oregon, and 10 off central California. Most records have occurred since 1996, 
but this may be because of increased viewing effort along the coast in recent years.  Some 
sightings in Monterey Bay, California have coincided with large runs of salmon, with feeding 
witnessed in 2000 (Black et al. 2001).  However, when Southern Residents were sighted in 
Monterey Bay during 2008, salmon runs were expected to be very small.  L pod was also seen 
feeding on unidentified salmon off Westport, Washington, in March 2004 during the spring 
Chinook salmon run in the Columbia River (M. B. Hanson, pers. obs. op. cit. Krahn et al. 2004). 
 
4.2.5.3  Factors Responsible for the Current Status of Southern Residents 
 
Several potential factors identified in the final recovery plan for Southern Residents may have 
caused the decline or may be limiting recovery of the DPS. These are:  quantity and quality of 
prey; toxic chemicals, which accumulate in top predators; and disturbance from sound and vessel 
effects.  Oil spills are also a potential risk factor for this species.  Research has yet to identify 
which threats are most significant to the survival and recovery of Southern Residents.  It is likely 
that multiple threats are acting in concert to impact the whales. 
 
4.2.5.3.1  Prey 
 
Healthy killer whale populations depend on adequate prey levels. A discussion of the prey 
requirements of Southern Residents is followed by an assessment of threats to the quality and 
quantity of prey available. 
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Table 4-11.  Known sightings of Southern Resident killer whales along the outer Pacific Ocean coast (NMFS 2008a). 

Date Location Identification Source Comments 
British Columbia outer coast 

31 Jan 1982 Barkley Sound, west coast of 
Vancouver Island L pod J. Ford, PBS/DFO Off shore of Sound 

21 Oct 1987 Coal Harbor, north Vancouver Island Part of L pod J. Ford, PBS/DFO Were way up inlet a long distance from open ocean 

3 May 1989 Tofino, west coast of Vancouver Island K pod WMSA -- 

4 July 1995 Hippa Is., south Queen Charlotte 
Islands Southern Resident J. Ford PBS/DFO Carcass found on beach, ID only by genetics 

May 1996 Cape Scott, north Vancouver Island Southern Resident J. Ford PBS/DFO Carcass found on beach, ID only by genetics 

4 Sep 1997 Off Carmanah Point, sw Vancouver 
Island L pod Observed by P. Gearin, 

NMML Identified by D. Ellifrit 

14 Apr 2001 Tofino, west coast of Vancouver Island L pod J. Ford PBS/DFO  

27 Apr 2002 Tofino, west coast of Vancouver Island L pod J. Ford PBS/DFO  

12 May 2002 Tofino, west coast of Vancouver Island L pod J. Ford PBS/DFO  

30 May 2003 Langara Is., Queen Charlotte Islands L pod M. Joyce, DFO  

17 May 2004 Tofino, west coast of Vancouver Island K and L pods M. Joyce, DFO  

9 June 2005 
 

West of Cape Flattery, Washington in 
Canadian waters L pod SWFSC 

 
Whales were exiting the 
Strait of Juan de Fuca 

7 Sep 2005 
 

West of Cape Flattery, Washington in 
Canadian waters L pod NWFSC 

 
Whales were exiting the 
Strait of Juan de Fuca 

18 Mar 2006 North of Neah Bay, Washington in 
Canadian waters J pod NWFSC Whales were exiting the 

Strait of Juan de Fuca 

8 May 2006 Off Brooks Peninsula, west coast of 
Vancouver Island  L pod J. Ford PBS/DFO 

  

1 Dec 2006 Johnstone Strait L pod J. Ford PBS/DFO  

Washington Outer Coast 
4 Apr 1986 Off Westport/Grays Harbor L pod J. Ford, PBS/DFO  

13 Sep 1989 West of Cape Flattery L pod J. Calambokidis, Cascadia 
Research  



Date Location Identification Source Comments 
17 Mar 1996 3 km offshore Grays Harbor L pod J. Calambokidis, Cascadia 

Research  

20 Sep 1996 Off Sand Point (29 km south of Cape 
Flattery) L pod Observed by P. Gearin, 

NMML Identified by D. Ellifrit 

15 Apr 2002 Long Beach L60 D. Duffield, Portland State 
Univ. Stranded whale identified by K. Balcomb, CWR 

11 Mar 2004 
13 Mar 2004 

Grays Harbor 
Off Cape Flattery 

L pod 
J pod 

B. Hanson, NWFSC 
B. Hanson, NWFSC Whales were exiting Strait of Juan de Fuca 

22 Mar 2005 Fort Canby-North Head L pod J. Zamon, NWFSC  

23 Oct 2005 Off Columbia River K pod SWFSC, Cscape  
29 Oct 2005 Off Columbia River K and L pods SWFSC, Cscape  
1 Apr 2006 Westport L pods PAL  

6 Apr 2006 Westport K and L pods Cascadia Research  

13 May 2006 Westport K and L pods PAL  

26 May 2006 Westport K pod PAL  

29 May 2006 Westport K pod PAL  

Oregon 
Apr 1999 Off Depoe Bay L pod J. Ford, PBS/DFO  

Mar 2000 Off Yaquina Bay L pod J. Ford, PBS/DFO Seen week of Mar 20 

14 Apr 2000 Off Depoe Bay Southern Residents K. Balcomb, CWR  

30 Mar 2006 Off Columbia River K and L pods B. Hanson, NWFSC  

California 
29 Jan 2000 Monterey Bay K and L pods N. Black, MBWW Seen and photographed feeding on fish 

13 Mar 2002 Monterey Bay L pod N. Black, MBWW  

16 Feb 2005 Farallon Is L pod K. Balcomb, CWR  

26 Jan 2006 Pt. Reyes L pod S. Allen  

24 Jan 2007 San Francisco Bay K pod N. Black, MBWW  

18 Mar 2007 Fort Bragg L pod  Reported on CWR website 

24-25 Mar 2007 Monterey K and L pods  Reported on CWR website 

30 Oct 2007 Bodega Bay L pod Cascadia Research  

27 Jan 2008 Monterey L pod N. Black/K. Balcomb  

2 Feb 2008 Monterey K and L pods N. Black/K. Balcomb  
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4.2.5.3.1.1  Prey Requirements 
 
Southern Residents consume a variety of fish species (22 species) and one species of squid 
(Scheffer and Slipp 1948; Ford et al. 1998, 2000; Ford and Ellis 2006; Saulitis et al. 2000), but 
salmon are identified as their preferred prey (96 percent of prey consumed during spring, 
summer and fall, from long-term study of resident killer whale diet; Ford and Ellis 2006). 
Feeding records for Southern and Northern Residents show a strong preference for Chinook 
salmon (72 percent of identified salmonids) during late spring to fall (Ford and Ellis 2006). 
Chum salmon (23 percent) are also taken in significant amounts, especially in autumn.  Other 
salmonids eaten include coho salmon (2 percent), pink salmon (3 percent), steelhead (<1 
percent), and sockeye salmon (O. nerka < 1 percent).  The non-salmonids included Pacific 
herring, sablefish, Pacific halibut, quillback and yelloweye rockfish.  Chinook salmon were 
preferred despite the much lower abundance of Chinook salmon in the study area in comparison 
to other salmonids (primarily sockeye salmon), probably because of the species’ large size, high 
fat and energy content and year-round occurrence in the area.  Killer whales also captured older 
(i.e., larger) than average Chinook salmon (Ford and Ellis 2006).  
 
Southern Residents are the subject of ongoing research, including direct observation, scale 
sampling and fecal sampling.  Preliminary results of this research provide the best available 
scientific information on diet composition of Southern Residents in inland waters – the results 
are specific to Southern Residents, are based on direct observation, and produce three different 
lines of evidence.  This research provides information on (1) the percentage of Chinook salmon 
in the whales’ diet, (2) the predominant river of origin of those Chinook salmon, and (3) the age 
and/or size of the Chinook salmon.  Some of this information is supported by other research and 
analysis.  The results are specific to inland waters. 
 
4.2.5.3.1.2  Percentage of Chinook Salmon 
 
From May to September, when Southern Residents spend a high proportion of their time in the 
“core summer area” (San Juan Islands), their diet consists of approximately 86 percent Chinook 
salmon and 14 percent other salmon species (n=125 samples; Hanson et al. 2007, NWFSC 
unpubl. data).  During all sampling months combined (roughly May to December) their diet is 
approximately 69 percent Chinook salmon and 31 percent other salmon species (n=160 samples 
in inland waters).  During fall months in inland waters, when some Southern Residents are 
sighted inside Puget Sound, preliminary results indicate an apparent shift to chum salmon 
(Hanson et al. 2007, NWFSC unpubl. data).   
 
These data on the predominance of Chinook salmon in the killer whales’ diet are consistent with 
all previous studies of Southern and Northern Resident killer whales diet composition, described 
above.  Killer whales may favor Chinook salmon because Chinook salmon have the highest lipid 
content (Stansby 1976, Winship and Trites 2003), largest size, and highest caloric value per 
kilogram of any salmonid species (Osborne 1999, Ford and Ellis 2006).  The preference of 



Chinook salmon may also relate to size-selectivity.  When available, Chinook salmon tend to be 
consumed more often than chum salmon (2nd largest, Ford and Ellis 2006), and chum salmon 
appear to be favored over pink salmon (Saulitus et al. 2000).    
 
4.2.5.3.1.3  River of Origin 
 
The ongoing research provides insight into the river of origin of Chinook salmon consumed by 
the Southern Residents.  Genetic analysis of fecal and prey samples from the research indicates 
that Southern Residents consume Fraser River origin Chinook salmon, as well as salmon from 
Puget Sound, Washington and Oregon coasts, the Columbia River, and Central Valley California 
(Hanson et al. 2007, NWFSC unpubl. data).   
 
4.2.5.3.1.4  Age and/or Size 
 
The ongoing research discussed above also collected salmon scales from killer whale feeding 
events and used them to evaluate the age of the salmon consumed, finding that Southern 
Residents prefer older (hence larger) Chinook salmon (NWFSC unpubl. data). This finding is 
consistent with that of Ford and Ellis (2006) who also evaluated the age of prey from killer 
whale feeding events.  Ford and Ellis (2006) estimated size selectivity by comparing the age of 
fish consumed to the age distribution of fish in the area based on catch data obtained from the 
Pacific Salmon Commission (table 3 and figure 5 in Ford and Ellis 2006).  NWFSC evaluated 
the age of kills relative to the age distribution of Chinook salmon in a fisheries management 
model, FRAM (table 4-12; NMFS 2008, Ward et al. unpubl. report). 
 
Table 4-12.  Mean abundance by age class (%) and kills by age class (%).   

NWFSC (n=75) Ford & Ellis (2006; n=127) Age 
% Abundance % Kills % Abundance % Kills 

Age 2 59.0 - 9.6 0.7 
Age 3 25.8 10.4 35.7 11.3 
Age 4 13.4 45.5 48.0 55.9 
Age 5 1.7 41.6 6.5 31.5 

 
There is also theoretical support for size-selective prey preferences. Optimal foraging theory 
predicts that animals maximize the rate and efficiency of energy intake (reviewed by Pyke et al. 
1977), this is generally done by consuming prey that maximize the energy intake relative to 
handling time (Charnov 1976).  For apex predators, like killer whales, there are few risks 
associated with foraging (smaller organisms face risk of predation, killer whales do not), and 
prey choice is likely determined by the encounter rate of preferred species relative to sub-optimal 
species.  Additional empirical evidence supporting the selection of large prey items has been 
found in a variety of species, including selection of sockeye salmon by brown bears (Ruggerone 
et al. 2000, Carlson and Quinn 2007). 
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Less is known about diet preferences of Southern Residents off the Pacific Coast.  Although 
there are no fecal or prey samples or direct observations of predation events (where the prey was 
identified to species) in coastal waters, it is likely that salmon are also important when the 
whales are in coastal waters.  Chemical analyses support the importance of salmon in the year-
round diet of Southern Residents (Krahn et al. 2002, Krahn et al. 2007).  Krahn et al. (2002) 
examined the ratios of DDT (and its metabolites) to various PCB compounds in the whales, and 
concluded that the whales feed primarily on salmon throughout the year rather than other fish 
species.  Krahn et al. (2007) analyzed stable isotopes from tissue samples collected in 1996 and 
2004/2006.  Carbon and nitrogen stable isotopes indicated that J and L pods consumed prey from 
similar trophic levels in 2004/2006 and showed no evidence of a large shift in the trophic level of 
prey consumed by L pod between 1996 and 2004/2006. The preference of Southern Residents 
for Chinook salmon in inland waters, even when other species are more abundant, combined 
with information indicating that the killer whales consume salmon year round, makes it 
reasonable to expect that Southern Residents likely prefer Chinook salmon when available in 
coastal waters. 
 
4.2.5.3.1.5  Quantity of Prey 
 
It is uncertain to what extent long-term or more recent declines in salmon abundance contributed 
to the decline of the Southern Resident DPS, or whether current salmon levels are adequate to 
support the survival and recovery of the Southern Residents. When prey is scarce, whales must 
spend more time foraging than when it is plentiful.  Increased energy expenditure and prey 
limitation could lead to lower reproductive rates and higher mortality rates.  Food scarcity could 
cause whales to draw on fat stores, mobilizing contaminants stored in their fat and affecting 
reproduction and immune function (discussed further below).   
 
Ford et al. (2005) correlated coastwide reduction in Chinook salmon abundance (Alaska, British 
Columbia, and Washington) with decreased survival of resident killer whales (Northern and 
Southern Residents), but changes in killer whale abundance have not been definitively linked to 
local areas or changes in specific salmon stock groups.  Ward et al. (in review) correlated 
Chinook salmon abundance trends with changes in fecundity of Southern Residents, and reported 
the probability of calving increased by 50 percent between low and high Chinook salmon 
abundance years.  Results indicate the Chinook salmon abundance indices from the West Coast 
of Vancouver Island are an important predictor of the relationship.  
 
NMFS estimated that the Southern Resident population could need approximately 3.74 billion 
kilocalories annually from Chinook salmon across their coastal range (NMFS 2008). This 
estimate incorporated the 2008 age and sex structure of the Southern Resident population, and 
assumed a high diet composition of Chinook salmon (86 percent, as referenced above).  The size 
and energy content of Chinook salmon vary by age, stock, and season, amoung other factors.  
We provide a simplified estimate of Chinook salmon needed by the Southern Resident 
population in their coastal range based on a size range of Chinook salmon (fork length: 465 to 
777 mm) that Southern Residents are likely to select (Table 7.9.2.1-1 in NMFS 2008).  We use 
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the size range to evaluate a range in kilocalories per Chinook salmon (2,121 to 10,531 
kilocalories) based on a regression model of fork length to kilocalories (O’Neill et al. in prep).  
Based on these estimates, Southern Residents may need from approximately 356,000 to 1.76 
million to Chinook salmon annually across their coastal range. 
 
Human influences have had profound impacts on the abundance of many prey species in the 
northeastern Pacific during the past 150 years, including salmon. The health and abundance of 
wild salmon stocks have been negatively affected by altered or degraded freshwater and 
estuarine habitat (i.e., hydro-power systems, urbanization, forestry and agriculture), harmful 
artificial propagation practices, and overfishing (see Status sections for Chinook salmon, above).  
Predation in the ocean also contributes to natural mortality of salmon.  Salmonids are prey for 
pelagic fish, birds, and marine mammals, including killer whales. 
 
While wild salmon stocks have declined in many areas, hatchery production has been generally 
strong.  Hatchery production contributes a significant component of the salmon prey base 
returning to watersheds within the range of Southern Residents (Pacific Salmon Commission 
Joint Chinook Technical Committee 2008).  Although hatchery production has off-set some of 
the historical declines in the abundance of wild salmon within the range of Southern Residents, 
hatcheries also pose risks to wild salmon populations. In recent decades, managers have been 
moving toward hatchery reform, and are in the process of reducing risks identified in hatchery 
programs, through region-wide recovery planning efforts and hatchery program reviews.  
Healthy wild salmon populations are important to the long-term maintenance of prey populations 
available to Southern Residents, because it is uncertain whether a hatchery only stock could be 
sustained indefinitely. 
 
Salmon abundance is also substantially affected by climate variability in freshwater and marine 
environments, particularly by conditions during early life-history stages of salmon (review in 
NMFS 2008b).  Sources of variability include inter-annual climatic variations (e.g., El Niño and 
La Niña), longer-term cycles in ocean conditions (e.g., PDO, Mantua et al. 1997), and ongoing 
global climate change.  For example, climate variability can affect ocean productivity in the 
marine environment and water storage (e.g., snow pack) and in-stream flow in the freshwater 
environment.  Early life-stage growth and survival of salmon can be negatively affected when 
climate variability results in conditions that hinder ocean productivity (e.g., Scheurell and 
Williams 2005) and/or water storage (e.g., Independent Scientific Advisory Board 2007) in 
marine and freshwater systems, respectively.  However, severe flooding in freshwater systems 
may constrain salmon populations (NMFS 2008b).  The availability of adult salmon – prey of 
Southern Residents – may be reduced in years following unfavorable conditions to the early life-
stage growth and survival of salmon.  The effects of large-scale environmental variation on 
salmon populations are discussed in more detail in section 4.2.4.11.   
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4.2.5.3.1.6  Quality of Prey 
 
Contaminant levels in salmon affect the quality of Southern Resident prey.  Contaminants enter 
fresh and marine waters and sediments from numerous sources, but are typically concentrated 
near populated areas of high human activity and industrialization.  Recent studies have 
documented high concentrations of PCBs, DDTs, and polybrominated diphenylethers (PBDE) in 
killer whales (Ross et al. 2000, Ylitalo et al. 2001, Reijnders and Aguilar 2002, Krahn et al. 
2004).  As top predators, when killer whales consume contaminated prey they accumulate the 
contaminants in their blubber. When prey is scarce, killer whales metabolize their blubber and 
the contaminants are mobilized (Krahn et al. 2002).  Nursing females transmit large quantities of 
contaminants to their offspring.  The mobilized contaminants can reduce the killer whales’ 
resistance to disease and can affect reproduction.  Chinook salmon contain higher levels of some 
contaminants (i.e., PCBs) than other salmon species (O’Neill et al. 2005).  Only limited 
information is available for contaminant levels of Chinook salmon along the west coast (i.e., 
higher PCB and PBDE levels may distinguish Puget Sound origin stocks, whereas higher DDT-
signature may distinguish California origin stocks; Krahn et al. 2007). 
 
Size of individual salmon could affect the foraging efficiency required by Southern Residents. 
As discussed above, available data suggests that Southern Residents prefer larger prey.  In 
general, the literature indicates a historical decrease in salmon age, size, or size at a given age. 
Hypotheses advanced to explain declining body size are density-dependent growth and selection 
of larger, older fish by selective fisheries.  Bigler et al. (1996) found a decreasing average body 
size in 45 of 47 salmon populations in the Northern Pacific.  They also found that body size was 
inversely related to population abundance, and speculated that hatchery programs during the 
1980s and 1990s increased population sizes, but reduced growth rates due to competition for 
food in the ocean.  Fish size is influenced by factors such as environmental conditions, 
selectivity in fishing effort through gear type, fishing season or regulations, and hatchery 
practices.  The available information on size is also confounded by factors including inter-
population difference, when the size was recorded, and differing data sources and sampling 
methods (review in Quinn 2005). 
 
Southern Residents likely consume both natural and hatchery salmon (Barre 2008).  The best 
available information does not indicate that Southern Residents would be affected differently by 
consuming natural or hatchery salmon [i.e., no general pattern of differences in size, run-timing, 
or ocean distribution (e.g., Nickum et al. 2004, NMFS 2008c, Weitkamp and Neely 2002)]. 
Therefore, there is no scientific evidence to generally distinguish the quality of hatchery salmon 
from natural salmon as prey of Southern Residents across their range. 
 
4.2.5.3.2  Contaminants 
 
Many types of chemicals are toxic when present in high concentrations, including 
organochlorines, PAHs, and heavy metals.  Emerging contaminants such as brominated flame 
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retardants (BFRs) and perfluorinated compounds are increasingly being linked to harmful 
biological impacts as well.   
 
Persistent contaminants, such as organochlorines, are ultimately transported to the oceans, where 
they enter the marine food chain. Organochlorines are also highly fat soluble, and accumulate in 
the fatty tissues of animals (O’Shea 1999, Reijnders and Aguilar 2002).  Bioaccumulation 
through trophic transfer allows relatively high concentrations of these compounds to build up in 
top-level marine predators, such as marine mammals (O’Shea 1999).  Killer whales are 
candidates for accumulating high concentrations of organochlorines because of their high 
position in the food web and long life expectancy (Ylitalo et al. 2001, Grant and Ross 2002). 
Their exposure to these compounds occurs exclusively through their diet (Hickie et al. 2007).  
 
High levels of persistent organic pollutants (POPs) such as PCBs and DDT are documented in 
Southern Resident (Ross et al. 2000, Ylitalo et al. 2001).  These and other chemical compounds 
have the ability to induce immune suppression, impair reproduction, and produce other adverse 
physiological effects, as observed in studies of other marine mammals (review in NMFS 2008a).  
Immune suppression may be especially likely during periods of stress and resulting weight loss, 
when stored organochlorines are released from the blubber and become redistributed to other 
tissues (Krahn et al. 2002).  Although the ban of several contaminants, such as DDT, by Canada 
and the United States in the 1970s resulted in an initial decline in environmental contamination, 
Southern Residents may be slow to respond to these reductions because of their body size and 
the long duration of exposure over the course of their life spans, which is up to 80-90 years for 
females and 60-70 years for males (Hickie et al. 2007).   
 
4.2.5.3.3  Sound and Vessel Effects 
 
Vessels have the potential to affect whales through the physical presence and activity of the 
vessel, increased underwater sound levels generated by boat engines, or a combination of these 
factors.  Vessel strikes are rare, but do occur and can result in injury or mortality (Gaydos and 
Raverty 2007).  In addition to vessels, underwater sound can be generated by a variety of other 
human activities, such as dredging, drilling, construction, seismic testing, and sonar (Richardson 
et al. 1995, Gordon and Moscrop 1996, National Research Council 2003).  Impacts from these 
sources can range from serious injury and mortality to changes in behavior.   
 
Killer whale mortalities from vessel strikes have been reported in both Northern and Southern 
Resident killer whale populations.  Although rare, collisions between vessels and killer whales 
could result in serious injury.  Other impacts from vessels are less obvious, but may negatively 
affect the health of killer whales.  The presence of vessels may alter killer whale behavior, 
including faster swimming, less predictable travel paths, shorter or longer dive times, moving 
into open water, and altering normal behavioral patterns at the surface (Kruse 1991, Williams et 
al. 2002a, Bain et al. 2006, Luseau et al. 2009, Williams et al. 2009, Noren In Review).  
Chemicals such as unburned fuel and exhaust may be inhaled or ingested, which could contribute 
to toxic loads (Bain et al. 2006).  Noise from vessel traffic may mask echolocation signals (Bain 
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and Dahlheim 1994, Holt 2008), which reduces foraging efficiency or interferes with 
communication.  The sound from vessels may also contribute to stress (Romano et al. 2003) or 
affect distribution of animals (Bejder et al. 2006). 
 
Southern Residents are the primary driver for a multi-million dollar whale watching industry in 
the Pacific Northwest.  Commercial whale watching vessels from both the U.S. and Canada view 
Southern Residents when they are in inland waters in summer months.  Mid-frequency sonar 
generated by military vessels also has the potential to disturb killer whales.  To date, there are no 
directed studies concerning the impacts of military mid-frequency sonar on killer whales, but 
observations of unusual whale behavior during an event that occurred in the Strait of Juan de 
Fuca and Haro Strait in 2003 illustrate that mid-frequency sonar can cause behavioral 
disturbance (NMFS 2004).  
 
Killer whales rely on their highly developed acoustic sensory system for navigating, locating 
prey, and communicating with other individuals.  Increased levels of anthropogenic sound from 
vessels and other sources have the potential to mask echolocation and other signals used by the 
species, as well as to temporarily or permanently damage hearing sensitivity.  Exposure to sound 
may therefore be detrimental to survival by impairing foraging and other behavior, resulting in a 
negative energy balance (Bain and Dahlheim 1994; Gordon and Moscrop 1996; Erbe 2002; 
Williams et al. 2002a, 2002b, 2006; Holt 2008).  In other cetaceans, hormonal changes indicative 
of stress have been recorded in response to intense sound exposure (Romano et al. 2003). 
Chronic stress is known to induce harmful physiological conditions including lowered immune 
function, in terrestrial mammals and likely does so in cetaceans (Gordon and Moscrop 1996).  
 
4.2.5.3.4  Oil Spills 
 
Exposure to petroleum hydrocarbons released into the marine environment from oil spills and 
other discharge sources represents another potentially serious health threat to killer whales in the 
northeastern Pacific.  Oil spills are also potentially destructive to prey populations and therefore 
may adversely affect killer whales by reducing food availability. 
 
Marine mammals are generally able to metabolize and excrete limited amounts of hydrocarbons, 
but acute or chronic exposure poses greater toxicological risks (Grant and Ross 2002).  In marine 
mammals, acute exposure can cause changes in behavior and reduced activity, inflammation of 
the mucous membranes, lung congestion, pneumonia, liver disorders, and neurological damage 
(Geraci and St. Aubin 1990).  Vapors inhaled at the water’s surface and hydrocarbons ingested 
during feeding are the likely pathways of exposure.  Matkin (1994) reported that killer whales 
did not attempt to avoid oil-sheened waters following the Exxon Valdez oil spill in Alaska.  
Retrospective evaluation shows it is highly likely that oil exposure contributed to deaths of 
resident and transient pods of killer whales that frequented the area of the massive Exxon Valdez 
oil spill in Prince William Sound, Alaska, in 1989 (Matkin et al. 2008).  The cohesive social 
structure of the Southern Residents puts them at risk for a catastrophic oil spill that could affect 
the entire DPS when they are all in the same place at the same time.   
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4.2.5.4  Range-Wide Status and Trends 
 
Southern Residents are a long-lived species, with late onset of sexual maturity (review in NMFS 
2008a).  Females produce a low number of surviving calves over the course of their reproductive 
life span (an average of 5.3 surviving calves over an average reproductive lifespan of 25 years; 
Olesiuk et al. 2005).  Mothers and offspring maintain highly stable social bonds throughout their 
lives, which is the basis for the matrilineal social structure in the Southern Resident population 
(Bigg et al. 1990, Baird 2000, Ford et al. 2000).  Groups of related matrilines form pods.  Three 
pods – J, K, and L – make up the Southern Resident community.  Clans are composed of pods 
with similar vocal dialects and all three pods of the Southern Residents are part of the J clan. 
 
The historical abundance of Southern Residents is estimated from 140 to 200 whales.  The 
minimum estimate (~140) is the number of whales killed or removed for public display in the 
1960s and 1970s added to the remaining population at the time of the captures. The maximum 
estimate (~200) is based on a recent genetic analysis of microsatellite DNA (May 29, 2003, 68 
FR 31980). 
 
At present, the Southern Resident population has declined to essentially the same size that was 
estimated during the early 1960s, when it was likely depleted (Olesiuk et al. 1990, figure 4-13).  
Since censuses began in 1974, J and K pods steadily increased; however, the population suffered 
an almost 20 percent decline from 1996-2001, largely driven by lower survival rates in L pod.  
There were increases in the overall population from 2002-2007, however, the population 
declined in 2008 with 85 Southern Residents counted, 25 in J pod, 19 in K pod and 41 in L pod. 
Two additional whales have been reported missing since the 2008 census count.  Representation 
from all three pods is necessary to meet biological criteria for Southern Resident killer whale 
downlisting and recovery (NMFS 2008a).  
 
4.2.5.5  Extinction Risk 
 
A PVA for Southern Residents was conducted by the BRT (Krahn et al. 2004).  Demographic 
information from the 1970s to fairly recently (1974-2003, 1990-2003, and 1994-2003) were 
considered to estimate extinction and quasi-extinction risk.  “Quasi-extinction” was defined as 
the stage at which 10 or fewer males or females remained, or a threshold from which the 
population was not expected to recover.  The model evaluated a range in Southern Resident 
survival rates, based on variability in mean survival rates documented from past time intervals 
(highest, intermediate, and lowest survival).  The model used a single fecundity rate for all 
simulations. The study considered seven values of carrying capacity for the population ranging 
from 100 to 400 whales, three levels of catastrophic event (e.g., oil spills and disease outbreaks) 
frequency ranging from none to twice per century, and three levels of catastrophic event 
magnitude in which 0, 10, or 20 percent of the animals died per event. Analyses indicated that 
the Southern Residents have a range of extinction risk from 0.1 to 18.7 percent in 100 years and 
1.9 to 94.2 percent in 300 years, and a range of quasi-extinction risk from 1 to 66.5 percent in 
100 years and 3.6 to 98.3 percent in 300 years (table 4-13).   The population is generally at 
greater risk of extinction over a longer time horizon (300 years) than over a short time horizon 
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(100 years).  There is a greater extinction risk associated with increased probability and 
magnitude of catastrophic 
events.

Figure 4-13.  Population size and trend of Southern Resident killer whales, 1960-2008.  Data from 1960-1973 
(open circles, gray line) are number projections from the matrix model of Olesiuk et al. (1990).  Data from 
1974-2008 (diamonds, black line) were obtained through photo-identification surveys of the three pods (J, K, 
and L) in this community and were provided by the Center for Whale Research (unpubl. data).  Data for 
these years represent the number of whales present at the end of each calendar year except for 2008, when 
data extend only through July. 
 
Table 4-13.  Range of extinction and quasi-extinction risk for Southern Resident killer whales in 100 and 300 
years, assuming a range in survival rates (depicted by time period), a constant rate of fecundity, between 100 
and 400 whales, and a range catastrophic probabilities and magnitudes (Krahn et al. 2004). 

Extinction Risk (%) Quasi-Extinction Risk (%) Time Period 

100 yrs 300 yrs 100 yrs 300 yrs 

highest survival 0.1 – 2.8 1.9 – 42.4 1 – 14.6 3.6 – 67.7 

intermediate survival 0.2 – 5.2 14.4 – 65.6 6.1 – 29.8 21.4 – 85.3 

lowest survival 5.6 – 18.7 68.2 – 94.2 39.4 – 66.5 76.1 – 98.3 

 
 
5.0  ENVIRONMENTAL BASELINE 
 
The environmental baseline includes “the past and present impacts of all Federal, State, or 
private actions and other human activities in the action area, the anticipated impacts of all 
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proposed Federal projects in the action area that have already undergone formal or early section 
7 consultation, and the impact of State or private actions which are contemporaneous with the 
consultation in process” (50 CFR 402.02).  The environmental baseline provides a past, present, 
and future condition to which we add the effects of operating the proposed action, as required by 
regulation (“Effects of the action” in 50 CFR 402.02).  Section 2.3.3 describes our approach to 
characterizing the environmental baseline for the proposed ongoing action. 
 
The action area for the proposed action encompasses the entire freshwater range or a large 
portion of the freshwater range of the listed fish species and their proposed or designated critical 
habitat in this consultation.  Therefore, we refer the reader to the Status of the Species section for 
general information on the species’ biology, ecology, status, and population trends at the species 
scale.  We organized this section of the Opinion consistent with how Reclamation presented the 
analysis in the CVP/SWP operations BA, that is, by division.  The first part of each division 
section is a description and characterization of the current status of the species and proposed or 
designated critical habitat.  In order to understand the current stress regime that the listed species 
and their critical habitats are subjected to, the second part of each division section is a 
description of the historical condition of the species and their habitats.  Finally, each division has 
a section titled “Future Baseline Excluding CVP/SWP Effects.”  This is not NMFS’ attempt to 
describe a “no project operations” scenario.  Rather, this section identifies many of the major 
existing stressors that the listed species and their proposed or designated critical habitats are 
exposed to at the same time they will be exposed to the stressors of the proposed operations.  The 
exception to the above organization is climate change, which is a large scale phenomenon that 
does not fit within the geographic boundaries of the divisions.  Therefore, this environmental 
baseline section begins with a discussion of climate change, which is part of the future baseline.  
The action area encompasses a portion of the marine range of Southern Residents, however, the 
status of Southern Residents in the action area is the same as that described for the species as a 
whole and so is not repeated in this section.  The species status section on Southern Residents 
describes the stressors that affect their likelihood of survival and recovery in the wild.   
 
5.1  Climate Change as Part of the Future Baseline 
 
Climate change is a global environmental phenomenon that would occur irrespective of any 
operations of the CVP or SWP.  Appendix R of the CVP/SWP operations BA provides an 
analysis of potential climate change implications for the proposed action.  The analysis was 
scoped to illustrate how future operations and system conditions are sensitive to a range of future 
climate and sea level possibilities that may occur during the consultation horizon of the proposed 
action (i.e., 2030).  The base model for the climate change scenarios is study 8.0, that is, the 
effects of climate change are added to the effects of the future full build-out scenario in year 
2030. 
 
Study 9 suite encompasses a range of the following five climate change projections:  (1) Study 
9.1:  1 foot sea level rise; (2) Study 9.2:  wetter, less warming; (3) Study 9.3:  wetter, more 
warming; (3) Study 9.4:  drier, less warming; and (4) Study 9.5:  drier, more warming.  In 
general, Study 9.2 shows relatively more available water for storage, instream flows, and Delta 
pumping.  That scenario also shows less negative effects to the listed species and their proposed 
or designated critical habitats.  The other four studies showed more negative effects to the listed 
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species and their proposed and designated critical habitats relative to the base model of future 
full buildout in 2030. 
 
The impact of climate change in the future introduces greater uncertainty into the way in which 
water is managed in California.  The historic hydrologic pattern represented by CALSIM II 
modeling in CVP/SWP operations (past 82 years of record) can no longer be solely relied upon 
to forecast the future.  Precipitation and runoff patterns are changing, creating increased 
uncertainty for ecosystem functions.  The average snowpack in the Sierra Nevada decreased by 
10 percent in the last century, which translates into a loss of 1.5 MAF of snowpack storage 
(DWR 2008).  California’s air temperature has already increased by 1oF, mostly at night in 
winter, with the higher elevations experiencing the highest increase.  A corresponding increase in 
water temperature is likely to reduce the available habitat for species that depend on cold water 
like spring-run that require over summer holding pools.  Increasing water temperatures will also 
accelerate biological processes that impact anadromous fish like increased algae growth and 
decreased dissolved oxygen.  Climate change will affect the entire life cycle of salmonids and 
sturgeon through warmer ocean periods, changes in age and size at maturity, decline in prespawn 
survival and fertility due to higher stream temperatures, and a loss of lower elevation habitat 
(Crozier et al. 2008). 
 
Regardless of the base model used to analyze the effects of climate change in the CVP/SWP 
operations BA, the best available information indicates that climate change will negatively affect 
the Central Valley listed species and their proposed or designated critical habitats.  The 
following are general statements in Lindley et al. (2007), based on their analyses of recent 
climate change modeling: 

• The average precipitation will decline over time, while the variation in precipitation is 
expected to increase substantially.  Extreme discharge events are predicted to become 
more common, as are critically dry water years.  Peak monthly mean flows will 
generally occur earlier in the season due to a decline in the proportion of precipitation 
falling as snow, and earlier melting of the (reduced) snowpack (Dettinger et al. 2004 op. 
cit. Lindley et al. 2007, VanRheenen et al. 2004 op. cit. Lindley et al. 2007); 

• Temperatures in the future will warm significantly, total precipitation may decline, and 
snowfall will decline significantly. 

• Spring-run are likely to be negatively impacted by the shift in peak discharge (needed for 
smolt migration), and juvenile steelhead are likely to be negatively impacted by reduced 
summer flows.  All Central Valley salmonids are likely to be negatively affected by 
warmer temperatures, especially those that are in freshwater during the summer. 

• Increased frequency of scouring floods might be expected to reduce the productivity of 
populations, as egg scour becomes a more common occurrence.  The flip side of frequent 
flooding is the possibility of more frequent and severe droughts. 

• Uncertainties abound at all levels.  We have only the crudest understanding of how 
salmonid habitats will change and how salmonid populations will respond to those 
changes, given a certain climate scenario. 

 
NMFS agrees with the above general statements, and adopt them as our assessment of the future 
impacts of climate change for the purposes of the analysis in this Opinion. 
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5.2  Status of the Species and Critical Habitat in Clear Creek 
 
Clear Creek is a tributary to the upper Sacramento River (figure 5-1) and provides habitat for 
spring-run, and CV steelhead. 
 
5.2.1  Spring-Run 
 
Since 1998, spring-run have shown an increasing trend in abundance from 50 in 1998 to 
approximately 200 adults in 2008 (figure 5-2).  Juvenile spring-run from the Feather River Fish 
Hatchery were stocked into Clear Creek in 2002 and 2003 with the hope of imprinting them to 
return 3 years later.  These fish returned as adults in 2005 and 2006.  In addition, spring-run 
strays from Feather River Fish Hatchery have been observed spawning in Clear Creek. 
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Figure 5-1.  Map of Clear Creek and the distribution of steelhead and late fall-run redds in 2007 (USFWS 
2008). 
  
5.2.1.1  Spring-Run Critical Habitat 
 
Whiskeytown Dam at RM 18.1 is an impassable barrier to adult anadromous salmonids and 
marks the upstream extent of potential spring-run habitat.  Prior to 2000, the McCormick-
Saeltzer Dam presented a barrier to upstream migration for anadromous salmonids.  Following 
removal of the Dam in 2000, access to approximately 12 miles of coldwater habitat upstream to 
Whiskeytown Dam was restored.  The construction of Whiskeytown Dam, gold mining, and 
significant gravel mining in the Clear Creek watershed has diminished the availability and 
recruitment of suitable spawning gravels.  Gravel injection projects are conducted to make up for 
this loss of spawning gravel recruitment, but limited spawning habitat availability is a problem in 
Clear Creek.   
 
Currently the release schedule from Whiskeytown Dam calls for flows of 200 cfs from October 1 
to June 1 and 150 cfs, or less, from July through September in order to maintain water 
temperatures below 60°F.  Under dry and warm climate conditions, water temperatures above 
60° F occur in Clear Creek.  Lindley et al. (2004) suggested that Clear Creek appears to offer 
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habitat of marginal suitability to spring-run, having limited area at higher elevations and being 
highly dependent on rainfall. 
 

 

Clear Creek Spring-run Chinook 1993-2008
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Figure 5-2.  Clear Creek spring-run escapement 1993-2008 (CDFG data). 
 
5.2.2  CV Steelhead 
 
CV steelhead in Clear Creek have responded well to restoration efforts, which began in 1995 
with increased water releases from Whiskeytown Dam, and gravel augmentation.  These efforts 
have been funded primarily by the CVPIA and CALFED ERP.  The McCormick-Saeltzer Dam 
was removed in 2000, providing access to an additional 12 miles of salmonid habitat.  CV 
steelhead have re-colonized this area and taken advantage of newly added spawning gravels.  
Recent redd surveys conducted since 2003 indicate a small but increasing population resides in 
Clear Creek (figure 5-3), with the highest density in the first mile below Whiskeytown Dam 
(USFWS 2007).  Spawning gravel is routinely added every year at various sites to compensate 
for channel down cutting.  Spawning distribution has recently expanded from the upper 4 miles 
to throughout the 17 miles of Clear Creek, although it appears to be concentrated in areas of 
newly added spawning gravels.  In addition to the anadromous form of O. mykiss, many resident 
trout reside in Clear Creek, making it difficult to identify CV steelhead except when they are 
spawning (i.e., resident trout spawn in the spring and have smaller-size redds).  Large riverine O. 
mykiss that reside in the Sacramento River can migrate up Clear Creek to spawn with either the 
anadromous or resident forms.  No hatchery steelhead (i.e., presence of adipose fin-clip) were 
observed during the 2003-2007 kayak and snorkel surveys (USFWS 2007, figure 5-3), indicating 
that straying of hatchery steelhead is probably low in Clear Creek. 
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Figure 5-3.  Abundance of CV steelhead in Clear Creek based on annual redd counts 2003-2009.  Spawning 
population based on average 1.23 males per female on the American River (Hannon and Deason 2007).  2009 
estimate is preliminary based on 4 surveys (USFWS 2008, Brown 2009). 
 
5.2.2.1  CV Steelhead Critical Habitat 
 
Whiskeytown Dam at RM 18.1 is an impassable barrier to adult anadromous salmonids and 
marks the upstream extent of potential steelhead habitat.  Prior to 2000, the McCormick-Saeltzer 
Dam presented a barrier to upstream migration for anadromous salmonids.  Following removal 
of the Dam in 2000, access to approximately 12 miles of coldwater habitat upstream to 
Whiskeytown Dam was restored.  The construction of Whiskeytown Dam, gold mining, and 
significant gravel mining in the Clear Creek watershed has diminished the availability and 
recruitment of suitable spawning gravels.  Gravel injection projects are conducted to make up for 
this loss of spawning gravel recruitment, but limited spawning habitat availability is a problem in 
Clear Creek.   
 
Currently the release schedule from Whiskeytown Dam calls for flows of 200 cfs from October 1 
to June 1 and 150 cfs, or less, from July through September in order to maintain water 
temperatures below 60°F.  Under dry and warm climate conditions, water temperatures above 
60°F occur in Clear Creek.  Lindley et al. (2004) suggested that Clear Creek appears to offer 
habitat of marginal suitability to steelhead, having limited area at higher elevations and being 
highly dependent on rainfall. 
 
5.2.3  Historical Conditions  
 
The historic pre-Whiskeytown Dam hydrograph shows a much different flow pattern than the 
current hydrograph (figure 5-4).  Average monthly flows decreased 75 percent in the 
winter/spring (600 cfs to 150 cfs), and increased 40 percent during the summer/fall (<30 cfs to 
50 cfs).   
 

 177



 
Figure 5-4.  Clear Creek monthly flows comparing pre-Whiskeytown Dam (1941-1964) to post dam (1965-
2004) flows.  The vertical lines represent the range of variability analysis boundaries (CVP/SWP operations 
BA figure 3-21). 
 
Reclamation operates Whiskeytown Dam to convey water from the Trinity River to the 
Sacramento River via the Spring Creek tunnel.  On average, 1.2 MAF (up to 2,000 cfs) of water 
from the Trinity River is diverted each year into Keswick Reservoir compared to 200 cfs 
released to Clear Creek for fishery needs.  The Trinity River diversion represented 17 percent of 
the average flows in the Sacramento River (CVP/SWP operations BA).  However, since 
implementing the Trinity Record of Decision (ROD) flows in 2004, the Trinity River diversion 
has provided a smaller proportion (than 17 percent) of the average flows to the Sacramento 
River.  Hydroelectric power is generated 5 times from the inter-basin transfer of water:  (1) 
Trinity Dam, (2) Lewiston Dam, (3) through a tunnel to the Carr Powerhouse where water is 
received into Whiskeytown Reservoir, (4) through another tunnel into Spring Creek Power Plant 
where water joins the Keswick Reservoir, and (5) Keswick Dam.  Reclamation releases water 
from Whiskeytown Dam into Clear Creek to support anadromous fish.  On average, 200 cfs is 
released during the fall and winter, and is supported by b(2) flows.  Releases are reduced to 80 
cfs in the summer to install the fish barrier weir (figure 5-5).  Since 2004, the USFWS has 
separated fall-run adults from spring-run adults holding in the upper reaches of Clear Creek with 
the use of a picket weir located at RM 8.0.  The weir is operated from August 1 to November 1 
to prevent the hybridization of spring-run and fall-run.  After November 1, fall-run have access 
to the entire river for spawning.  Spawning gravel augmentation in the upper reaches has 
improved suitable habitat for spring-run. 

 178



0 

50 

100 

150 Flow (cfs) 

200 

250 

Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep
Study 6.0 Today EWA: Revised Model/Study 3a AssumptionsStudy 7.0 Today EWA
Study 7.1 Near Future Limited EWA Study 8.0 Future Limited EWA

Average

 
Figure 5-5.  Clear Creek long-term average monthly flows as modeled in CALSIM 1923-2003 (CVP/SWP 
operations BA figure 10-30). 
 
The average mean daily flow from 2003-2007 was 281 cfs (range:  212 - 493 cfs), and the 
average mean daily water temperatures ranged from 43°F to 52°F during the spawning period 
(December – June, figure 5-6).  Flows increase starting in September for Chinook salmon 
spawning and to provide cooler water temperatures (i.e., 56°F for spring-run September 15 – 
October 30 required from the 2004 CVP/SWP operations Opinion).  Flows that scour redds and 
mobilize gravel usually occur at 3,000 cfs or more (CVP/SWP operations BA).  Clear Creek 
flows are managed to maintain water temperatures for juvenile CV steelhead and spring-run 
adults holding in the upper reaches.  Flows are maintained with b(2) water and usually are at the 
lowest (i.e., 80-90 cfs in a dry year) in the fall (figure 5-7) before spawning starts. 
 
5.2.4  Future Baseline Excluding CVP/SWP Effects 
 
The future baseline for Clear Creek includes the presence of Whiskeytown Dam and its 
associated stressors, including the loss of natural riverine function and morphology.  The effects 
of habitat blockage were described in section 4.2.4.1.  The dam also limits the contribution of 
course sediment, which result in riffle coarsening, fossilization of alluvial features, loss of fine 
sediments available for overbank deposition, and considerable loss of spawning gravels, and as 
such, the availability of spawning habitat.  In addition, Whiskeytown Dam modifies the stream 
channel morphology of Clear Creek, resulting in the lack of suitable habitat during the summer 
for juvenile rearing and adult holding. 
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Clear Creek at Igo Water Temperatures, 1996-2006
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Figure 5-6.  Clear Creek historical mean daily water temperatures 1996 – 2006 (CVP/SWP operations BA 
figure 3-12).  Temperature objectives (horizontal dark blue lines) are 60ºF from June 1 through September 15 
and 56ºF from September 15 through October 31, pursuant to the 2004 CVP/SWP operations Opinion. 
 

 
Figure 5-7.  Clear Creek average daily flows measured at Igo gage 10/30/07 – 10/30/08 (CDEC data). 
 
Whiskeytown Dam precludes access to historic spring-run and CV steelhead spawning and 
rearing habitat.  In addition, spring-run historically spawned earlier and higher upstream in Clear 
Creek than fall-run.  However, since the construction of Whiskeytown Dam, there was likely a 
high degree of spatial overlap between spawning spring-run and fall-run, and therefore, a higher 
probability of introgression of the 2 runs.   
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5.3  Status of the Species and Critical Habitat in the Shasta Division and Sacramento River 
Division 
 
The Shasta Division and Sacramento River Division of the CVP are located in the upper 
Sacramento River (figure 5-8), and provide habitat for winter-run, spring-run, fall-run, late-fall 
run, CV steelhead, and Southern DPS of green sturgeon.  Table 5-1 provides the life history 
timing of these species in the upper Sacramento River. 
 
Table 5-1.  Life history timing for anadromous fish species in the upper Sacramento River. 

Species Adult 
Immigration 

Adult 
Holding  

Typical 
Spawning 

Egg 
incubation 

Juvenile 
rearing 

Juvenile 
emigration 

Winter-run Dec - Jul Jan - May Apr - Aug Apr - Oct Jul - Mar Jul - Mar 
Spring-run Apr - Jul May - Sept Aug - Oct Aug - Dec Oct - Apr Oct - May 
Fall-run Jul - Dec n/a Oct - Dec Oct - Mar Dec - Jun Dec - Jul 
Late fall-run Oct - Apr n/a Jan - Apr Jan - Jun Apr - Nov Apr - Dec 
Steelhead Aug - Mar Sept - Dec Dec - Apr Dec - Jun year round Jan - Oct 
Green sturgeon Feb - Jun Jun - Nov Mar - Jul Apr - Jun May - Aug May - Dec 
 
5.3.1  Winter-Run 
 
The upper Sacramento River is the only spawning area used by winter-run.  The status of winter-
run in the Sacramento River Division is the same as its status in the entire winter-run ESU, 
which was presented in section 4.2.1.2.1. 
 
5.3.1.1  Winter-Run Critical Habitat 
 
Critical habitat for winter-run is composed of physical and biological features that are essential 
for the conservation of winter-run, including up and downstream access, and the availability of 
certain habitat conditions necessary to meet the biological requirements of the species.  
Currently, many of these physical and biological features are impaired, and provide limited 
conservation value.  For example, when the gates are in, RBDD reduces the value of the 
migratory corridor for upstream and downstream migration.  Unscreened diversions throughout 
the mainstem Sacramento River, and the DCC when the gates are open during winter-run 
outmigration, do not provide a safe migratory corridor to San Francisco Bay and the Pacific 
Ocean. 
 
In addition, the annual change in TCP has degraded the conservation value of spawning habitat 
(based on water temperature).  The current condition of riparian habitat for winter-run rearing is 
degraded by the channelized, leveed, and riprapped river reaches and sloughs that are common in 
the Sacramento River system.  However, some complex, productive habitats with floodplains 
remain in the system (e.g., Sacramento River reaches with setback levees (i.e., primarily located 
upstream of the City of Colusa) and flood bypasses (i.e., Yolo and Sutter bypasses).   
 
 

 181



 
Figure 5-8.  Map of the upper Sacramento River, including various temperature compliance points and river 
miles (CVP/SWP operations BA figure 6-2). 
 
Based on the impediments caused by RBDD when the gates are in, unscreened diversions, when 
the DCC gates are open during the winter-run outmigration period, and the degraded condition of 
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spawning habitat and riparian habitat, the current condition of winter-run critical habitat in the 
Sacramento River Division is degraded, and has low value for the conservation of the species.   
 
5.3.2  Spring-Run  
 
The abundance of the spring-run population within the mainstem Sacramento River has declined 
from a high of over 75,000 in 1982 to the current low of less than 800 counted at RBDD (figure 
5-9).  Significant hybridization with fall-run has made identification of spring-run in the 
mainstem very difficult to determine.  There is speculation as to whether a true spring-run still 
exists in the mainstem below Keswick Dam.  The population structure of the ESU has shifted 
from being mainly made up of Sacramento River fish to one dominated by returns to Butte Creek 
(figure 5-10).  This shift may have been an artifact of the manner in which spring-run were 
identified at RBDD.  Fewer spring-run are counted today at RBDD because an arbitrary date, 
September 1, is used to determine spring-run, and gates are opened longer for winter-run 
passage.  It is unknown if spring-run still spawn in the Sacramento River mainstem.  Current 
redd surveys have observed 20-40 salmon redds in September, typically when spring-run spawn, 
however, there is no peak that can be separated out from fall-run spawning.  Salmon redds 
observed in September could be early spawning fall-run.  These redds are distributed from 
Keswick Dam to below RBDD. 

 
Figure 5-9.  Estimated yearly spring-run escapement and natural production above RBDD (Hanson 2008). 
 
Since 2000, the spring-run counts at RBDD have fluctuated after the RBDD gates were installed 
on May 15, from years where 0 fish were observed (2003 and 2006), to 767 adults in 2007 
(figure 5-11).  This variability in abundance is typical of random chance events in small salmon 
populations subjected to large stress regimes.  These numbers do not reflect the current 
abundance of spring-run in the tributaries above RBDD (i.e., Battle Creek, Clear Creek, 
Cottonwood Creek, and Cow Creek).  For example, Clear Creek escapement in 2006 was 197 
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spring-run, yet the RBDD ladder count was 0 that year.  This is because the RBDD gates were 
open when the majority of those fish entering Clear Creek passed upstream, therefore, none were 
counted in the fish ladders.   
 

           

Distribution of Spring Run Chinook Salmon Spawners in the 
Sacramento River Upstream of the Feather River (1970-2001)
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Figure 5-10.  Distribution of spring-run above and below RBDD from 1970 -2001 (CDFG Grand Tab). 
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Figure 5-11.  Spring-run escapement counted at Red Bluff Diversion Dam from 2000 – 2007 (CDFG 
GrandTab 2008). 
 
5.3.2.1  Spring-Run Critical Habitat 
 
Within the range of the spring-run ESU, biological features of the designated critical habitat that 
are considered vital for spring-run include freshwater spawning sites, freshwater rearing sites, 
freshwater migration corridors, and estuarine areas.  As generally described above in section 
4.2.1.3.3, the status of critical habitat in each of these biological features is considered to be 
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highly degraded, particularly with respect to habitats within the mainstem Sacramento River and 
the Delta.  The quality of spawning habitat used by spring-run in the mainstem Sacramento River 
is diminished when fall-run, which commence spawning later than but still during spring-run 
spawning, arrive at the spawning grounds and physically disturb spring-run redds during their 
redd construction.  Spawning habitat for spring-run in the mainstem Sacramento River is often 
adversely affected by operation of the CVP through warm water releases from Shasta Reservoir.  
Freshwater rearing and migration habitats have been degraded by RBDD operations which delay 
upstream migration, reduce the availability of quality rearing habitat through the related seasonal 
creation of Lake Red Bluff, and create improved feeding opportunities for predators such as 
pikeminnow and striped bass.  Additional adverse effects to rearing and migration habitats within 
the Sacramento River include loss of natural river function and floodplain connectivity through 
levee construction, direct loss of floodplain and riparian habitat, and effects to water quality 
associated with agricultural, urban, and industrial land use.   
 
5.3.3  CV Steelhead 
 
Estimates of CV steelhead abundance in the mainstem Sacramento River typically use the 
RBDD counts from historical trend data.  Since 1991, the RBDD gates have been opened after 
September 15, making estimates of CV steelhead pass RBDD unreliable.  Based on counts at 
RBDD, adult migration into the upper Sacramento River can occur from July through May, but 
peaks in September, with spawning occurring from December through May (Hallock 1998).  
Since operation of the RBDD gates started in 1967, the CV steelhead abundance in the upper 
Sacramento River has declined from almost 20,000 to less than 1,200 (figure 5-12).  We note 
that figure 5-12 shows a definite and continuing decline over time and that there is a change in 
the species trajectory since 1979, similar to the winter-run decline in the Sacramento River 
Division.     
 
Actual estimates of CV steelhead spawning in the mainstem Sacramento River below Keswick 
Dam have never been made, due to high flows and poor visibility during the winter time.  Aerial 
redd surveys conducted for winter-run have observed resident O. mykiss spawning in May and 
late fall-run spawning in January.  Since resident trout redds are smaller than steelhead redds, 
and late fall-run spawn at the same time as steelhead, it would seem likely that CV steelhead 
redds could be observed.  A CV steelhead monitoring plan is being developed by CDFG with a 
goal of determining abundance in the Sacramento River (Hopelain 2008).  CV steelhead prefer to 
spawn in tributaries, but are known to spawn in mainstem rivers below impassable dams when 
access to spawning habitat is blocked (e.g., Feather River, American River, Stanislaus River). 
 
5.3.3.1  CV Steelhead Critical Habitat 
 
Within the range of CV steelhead, biological features of the designated critical habitat that are 
considered vital for steelhead include freshwater spawning sites, freshwater rearing sites, 
freshwater migration corridors, and estuarine areas.  As generally described above in section 
4.2.3.4, the status of critical habitat in each of these biological features is considered to be 
degraded.  Freshwater rearing and migration habitats have been degraded by RBDD operations 
which delay upstream migration, reduce the availability of quality rearing habitat through the 
related seasonal creation of Lake Red Bluff, and create improved feeding opportunities for 
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predators such as pikeminnow and striped bass.  Additional adverse effects to rearing and 
migration habitats within the Sacramento River include loss of natural river function and 
floodplain connectivity through levee construction, direct loss of floodplain and riparian habitat, 
and effects to water quality associated with agricultural, urban, and industrial land use.   
 

 
Figure 5-12.  Estimated yearly number of natural spawning CV steelhead on the Sacramento River upstream 
of the RBDD 1967-2005.  Data from 1992 to 2005 is based on tributary counts from CDFG, Red Bluff 
(Hanson 2008). 
 
5.3.4  Southern DPS of Green Sturgeon  
 
Currently, the installation and operation of the RBDD gates blocks access to 53 miles of upper 
river with suitable water quality conditions for green sturgeon spawning and rearing from May 
15 through September 15 of each year.  Water temperature for spawning and egg incubation is 
near optimal (15oC) from RBDD upriver during the spawning season.  Below the RBDD, the 
water temperature begins to become warmer and exceeds the thermal tolerance level for egg 
incubation at Hamilton City.  The spawning area left for green sturgeon between RBDD and 
Hamilton City after the gates are lowered has the thermal regime gradually increase from optimal 
(15oC/59oF) to sub optimal where egg hatching success decreases and malformations in embryos 
increase above 17oC/62oF. 
 
The installation of the RBDD impairs the function of the Sacramento River as a migratory 
corridor for both green sturgeon adults and larvae/juveniles.  With the RBDD gates closed, there 
is no longer unobstructed access to river habitat above the RBDD, which changes the function of 
the river to such an extent that fish survival and viability are compromised.  The closed gates 
block green sturgeon access to approximately 53 river miles above the dam for approximately 35 
to 40 percent of the spawning population that arrive after May 15.  The closed gates also 
decrease the conservation value of critical habitat around the dam by:  (1) increasing the 
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potential for predation on downstream emigrating larvae in the slow moving water upstream of 
the RBDD (Lake Red Bluff), (2) increasing predation below RBDD due to the turbulent boil 
created below the structure and the concentration of predators in that area, and (3) creating 
increased potential for adults to be injured while attempting to pass beneath the gates during their 
downstream migration.  The closed gate configuration also has the potential to alter the genetic 
diversity of the population by separating the population into upstream and downstream spawning 
groups based on run timing.  
 
The installation of the RBDD blocks green sturgeon from known holding pools above the 
structure.  Although known holding areas exist below the RBDD, such as the hole just above the 
GCID diversion, the RBDD decreases the number of deep holding pools the adult fish can access 
through its operation.  This affect is a result of blockage of the migratory corridor. 
 
5.3.4  Historical Conditions 
 
The historical pre-Shasta Dam hydrograph shows a much different flow pattern than the current 
hydrograph (figure 5-13).  The current hydrograph shows reduced average monthly springtime 
flows (historical:  16,000 cfs; current:  12,000 cfs) and much higher average monthly summer 
flows (historical:  5,000 cfs; current:  12,000 cfs).  Releases of water for irrigation and other 
Project purposes are timed to occur during summer months when demand is high.  This dual 
purpose is practical because it provides benefits to both listed species (which can no longer 
access the upper Sacramento River basin) and water users, but is also ecologically unsound 
because it prevents riverine processes and natural succession of riparian communities as well as 
the full expression of life history strategies in the basin’s fish populations that evolved in unison 
with the natural flow fluctuations.  Lindley et al. (2006) suggest that dams may exert selective 
effects on anadromous O. mykiss, culling the anadromous offspring produced, and modifying the 
thermal regime and food web structure of the river below the dam in ways that may provide 
fitness advantages to resident forms.  Recent modeling by The Nature Conservancy (2007) found 
that the health of the river and ESA-listed species would benefit more from a natural flow regime 
that mimics the historical hydrograph. 
 
5.3.5  Future Baseline Excluding CVP/SWP Effects 
 
The upper Sacramento River mainstem contains 4 listed anadromous fish that use this area for 
migration, spawning, and rearing (i.e., winter-run, spring-run, CV steelhead, and Southern DPS 
of green sturgeon).  These fish will be subjected to a host of future baseline stressors (figure 5-
14) to which the project effects are added.   
 
In the Shasta Division and Sacramento River Division, future baseline stressors include the 
following, followed by references in parentheses to where the effects of these stressors on the 
listed species and their habitats are described:   

• habitat blockage by Shasta and Keswick dams (section 4.2.4.1);  
• bank stabilization (rip rap, armoring, revetment), which result in river narrowing, less 

channel complexity, less food production, less cover and shelter, loss of shaded aquatic 
habitat, and the loss of LWD recruitment (section 4.2.4.5);  
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• agricultural return flows, which include pesticides, herbicides, and other contaminants 
(sections 4.2.4.6 and 4.2.4.7);  

• predation (pike minnow, smallmouth bass, striped bass) and competition from introduced 
species better suited to regulated rivers (section 4.2.4.10); and  

• climate change (sections 5.1, 5.3.6.1).   
 

 
Figure 5-13.  Sacramento River at Bend Bridge monthly flows comparing pre-Shasta Dam (1892-1945) and 
post Shasta (1946 -2004) flows.  Vertical lines represent the range of variability analysis boundaries 
(CVP/SWP operations BA figure 3-20). 
 
Some of the above stressors (e.g., predation) will work individually to affect the fitness of the 
listed species and critical habitat, while others will work together (e.g., temperature and 
contaminants) to reduce the ability of the individual to respond to important cues, like when to 
feed, migrate, or flee a predator. Regardless, the combination of all of the above stressors will 
result in fitness consequences to individuals of all of the listed species, including, but not limited 
to:  reduced growth from the effects of reduced water quality, lack of rearing habitat, and 
increased competition from introduced species; reduced survival as a result of predation; and 
reduced reproductive success resulting from habitat blockage.  In addition, although critical 
habitat is designated or proposed up to Keswick Dam, the other stressors, above, limit the 
conservation value of the PCEs that the Shasta Division and Sacramento River Division provide, 
including uncontaminated habitat areas, adequate prey, riparian habitat, freshwater rearing 
habitat, and suitable water quality. 
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Figure 5-14a.  Conceptual model of future baseline stressors and project-related stressors on listed species in 
the upper Sacramento River mainstem. 
 
5.3.5.1  Climate Change 
 
As discussed in section 2.3.3, a “no project” scenario was not run.  Climate change is an 
environmental phenomenon that is part of the future baseline and would occur irrespective of any 
operations of the CVP or SWP.  The effects of climate change would have certainly been 
included in a “no project” scenario.  Section 5.1 briefly described Reclamation’s use of the Study 
9 suite, which uses the Study 8.0 future full build out as the base case.  NMFS understands that 
the results of Study 9 suite are not appropriate to use in this discussion of future baseline, as it 
includes operations.  However, NMFS believes that a relative comparison between the various 
studies within the Study 9 suite will provide valuable insight regarding the effects of climate 
change on the aquatic ecosystem and fishery resources. 
 
In the Sacramento River, comparing climate change scenarios (Study 9.0 base vs Study 9.5 drier, 
more warming) shows that average winter-run and fall-run mortality increases from 15 percent to 
25 percent, and average spring-run mortality increases from 20 percent to 55 percent (figure 5-
14b).  Reclamation’s mortality model was not run for CV steelhead because steelhead have a 
shorter incubation period than salmon, and the model would have to be changed.  However, late-
fall salmon can be used as a surrogate for CV steelhead since they spawn at similar times in the 
winter.  Late fall-run mortality increases in Study 9.5 (drier, more warming) and Study 9.3 
(wetter, more warming) under all water year types on average 4 percent over the future full build 
out scenario (Study 9.0).  Under these conditions, winter-run and spring-run would experience a 
loss of spawning habitat, as water temperatures below dams becomes harder to control and the 
cold water pool in Shasta diminishes.   
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CV steelhead would experience less of a loss on the mainstem Sacramento River, since they 
spawn in the late winter when water temperatures are not as critical to incubation.  However, 
resident forms of O. mykiss spawn in May, when water temperatures exceed 56oF at Bend Bridge 
in 25 percent of future water years (CVP/SWP operations BA figure 10-83).  This resident life 
history pattern represents a reserve that anadromous fish can interbreed with if there are too few 
CV steelhead (Zimmerman et al. 2008).  It is likely that given warmer water temperatures 
resident O. mykiss would move upstream closer to Keswick Dam where temperatures are cooler, 
or into smaller tributaries like Clear Creek, which would limit steelhead life history diversity in 
Clear Creek.   
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Figure 5-14b.  Sacramento River average Chinook salmon mortality by run and climate change scenario from 
Reclamation salmon egg mortality model.   All studies except 9.0 include 1-foot sea level rise.  Study 9.0 is 
future conditions with D-1641 (CVP/SWP operations BA figure 11-82). 
 
Similar climate change modeling was conducted using a quantitative model (WEAP21) of the 
Sacramento River flow and temperature regime downstream to Hamilton City (Yates et al. 
2008).  This model compared water temperatures at Shasta Dam with and without managed 
releases for temperature control.  In the unmanaged regime, the model assumes that Shasta Dam 
does not exist and that there is no irrigation demand.  Using the observed historical record for 
years before the TCD was installed, Yates et al. (2008) used the WEAP21 model to calculate 
effects on winter-run, spring-run, and fall-run under a 3.5o F and 7oF water temperature warming 
change. Under a 3.5oF warming scenario, water temperatures at Keswick would be at or below 
the optimum upper temperature of 56oF for spawning and rearing, and then increase from that 
point downstream, except in the driest years.  Under a 7oF warming scenario, even in wet years, 
spawning and rearing water temperature requirements would be exceeded in September and 
October from Keswick Dam to Hamilton City (Yates et al. 2008).  The results of the WEAP21 
modeling suggest that even with the use of the TCD on Shasta Dam, water managers will be 
challenged to maintain suitable water temperatures in the upper Sacramento River (i.e., Keswick 
to Hamilton City).  Yates et al. (2008) concluded that cold water releases from Shasta Reservoir 
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play a role in maintaining suitable habitat for spawning and rearing Chinook salmon as far 
downstream as Hamilton City, and that climate change could be a major determinant of the 
future viability of adult and juvenile reproduction and migration strategies.  Winter-run and 
spring-run were shown to be most at risk due to the timing of their reproduction.  Without the 
cold water releases from Shasta Dam, water temperatures would exceed the physiological 
tolerances by 5oF or more, and winter-run and spring-run populations would not likely persist in 
the mainstem.  The study also found that the availability of cold water releases is reduced as 
warming increases the demand for water and evaporative losses in Shasta Reservoir. 
 
5.4  Status of the Species and Critical Habitat in the American River Division 
 
5.4.1  CV Steelhead 
 
The American River (figure 5-15) is a tributary to the Sacramento River and provides habitat for 
a dependent population of CV steelhead.  The CV steelhead DPS includes naturally-spawned 
steelhead in the American River (and other Central Valley stocks) and excludes steelhead 
spawned and reared at Nimbus Fish Hatchery.  Population abundance estimates of naturally 
spawning steelhead in the American River were 305, 1,462 and 255 for the 1991, 1992 and 1993 
spawning seasons, respectively (Water Forum 2005a), although the methodology for how these 
estimates were obtained was not stated.   
 
From 2002 through 2007, annual population abundance estimates for American River steelhead 
spawning in the river have been low, ranging from about 160 to about 240 (Hannon and Deason 
2008, figure 5-16).  Populations at low abundance levels, such as those estimated for naturally 
spawning steelhead in the American River, could become extinct due to demographic 
stochasticity - seemingly random effects of variation in individual survival or fecundity with 
little or no environmental pressure (Shaffer 1981, Allendorf et al. 1997, McElhany et al. 2000).  
The naturally spawning population of steelhead is mostly composed of fish originating from 
Nimbus Fish Hatchery (Water Forum 2005a).  This means that the listed population (i.e., 
naturally-spawned fish) spawning in the lower American River is at an abundance level lower 
than the estimates provided by Hannon and Deason (2008) and is likely on the order of tens.   
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Figure 5-15.  Map of lower American River (Modified from Water Forum 2005a). 
 
In addition to small population size, other major factors influencing the status of naturally 
spawning steelhead in the American River include:  (1) a 100 percent blockage of historic 
spawning habitat resulting from the construction of Nimbus and Folsom dams (Lindley et al. 
2006), which has obvious and extreme implications for the spatial structure of the population; 
and (2) the operation of Nimbus Fish Hatchery, which has completely altered the diversity of the 
population.  Specific information on how these factors have affected (and continue to affect) 
naturally-spawned steelhead in the American River are presented below in section 6.4 titled 
American River Division. 
 
Lindley et al. (2007) classifies the listed (i.e., naturally spawning) population of American River 
steelhead at a high risk of extinction because this population is reportedly mostly composed of 
steelhead originating from Nimbus Fish Hatchery.  The small population size and complete loss 
of historic spawning habitat and genetic composition further support this classification. 
 
5.4.1.1  CV Steelhead Critical Habitat 
 
The PCEs of steelhead critical habitat in the lower American River include freshwater spawning, 
freshwater rearing, and freshwater migration habitats.  There is a general consensus in the 
available literature suggesting that habitat for steelhead in the American River is impaired 
(CVP/SWP operations BA; Water Forum 2005a,b; SWRI 2001; CDFG 1991, 2001).  Of 
particular concern are warm water temperatures during embryo incubation, rearing, and 
migration, flow fluctuations during embryo incubation and rearing, and limited flow-dependent 
habitat availability during rearing.  All of these concerns are related to water management 
operations of the CVP. 
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Figure 5-16.  Population estimates of steelhead spawning in the lower American River.  Estimates from the 
early 1990s were reported in Water Forum (2005a), and estimates for 2002 through 2007 were obtained 
through redd survey monitoring assuming each female steelhead had two redds (Hannon and Deason 2008). 
 
5.4.2  Historical Conditions 
 
Including the mainstem, and north, middle, and south forks, historically, over 125 miles of 
riverine habitat were available for anadromous salmonids in the American River watershed 
(Yoshiyama et al. 1996).  Anadromous salmonids that utilized this habitat included spring-run 
and fall-run Chinook salmon, and summer-run, fall-run and winter-run steelhead (Gerstung 
1971).  Sumner and Smith (1940 op. cit. SWRI 2001) estimated that the American River 
historically may have supported runs exceeding 100,000 Chinook salmon annually, prior to 
habitat degradation from mining and creation of migration barriers from dam construction.  
Composition of the anadromous salmonid runs in the American River has changed over time due 
to habitat degradation and elimination resulting from the construction of dams (Yoshiyama et al. 
1996).  Between 1850 and 1885, hydraulic mining deposited large amounts of sediment in the 
American River (Yoshiyama et al. 1996).  As reported in SWRI (2001), “An estimated 257 
million yards of gravel, silt and debris were washed into the river from hydraulic mining (Gilbert 
1917 cited in Sumner and Smith 1940).”   
 
Between 1944 and 1947, annual counts of summer-run steelhead passing through the fish ladder 
at Old Folsom Dam (RM 27) during May, June, and July ranged from 400 to 1,246 fish 
(Gerstung 1971).  After 1950, when the fish ladder at Old Folsom Dam was destroyed by flood 
flows, summer-run steelhead perished in the warm water in areas below Old Folsom Dam.  By 
1955, summer-run steelhead (and spring-run Chinook salmon) were completely extirpated and 
only remnant runs of fall- and winter-run steelhead and fall-run Chinook salmon persisted in the 
American River (Gerstung 1971).  
 
Estimates of historic run sizes for summer-, fall-, and winter-run steelhead in the American River 
were not identified in the available literature.  However, all three runs of steelhead were likely 
historically abundant in the American River, considering:  (1) the extent of available habitat; (2) 
the historic run size estimates of Chinook salmon before massive habitat degradation occurred; 
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and (3) the reported historic run size estimates for summer-run steelhead in the 1940s which 
occurred even after extensive habitat degradation and elimination.   
 
Operation of Sacramento Municipal Utility District's Upper American River Project (UARP) 
since 1962, as well as Placer County Water Agency's Middle Fork Project (MFP) since 1967, 
altered inflow patterns to Folsom Reservoir (SWRI 2001).  In addition, development of the 
American River watershed has modified the seasonal flow and temperature patterns that occur in 
the lower American River.  Operation of the Folsom-Nimbus project significantly altered 
downstream flow and water temperature regimes. 
 
Completion and operation of Folsom and Nimbus dams resulted in higher flows during fall, 
significantly lower flows during winter and spring, and significantly higher flows during summer 
(figure 5-17). 
 

 
Figure 5-17.  Mean monthly flow of the lower American River at the Fair Oaks gage (1904-1955) and after 
(1956-1967) operation of Folsom and Nimbus dams (Gerstung 1971). 
 
Seasonal water temperature regimes also have changed with development in the American River 
watershed, particularly with construction and operation of Folsom and Nimbus dams (figure 5-
18).  Prior to the completion of Folsom and Nimbus dams in 1955, maximum water temperatures 
during summer frequently reached temperatures as high as 75°F to 80°F in the lower American 
River (Gerstung 1971).  It is important to note that the water temperature data presented in figure 
5-18 is from the Fair Oaks gage8 in the lower part of the river.  Although summer water 
temperatures are cooler in the lower river since Folsom Dam was constructed as compared to the 
pre-dam conditions, prior to habitat elimination by dams, rearing fish had access to cooler 
habitats throughout the summer at higher elevations. 
 

                                                 
8 Data from the Fair Oaks location is presented because that is the only site where pre-Folsom Dam water 

temperatures were identified. 
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Figure 5-18.  Water temperatures recorded at the Fair Oaks gage on the lower American River prior to and 
after construction of Folsom and Nimbus dams (Gerstung 1971). 
 
5.4.3  Future Baseline Excluding CVP/SWP Effects 
 
Baseline stressors to American River steelhead include the presence of Folsom and Nimbus 
dams, loss of natural riverine function and morphology, predation, and water quality (figure 5-
19). 
  
The physical structures of Folsom and Nimbus dams are part of the future baseline.  Dams 
produce extensive ecological disruptions, including alteration of flow regimes, sedimentation, 
and nutrient fluxes, modification of stream-channel morphology, spatial decoupling of rivers and 
their associated floodplains, disruption of food webs, and fragmentation and loss of habitat 
(Ligon et al. 1995, Levin and Tolimieri 2001).  Nimbus Dam was completed in 1955, blocking 
steelhead and spring-run from all of their historic spawning habitat in the American River 
(Lindley et al. 2006).  Hydrological and ecological changes associated with the construction of 
the dams contributed to the extirpation of summer steelhead and spring-run, which were already 
greatly diminished by the effects of smaller dams (e.g., Old Folsom Dam and the North Fork 
Ditch Company Dam) and mining activities (Yoshiyama et al. 1996).   
 
Loss of natural river function and morphology is a major stressor to the aquatic resources of the 
American River, including steelhead.  Past habitat alterations that have taken place within the 
American River watershed continue to limit natural river processes.  The following discussion on 
the habitat alterations in the American River watershed was slightly modified from Water Forum 
(2005a).  Prior to 1849, the riparian vegetation along the river formed extensive, continuous 
forests in the floodplain, reaching widths of up to 4 miles.  Settlement of the lower American 
River floodplain by non-indigenous peoples and the resulting modifications of the physical 
processes shaping the river and its floodplain have drastically altered the habitats along the river.  
Early settlers removed trees and converted riparian areas to agricultural fields.  Hydraulic gold 
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mining in the watershed caused deposits of 5-30 feet of sand, silt, and fine gravels on the 
riverbed of the lower American River.  These deposits resulted in extensive sand and gravel bars 
in the lower river and an overall raising of the river channel and surrounding floodplain.  This 
was later exacerbated by gravel extraction activities.  As a result, the floodplain’s water table has 
dropped, reducing the growth and regeneration of the riparian forest.   
 

 
 
Figure 5-19.  Conceptual model of the future baseline stressors and proposed project-related stressors 
affecting naturally-produced American River steelhead.   
 
Additional habitat impacts resulted from the construction of Folsom and Nimbus dams.  These 
structures have blocked the main upstream sediment supply to the lower American River.  This 
sediment deficit reduces the amount of material that can deposit into bars in the lower reaches, 
resulting in less substrate for growth of cottonwoods and other riparian vegetation. 
 
Since the 1970s, bank erosion, channel degradation and creation of riprap revetments have 
contributed to the decline of riparian vegetation along the river’s edge, loss of soft bank and 
channel complexity, and reduced amounts of large woody debris in the river that are used by fish 
and other species.  In particular, there has been a decrease in overhanging bank vegetation called 
shaded riverine aquatic (SRA) habitat.  SRA habitat provides multiple benefits to both fish and 
wildlife.  In particular, it provides shade along the river to moderate water temperatures in the 
summer.  Overhanging vegetation also provides cover to aquatic species, creating areas where 
they can feed and rest while being sheltered from predators.  Living and dead vegetation 
provides habitat and food for many species of insects and other organisms, which can then be 
eaten by fish species, including salmonids (Water Forum 2005a). 
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Predators of juvenile steelhead in the lower American River include both native (e.g., 
pikeminnow) and non-native (e.g., striped bass) fish, as well as avian species.  Striped bass, 
which were introduced in California in 1879 and 1882 (SWRI 2001), have been shown to be 
effective predators of steelhead in the Central Valley (DWR 2008).  Some striped bass reportedly 
reside in the lower American River year-round, although their abundance greatly increases in the 
spring and early summer as they migrate into the river at roughly the same time that steelhead 
are both emerging from spawning gravels as vulnerable fry and are migrating out of the river as 
smolts (SWRI 2001).   
 
Poor water quality can affect steelhead in the lower American River.  Tierney et al. (2008) 
demonstrated that environmentally observed pesticide mixtures can injure rainbow trout 
olfactory tissue, thereby affecting their ability to detect predators.  Similarly, Sandahl et al. 
(2007) showed that runoff from urban landscapes has the potential to cause chemosensory 
deprivation and increased predation mortality in exposed salmon.  Urbanization throughout the 
greater Sacramento area has led to a replacement of agricultural land uses within the American 
River floodplain with urban land uses, and a corresponding increase in urban runoff (SWRI 
2001).  Based on data from 1992 through 1998 collected by the Ambient Monitoring Program, 
lower American River water quality exceeded State (California Toxics Rule) or Federal (EPA) 
criteria with respect to concentrations of four metals – lead, copper, zinc, and cadmium (SWRI 
2001).  
 
The open season for angling in the lower American River encompasses nearly the entire 
steelhead spawning season.  The only steelhead spawning potentially occurring during the closed 
fishing season would occur for early spawners during late-December from Hazel Avenue bridge 
piers to the SMUD power line crossing at the south-west boundary of Ancil Hoffman Park 
(CDFG 2008).  The entire lower river is open for fishing starting in January, although reach-
specific gear and harvest restrictions apply.  Although only hatchery steelhead may be harvested, 
catch and release of wild spawners may result in mortality if hooking injures critical organs (e.g., 
gills; Cowen et al. 2007).  Steelhead fishing report card results show that the American River 
receives the third most angling effort in the State, with only the Trinity and Smith rivers 
receiving more (CDFG 2007).  From 2003 through 2005, over 3,500 steelhead fishing trips were 
reported for the American River.  During those years, anglers reportedly caught 1,840 wild 
steelhead and illegally harvested 31 of those; 1,440 hatchery steelhead were caught and released 
and 359 hatchery steelhead were harvested.  In addition to the direct effects associated with catch 
and release fishing, steelhead eggs incubating in redds may be damaged by wading anglers or 
other recreationalists.   
 
5.5  Status of the Species and Critical Habitat in the East Side Division 
 
The New Melones Dam operates in conjunction with Tulloch Reservoir and Goodwin Dam on 
the Stanislaus River (figure 5-20).  Goodwin Dam, completed in 1912, is an impassible barrier to 
upstream fish migration at RM 59.  Water is released from New Melones to satisfy senior water 
right entitlements, instream and Delta water quality standards specified under D-1641, CDFG 
fish agreement flows, CVP water contracts and b(2) or CVPIA 3406(b)(3) [hereafter referred to 
b(3)] fishery flows.    
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5.5.1  CV Steelhead 
 
CV steelhead is the only anadromous ESA-listed species that occurs in the Stanislaus River.  
Fall-run also occur in this river.  Spring-run and summer steelhead have been extirpated from 
this watershed (Yoshiyama et al. 1996).  Steelhead populations in the Stanislaus, Tuolumne, 
Merced, and Calaveras rivers are the only remaining representatives of the Southern Sierra 
Nevada diversity group of the CV steelhead.  None of these populations are considered to be 
viable at this time (Lindley et al. 2007).  Anadromous O. mykiss populations may have been 
extirpated from their entire historical range in the San Joaquin Valley owing to dam construction, 
but current populations survive in these rivers in tailwater conditions controlled by the dams.  
The Calaveras River is not a direct tributary to the mainstem San Joaquin River, in that it enters a 
network of sloughs and channels in the Delta east of the mainstem of the San Joaquin River.  
Additionally, the primary flow metric for the San Joaquin River is the flow at Vernalis, and 
Calaveras River flows enter the Delta further downstream.  For the purposes of this document, 
tributaries to the San Joaquin River are defined as the Merced River, the Tuolumne River and the 
Stanislaus River.  Based on information from a variety of sources (rotary screw trap sampling, 
trawling at Mossdale, direct and angler observations) in all three tributaries of the San Joaquin 
River, CDFG (2003) stated that it is “clear from this data that rainbow trout do occur in all the 
tributaries as migrants and that the vast majority of them occur on the Stanislaus River.”  The 
documented returns on the order of single digit numbers of fish into the tributaries suggest that 
existing populations of CV steelhead on the Stanislaus, Tuolumne, Merced, Calaveras, and lower 
San Joaquin rivers are severely depressed.   
 
Information regarding steelhead numbers on the Stanislaus River is very limited and has 
typically been gathered incidental to existing monitoring activities for fall-run.  A counting weir 
for fall-run also has recorded passage of steelhead.  In the 2006-7 counting season, 12 steelhead 
were observed passing through the counting weir, coincidental with the observation of 3,078 
adult salmon (Anderson et al. 2007).  An adipose fin-clipped steelhead was observed at the 
counting weir, indicating some opportunity for genetic introgression from hatchery operations on 
other Central Valley rivers.  On the Stanislaus River, steelhead smolts have been captured in 
rotary screw traps at Caswell State Park and Oakdale each year since 1995 (S.P. Cramer and 
Associates Inc. 2000, 2001), but the numbers are very low, ranging from 10 to 30 annually, 
compared to annual catches of fall-run in the range of hundreds.  The low juvenile steelhead 
numbers likely indicate a much smaller steelhead population than fall-run, but steelhead smolts 
are considerably larger than fall-run smolts, and can avoid capture by the traps (Stillwater 
Sciences 2000).  Most of the steelhead smolts are captured from January to mid-April, and are 
175 to 300 mm fork length.  The raw data from rotary screw trapping show O. mykiss in a 
smolted stage being trapped in late May at both the Oakdale and Caswell trap locations.  These 
fish are physiologically prepared to leave the river at a time well after the scheduled Vernalis 
Adaptive Management Plan (VAMP) pulse flows, but not later than when historical unimpaired 
rain-on-snow events would have provided outmigration flows.  Zimmerman et al. (2008) have 
documented CV steelhead in the Stanislaus, Tuolumne and Merced rivers based on otolith 
microchemistry. 
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Figure 5-20.  Map of the East Side Division (adapted from the CVP/SWP operations BA figure 2-10). 
 
Juvenile steelhead reside in freshwater for a year or more, so they are more dependent on 
freshwater rearing habitat than are the ocean type fall-run.  Steelhead rearing in the Stanislaus 
River occurs upstream of Orange Blossom Bridge (RM 47) where gradients are highest.  The 
highest rearing densities are upstream of Knights Ferry (RM 54.7, Kennedy and Cannon 2002). 
 
Juvenile steelhead migrate during the winter and spring from the above-described rearing areas 
downstream through the rivers and the Delta to the ocean.  The habitat conditions they encounter 
from the upstream reaches of the rivers downstream to the Delta become generally further from 
their preferred habitat requirements with respect to cover, temperature, water quality, and 
exposure to predatory fishes such as striped bass and non-native black bass.  Emigration 
conditions for juvenile steelhead in the Stanislaus River down through the San Joaquin River and 
the south Delta tend to be less suitable than conditions for steelhead emigrating from the 
Sacramento River and its tributaries.   
 
CDFG staff has prepared catch summaries for juvenile migrant steelhead on the San Joaquin 
River near Mossdale, which represents migrants from the Stanislaus, Tuolumne, and Merced 
rivers.  These trawl recoveries at Mossdale between 1988 and 2002 ranged from a minimum of 1 
fish per year to a maximum of 29 fish in 1 year (figure 4-5).  
 
Adult steelhead migrate upstream from the ocean to their spawning grounds near the terminal 
dams primarily during the fall and winter months.  Flows are generally lower during the 
upstream migrations than during the outmigration period.  Adult steelhead may occur in the 
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Stanislaus River earlier than in other Central Valley rivers when fall attraction flows are released 
in October for the benefit of fall-run.  The general temporal occurrence of steelhead and fall-run 
in the Stanislaus River at various life history stages is illustrated in figure 5-21. 
 

 
Figure 5-21.  Temporal occurrence of fall-run and steelhead in the Stanislaus River, California.  Darker 
shading indicates peak use.   
 
Construction of Goodwin Dam in 1912 has excluded steelhead from 100 percent of its historical 
spawning and rearing habitat on the Stanislaus River (Lindley et al. 2006).  Critical habitat has 
been designated up to Goodwin Dam, to include currently occupied areas.  Extension of critical 
habitat above the dams was deemed premature until recovery planning determines a need for 
these areas in the recovery of the DPS (September 2, 2005, 70 FR 52488).   
 
The construction of the East Side Division Dams (New Melones, Tulloch, and Goodwin) blocks 
the downstream transport of spawning gravel that would replenish gravel below the dams.  Past 
East Side Division operations have mobilized gravel remaining below the dams, which has led to 
a degradation of the quality and quantity of available steelhead spawning gravels (Kondolf et al. 
2001).  Gravel replenishment projects funded by CVPIA have offset some of this habitat loss, 
but the rate of replenishment is not sufficient to offset ongoing loss rates, nor to offset losses 
from past years of operations.   
 
Past operations of the East Side Division have eliminated channel forming flows and geomorphic 
processes that maintain and enhance steelhead spawning beds and juvenile spawning areas 
associated with floodplains and channel complexity.  Since the construction and operation of 
New Melones Dam, operational criteria have resulted in channel incision, as much as 1-3 feet 
(Kondolf et al. 2001).  This downcutting, combined with operational criteria, have effectively cut 
off overbank flows which would have inundated floodplain rearing habitat, as well as providing 
areas for fine sediment deposition, rather than within spawning gravels, as occurs now.  
Operational flow patterns in late spring and summer, combined with lack of overbank flows has 
severely constrained recolonization of large riparian trees that are needed for riparian shading 
and LWD contribution.   
 
5.5.1.1  CV Steelhead Critical Habitat 
 
Steelhead critical habitat on the Stanislaus River has been designated up to Goodwin Dam.  The 
PCEs of critical habitat for Stanislaus River steelhead include freshwater spawning, freshwater 
rearing, freshwater migration, and estuarine habitats.  Although Stanislaus River water 
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temperatures are generally suitable for spawning and rearing, during the smolt emigration life 
stage (January through June), steelhead are exposed to water temperatures that would prohibit 
successfully completing transformation to the smolt stage.  In addition, steelhead spawning and 
rearing habitat on the Stanislaus River is affected by the limited occurrence of flows that are 
sufficient to carry out natural geomorphic processes.  As such, sediment deposition on spawning 
habitats has decreased the availability of suitable spawning areas.  The relatively low and 
uniform releases in the Stanislaus River reduces the conservation value of rearing habitat by 
reducing habitat complexity and decreasing connectivity with floodplains, which are proven to 
be high quality rearing habitats (Sommer et al. 2005).   
 
5.5.2  Historical Conditions 
 
The unimpaired hydrograph of the Stanislaus River followed the pattern of low flows at the end 
of the summer, increasing flows in the fall as upstream evapotranspiration rates declined, which 
continued to increase with the onset of seasonal rainfall in late fall, followed by rain plus 
snowmelt through the end of spring (table 5-2).  The winter hydrograph was punctuated with 
storm related freshets, peak flows correlated with large storm events, and periodic large instream 
flow events later in winter and spring, owing to rain-on-snow events in the higher elevations of 
the watershed. 
 
Table 5-2.  Comparison of unimpaired average monthly flows, Stanislaus River from various timeframes, 
with post-New Melones Dam regulated flows (Kondolf et al. 2001 table 4.4). 

 
 
The life history strategy of CV steelhead evolved with this hydrologic pattern.  The adults return 
from the ocean to spawn in the rivers when fall flows have increased and water temperatures in 
the valley are past their summer peak.  Historically they would continue far upstream to spawn, 
allowing their offspring rearing areas that are cooler year round than lower elevation reaches 
nearer the valley floor.  Young steelhead would rear in these areas for at least a full year, 
beginning their seaward migration during the winter and spring freshets and storm pulses that 
helped their seaward movement and created a succinct signature of Stanislaus River water 
through to the Delta.   
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5.5.3  Future Baseline Excluding CVP/SWP Effects 
 
Future baseline stressors to CV steelhead include the presence of Goodwin, Tulloch and New 
Melones dams, loss of natural riverine function and morphology, agricultural and urban land 
uses, gravel mining, predation, and water quality, particularly temperature, contaminants and 
suspended sediment (figure 5-22). 
    
 

 
Figure 5-22.  Conceptual model of and future baseline stressors and project-related stressors of CV steelhead 
and habitat in the Stanislaus River, California. 
 
Dams produce extensive ecological disruptions, including sedimentation, and nutrient fluxes, 
modification of stream-channel morphology, spatial decoupling of rivers and their associated 
floodplains, disruption of food webs, and fragmentation and loss of habitat (Ligon et al. 1995, 
Levin and Tolimieri 2001).  Lindley et al. (2006) also suggest that dams may exert selective 
effects on anadromous O. mykiss, culling the anadromous offspring produced, and modifying the 
thermal regime and food web structure of the river below the dam in ways that may provide 
fitness advantages to resident forms, which means that the population shifts more towards 
residency and further from a viable anadromous species. 
 
Loss of natural river function and morphology is a major stressor to the aquatic resources of the 
Stanislaus River, including steelhead.  Bank erosion, channel degradation and creation of riprap 
revetments have contributed to the decline of riparian vegetation along the river’s edge, loss of 
soft bank and channel complexity, and reduced amounts of LWD in the river that are used by 
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fish and other species.  Living and dead vegetation provide habitat and food for many species of 
insects and other organisms, which can then be eaten by fish species, including salmonids. 
 
Flood attenuation has allowed for encroachment of agriculture and homes up to the river’s edge.  
Although floodway easements were acquired on many farmed terraces when New Melones Dam 
was constructed, much of this agricultural activity consists of permanent orchards, which are not 
flood resistant.  This agricultural practice is averse to overbank flooding and creates opposition 
to dam operational practices that would flood habitat terraces.   
 
Poor water quality can affect steelhead in the lower Stanislaus River.  The lower Stanislaus River 
is considered an impaired water body for Diazinon and Group A pesticides attributed to 
agricultural uses.  Tierney et al. (2008) demonstrated that environmentally observed pesticide 
mixtures can injure rainbow trout olfactory tissue, thereby affecting their ability to detect 
predators.  Similarly, Sandahl et al. (2007) showed that runoff from urban landscapes has the 
potential to cause chemosensory deprivation and increased predation mortality in exposed 
salmon.  There is an increasing trend toward urbanization of the lower Stanislaus River. 
 
Gravel mining, including in-river skimming and flood terrace pit mines, is currently less active in 
the watershed, but has left a legacy of reduced instream gravel abundance and deep excavation 
pits captured by the river that provide habitat for non-native predatory fishes, like largemouth 
bass and striped bass that prey on steelhead.  The lower Stanislaus River is considered an 
impaired water body for mercury as a result of past gravel and gold mining activity [2006 Clean 
Water Act section 303(d) list], although it is not clear how much of that contaminant is present in 
the biologically active methylated form.    
 
5.6  Status of the Species and Critical Habitat in the Delta Division 
 
The overall statuses of the four listed species in the Central Valley (winter-run, spring-run, CV 
steelhead, and Southern DPS of green sturgeon) were described in section 4 of this Opinion.  
Since all of the sub-populations that comprise the listed populations at the ESU or DPS level 
must pass through the Delta (figure 5-23), further description of the status of each individual sub-
population beyond that already given in section 4 is unnecessary. 
 
5.6.1  Critical Habitat 
 
5.6.1.1  Status of Winter-Run Critical Habitat 
 
Critical habitat within the Delta largely serves as a migratory corridor.  However, juvenile 
winter-run likely rear while they migrate downstream, therefore, rearing habitat is an important 
component within the mainstem Sacramento River in the Delta.  The current condition of 
riparian habitat for winter-run in the Delta is degraded as a result of the channelized, leveed, and 
riprapped river reaches and sloughs, which typically have low habitat complexity, low 
abundance of food organisms, and offer little protection from either fish or avian predators.  
Some complex, productive habitats with floodplains remain in the system [e.g., Sacramento 
River reaches with setback levees (i.e., primarily located upstream of the City of Colusa)] and 
flood bypass (i.e., Yolo bypass).  
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Figure 5-23.  Map of Delta waterways.
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The final rule designating winter-run critical habitat explicitly excludes the rivers and sloughs of 
the Delta, with the goal of minimizing diversion of winter-run through the DCC (June 16, 1993, 
58 FR 33212).  When the DCC gates are open during winter-run outmigration, a portion of the 
flow, and therefore, a portion of the outmigrating winter-run, is entrained through the DCC into 
the interior Delta, where their chances of survival and successful migration to San Francisco Bay 
and the Pacific Ocean are reduced.  In addition, unscreened diversions that entrain juvenile 
salmonids are prevalent throughout the Delta and do not provide a safe migration corridor.   
 
Based on the impediments caused by unscreened diversions, and the opening of the DCC gates 
during the winter-run outmigration period, the current condition of the migration corridor 
through the Delta for juvenile winter-run is much degraded. 
 
5.6.1.2  Status of Spring-Run Critical Habitat 
 
The status of estuarine habitats for spring-run also is considered to be highly degraded as is 
evident by the collapse of pelagic organisms in the Delta (Sommer et al. 2007, IEP 2008).  It is 
not immediately clear how the changes in the Delta ecosystem affect spring-run, but it is certain 
that substantial changes to spring-run estuarine habitat are occurring. 
 
5.6.1.3  Status of CV Steelhead Critical Habitat 
 
In addition, the status of estuarine habitats for steelhead is considered to be highly degraded as is 
evident by the collapse of the pelagic community in the Delta.  This collapse is, in part, related to 
dramatic habitat changes in recent years related to water quality, toxic algae blooms (e.g., 
Microcystis), and invasive species (e.g., the aquatic macrophyte Egeria densa).  It is not 
immediately clear how the changes in the Delta ecosystem affect steelhead, but it is certain that 
substantial alterations to steelhead estuarine habitat are occurring. 
 
5.6.1.4  Status of Southern DPS Green Sturgeon Proposed Critical Habitat 
 
The effects of combined exports present an entrainment issue that could delay migration or 
decrease survival or population viability through entrainment into the facilities itself.  These 
effects increase in magnitude the closer to the export facilities the fish are located.  Likewise, the 
installation of the barriers under the South Delta Temporary Barriers Program (TBP) enhances 
the potential to delay movement and migratory behavior in the channels of the South Delta.  
Juvenile and adult green sturgeon may be trapped behind the barriers after installation/ operation 
for varying periods of time.  The rock barriers of the TBP present the greatest obstacle to 
movement during their installation and operation, but are removed from the channels each 
winter. 
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5.6.2  Delta Hydrodynamics 
 
5.6.2.1  Historical Hydrograph 
 
Substantial changes have occurred in the hydrology of the Central Valley’s watersheds over the 
past 150 years.  Many of these changes are linked to the ongoing actions of the CVP and SWP in 
their pursuit of water storage and delivery of this water to their contractors. 
 
Prior to the construction of dams on the tributaries surrounding the Central Valley, parts of the 
valley floor hydrologically functioned as a series of natural reservoirs seasonally filling and 
draining every year with the cycles of rainfall and snow melt in the surrounding watersheds.  
These reservoirs delayed and muted the transmission of floodwaters traveling down the length of 
the Sacramento and San Joaquin rivers.  Historically, there were at least six distinct flood basins 
in the Sacramento Valley.  The east side of the Sacramento Valley was topographically 
subdivided into the Butte Basin, the Sutter Basin, the American River Basin, and the Sacramento 
Basin.  The west side of the valley contained the Colusa Basin and the Yolo Basin.  The Colusa 
Basin drained through Sycamore Slough above Knight’s Landing, the Yolo Basin drained 
through Cache Slough at the foot of Grand Island, and the eastern basins drained through the 
Feather and the American rivers.  The Sacramento Basin drained southwards towards the San 
Joaquin River.  Some of these basins retained floodwaters for many months after the flood event, 
allowing the basins to slowly drain back into the river or to evaporate in the summer heat.  
Others, like the Yolo Basin, drained relatively quickly.  Overflow into these basins significantly 
reduced flood peaks and flow velocities in the bypassed reaches.  For example, the Yolo Basin 
was believed to capture over two-thirds of the flood flows on the Sacramento River and divert 
them around the main channel near Sacramento towards the Delta.  These extensive flood basins 
created excellent shallow water habitat for fish such as juvenile Chinook salmon, steelhead, and 
sturgeon to grow and rear before moving downstream into the Delta (The Bay Institute 1998).  
The magnitude of the seasonal flood pulses were reduced before entering the Delta, but the 
duration of the elevated flows into the Delta were prolonged for several months, thereby 
providing extended rearing opportunities for emigrating Chinook salmon, steelhead and green 
sturgeon to grow larger and acquire additional nutritional energy stores before entering the main 
Delta and upper estuarine reaches. 
 
Prior to the construction of dams, there were distinct differences in the natural seasonal flow 
patterns between the northern Sacramento River watershed and the southern San Joaquin River 
watershed.  Furthermore, the natural unimpaired runoff in the Central Valley watersheds 
historically showed substantial seasonal and inter-annual variability.  Watersheds below 5,000 
feet in elevation followed a hydrograph dominated by rainfall events with peak flows occurring 
in late fall or early winter (northern Sierra Nevada, Cascade Range, and most of the western 
coastal mountains).  Conversely, those watersheds with catchment areas above 5,000 feet, such 
as the Central and Southern Sierras, had hydrographs dominated by the spring snowmelt runoff 
period and had their highest flows in the late spring/early summer period.  Summertime flows on 
the valley floor were considerably reduced after the seasonal rain and snowmelt pulses were 
finished (figures 5-24), with base flows supported by the stored groundwater in the surrounding 
alluvial plains.  Since the construction of the more than 600 dams in the mountains surrounding 
the Central Valley, the variability in seasonal and inter-annual runoff has been substantially 
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reduced and the peak flows muted, except in exceptional runoff years.  Currently, average 
winter/spring flows are typically reduced compared to natural conditions, while summer/fall 
flows have been artificially increased by reservoir releases.  Wintertime releases are coordinated 
for preserving flood control space in the valley’s large terminal storage dams, and typically do 
not reach the levels necessary for bed load transport and reshaping of the river channels below 
the dams.  Summertime flows have been scheduled for meeting water quality goals and 
consumptive water demands downstream (figures 5-25 and 5-26).  Mean outflow from the 
Sacramento River during the later portion of the 19th century has been reduced from nearly 50 
percent of the annual discharge occurring in the period between April and June to only about 20 
percent of the total mean annual outflow under current dam operations (The Bay Institute 1998).  
Currently, the highest mean flows occur in January, February, and March.  The San Joaquin 
River has seen its snowmelt flood peak essentially eliminated, and the total discharge to the 
valley floor portion of the mainstem greatly reduced during the spring.  Only in very wet years is 
there any marked late spring outflow peak (The Bay Institute 1998). 
 
These changes in the hydrographs of the two main river systems in the Central Valley are also 
reflected in the inflow and outflow of water to the Delta.  Releases of water to the Delta during 
the normally low-flow summer period have had several impacts on Delta ecology and hydrology.  
Prior to dam construction in the Central Valley and operations of the CVP and SWP, the Delta 
had normal variability in the hydrology.  Annual incursions of saline water into the Delta still 
occur each summer, but have been substantially muted compared to their historical levels by the 
release of summer water from the reservoirs (Herbold and Moyle 1989, figures 5-27 and 5-28).  
The Delta has thus become a conveyance apparatus to move water from the Sacramento side of 
the Delta to the southwestern corner of the Delta where the CVP and SWP pumping facilities are 
located.  The Delta has become a stable freshwater body, which is more suitable for introduced 
and invasive exotic freshwater species of fish, plants, and invertebrates than for the native 
organisms that evolved in a fluctuating and “unstable” Delta environment.   
 
Furthermore, Delta outflow has been reduced by approximately 14 percent from the pre-dam 
period (1921-1943) when compared to the project operations period (1968-1994).  When 
differences in the hydrologic year types are accounted for and the “wet” years are excluded, the 
comparison between similar year types indicates that outflow has been reduced by 30 to 60 
percent (The Bay Institute 1998, also see Delta Atlas, DWR), with most of this “lost” water 
going to exports. 
 
5.6.2.1.2  Current Flow Patterns in the Delta 
 
The Delta is a complex system of over 1,000 miles of waterways (Delta Atlas, DWR).  The flow 
pattern within these waterways is also complex due to the interactions of river flows, tides, and 
water diversions.  In order to explain in general terms the pattern of flows within the Delta, it 
will be divided into four regions, the North Delta, the Central Delta, the South Delta, and the 
Western Delta. 
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Figure 5-24.  Average monthly unimpaired (natural) discharge from the upland Sacramento and San Joaquin 
River watersheds (The Bay Institute 1998). 
 

 208



 
Figure 5-25.  Alteration of median monthly inflow into the lowland Sacramento River at Red Bluff (The Bay 
Institute 1998). 
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Figure 5-26.  Alteration of median monthly inflow into the lowland Tuolumne and San Joaquin rivers (The 
Bay Institute 1998). 
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Figure 5-27.  Maximum salinity intrusion for the years 1921 through 1943 (Pre-project conditions in Central 
Valley –Shasta and Friant Dams non-operational; Sacramento-San Joaquin Delta Atlas, DWR). 

 211



 
Figure 5-28.  Maximum salinity intrusion for the years 1944 through 1990 (Project era; Sacramento-San 
Joaquin Delta Atlas, DWR). 
 
The North Delta is primarily fed by the Sacramento River, which feeds into the Delta below the 
community of Freeport in Sacramento County.  During high flow events, the Yolo bypass 
redirects flood flows southwards through the flood bypass, around the reach of the Sacramento 
River that flows through the City of Sacramento, before discharging the water into Cache Slough 
near the southern tip of Liberty Island.  Downstream of Freeport, small natural channels branch 
off of the main channel of the Sacramento River and head southwesterly through the north Delta.  
Although smaller, these channels carry a substantial proportion of the Sacramento River’s 
discharge through several farmed Delta Islands towards the Cache Slough region.  Together, 
Sutter and Steamboat sloughs can convey approximately 35 percent of the Sacramento River’s 
flow at Freeport when the Delta Cross channel gates are open and approximately 45 percent 
when the gates are closed (Burau et al. 2007 appendix A).  Elk Slough branches off of the 
mainstem Sacramento River near the town of Clarksburg and flows in a southwesterly direction, 
separating Merritt Island from Prospect Island.  Its connection to the mainstem Sacramento River 
is through gated culverts, which are operated on an as needed basis.  Typically they are closed.  
Sutter Slough is the next channel that splits from the Sacramento River near Courtland and flows 
southwesterly between Sutter Island and Prospect Island.  It picks up Elk Slough shortly after 
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branching off of the Sacramento River.  Miner Slough branches off of Sutter Slough at the 
Northern tip of Ryer Island and flows along the western side of Ryer Island, separating it from 
Prospect Island.  Farther downstream past the community of Painterville, Steamboat Slough 
branches off of the Sacramento River and travels in a southwesterly direction between Sutter and 
Grand Islands.  Miner Slough discharges into Cache Slough near the entrance to the Sacramento 
DWSC.  Sutter Slough joins Steamboat Slough at the southern tip of Sutter Island and the slough 
eventually terminates between Cache Slough and the mainstem Sacramento River between Ryer 
Island and Grand Island (see figure 5-23).  The waterways in this region are still tidally 
influenced and water levels rise with the incoming tide.  Flow velocity drops with the 
corresponding increase in tidal stage, particularly during low flow conditions.  Below the 
confluence of Cache Slough, Steamboat Slough, and the Sacramento River, the main river 
channel becomes much wider and deeper, partially due to the commercial shipping channel that 
leads to the Port of Sacramento.  Tidal influence is strong in this portion of the North Delta near 
Rio Vista.   
 
The mainstem of the Sacramento River below the mouth of Steamboat Slough carries the main 
flow of water southwards into the Delta.  Near the town of Walnut Grove, two channels bifurcate 
from the main Sacramento River channel and flow southwards.  The first is an artificial channel, 
the DCC, constructed in 1953 to transport high quality freshwater from the Sacramento River 
into the interior Delta (CALFED 2001).  Two radial gates are positioned at the head of the 
channel to block off flow into the channel as needed.  When the gates are open, the channel 
conveys Sacramento River water into Snodgrass Slough and subsequently into the Mokelumne 
River system.  Burau et al. (2007) estimated that when the DCC gates are open, approximately 
45 percent of the Freeport flow is redirected into the Delta interior through the DCC and 
Georgiana Slough.  This water eventually discharges into the San Joaquin River near RM 22 and 
is then available to be drawn southwards towards the CVP and SWP pumps in the South Delta.  
When the radial gates are open, the net water flow moves southwards in the DCC, and into 
Snodgrass Slough and the Mokelumne River system.  This channel however, is still influenced 
by river and tidal flow and oscillations in flow velocity and stage are tidally driven on a daily 
basis.  Tidal stage and river flow also determine the magnitude and timing of river flows that 
enter into the DCC from the Sacramento River (Horn and Blake 2004).  Maximum flows in the 
DCC are seen during the incoming flood tide when increasing downstream stage redirects the 
flow of Sacramento River water into the mouth of the DCC.  This physical condition greatly 
influences the probability of juvenile salmonids entering the DCC channel when the gates are in 
their open configuration. 
 
When the radial gates of the DCC are closed, flows through the cross channel are prevented and 
hydraulics in the Sacramento River are altered.  With the DCC gates closed, water remains in the 
main channel of the Sacramento River.  Flows increase in Sutter and Steamboat sloughs 
upstream of the location of the DCC (35 percent of Freeport flows in the open configuration to 
45 percent in the DCC closed configuration).  Water remaining in the main channel of the 
Sacramento River flows downstream until it encounters the mouth of Georgiana Slough.  
Georgiana Slough is a natural channel, which is also located on an outside bend of the 
Sacramento River.  On average, approximately 15 to 20 percent of the natural flow of the 
Sacramento River (as measured at Freeport) is redirected into Georgiana Slough, depending on 
tides, river flows, and the status of the DCC gates.  As explained previously, percentages of 
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redirected flow into Georgiana Slough can be much higher during flood stages of the incoming 
tide, compared to ebb tidal situations.  Flows move in a net southerly direction within Georgiana 
Slough towards the interior of the Delta, although tidal patterns may create periods of upstream 
flow in the channel during flood tides.  Water moving down Georgiana Slough eventually 
discharges into the lower portion of the Mokelumne River before the combined flows enter the 
San Joaquin River at RM 22.  At this point, depending on flows in the San Joaquin River and the 
diversion rates of the combined CVP and SWP pumping facilities, a significant portion of the 
Sacramento River water that entered Georgiana Slough can move southwards through either the 
Old River or Middle River channels towards the pumps.  When pumping rates are low, or the 
flows in the San Joaquin River are high, “Sacramento River” water will be pushed westwards in 
the San Joaquin River mainstem and out of the Delta rather than moving southwards towards the 
pumps. 
 
The Central Delta is roughly regarded as those waterways surrounding the San Joaquin River 
from Stockton westwards to Webb Tract and Twitchell Island.  These waterways include the 
mainstem of the lower San Joaquin River itself, the lower Mokelumne River complex and its 
associated waterways (i.e., Potato, Disappointment, and Fourteenmile sloughs as well as other 
channels) and the lower reaches of Old River and Middle River with their interconnecting 
waterways and channels.  Under natural hydrological conditions, net flow in these channels 
would always have been in a downstream direction towards the ocean.  Those waterways to the 
north of the San Joaquin River would have had a net southerly flow until they entered the San 
Joaquin River, after which net flows would have been westward towards Suisun Bay.  Likewise, 
net water movement in channels to the south of the San Joaquin River would have flowed 
northwards to the main river channel and thence towards the ocean.  Overlying this net seaward 
flow would have been a bidirectional tidal signature.  Under current project conditions, net flow 
in many of these channels is towards the pumps, particularly when river flows are low and 
pumping rates are high.   
 
Water flow patterns in the South Delta are also determined by the water diversion actions of the 
CVP and SWP, and the operations of the seasonal temporary barriers, as well as tides and river 
inflows to the Delta.  Under natural conditions with no pumping, water flows downstream in a 
net positive direction towards the ocean.  Under current conditions, the flow patterns have 
become much more complex.  When pumping rates are high at the project facilities, water is 
drawn towards the two points of diversion, i.e., the SWP’s Clifton Court Forebay and the CVP’s 
Tracy intake.  Water moves downstream through the Head of Old River and through the channels 
of Old River and Grantline/ Fabian-Bell Canal towards the pumps.  Conversely, water to the 
north of the two facilities’ diversion points moves southwards (upstream) and the net flow is 
negative.  This pattern is further complicated when the temporary barriers are installed from 
April through November, and internal reverse circulation is created within the channels isolated 
by the barriers from the rest of the South Delta (discussed later in the Temporary Barriers 
Section).  These conditions are most evident during late spring through fall when river inflows 
are lower and water diversion rates are high.  Dry hydrological years also exacerbate the loss of 
net downstream flows in the South Delta. 
 
The western Delta is less affected by the actions of the projects due to their downstream location.  
Typically, net flows in this region of the Delta are positive and flow towards the ocean.  
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However, under certain conditions, such as low Delta outflow during the summer and fall, high 
export pumping rates, and negative QWEST (a measurement of flow in the western Delta), 
particle tracking models have demonstrated that a significant portion of the water in the west 
Delta can be drawn to the pumps over a period of 10 to 30 days.  Water originating in the 
Sacramento River can be entrained into the lower reaches of the San Joaquin River and be 
redirected upstream towards the pumps.  Water enters the San Joaquin River system from both 
Three Mile Slough near Decker Island, Sherman Lake (the flooded island at the western terminus 
of Sherman Island), and through Broad Slough (the confluence of the San Joaquin River with the 
Sacramento River) farther downstream.  Strong tidal influence can then push the water upstream 
into the zone of influence created by the project’s pumping actions near the mouth of Old River 
and the waterways passing through Franks Tract (False River and Fisherman’s Cut). 
 
5.6.3  Future Baseline Excluding CVP/SWP Effects 
 
The Delta is likely to continue experiencing reduced habitat value within the waterways of the 
Delta due to the ongoing habitat modifications created by the construction and maintenance of 
the armored levees.  The construction of the levees has resulted in the loss of riparian zones and 
shallow water habitat adjacent to the levees.  The placement of rock riprap prevents the 
establishment of riparian vegetation, particularly woody vegetation.  This inherently reduces the 
incorporation of large woody material from downed trees and brush into the channel margins, 
and the “armored” levee banks reduce the ability of LWD to become lodged along the banks 
during high water events when LWD enters the system from upstream.  Levees also prevent the 
rivers from having any connection with the adjacent historical floodplains and, thus, reduce the 
input of allochthonous material from the upland areas and eliminate the availability of rearing 
habitat during high water episodes.  Levees also enhance the loss of fringing marshlands and 
emergent vegetation by reducing the shallow water margins along the channels to a narrow band. 
 
Predation of juvenile listed salmonids and green sturgeon will continue at an unknown level due 
to the presence of native and non-native species present in the Delta ecosystem.  Interactions 
with non-native species will continue.  The infestation of Delta waterways with non-native plants 
such as Egeria densa and water hyacinth is likely to continue, unless changes in chemical and 
biological parameters change to reduce the biomass of these plants (e.g., increased salinity 
intrusions).  The presence of invasive species such as Asian overbite clams, non-native 
copepods, and non-native gobies is likely to continue. 
 
The discharge of contaminants into Delta waters from urban and agricultural sources is likely to 
continue into the future.  The perimeter of the Delta region is becoming more urbanized, which 
increases the likelihood of urban discharges entering the Delta waterways.  Likewise, regional 
agriculture will continue to discharge agricultural return waters from irrigation practices into 
surrounding waterways, which eventually flow into Delta waters.  The continued subsidence of 
Delta islands and the predicted increase in sea level height will place additional pressure on 
agriculture within the Delta region proper.  Many islands are 10 to 20 feet below sea level and, 
without pumping the soils, would eventually become saturated.  Farmers must continue to pump 
water from the irrigation return ditches on their lands to keep Delta water from seeping in from 
the surrounding waterways.  This practice carries chemicals used on the fields into the irrigation 
return water and eventually into the Delta.   
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Entrainment of fish, zooplankton, and phytoplankton by agricultural water diversions not 
associated with CVP/SWP operations will continue into the future.  Screening of all agricultural 
water diversion intakes in the Delta would be necessary to reduce or eliminate the entrainment of 
fish due to these diversions.  Larger regional water intakes, such as the City of Stockton water 
intake on Empire Tract, will continue to divert water for consumptive use in the future.  These 
facilities are screened to prevent entrainment of fish. 
 
In support of commercial shipping in the Delta, continued dredging of the Stockton DWSC and 
the Sacramento Ship Channel will continue into the future.  Effects associated with dredging 
include noise, resuspension of sediments and any associated contaminants and potential 
entrainment into the dredger head will continue.  Impacts to listed salmonids and green sturgeon 
and their habitats associated with shipping activities, including pollution from shipping, 
introduction of non-native species via ballast water discharges, ship strikes, and propeller 
entrainment, are likely to continue.   
 
Recreational boating in the Delta will continue into the future.  Impacts to listed salmonids and 
green sturgeon and their habitats associated with recreational boating, including the installation 
of boat docks and pilings, noise from boat engines, pollutants (engine combustion byproducts, 
spilled fuel, refuse, etc.), increased turbidity from wakes, increased shore erosion, and the 
fragmentation of invasive water plants such as E. densa that increase the spread of the plant, are 
likely to continue. 
 
The TBP involves the temporary placement of rock barriers in four separate locations in the 
South Delta on a seasonal basis that coincides with the agricultural irrigation season, typically 
running from April through November.  This program has been in place since 1991.  The 
temporary rock barriers installed in Old River near Tracy, Middle River near Victoria Canal, 
Grant Line Canal near the Tracy Boulevard Bridge, and at the Head of Old River.  In 2008, 
NMFS completed formal consultation by issuing a biological opinion for the installation of the 
barriers through the end of 2010.  That consultation was reinitiated based on a change in action 
to implement a non-physical barrier project.  NMFS completed the formal consultation and 
issued a biological opinion on April 3, 2009 (NMFS 2009).  Based on NMFS’ analysis, the TBP 
would likely result in:  changes to flow patterns in the South Delta, increasing the potential for 
migrational delays in conjunction with the barriers placement; hydraulic conditions that will 
impede free passage of fish through the channels of the South Delta; entrainment of a proportion 
of the fish that remain in the mainstem of the San Joaquin River into the channels leading 
southwards under the influence of the CVP/SWP water diversion pumps; increasing the risk of 
predation on juvenile listed salmonids and green sturgeon; and impacts to the functioning of the 
South Delta waterways as critical habitat for steelhead and green sturgeon by impacting the value 
of the channels for migration and rearing.  A complete analysis of the effects of the TBP is 
provided in NMFS (2009). 
 
5.7  Southern Resident Killer Whales 
 
All of the categories of human activities discussed in the Status of the Species section (section 
4.2.5.3) have contributed to the current status of Southern Residents within the action area.  The 
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following discussion summarizes the principal human and natural factors within the action area 
(other than the proposed action) that affect the likelihood that Southern Residents will survive 
and recover in the wild. 
 
5.7.1 Natural Mortality 
 
Seasonal mortality rates among Southern and Northern Residents are believed to be highest 
during the winter and early spring, based on the numbers of animals missing from pods returning 
to inland waters each spring.  Olesiuk et al. (2005) identified high neonate mortality that 
occurred outside of the summer field research seasons.  At least 12 newborn calves (9 Southern 
Residents and 3 Northern Residents) were seen outside the summer field season and disappeared 
by the next field season.  Additionally, stranding rates are higher in winter and spring for all 
killer whales in Washington and Oregon (Norman et al. 2004).  Southern Residents strandings in 
coastal waters offshore include three separate events (1995 and 1996 off of Northern Vancouver 
Island and the Queen Charlotte Islands, and 2002 offshore of Long Beach, Washington State), 
and the causes of death are unknown (NMFS 2008a). 
 
In recent years, sighting reports indicate anecdotal evidence of thin Southern Residents returning 
to inland waters in the spring.  For example, in March 2006, a thin female from the Southern 
Residents population (L54) with a nursing calf was sighted off Westport, Washington.  The 
sighting report indicated she had lost so much blubber that her ribs were showing under the skin 
(Cascadia Research Collective 2008). 
 
The official 2008 census for Southern Residents was 85 whales (annually conducted and 
reported by The Center for Whale Research, down from 87 whales in 2007).  After the official 
census, two additional whales were observed missing.  However, a whale is not declared dead 
until found missing in the following year during the census.  In total, seven Southern Residents 
were declared dead or suspected missing in the current year (Balcomb 2008).  None of these 
whales were recovered and cause of death is unknown.  Two of the seven were calves that by 
convention had not been counted as part of the population prior to their deaths.  Death of calves 
is not unusual.  Two of the mortalities were old whales (K7 and L21, 98 and 56 years old, 
respectively), and mortality in this age group is not surprising.  The remaining dead or declared 
missing whales were in age groups with typically low mortality.  Two were reproductive females 
(J11 and L67, 35 and 32 years old, respectively).  It is more unusual to see mortality of 
reproductive females.  One was a sub-adult male (L101, 5 years old).  However, L101’s death 
may have been related to the condition of L67 (mother of L101).  Reportedly, L67 did not look 
well (identified as a thin whale during aerial survey, Durban 2008) when last seen in September. 
 
5.7.2 Human Related Activities 
 
5.7.2.1 Prey Availability 
 
Based on persuasive scientific information that Southern Residents prefer Chinook salmon in 
inland waters (see further discussion in section 4.2.5.3.1), Southern Residents may also prefer 
Chinook salmon when available in coastal waters of the action area.  This analysis therefore 
focuses on Chinook salmon abundance in coastal waters.  Focusing on Chinook salmon provides 
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a conservative estimate of potential effects of the proposed action on Southern Residents, 
because the total abundance of all salmon and other potential prey species is orders of magnitude 
larger than the total abundance of Chinook salmon.  
 
When prey is scarce, whales must spend more time foraging than when it is plentiful, leading to 
increased energy expenditure and decreased fitness, which can result in relatively lower 
reproductive rates and relatively higher mortality rates.  Food scarcity would cause whales to 
draw on fat stores, mobilizing contaminants stored in their fat.  It is uncertain to what extent long 
term or more recent declines in salmon abundance contributed to the decline of the Southern 
Residents DPS, or whether current levels are adequate to support the survival and recovery of the 
Southern Residents (more details are available in the section 4.2.5.3.1, which discusses the 
correlative relationships between Southern Residents survival and fecundity and Chinook salmon 
abundance). 
 
The availability of Chinook salmon to Southern Residents is affected by a number of natural and 
human actions.  Details regarding baseline conditions of those Chinook salmon affected in the 
action area that are listed under the ESA are described above in this section.  As discussed above, 
adult salmon are affected by fisheries harvest in fresh and marine waters, dams that impede 
passage, other habitat modifications, and poor water quality.  In addition, climate effects from 
PDO and the ENSO conditions and events cause changes in ocean productivity which can affect 
natural mortality of salmon, as described in more detail in section 4.2.4.11.  Predation in the 
ocean also contributes to natural mortality of salmon. Salmonids are prey for pelagic fishes, 
birds, and marine mammals (including Southern Residents). 
 
NMFS has previously consulted on the effects of fishery harvest actions on Southern Residents, 
including 10-year terms of the Pacific Salmon Treaty (term of biological opinion from 2009-
2018, NMFS 2008) and the United States v. Oregon 2008 Management Agreement (term of 
biological opinion from 2008-2017; NMFS 2008d), and the Pacific Coast Salmon Plan fisheries 
(NMFS 2009a).  These are abundance-based harvest programs that allow for increased harvest 
when runs are abundant and reduced harvest when runs are lower.  The Pacific Salmon Treaty 
and Pacific Coast Salmon Plan harvest programs will reduce Chinook salmon prey available to 
Southern Residents in any given year.  NMFS analyzed the likely reductions based on good and 
poor years of Chinook salmon abundance, in both the coastal range of the whales and inland 
waters of Puget Sound.  For Pacific Salmon Treaty fisheries, in 6 out of 12 cases (years and 
locations), using the most conservative assumptions about the whales’ prey needs and 
preferences, the reductions are less than 2 percent of the Chinook salmon that would otherwise 
have been available to the whales.  In 10 out of 12 cases they are less than 5 percent.  The 
greatest reduction of 10.5 percent occurs in coastal waters, July to September, during good 
Chinook salmon years.  For Pacific Coast Salmon Plan fisheries, which were included as part of 
the Pacific Salmon Treaty analysis, in 7 out of 12 cases (years and locations), using the most 
conservative assumptions about the whales’ prey needs and preferences, the reductions are less 
than 1 percent of the Chinook salmon that would otherwise have been available to the whales.  In 
10 out of 12 cases they are less than 2 percent.  The greatest reduction of 6.2 percent occurs in 
coastal waters, July to September, during good Chinook salmon years. The largest reductions in 
both cases occur when the ratio of prey available compared to prey needed is relatively large.  
Under the United States v. Oregon Agreement, harvest occurs in the Columbia River and does 
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not affect short-term availability of the whales’ prey.  In the long term, NMFS concluded that all 
three of these harvest actions allow sufficient escapement of spawning adults to meet the 
conservation objectives of listed and unlisted harvested stocks.   
 
We have also previously consulted on the effects of hydro-power dams and flood control 
programs on Southern Residents (NMFS 2008g, NMFS 2008h). in the action area.  As part of the 
proposed action for the Federal Columbia River Power System and the Willamette Flood Control 
Program, action agencies proposed funding hatchery programs in addition to their proposals for 
dam operations and maintenance.  For both programs, the proposed actions did not result in a net 
decrease in Chinook salmon prey for Southern Residents in the short term.  To mitigate for the 
harmful effects of hatchery production on long-term Chinook salmon viability (and thus killer 
whale prey availability) the action agencies committed to a schedule of future hatchery reforms.   
 
5.7.2.2  Prey Quality 
 
Contaminants enter marine waters and sediments from numerous sources, but are typically 
concentrated near populated areas of high human activity and industrialization.  Freshwater 
contamination is also a concern because it may contaminate salmon that are later consumed by 
Southern Residents in marine habitats.  Chinook salmon contain higher levels of some 
contaminants than other salmon species, but only limited information is available for 
contaminant levels of Chinook salmon along the west coast (Krahn et al. 2007).  As discussed in 
the Status of the Species section, recent studies have documented high concentrations of PCBs, 
DDTs, and PBDEs in killer whales (Ross et al. 2000, Ylitalo et al. 2001, Reijnders and Aguilar 
2002, Krahn et al. 2004).  Killer whales accumulate and store the contaminants in their blubber 
when they consume contaminated prey.  The whales can metabolize their blubber when prey is 
scarce, which mobilizes and redistributes the contaminants to other tissues, increasing risk of 
immune or reproductive effects during weight loss from reductions in prey (Krahn et al. 2002). 
   
5.7.2.3 Vessel Activity and Sound 
 
Commercial, military, recreational and fishing vessels traverse the coastal range of Southern 
Residents.  Vessels may affect foraging efficiency, communication, and/or energy expenditure 
by their physical presence and by creating underwater sound (Williams et al. 2006, Holt 2008).  
Collisions of killer whales with vessels are rare, but remain a potential source of serious injury 
and mortality.  Large ships that traverse coastal waters of the whales’ range move at relatively 
slow speeds and are likely detected and avoided by Southern Residents.  
 
Vessel sounds in coastal waters are most likely from large ships, tankers and tugs.  Sound 
generated by large vessels is a source of low frequency (5 to 500 Hz) human-generated sound in 
the world’s oceans (National Research Council 2003).  While larger ships generate some 
broadband noise in the hearing range of whales, the majority of energy is below their peak 
hearing sensitivity.  At close range large vessels can still be a significant source of background 
noise at frequencies important to the whales (Holt 2008).  Commercial sonar systems designed 
for fish finding, depth sounding, and sub-bottom profiling are widely used on recreational and 
commercial vessels and are often characterized by high operating frequencies, low power, 
narrow beam patterns, and short pulse length (National Research Council 2003).  Frequencies 
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fall between 1 and 500 kHz, which is within the hearing range of some marine mammals, 
including killer whales, and may have masking effects. 
 
5.7.2.4  Non-Vessel Sound 
 
Anthropogenic (human-generated) sound in the range of Southern Residents is generated by 
other sources besides vessels, including oil and gas exploration, construction activities, and 
military operations. Natural sounds in the marine environment include wind, waves, surf noise, 
precipitation, thunder, and biological noise from other marine species. The intensity and 
persistence of certain sounds (both natural and anthropogenic) in the vicinity of marine mammals 
vary by time and location and have the potential to interfere with important biological functions 
(e.g., hearing, echolocation, communication). 
 
In-water construction activities are permitted by the Corps under section 404 of the CWA and 
section 10 of the Rivers and Harbors Act of 1899 and by the State of Washington under its 
Hydraulic Project Approval program.  Consultations on these permits have been conducted and 
conservation measures have been included to minimize or eliminate potential effects of in-water 
activities, such as pile driving, on marine mammals.  Military sonar also has the potential to 
disturb killer whales. 
 
5.7.2.5  Oil Spills 
 
Oil spills have occurred in the coastal range of Southern Residents in the past, and there is 
potential for spills in the future.  Oil can be discharged into the marine environment in any 
number of ways, including shipping accidents, refineries and associated production facilities, and 
pipelines.  Numerous oil tankers transit through the range of Southern Residents throughout the 
year.  The magnitude of risk posed by oil discharges in the action area is difficult to precisely 
quantify, but improvements in oil spill prevention procedures since the 1980s likely provide 
some reduced risk of spill. 
 
Repeated ingestion of petroleum hydrocarbons by killer whales likely causes negative effects; 
however, long-term consequences are poorly understood.  In marine mammals, acute exposure to 
petroleum products can cause changes in behavior and reduced activity, inflammation of the 
mucous membranes, lung congestion, pneumonia, liver disorders, and neurological damage 
(Geraci and St. Aubin 1990).  In addition, oil spills have the potential to negatively impact 
habitat and prey populations, and, therefore, may negatively affect Southern Residents by 
reducing food availability. 
 
5.7.2.6  Scientific Research 
 
Although research activities are typically conducted between May and October in inland waters, 
some permits include authorization to conduct research in coastal waters.  In general, the primary 
objective of this research is population monitoring or data gathering for behavioral and 
ecological studies.  In 2006, NMFS issued scientific research permits to seven investigators who 
intend to study Southern Residents (NMFS 2006).  Additionally in 2008, NMFS issued another 
scientific permit to one investigator intending to study Southern Residents (NMFS 2008i).  In the 
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biological opinions NMFS prepared to assess the impact of issuing the permits, we determined 
that the effects of these disturbances on Southern Residents were likely to adversely affect, but 
not likely to jeopardize the continued existence of, the Southern Residents (NMFS 2006, 2008i). 
A small portion of the authorized take would occur in the coastal range of Southern Residents.  
 
5.7.2.7  Recovery Planning 
 
The final recovery plan for Southern Residents was issued in January 2008 (NMFS 2008a). 
Implementation of the Southern Residents recovery plan is currently in progress.  To date, 
recovery planning and implementation has incorporated a range of actions, including additional 
scientific research to better understand threats to recovery, and directed actions to reduce the risk 
associated with identified threats.  Actions that reduce the risk associated with identified threats 
will benefit Southern Residents.  Additionally, recovery planning for salmon will benefit 
Southern Residents, where actions improve the quantity and quality of prey available to Southern 
Residents. 
 
5.7.3  Summary of Southern Residents Environmental Baseline 
 
Southern Residents are exposed to a wide variety of past and present state, Federal or private 
actions and other human activities in the coastal waters that comprise the action area, as well as 
Federal projects in this area that have already undergone formal section 7 consultation, and state 
or private actions that are contemporaneous with this consultation.  All of the activities discussed 
in the above section are likely to have some level of impact on Southern Residents when they are 
in coastal waters of their range. 
 
No single threat has been directly linked to or identified as the cause of the recent decline of the 
Southern Residents, although the three primary threats are identified as prey availability, 
environmental contaminants, and vessel effects and sound (Krahn et al. 2002).  Researchers are 
unsure about which threats are most significant.  There is limited information on how these 
factors or additional unknown factors may be affecting Southern Residents when in coastal 
waters.  For reasons discussed earlier, it is possible that two or more of these factors may act 
together to harm the whales.  The small size of the population increases the level of concern 
about all of these risks (NMFS 2008a). 
 
 
6.0   EFFECTS OF THE PROPOSED ACTION 

6.1   Approach to the Assessment 
 
Section 2 of this Opinion describes our approach to analyzing the effects of the action.  The 
primary information used in this assessment include the list of resources provided in section 2.4, 
fishery information described earlier in the “Status of the Species and Critical Habitat” and 
“Environmental Baseline” sections of this Opinion; studies and accounts of the impacts of water 
diversions on anadromous species; and documents prepared in support of the proposed action. 
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The analysis of effects on Southern Residents considers the short- and long-term effects of 
CVP/SWP operations on naturally- and hatchery-produced Chinook salmon.  The analysis of 
effects begins by utilizing the analysis of effects on winter-run and spring-run.  For short-term 
effects, NMFS analyzed the effects of the action on naturally- and hatchery-produced Chinook 
salmon in the Central Valley, and also the production of hatchery-produced Chinook salmon at 
Nimbus Fish Hatchery and Trinity River Fish Hatchery.  For the long-term effects, NMFS 
considers the sustainability of hatcheries in the production of Chinook salmon.   
 
6.2  Clear Creek and Whiskeytown Dam 
 
6.2.1  Deconstruct the Action 
 
In order to understand the action, certain assumptions have been made (see table 2-3).  The 
assumption for Clear Creek is that the Trinity River Division will continue operations as 
modeled.  As stated in section 1.5.1, NMFS will analyze the effects of the Trinity River Division 
portion of the proposed action on SONCC coho salmon in a separate biological opinion.  All of 
the water diverted from the Trinity River (1.2 MAF annually), plus a portion of Clear Creek 
flows (i.e., the flows entering above Whiskeytown Lake) is diverted through the Spring Creek 
Power Conduit to Keswick Reservoir.  Therefore, this section only addresses that portion of the 
Trinity River Division that is diverted through Whiskeytown Reservoir and becomes a part of the 
Clear Creek releases.  Due to the diversions of Trinity River water, flows are greater during parts 
of the year and temperatures are cooler than what was present in Clear Creek prior to the 
construction of Whiskeytown Dam (section 5.2.3, figure 5-5).  There is no temperature control 
device (TCD) on Whiskeytown Dam (however, there is a temperature control curtain that 
reduces mixing of cold water near the dam).  Therefore, water temperature can only be 
controlled by changing releases.   
 
Reclamation’s operations follow the CVPIA AFRP guidelines (USFWS 2001) which, for Clear 
Creek, are:  “200 cfs October 1 to June 1 from Whiskeytown dam for spring-run, fall-run, and 
late fall-run salmon spawning, egg incubation, emigration, gravel restoration, spring flushing and 
channel maintenance; and release 150 cfs or less, from July through September to maintain < 
60oF temperatures in stream sections utilized by spring-run Chinook salmon.”  Until a Fishery 
Management Plan is developed, Reclamation proposes an adaptive management approach to 
higher releases during the summer, which involves recommendations from the Clear Creek 
Technical Team and the B2 Interagency Team.  
 
The USFWS is currently conducting an IFIM flow study to determine the habitat suitability of 
the current release pattern for rearing juvenile salmon and CV steelhead.  Given the small size of 
Clear Creek, the flows are comparable to the Stanislaus River, which supports far fewer CV 
steelhead and fall-run.   
 
6.2.2  Assess Species Exposure 
 
The purposes of this analysis are to define the temporal and spatial co-occurrence of spring-run 
and CV steelhead life stages and their stressors associated with the proposed project.  First we 
identify the life stages and associated timings for spring-run and CV steelhead in Clear Creek.  
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Adult CV steelhead immigration into Clear Creek usually occurs from August through March 
with a peak occurring from September to November (USFWS 2008).  Steelhead adults tend to 
hold in the upper reaches of Clear Creek from September to December, when spawning starts, 
and goes through early March.  Peak spawning occurs from late January to early Febraury 
(USFWS 2007).  The embryo incubation life stage begins with the onset of spawning in late 
December and generally extends through April. 
 
For spring-run, adult emigration into Clear Creek occurs from April through September.  Over 
summer holding occurs from May through September.  Spawning begins in September through 
October.  Egg incubation occurs from September through December.  Juveniles rear from 
October through April.   
 
The second step in assessing spring-run and CV steelhead exposure is to identify the spatial 
distribution of each life stage.  Adult CV steelhead hold and spawn from Whiskeytown 
downstream to RM 3 in the lower reaches (USFWS 2007, figure 5-1).  Spawning is spread out 
and expands downstream where adults can find suitable areas of newly augmented gravels.  The 
juvenile life stage occurs throughout the entire river, with rearing generally occurring near 
spawning areas.  
 
Adult spring-run tend to move as far upstream as possible to access cooler temperatures below 
Whiskeytown Dam, then spread downstream prior to spawning.  Juvenile spring-run emigration 
in Clear Creek appears to be as YOY only, as identified in RSTs from May through December 
(USFWS 2008).  Peak emigration occurs in November and December before the start of juvenile 
fall-run emigration.  Trap data indicates that 93 percent of the juveniles identified as spring-run 
leave as fry, measured at 30-39 millimeters (USFWS 2008). 
 
The last step in assessing spring-run and CV steelhead exposure is to overlay the temporal and 
spatial distributions of proposed action-related stressors on top of the temporal and spatial 
distributions of Clear Creek spring-run and CV steelhead.  This overlay represents the completed 
exposure analysis and is described in the first three columns of tables 6-1 and 6-2. 
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6.2.3  Assess the Species Response 
 
This section will assess how spring-run and CV steelhead in Clear Creek will likely respond to 
the proposed action-related stressors.  Life stage-specific responses to specific stressors related to 
the proposed action are summarized in the last two columns of tables 6-1 and 6-2 and described 
in detail below. 
 
Table 6-1.  Summary of proposed action-related effects and responses on Clear Creek spring-run. 

Life Stage/ 
Location 

Life stage 
Timing Stressor Response Probable fitness 

reduction 
Adult 
immigration,  

April - July Smaller spawning area due 
to temperature 
management down to Igo 
Gage and physical barrier 
at fish weir 

Introgression/hybridization w/fall-run; 
density dependency effects & redd 
superimposition; limited carrying 
capacity of stream will dictate 
population size, possible loss of some 
individuals that spawn below Igo 
TCP, or come in late and spawn 
below weir with fall-run  

Reduced 
reproductive 
success and 
reduce survival 

Adults, 
immigration 

same Lack of attraction flows  Fail to migrate far enough upstream to 
avoid unsuitable temperatures while 
spawning 

  

Adults, 
holding 

May - 
August 

Temp > 60ºF during 
summer holding period 

None expected - temp control to Igo; 
possibly some pre-spawn mortality in 
critically dry years when not enough 
cold water in Whiskeytown Lake 

Reduced 
reproductive 
success 

Adults, 
spawning 

Sept - Oct Loss of spawning gravel 
below Whisketown Dam 

Reduced spawning areas; spawning 
success diminishes 

Reduced 
reproductive 
success 

Adults, 
spawning 

Sept - Oct Temp > 56ºF during 
spawning, due to low flow 
conditions 

Loss of eggs and sac-fry; fewer 
juveniles survive  

Reduced 
reproductive 
success 

Egg incubation Sept - Dec Exposure to temp. > 56ºF 
in September only for fish 
that spawn below TCP 

Mortality varies with exceedance rate 
and number of redds; loss of some 
portion of those eggs 

Reduced 
reproductive 
success 

Juvenile 
rearing 

October-
April 

Exposure to temp. > 65ºF 
during rearing period 

Truncated emigration timing, reduced 
survival; poor in-river survival, 
reduced numbe of juveniles produced 

Reduced survival 
and growth 

 
All modeled runs assume the use of CVPIA b(2) water would continue into the future.  In 
critically dry years, modeled releases decrease to 40 to 70 cfs from October through May, but 
would not be significant because they occur during the winter.  Releases in dry years (i.e., 20 
percent probability of occurring) in June drop to 100 cfs, which may impact the ability to control 
water temperatures.  Low flows in June would be expected to limit the space available to 
juvenile CV steelhead and Chinook salmon that are rearing in Clear Creek.  However, since 
water temperatures have been maintained at lower flows in July and August (i.e., typically 85 cfs 
in recent years), low flows in June of 100 cfs are not expected to cause significant temperature 
related effects. 
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Table 6-2.  Summary of proposed acton-related effects and responses on Clear Creek steelhead. 

Life Stage/ 
Location 

Life stage 
timing Stressor Response 

Probable 
fitness 

reduction 
Adults  August - 

March 
Water temp. > 65ºF for 
migration rarely occurs due 
to temp. control at Igo, 
possible in lower reach near 
confluence with Sacramento 
River during August and 
September 

Some adults may not enter mouth 
of Clear Creek, 1) delayed run 
timing, 2) seek other tributaries, 
3) spawn in mainstem Sac. R. 

Reduced 
reproductive 
success 

Adults Dec - March Lack of adequate spawning 
gravels 

Adults spawn in same areas, 
greater competition for suitable 
sites 

Reduced 
reproductive 
success 

Adults April -June Lack of channel forming 
flows due to presence of 
dam, reduces gravel 
transport 

Less diversity, adults tend to 
spawn in same areas every year, 
reduced egg and fry production, 
competition for redd sites with 
other species (fall/late fall-run) 

Reduced 
reproductive 
success 

Egg incubation Dec - March Water temp. < 56ºF during 
spawning and incubation 

Late hatch, lower growth rate to 
fry stage 

None expected 

Juvenile 
rearing 

May - Sept Low summer flows ( < 80 
cfs)  

Higher water temp., less food, 
less space, less growth,  > 
predation 

Reduced 
survival 

Smolts same High water temps > 60ºF in 
July and August 

Move to cooler areas, perish, or 
more likely to be predated upon   

all stages adults 
August - 
March, 
juveniles all 
year 

Nimbus Fish Hatchery 
releases steelhead juveniles 
into the river as mitigation 
for loss habitat above 
Folsom Dam 

Hatchery smolts compete with 
wild fish for food and space in 
river, also cause wild fish to 
immigrate at same time (Pied 
Piper effect), increased straying 
rate 

Reduced 
fitness, reduce 
growth rates of 
wild fish 

 
The higher flow rates [in part due to the additional water provided through b(2)], along with 
channel restoration, McCormick-Saeltzer Dam removal, and gravel augmentation have lead to 
increasing populations of spring-run (figure 5-2) and CV steelhead (figure 5-3) in Clear Creek.  
It is uncertain how much is attributable to just the increase in flows (proposed action).  Low 
flows and warm temperatures during 10 percent of years (critical drought year conditions) will 
limit steelhead and spring-run recruitment because it depends completely on cold water releases 
from Whiskeytown (an artifact of diverting colder water through the reservoir from Trinity 
River).  During extended drought periods, when the cold water reserve in Whiskeytown is 
exhausted, temperatures could be lethal for spring-run eggs and steelhead juveniles.  Flows drop 
to their lowest point during the summer, typically to about 85 cfs, and temperatures limit juvenile 
steelhead rearing.  The 1986 IFIM studies found optimum rearing flows for steelhead and salmon 
during May through October are 300 cfs (CVP/SWP operations BA figure 5-4).  Existing 
operations tend to flat-line flows at 200 cfs throughout the year, which reduces the habitat 
variability and diversity of life stages essential for survival (i.e., diverse habitats and variable 
flows tend to buffer fish populations from changes in the environment). 
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6.2.3.1 Whiskeytown Releases to Clear Creek  
 
All modeled runs in the CVP/SWP operations BA assume the use of b(2) water.  Reclamation 
proposes to maintain flows at 200 cfs throughout the year, except during the summer months.  
However, CALSIM modeling (CVP/SWP operations BA figures 6.1 and 6.3) shows that slightly 
less than the AFRP guidelines will be released over the long-term (i.e., approximately 180 cfs).  
Flow releases less than 200 cfs are expected to occur in 25 percent of years during steelhead 
upstream migration.  During the driest years (4 percent of historical years modeled), the flows 
could drop to as low as 30 cfs without b(2) water to support releases.  Historical flow studies 
showed optimal spawning flows for steelhead were estimated to be 87 cfs in the upstream 
reaches and 250 cfs for rearing downstream of the old Saeltzer Dam site (CVP/SWP operations 
BA).   In the worst-case scenario, flows would be below 87 cfs in the upstream areas 4-5 percent 
of historically modeled conditions (figure 6-1).  However, since steelhead spawning has 
currently been observed expanding throughout the 17 miles of Clear Creek (USFWS 2007a, 
2008a), it is reasonable to assume that spawning habitat would be reduced by low flows more 
often in dry years.  The CVP/SWP operations BA states that, “during dry years flows for 
attraction, holding, and upstream migration could be less than optimal” for steelhead on Clear 
Creek. 
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Figure 6-1.  Clear Creek minimum flow conditions based on historical conditions (CVP/SWP operations BA). 
 
Spring-run enter Clear Creek from April through September and spawn from September through 
October.  Modeled and actual flows in July and August are 85 cfs in all years (figure 5-5 and 5-
7).  Flows in September would be 150 cfs, except in critically dry years when minimum flows 
could drop to as low as 30 cfs in 4-5 percent of historical conditions.  During the driest of years, 
low flows would be expected to cause competition for suitable spawning sites and redd 
superimposition.  In the past, Instream Flow Incremental Methodology (IFIM) studies based on 

 226



Physical Habitat Simulation (PHABSIM) developed for fall-run9 estimated optimum flows in the 
upstream reach to be 62 cfs for spawning and 75 cfs for rearing, provided incubation and rearing 
temperatures were provided (CVP/SWP operations BA).  Flows of 30 cfs in September during 
dry years would limit suitable spawning habitat and block upstream migration, since a bedrock 
chute limits access to the upper reaches of Clear Creek at low flow levels.  Spawning attraction 
flows of 500 cfs were recommended by Denton (1986 op. cit. CVP/SWP operations BA) in 
October and November for fall-run.  Similar attraction or pulse flows could be used in April and 
May to attract spring-run spawners.  The interim flow schedule (CVP/SWP operations BA figure 
5-4) developed for Clear Creek in the 1980s (pre-AFRP guidelines) was intended to maintain 
salmon and steelhead habitat until the current studies, described below, could be conducted to 
fine-tune the releases. 
 
Recent IFIM studies using an improved 2-dimensional hydraulic and habitat model (RIVER2D) 
showed that the current AFRP guidelines are significantly limiting the amount of habitat 
available for spring-run spawning (Gard 2006, 2008).  The RIVER2D model more accurately 
predicts depths and velocities over a range of flows than the traditional PHABSIM component of 
IFIM.   In addition, RIVER2D modeling can handle complex habitat types and alternative habitat 
suitability criteria.  Spawning habitat for spring-run salmon and CV steelhead was calculated at a 
range of flows from 50 cfs (minimum required) to 900 cfs (75 percent of the outlet capacity from 
Whiskeytown Dam) using the weighted useable area (WUA) developed from habitat suitability 
curves (HSCs).  The HSCs are used to translate hydraulic data into indices of habitat quality.  
The results of the 2007 flow study indicated that flows greater than 600 cfs in the upper canyon 
reaches are needed from September through December to increase spring-run habitat availability 
and productivity (i.e., based on providing 96 percent of the WUA).  At the current maintenance 
flows (i.e., 200 cfs), only 50 percent of the habitat in the upper reach, and only 30 percent of the 
habitat in the lower reach (to Clear Creek Road Bridge) are available for spring-run spawning.  
The same study found for steelhead that flows of 200 cfs achieved maximum habitat availability 
and productivity (i.e., > 91 percent of the WUA) for spawning from January through June (Gard 
2008).  Based on the results of these new studies, the current releases from September through 
June are limiting the available spawning habitat for spring-run, but are maximizing suitability for 
CV steelhead spawning.  Although the current success of spring-run spawning does not appear to 
be limited by spawning habitat availability, as the number of spring-run in Clear Creek increases, 
the availability of spawning habitat will be limited by the lack of suitable flows, which, in turn, 
reduces the reproductive success of an individual and eventually results in a decrease or 
suppression in the population..  Additional flow studies are planned for 2009 and 2010 that 
evaluate juvenile rearing habitat. 
 
Ramping rates for non-flood control releases are limited to 14-16 cfs per hour up to 600 cfs.  
Ramping rates for releases greater than 300 cfs must be made after consultation with the Clear 
Creek Technical Team, which is made up of inter-agency fisheries biologists and non-
governmental organizations.  Uncontrolled flood releases are made through a Glory Hole into 
Clear Creek.  These flows have the potential to strand and/or isolate salmon and CV steelhead 
juveniles, but they also provide channel-forming flows that move spawning gravel that is added 
annually at the base of the dam as part of the restoration projects. 
                                                 
9 Fall-run are used here as a surrogate for spring-run since they have similar life history stages and temperature 

requirements, and specific flows requirements for spring-run are still being developed by the USFWS. 
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Historically, releases from Whiskeytown Dam were greater than the minimum instream flows 
proposed in table 6-3, until water year 1995 when the flow requirements switched to the b(2) 
flows, and water was being released through the spillway.  Without the addition of b(2) flows 
throughout the year, Clear Creek flows could revert back to schedule in table 6-3, below, as 
described in the project description.  Based on the more recent IFIM studies, minimum flows of 
50 cfs in September and October (table 6-3) would not be sufficient to support water temperature 
objectives and instream habitat needs for spring-run spawning and incubation.  For modeling 
purposes, CALSIM II assumed no b(2) water is available for Clear Creek when Trinity Reservoir 
drops below 600 TAF (worst case).  This would only occur in the driest 10 percent of years 
(CVP/SWP operations BA figure 10-12).    
 
Table 6-3.  Minimum flow schedule at Whiskeytown Dam from 1963 USFWS proposal and 2001 CVPIA 
AFRP flow guideline (Appendix 1 to this Opinion table 4).  

Period 1963 Minimum flow 
(cfs) 

2001 AFRP flows (cfs) 

Normal year flow:  All water year types: 
  January 1 - October 31 50   200 cfs October - June 

  November 1 - December 31 100 150 cfs July- September 

Critical year flow:   

  January 1 - October 31 30  

 November 1 - December 31 70  
 
When not spilling through the Glory Hole, Whiskeytown Dam buffers Clear Creek from the 
impact of high flow events that might cause stranding and isolation of juveniles and redds.  
Releases typically remain at a constant rate during the majority of flood events.  The probability 
of an uncontrolled spill from Whiskeytown Dam is 50 percent, or every other year (CVP/SWP 
operations BA).  The reservoir also acts to spread out the change in flow rate following rapidly 
declining river stage.   
   
6.2.3.2  Water Temperatures 
 
Since 1999, mean daily water temperatures have been maintained at 60°F or less down to the 
USGS gage at Igo (RM 10.9) consistent with the 2004 NMFS Opinion for CV steelhead over 
summering requirements.  Although temperatures may exceed 60°F downstream of the Igo gage, 
mean daily temperatures near the confluence with the Sacramento River (RM 1.7) rarely exceed 
70°F (USFWS 2007a).  Since 2002, Reclamation has managed releases to meet a daily average 
water temperature of 56°F at the Igo Gauge (4 miles downstream of Whiskeytown Dam) from 
September 15 through October 30, to provide for spring-run spawning (figure 5-6).  In 2004, an 
additional daily average temperature of 60°F was implemented from June 1 to September 15 to 
protect over-summering juvenile CV steelhead and holding adult spring-run.  There is no TCD 
on Whiskeytown Dam, and storage capability is limited to 700 TAF.  Therefore, water 
temperature can only be managed by controlling releases (figure 6-2). 
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In general, the water temperature objectives are met in each month that was modeled except from 
August through October, which is the spring-run spawning period.  September is shown as an 
example because it has the lowest objective (56°F at Igo) and therefore, would be the hardest to 
meet (figure 6-3).  For each month, there is little difference between the current operations and 
future conditions (Study 7.0 vs Study 8.0) because there is little change in the flows (figure 5-5).  
The analysis shows difficulty meeting water temperature objectives in 5 percent to 10 percent of 
the water years.  In the more recent years, since the Trinity ROD flows have been implemented, 
real time operations have experienced difficulty in meeting the temperature objectives due to 
longer residency time in Whiskeytown Reservoir (i.e., water is not transported through to Spring 
Creek tunnel in the volume and pattern that it used to be, causing warming).  These changes in 
water diversion pattern indicate that the model results probably underestimated aclievable water 
temperatures in Clear Creek.  Therefore, NMFS would expect water temperatures to be exceeded 
more often in the future.  In addition, climate change, as a future baseline stressor, will likely 
result in an increased reliance on Whiskeytown Dam and Shasta Dam releases for temperature 
control instead of Trinity River diversions.  Unfortunately, the Salmon Mortality Model could 
not be used on Clear Creek.  However, since the water temperature objective would be exceeded 
in September and October in 10 percent of years, NMFS would anticipate some egg mortality for 
spring-run during dry water years.  
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Figure 6-2.  Actual Clear Creek mean daily temperatures at Igo (red), Whiskeytown (blue), and flow (dashed 
line) measured in 2002, a dry year (CVP/SWP operations BA figure 11-12). 
 
Water temperature in Clear Creek is maintained with b(2) releases.  Typically, flows are 
increased after September 15 to meet the temperature objectives in NMFS’ 2004 CVP/SWP 
operations Opinion.  In order to meet the 200 cfs flow objective, Reclamation uses 

 229



approximately 60-70 TAF of b(2) water that is dedicated for upstream uses (i.e., anadromous fish 
species are considered for primary purposes).  NMFS assumes that most of the b(2) water in the 
future will be available for this purpose, as described in the CVP/SWP operations BA, however, 
there is considerable uncertainty regarding this assumption, given the new restrictions put on 
Delta exports by the USFWS’ December 15, 2008, Delta smelt biological opinion (USFWS 
2008).  For example, based on the actual operations that occurred in 2008, b(2) water was used to 
offset Delta pumping restrictions (court ordered) and the balance of b(2) water held for upstream 
purposes was uncertain.  Realizing this uncertainty in b(2) water, but also realizing the need for 
additional flows down Clear Creek, Reclamation made water available on Clear Creek through 
re-operations at Shasta Reservoir.  It is unknown how (b)2 water will be apportioned between the 
Delta and upstream areas given the new USFWS RPA. 
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Figure 6-3.  Clear Creek September water temperature exceedence plot at Igo gauge (CVP/SWP operations 
BA figure 10-42). 
 
Restoration efforts have been implemented on Clear Creek to target the recovery of salmonids.  
These projects have been funded by the CVPIA Clear Creek Fish Restoration Program and the 
CALFED ERP.  These programs have focused on channel restoration that has filled in gold 
mining ponds (reducing predation from warm water predators), added LWD, and augmented 
spawning gravel.  Results of a recent monitoring study (USFWS 2007a) suggest that these 
restoration programs and gravel supplementation have benefited CV steelhead and Chinook 
salmon.  Gravel supplementation has substantially increased the amount of available spawning 
habitat.  In 2007, injection gravel was found in an average of 40 percent of the CV steelhead 
redds, as compared with an average of 30 percent in 2001 and 2002.  Smaller gravel size of 1-2 
inches was specifically added for CV steelhead in the Whiskeytown Dam injection site.  Two of 
the three areas with the highest CV steelhead redd density were found below injection sites. 
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6.2.3.3  Geomorphic Effects of Altered Hydrology 
 
Extensive studies on Clear Creek have shown the negative impacts to habitat below 
Whiskeytown Dam from years of reduced magnitude and duration of flood events [McBain and 
Trush 1999, 2001; USFWS 2007, 2008; Graham Mathews & Associates (GMA) 2007].  Clear 
Creek is basically starved of sediment by Whiskeytown Dam and has loss its ability to contribute 
spawning gravel to the Sacramento River.  The reduction in flood events has lead to channel 
down cutting and a loss of spawning gravel.  To compensate for the loss in spawning gravel, 
Reclamation has annually funded a gravel augmentation program through the CVPIA.  This 
program provides gravel at key locations below Whiskeytown Dam, but leaves it up to the flows 
in Clear Creek to move gravels downstream so that they can be utilized for spawning.  However, 
the gravel augmentation program does not provide enough gravel to make up the deficit caused 
by Whiskeytown Dam.  Over 100,000 tons of gravel have been injected since 1996, but GMA 
(2007) estimated that it would take 560,000 tons to recharge the length of Clear Creek from 
Whiskeytown Dam to the Sacramento River.   
 
The impact of reduced high flow events in Clear Creek has decreased channel geometry and 
increased riparian encroachment (Vizcaino et al. no date).  The loss of high flows and 
immobilization of sediments has resulted in reductions in fish habitat and establishment of 
introduced warm water fish species better adapted to the new conditions.  Effects of reduced 
coarse sediment supply include:  riffle coarsening, fossilization of alluvial features, loss of fine 
sediments available for overbank deposition, and a reduction in the amount and quality of 
spawning gravels available for anadromous salmonids (GMA 2006 op. cit. USFWS 2008). 
 
The importance of these high flows (i.e., flood control releases or Glory Hole spills) for 
providing sediment transport and channel morphology cannot be overstated.  In Clear Creek, 
gravels are mobilized at 2,000 cfs, and channel bed mobilization occurs at 3,000 cfs (McBain 
and Trush 2001).  Only three channel bed mobilization events have occurred since gravel 
injection began in 1998 (GMA 2007). 
 
Overall, the loss of these channel-forming flows is reducing the temporal and spatial diversity for 
both spring-run and CV steelhead in Clear Creek. 
 
6.2.4  Assess the Risk to Individuals 
 
Spring-run and steelhead abundances in Clear Creek are increasing as a result of passage 
improvements, gravel augmentation, restoration projects, temperature control, and the addition of 
b(2) water.  However, continuing the proposed release pattern (i.e., 200 cfs through most of the 
year) does not allow for habitat diversity and the expression of multiple life-history traits 
essential for spring-run and steelhead survival and recovery.  Therefore, the future risk to the 
individuals in Clear Creek is that they will most likely experience reduced fitness, reduced 
reproductive success, and reduced growth rates (tables 6-1 and 6-2).  The consequence of the 
lack of variability in flows is less complexity in the habitat, leading to truncated run timing and 
ultimately, a loss of diversity (VSP parameters).  In the worst-case scenario, flows would drop to 
30 to 50 cfs in a dry year, which would prevent passage upstream to spring-run spawning areas 
below Whiskeytown Dam and in turn, result in reduced reproductive success.  Current flows may 
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limit the carrying capacity of spring-run and result in the underutilization of the existing amount 
of habitat available for spring-run spawning (USFWS 2007b), and suppress the potential for 
population increases.  Redd superimposition would likely result.  The proposed flow pattern, as 
described, lacks the high flows necessary to move spawning gravel downstream.  The lack of 
spawning gravel limits the reproductive success of individuals and, as a consequence, reduces 
the potential for the population to increase. 
 
Implementation of the Trinity ROD flow schedule will cause water temperatures to increase 
slightly in Clear Creek.  Higher water temperatures in September will cause some spring-run egg 
mortality in 10 percent of the years (dry years) and reduce reproductive success in those years.  
Progeny of those individuals that spawn in the middle to lower reaches due to improvements in 
spawning gravel will likely die from lethal temperatures in dry to critical years.  Studies on the 
American River have shown that juvenile steelhead exhibit site fidelity during over-summer 
rearing and do not move upstream into cooler habitats when temperatures warm to levels 
exceeding physiological tolerances (Water Forum 2005a).  Therefore, the proposed flow regime 
is likely to reduce the chances of an individual surviving in the future as the habitat upstream is 
fully utilized, forcing individuals into less suitable habitat downstream (i.e., lower reaches below 
the TCP at Igo).  The impact of drought years is likely to increase in the future with climate 
change impacts.  The consequence to individuals is that spawning is less likely to be successful 
in approximately 20 percent of years (i.e., dry years).  Whiskeytown Dam operations will 
continue to prevent the spatial and temporal separation of spring-run from fall-run, thus reducing 
the individual’s expression of life history traits that are unique to that species (e.g., anadromy in 
steelhead, and over-summer holding in spring-run). 
 
6.2.5  Effects of the Action on Spring-Run and CV Steelhead Critical Habitat in Clear 
Creek 
 
Clear Creek is designated critical habitat for spring-run and CV steelhead.  The PCEs of critical 
habitat for both species include freshwater spawning sites, freshwater rearing areas, and 
freshwater migration corridors.  This analysis on the effects of the proposed action on spring-run 
and CV steelhead critical habitat is based on information presented in the preceding sections 
regarding the effects of project operations, and are summarized below as they relate to the PCEs 
of critical habitat.  
 
Spawning and rearing habitat in Clear Creek is expected to be negatively affected by flow and 
water temperature conditions associated with the proposed action.  The value of critical habitat 
for the conservation of the species is reduced by not providing sufficient flows to maintain the 
suitability and availability of spawning habitat for spring-run.  Reducing the depth and velocity 
of flows will reduce the suitability and availability of both spawning and rearing sites for both 
spring-run and steelhead.  The lack of high enough flows (i.e., from flood control releases stored 
behind Whiskeytown Dam) will limit the space available for salmonids downstream of 
Whiskeytown Dam and reduce the ability of the populations to increase.   
 
For CV steelhead, the conservation value of critical habitat will be further reduced in dry years 
by unsuitable water temperatures in the lower reaches of Clear Creek during the summer rearing 
period.  Recent steelhead spawning surveys (USFWS 2008a) indicate that the use of the lower 
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reaches below the TCP is increasing.  Juveniles that rear over the summer in these lower reaches 
(i.e., downstream of the Igo Guage) are much more vulnerable to high water temperatures.  As a 
result, the ability of the habitat to support the current population and future recovering 
population is reduced or nullified. 
 
Recent studies on Clear Creek (USFWS 2007) using smaller gravel size suitable for steelhead 
have found that steelhead have utilized all newly added injection sites.  Spawning habitat on 
Clear Creek is improving with restoration efforts, gravel augmentation, and increased flows from 
b(2) water for temperature control.  However, the value of spawning habitat for the conservation 
of the species is reduced under future operations in critically dry years when cold water releases 
cannot be maintained from Whiskeytown Dam (i.e., years when Trinity River diversions are 
reduced).   
 
6.3  Shasta Division and Sacramento River Division 
 
Figure 5-8 provides a map of the upper Sacramento River.  Table 5-1 provides the life history 
timing for anadromous fish species, including winter-run, spring-run, CV steelhead, and the 
Southern DPS of green sturgeon in the upper Sacramento River.  Figure 5-14 provides a 
conceptual model of the future baseline stressors and project-related stressors that act on the 
listed anadromous species and their proposed and designated critical habitats in the upper 
Sacramento River mainstem. 
 
Life stage-specific responses to specific stressors related to the proposed action are summarized 
in the following tables; for winter-run, table 6-4; for spring-run, table 6-5; for CV steelhead, 
table 6-6; and for green sturgeon, table 6-7.  Major project-related stressors are analyzed in the 
following sections.  Due to the large number of stressors and species, this effects analysis intends 
to identify and describe the most important project-related stressors, prioritized by the greatest 
magnitude and duration of effects, and based on a literature review, knowledge and experience 
with project operations.  
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Table 6-4.  Summary of proposed action-related effects and responses on winter-run in the Sacramento 
River.  

Life Stage/ 
Location 

Life 
Stage 

Timing Stressor 
Response/Rationale for Magnitude of 

Effect 

Probable 
Fitness 

Reduction 
Adult 
Immigration 
 
RBDD 

May – 
Jul. 

RBDD gate closures from 
May 15 - Sept 15 every 
year until 2019 

~15 % of adults delayed in spawning, 
more energy consumed, greater pre-
spawn mortality, less fecundity; 
continues every year until 2019  

Reduced 
survival and 
reduced 
reproductive 
success 

Adult 
Immigration 
 
RBDD 

May – 
Jul. 

RBDD emergency 10 day 
gate closures prior to May 
15 

Greater proportion of run blocked or 
delayed; sub lethal effects on eggs in 
fish and energy loss. 
 
These emergency gate closures have 
occurred twice in the past 10 years and 
the frequency of occurrence may 
increase with climate change. 

Reduced 
survival and 
reduced 
reproductive 
success 

Spawning 
 
 
Primarily 
upstream of 
RBDD 

Apr. – 
Aug. 

Reduced spawning area 
from moving TCP 
upstream in almost every 
year  

Introgression or hybridization with 
spring/fall run/late-fall Chinook salmon; 
loss of genetic integrity and expression 
of life history 

Reduced 
reproductive 
success 

Spawning 
 
 
Primarily 
upstream of 
RBDD 

Apr. – 
Aug. 

Reduced spawning area 
from moving TCP 
upstream in almost every 
year  

Density dependency - aggressive 
behavior among spawning fish could 
cause higher prespawn mortality, 
increased fighting for suitable spawning 
sites, adults forced downstream into 
unsuitable areas 

Reduced 
survival and 
reduced 
reproductive 
success 

Spawning 
 
 
Primarily 
upstream of 
RBDD 

Apr. – 
Aug. 

Reduced spawning area 
from moving TCP 
upstream in almost every 
year  

Redd superimposition - spawning on top 
of other redds, destroys eggs 

Reduced egg 
survival and 
reduced 
reproductive 
success  

Spawning 
 
 
Primarily 
upstream of 
RBDD 

Apr. – 
Aug. 

Water temperatures 
warmer than life history 
stage requirements below 
TCP 

Prespawn mortality; reduced fecundity, 
reduced spawning habitat available, less 
likely to re-colonize and expand into 
areas below TCP, reduces likelihood of 
recovery 

Reduced 
survival and 
reduced 
reproductive 
success 
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Life Stage/ 
Location 

Life 
Stage 

Timing Stressor 
Response/Rationale for Magnitude of 

Effect 

Probable 
Fitness 

Reduction 
Embryo 
Incubation 
 
Primarily 
upstream of 
RBDD 

Apr. – 
Oct. 

Water temperatures 
warmer than life history 
stage requirements, every 
year.  (No carry-over 
storage target designed for 
fish protection is included 
in the proposed action.  
Without such a target, the 
risk of running out of 
coldwater in Shasta 
Reservoir increases.) 

Egg mortality - 16 % in critically dry 
years and increases to 65% in critically 
dry years with climate change.  On 
average, for all water year types, 
mortality is 5-12% with climate change 
and 2-3% without. 
 
56ºF is exceeded at Balls Ferry in 30% 
of the years in August and 55% of the 
years in September 
 
Sub-lethal effects, such as 
developmental instability and related 
structural asymmetry have been reported 
to occur to salmonids incubated at warm 
water temperatures (Turner et al. 2007, 
Myrick and Cech 2001, Campbell et al. 
1998).  These sub-lethal effects decrease 
the chance of winter-run to survive 
during subsequent life stages (Campbell 
et al. 1998).  Campbell et al. (1998) 
concluded that chronic thermal stress 
produced both selectively lethal and sub-
lethal effects that increased structural 
asymmetry and directly decreased 
salmon fitness. 

Reduced 
survival 

Embryo 
Incubation 
 
Primarily 
upstream of 
RBDD 

Apr. – 
Nov 

Flow fluctuations for 
ACID dam installation, 2 
x /year 

Redd dewatering and stranding; loss of a 
portion, or all eggs in redd 

Reduced 
reproductive 
success 

Juvenile 
rearing 
 
Upstream of 
& including 
RBDD 

Jul. – 
Mar. 

Water temperatures 
warmer than life stage 
requirements 

Increased susceptibility to predation and 
disease in passing through Lake Red 
Bluff, gates at RBDD, fish screens, and 
bypass 

Reduced 
survival 

Juvenile 
rearing 
 
Upstream of 
& including 
RBDD 

Jul. – 
Mar. 

RBDD passage 
downstream through dam 
gates May 15 - Sept 15 

Mortality as juveniles pass through Lake 
Red Bluff and RBDD reportedly ranges 
from 5 to 50%; delayed emigration. 
 
Based on passage estimates of when 
juveniles are present at RBDD (USFWS 
1997-2007), approximately 10% of 
winter-run would be exposed to higher 
concentrations of predators when the 
gates are in (TCCA 2008). 

Reduced 
survival 
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Life 
Stage 

Timing Stressor 
Response/Rationale for Magnitude of 

Effect 

Probable 
Fitness 

Reduction 
Life Stage/ 
Location 

Juvenile 
rearing 
 
Upstream of 
& including 
RBDD  

Jul. – 
Mar. 

Lake Red Bluff, river 
impounded May 15 - Sept 
15 

Delayed juvenile emigration, increased 
predation; change in riparian habitat, 
change in river conditions, change in 
food supply, every year since 1967 

Reduced 
survival and 
reduced 
growth 

Juvenile 
rearing 
 
Upstream of 
& including 
RBDD 

Jul. – 
Mar. 

Flow fluctuations caused 
by ACID dam removal in 
November 

Fry standing and juvenile isolation; 
juveniles killed or subjected to predation 
and higher temps in side channels. 
 
Flow fluctuations from the dam removal 
occur over a short time period, limiting 
the exposure to potential fry stranding 
and juvenile isolation.   

Reduced 
reproductive 
success 

Juvenile 
rearing 
 
Upstream of 
& including 
RBDD 

Jul. – 
Mar. 

Screened CVP diversions 
including continuing 
operation of the RBDD 
Research Pumping Plant 

Mortality from contact with fish screen, 
diversion pumps, and bypasses; sub 
lethal effects from going through pumps, 
loss of scales, disorientation. 
 
All screens were designed to meet 
NMFS fish screen criteria (e.g., 95% 
efficiency) 

Reduced 
survival 

Juvenile 
rearing/smolt 
emigration 
 
RBDD to 
Colusa 

Sep. – 
Nov. 

Unscreened CVP 
diversions between Red 
Bluff and the Delta 

Entrainment and greater predation Reduced 
survival 

Juveniles and 
smolts 
 
RBDD to 
Colusa 

Sep. – 
Nov. 

Lack of channel forming 
flows and reversed natural 
flow pattern (high flows in 
summer, low flows in 
fall), modifies critical 
habitat, including impaired 
geomorphic process  

Loss of rearing and riparian habitat and 
natural river function impaired (e.g., 
formation of side channels, sinuosity); 
loss of cottonwood recruitment = less 
food available, juveniles hang up and 
don't migrate downstream until 
appropriate cues (i.e., first storm > 
turbidity, < temp);  juveniles spend 
longer time in areas of  poor water 
quality, greater predation, less growth 
from less food sources, greater stress 
reduces response to predators 

Reduced 
survival and 
reduced 
growth 

Juveniles and 
smolts 
 
Colusa to 
Sacramento 

Sep. – 
Nov. 

Low fall flows Yearling emigration delayed, higher 
predation; fewer smolts survive to the 
Delta. 
 
Few winter-run are expected to be in this 
area during the fall. 

Reduced 
survival 
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Table 6-5.  Summary of proposed action-related effects and responses on mainstem Sacramento River spring-
run. 

Life Stage/ 
Location 

Life 
Stage 

Timing Stressor 
Response/Rationale for Magnitude of 

Effect 

Probable 
Fitness 

Reduction 
Adult 
immigration 
 
RBDD 

Mar. – 
Sep. 

RBDD gate closures 
from May 15 – Sept. 15 
(plus 10 days in April) 
force fish to use 
inefficient ladders 

~70% of the spring-run that spawn upstream 
of RBDD are delayed by approximately 20 
days on average, more energy consumed, 
greater pre-spawn mortality, less fecundity 

Reduced 
reproductive 
success 

Spawning 
 
Sacramento 
River 

Sep. – 
Oct. 

No temporal separation 
between spring-run and 
fall-run spawning due 
to delays at RBDD (no 
spatial separation due 
to Keswick and Shasta 
dams) 

Introgression -Hybridization with fall run 
and competition for habitat  

loss of genetic 
integrity and 
expression of 
life history 

Embryo 
incubation 

Sep. – 
Dec.  

Water temperatures 
warmer than life 
history stage 
requirements, during 
September and October 

Under near-term operations (Study 7.1) 
mortality is expected to range from 
approximately 9% in wet years up to 
approximately 66 % in critically dry years, 
with an average of approximately 21 % over 
all water year types; under modeled climate 
change projections, average egg mortality 
over all water year types is expected to be 
50 % and during the driest 15 % of years is 
expected to be 95 %.  Sub-lethal effects, 
such as developmental instability and 
related structural asymmetry have been 
reported to occur to salmonids incubated at 
warm water temperatures (Turner et al. 
2007, Myrick and Cech 2001, Campbell et 
al. 1998).  These sub-lethal effects decrease 
the chance of spring-run to survive during 
subsequent life stages (Campbell et al. 
1998).  Campbell et al. (1998) concluded 
that chronic thermal stress produced both 
selectively lethal and sub-lethal effects that 
increased structural asymmetry and directly 
decreased salmon fitness. 

Reduced 
survival  

Juvenile 
rearing and 
downstream 
movement 
 
Upstream of 
and including 
RBDD 

Year-
round 

RBDD passage 
downstream through 
dam gates May15 - 
Sept 15, plus 10 days 
in April during 
emergencies 

Mortality as juveniles pass through Lake 
Red Bluff and RBDD reportedly ranges 
from 5 to 50%; delayed emigration. 
 
Based on passage estimates of when 
juveniles are present at RBDD (USFWS 
1997-2007), approximately 5 percent of the 
spring-run ESU that is spawned above 
RBDD would be exposed to higher 
concentrations of predators when the gates 
are in (TCCA 2008). 

Reduced 
survival 

 237



Life Stage/ 
Location 

Life 
Stage 

Timing Stressor 
Response/Rationale for Magnitude of 

Effect 

Probable 
Fitness 

Reduction 
Juvenile 
rearing and 
downstream 
movement 
 
Upstream of 
and including 
RBDD 

Year-
round 

Lake Red Bluff, river 
impounded May15 - 
Sept 15, plus 10 days 
in April during 
emergencies 

Delayed juvenile emigration, increased 
predation; change in riparian habitat, change 
in river conditions, change in food supply, 
every year since 1967 

Reduced 
survival and 
reduced 
growth 

Juvenile 
rearing and 
downstream 
movement 
 
Upstream of 
and including 
RBDD 

Year-
round 

Screened CVP 
diversions including 
continuing operation of 
the RBDD Research 
Pumping Plant 

Mortality from contact with fish screen, 
diversion pumps, and bypasses; sub lethal 
effects from going through pumps, loss of 
scales, disorientation. 
 
All screens were designed to meet NMFS 
fish screen criteria (e.g., 95% efficiency). 

Reduced 
survival 

Juvenile 
rearing/smolt 
emigration 
 
RBDD to 
Colusa 

Year-
round 

Unscreened CVP 
diversions between Red 
Bluff and the Delta 

Entrainment  and greater predation Reduced 
survival 

Juvenile 
rearing/smolt 
emigration 
 
RBDD to 
Colusa 

Year-
round 

Lack of channel 
forming flows and 
reversed natural flow 
pattern (high flows in 
summer, low flows in 
fall), modifies critical 
habitat, including 
impaired geomorphic 
process  

Loss of rearing habitat and riparian habitat 
and natural river function impaired (e.g., 
formation of side channels, sinuosity); loss 
of cottonwood recruitment = less food 
available, juveniles hang up and don't 
migrate downstream until appropriate cues 
(i.e., first storm > turbidity, < temp);  
juveniles spend longer time in areas of  poor 
water quality, greater predation, less growth 
from less food sources, greater stress 
reduces response to predators 

Reduced 
survival and 
reduced 
growth 

Juvenile 
rearing/smolt 
emigration 
 
Colusa to 
Sacramento 

Year-
round 

Low fall flows Yearling emigration delayed, higher 
predation; fewer smolts survive to the Delta. 
 
Few spring-run are expected to be in this 
area during the fall. 

Reduced 
survival 
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Table 6-6.  Summary of proposed action-related effects and responses on mainstem Sacramento River 
steelhead. 

Life Stage/ 
Location 

Life 
Stage 
Timing Stressor Response/Rationale for Magnitude of Effect 

Probable Fitness 
Reduction 

Adult 
immigratio
n 
 
RBDD 

Aug. – 
Mar. 

RBDD gate 
closures from 
May15 – Sept. 
15 force adults 
to use 
inefficient fish 
ladders 

17 % of those that spawn above RBDD, delayed 
in spawning, more energy consumed, greater 
pre-spawn mortality, less fecundity 

Reduced 
reproductive success 

Spawning  
 
Sacramento 
River 

Dec. – 
Mar. 

Straying of 
Nimbus 
Hatchery 
steelhead to 
mainstem 
Sacramento 
River 
spawning 
habitats 

Reduced genetic fitness of Sacramento River 
steelhead through the spread of Eel River genes 
and potentially hatchery rainbow trout genes to 
many below-barrier sites in the Central Valley 
(Garza and Pearse 2008).   

Reduced genetic 
fitness 

Egg 
incubation 
 
Sacramento 
River 

Dec. - 
May 

Water 
temperatures 
warmer than 
life history 
stage 
requirements 

Sub-lethal effects - reduced early life stage 
viability; direct mortality in critically dry years; 
restriction of life history diversity (i.e., 
directional selection against eggs deposited in 
Mar.).   

Reduced survival 

Juvenile 
rearing/smo
lt 
emigration 
 
Upstream 
of and 
including 
RBDD 

Year-
round 

Lake Red 
Bluff, river 
impounded 
May15 - Sept 
15, plus 10 
days in April 
during 
emergencies 

Reduction in rearing habitat quality and quantity; 
delayed juvenile emigration, increased 
predation; change in riparian habitat, change in 
river conditions, change in food supply, every 
year since 1967 

Reduced survival and 
reduced growth 

Juvenile 
rearing/smo
lt 
emigration 
 
Upstream 
of and 
including 
RBDD 

Year-
round 

RBDD 
passage 
downstream 
through dam 
gates May15 - 
Sept 15, plus 
10 days in 
April during 
emergencies 

Mortality as juveniles pass through Lake Red 
Bluff and RBDD reportedly ranges from 5 to 
50%; delayed emigration.   
 
Based on passage estimates of when juveniles 
are present at RBDD (USFWS 1997-2007), 
approximately 1 % of the steelhead DPS that is 
spawned above RBDD would be exposed to 
higher concentrations of predators when the 
gates are in (TCCA 2008). 

Reduced survival 

Juvenile 
rearing/smo
lt 
emigration 
 
Upstream 
of and 
including 
RBDD 

Year-
round 

Screened CVP 
diversions 
including 
continuing 
operation of 
the RBDD 
Research 
Pumping Plant 

Mortality from contact with fish screen, 
diversion pumps, and bypasses; sub lethal effects 
from going through pumps, loss of scales, 
disorientation. 
 
All screens were designed to meet NMFS fish 
screen criteria (e.g., 95% efficiency). 

Reduced survival 
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Life Stage/ 
Location 

Life 
Stage 
Timing Stressor Response/Rationale for Magnitude of Effect 

Probable Fitness 
Reduction 

Juvenile 
rearing/smo
lt 
emigration 
 
Upstream 
of and 
including 
RBDD 

Year-
round 

Provision of 
higher flows 
and cooler 
water temps 
during the 
summer than 
occurred prior 
to the 
construction of 
Shasta Dam 

Potential fitness advantage for resident O.mykiss 
over the anadromous form, which would drive 
an evolutionary (i.e., genetic) change if life 
history strategy is heritable (Lindley et al. 2007).   

Reduced 
reproductive success 

Juvenile 
rearing/smo
lt 
emigration 
 
RBDD to 
Colusa 

Year-
round 

Unscreened 
CVP 
diversions 
between Red 
Bluff and the 
Delta 

Entrainment Reduced survival 

Juvenile 
rearing/smo
lt 
emigration 
 
RBDD to 
Colusa 

Year-
round 

Lack of 
channel 
forming flows 
and reversed 
natural flow 
pattern (high 
flows in 
summer, low 
flows in late 
fall/winter), 
modifies 
critical habitat, 
including 
impaired 
geomorphic 
process  

Loss of rearing habitat and riparian habitat and 
natural river function impaired (e.g., formation 
of side channels, sinuosity); loss of cottonwood 
recruitment impacting food availability, 
juveniles spend longer time in areas of  poor 
water quality, greater predation, less growth 
from less food sources, greater stress reduces 
response to predators 

Reduced survival and 
reduced growth 

Juvenile 
rearing/smo
lt 
emigration 
 
Colusa to 
Sacramento 

Year-
round 

Low fall flows Yearling emigration delayed, higher predation; 
fewer smolts survive to the Delta.  However, few 
steelhead are expected to be in this area during 
the fall. 

Reduced survival 

 
Table 6-7.  Summary of proposed action-related effects and responses on the Southern DPS of green sturgeon 
in the Sacramento River.  

Life Stage/ 
Location 

Life 
Stage 

Timing Stressor Response/Rationale for Magnitude of Effect 
Probable Fitness 

Reduction 
Adult 
Immigration 
 
Delta to 
KeswickDam 

Feb. – 
Sep. 
(peak 
in 
Apr.) 

Low flows 
during March - 
June 

Adults need large spring flows to trigger 
movement upstream to spawn, low flows may 
delay migration enough that they encounter 
RBDD closed gates and are forced to spawn 
downstream in less suitable habitat 

Reduced survival 
and reduced 
reproductive success 
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Life Stage/ 
Location 

Life 
Stage 

Timing Stressor Response/Rationale for Magnitude of Effect 
Probable Fitness 

Reduction 
Adult 
Immigration 
& 
emmigration 
 
RBDD 

Mar. - 
Dec. 

RBDD gate 
closures from 
May 15 - Sept 
15 (every year 
until 2019).   

Passage blocked, 55 miles of spawning habitat 
made inaccessible upstream of RBDD after May 
15.  Large aggragations (25-30) of adults 
observed below RBDD gates.  Estimate 30 
percent of run blocked based on run timing. 
Also, mortalities associated with downstream 
paasage under gates post-spawn, or after fish 
move above gates. Mortality greater on larger, 
more fecund females that cannot fit through 18” 
opening. 

Reduced survival 
and reduced 
reproductive 
success.   

Adult 
Immigration 
 
RBDD 

Apr. – 
May 
15. 

Emergency 10 
day gate 
closures prior 
to May 15 

Greater proportion of run blocked or delayed (40 
-50%) based on run timing; Greater mortalities 
associated with downstream passage under gates 
post spawn, or after moving above gates, sub 
lethal effects on eggs in fish and energy loss. 
Occurred twice in the past 10 years, but the 
frequency of occurrence may increase with 
climate change. 

Reduced survival 
and reduced 
reproductive 
success. (note: 12 
adults were observed 
killed by gates in 
2006) 

Adult 
Immigration 
 
ACID 

Apr. – 
May 
15. 

ACID  
installed April 
to November 

Passage blocked to 5 miles of spawning habitat 
below Keswick Dam. 

Reduced habitat and 
reduced spawning 
success. 

Adult  
Holding 

Jun. – 
Dec. 

Water 
temperature 
and low flows 

Some adults may hold for up to 9 months in the 
upper Sacramento River post-spawn waiting for 
an increase in flows to move downstream.  Water 
temperatures in September and October may 
stress individuals after the cold water pool is 
depleted.  Dam controlled releases reduce the 
first pulse flow in the fall that may trigger adults 
to move out, so they stay longer in upstream 
areas. Delayed emigration, reduced fitness, 
longer periods between spawning runs. 

Reduced probability 
of repeat spawning 

Spawning 
 
 
 

Apr. – 
Jul. 

Blocked 
access to 
individuals 
above RBDD 

Spawners that are blocked by RBDD are 
prevented from spawning with the portion of the 
run already above RBDD. Reduced genetic 
variability, may reduce fecundity, or size of fish 
if smaller adults arrive first. 

Reduced survival 
and reduced 
reproductive success 

Embryo 
Incubation 

Apr. – 
Aug. 

Water 
temperatures 
warmer than 
life history 
stage 
requirements 
below 
Hamilton City. 

For eggs and fry that are spawned in areas from 
RBDD to Hamilton water quality is less suitable 
than above RBDD where temperatures are 
controlled for winter-run.  Eggs suffocate from 
less flow, physiological effects, delayed hatch, 
greater predation on eggs due to presence of non-
native introduced warm-water species. 

Reduced egg 
survival and reduced 
reproductive success 

Juvenile 
rearing to 
Hamilton 
City 
 

Jun. – 
Nov. 

Water 
temperatures 
warmer than 
life history 
stage 
requirements. 

Juveniles move downstream immediately after 
hatching and encounter sub-optimum 
temperatures below Hamilton City due to 
truncated spawning distribution.  May reduce 
growth, feeding, delay emigration, and increase 
predation from warm water species. 

Reduced survival 
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Life Stage/ 
Location 

Life 
Stage 

Timing Stressor Response/Rationale for Magnitude of Effect 
Probable Fitness 

Reduction 
Juvenile 
rearing 
 
Upstream of 
and including 
RBDD 

Jun. – 
Nov. 

Lake Red 
Bluff, river 
impounded 
May15 - Sept 
15 

Reduction in rearing habitat quality and quantity; 
increased predation; change in riparian habitat, 
change in river conditions, change in food 
supply, every year since 1967. 

Reduced survival 
and reduced growth 

Juvenile 
rearing 
 
Upstream of 
and including 
RBDD 

Jun. – 
Nov. 

RBDD 
passage 
downstream 
through dam 
gates May15 - 
Sept 15 

Based on passage estimates of when juveniles are 
present at RBDD (USFWS 1997-2007), 
approximately 100% of the green sturgeon DPS 
that is spawned above RBDD would be exposed 
to higher concentrations of predators when the 
gates are in (TCCA 2008).  Approximately 70% 
of the entire green sturgeon DPS spawns above 
RBDD. 
 
Mortality of juvenile salmon emigrating past 
RBDD when the gates are in ranges from 5 -50% 
(Vogel et al. 1988; Tucker 1998); mortality of 
juvenile green sturgeon emigrating past RBDD 
has not been estimated, but is expected to 
increase when the gates are in. 

Reduced survival 

Juvenile 
rearing 
 
RBDD to 
Colusa 

Jul. - 
Nov. 

Lack of 
channel 
forming flows 
and reversed 
natural flow 
pattern (high 
flows in 
summer, low 
flows in fall), 
modifies 
critical habitat, 
including 
impaired 
geomorphic 
process   

Loss of rearing and riparian habitat and natural 
river function impaired (e.g., formation of side 
channels, sinuosity); loss of cottonwood 
recruitment = less food available, juveniles hang 
up and don't migrate downstream until 
appropriate cues (i.e., first storm > turbidity, < 
temp);  juveniles spend longer time in areas of  
poor water quality, greater predation, less growth 
from less food sources, greater stress reduces 
response to predators 

Reduced survival 
and reduced growth 

Juveniles 
 
Colusa to 
Sacramento 
and enter 
Delta 

Jun. – 
Nov. 

Low fall flows Emigration delayed, higher predation; fewer 
juveniles survive to the Delta 

Reduced survival 

 
6.3.1  Red Bluff Diversion Dam 
 
6.3.1.1  Deconstruct the Action 
 
The RBDD gates are proposed to be operated in the open position from September 15 through 
May 15 until a new pumping plant can be built just upstream (table 6-8).  This is the same 8 
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months out, 4 months in operation that has occurred for the last 10 years.  The CVP/SWP 
operations BA proposed this operation throughout the near term (up to year 2019)10.   
Once the new pumping plant becomes operational, the gates will be opened for 10 months, 
closed for 2 months plus closed for 10 days in May to accommodate boat race in Lake Red Bluff 
(table 6-8).   Future operations will close the gates 5 days later (i.e., May 20 instead of May 15) 
which would allow unimpeded passage to more adult winter-run at the tail end of their spawning 
migration in the long term.  The delay in closure will also improve passage for spring-run 
spawning above RBDD.  Currently, an estimated 35-40 percent of the green sturgeon in the 
mainstem Sacramento River are completely blocked from passing RBDD by the May 15 gate 
closure. 
 
Table 6-8.  Proposed Red Bluff Diversion Dam Gate Closures (CVP/SWP operations BA). 

Near-Term (2009-2019) Full Build Out (2020-2030)  
with new Pumping Plant 

May 15 – Sept. 15 4 days prior to through 3 days following Memorial 
Day weekend; and July 1 through the end of Labor 

Day weekend 
10-day emergency closure *11

4 months gates in 2 ½ months gates in 
 
Interim gate operations in 2009 were ordered by Federal court12 to cover the period prior to 
NMFS’ issuance of the new CVP/SWP operations Opinion.  These interim gate operations 
specify gate closures no earlier than June 15, and gate opening on September 1, to protect listed 
salmonids and green sturgeon.  TCCA has installed temporary pumps at RBDD to continue 
diverting water while the gates are not in place (May 15-June 15). 
 
6.3.1.2  Assess Species Exposure and Response to RBDD 
 
Based on recent RBDD ladder counts, the percentage of adults encountering delays when the 
gates go down on May 15 are approximately 15 percent for winter-run, 72 percent of spring-run, 
17 percent for CV steelhead, and 35 percent for green sturgeon (TCCA 2008 Appendix B1; 
figure 6-4).  Delays will impact adults spawning in the mainstem or tributaries above RBDD, and 
especially in Clear Creek, Cow Creek, and Cottonwood Creek.  Spring-run that are delayed at 
RBDD and cannot access tributaries as a result of low flows end up spawning in the mainstem 
Sacramento River with the fall-run. 
 
  
                                                 
10 Subsequent to Reclamation’s request to initiate formal consultation on the CVP/SWP operations, Reclamation, 

TCCA, and NMFS engaged in discussions to expedite the time frame to construct and implement the new pumping 
plant.  However, the Reclamation has not modified the CVP/SWP operations BA to reflect any change in schedule 
for the new pumping plant. 

11 Although Reclamation proposes to reoperate the RBDD after the near term, it did not mention the need (or lack of 
need) to retain its provision for a 10-day emergency pre-irrigation gate closure.  However, with the approximately 
10-day closure for the Lake Red Bluff boat races, and a pumping plant in place, NMFS did not see a need for 
Reclamation to retain the 10-day emergency pre-irrigation gate closure provision, and likewise, did not analyze the 
effect of that provision beyond the near term. 

12 Judge Wanger issued interim gate orders as part of ongoing litigation (PCFFA et al. vs. Gutierrez et al.) 
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Figure 6-4.  Run timing by month at Red Bluff Diversion Dam for adult winter-run, spring-run, fall-run, late 
fall-run, CV steelhead, and Southern DPS of green sturgeon (TCCA 2008). 
 
Adult CV steelhead encountering RBDD in the gates down position in September may also 
experience delays in migration.  Approximately 20 percent of those adult CV steelhead spawning 
in tributaries above RBDD (i.e., Battle Creek, Clear Creek, Cow Creek; figure 5-12) would 
experience delays in passage.  However, since CV steelhead spawn later in January and 
February, a delay of 1-2 weeks (September 1-15) at RBDD is not expected to reduce appreciably 
their ability to enter tributaries and successfully spawn.  The pattern of delays for winter-run and 
spring-run adults at RBDD is expected to continue for the next 11 years until a new pumping 
plant increases the gates open from 8 months to 10 months per year.  After the new Red Bluff 
Pumping Plant is built and operational, delays to Chinook salmon migration would be reduced, 
but still present for spring-run.  Green sturgeon will still be completely blocked from upstream 
spawning areas during the 10-day May closure for the Red Bluff boat races in both the near-
future and future operation, since they are not able to use the fish ladders (Heublein 2006, Brown 
2007). Overall, the problems with passage at RBDD have been studied for years and are 
summarized in TCCA (2008, Appendix B1), as follows:  “The biological consequences of 
blockage or passage delay at RBDD results in changes in spawning distribution (Hallock 1987), 
hybridization with fall chinook (CDFG 1998), increased adult pre-spawning mortality 
(Reclamation 1985), and decreased egg viability (Vogel et al.1988), all of which result in the 
reduction of annual recruitment of this species.” 

Adult green sturgeon migrate upstream from March through July, with the peak of spawning 
occurring from April through June (September 8, 2008, 73 FR 52084).  Spawning habitat for 
green sturgeon occurs both above and below RBDD and ACID (Heublein 2006, Brown 2007, 
Poytress et al. 2009).  The RBDD gate closure blocks approximately one-third of the spawning 
adults from accessing the upper Sacramento River.  Large aggregations of green sturgeon have 
been observed in the pool below the diversion dam during May and June after the gates are 
closed (Brown 2007, Corwin 2008, Urkov 2008).  The upper Sacramento River is the only 
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known spawning area for the Southern DPS of green sturgeon.  Those individuals that do not 
pass RBDD before May 15 are forced to spawn downstream in habitat that is less suitable (i.e., 
higher temperatures, less water velocity, and less bedrock habitat).  Heublein (2006) and Lindley 
(2006) indicate that adult green sturgeon drop back downstream after encountering RBDD to as 
far as the GCID diversion, a distance of 41 miles.  A large aggregation of adults has been 
observed holding through the summer in a 15-foot deep pool at GCID (Vogel 2008).  Acoustic 
tag studies from 2004-2006 showed an increase in sturgeon density in reaches below RBDD after 
the May 15 closure truncated upstream migration (Heublein 2006).   
 
In 2007, approximately 10-12 adult green sturgeon were observed killed (figure 6-5) before they 
could spawn by the RBDD gates due to an early gate closure (USFWS 2007).  Early gate 
closures before May 15 are allowed during extreme dry conditions when not enough water can 
be pumped from the Sacramento River into the Tehama-Colusa Canal.  Emergency closures have 
occurred twice in the last 10 years.  It is unknown how many adult green sturgeon are killed 
during normal operations.  However, the loss of 10 adult spawners represents a significant 
reduction in the only known spawning population in the Sacramento River (i.e., represents 10 
percent of the adults counted below RBDD in tagging studies).  Reclamation proposes to change 
the opening under the gates (figure 6-6) from 6 inches to 12 inches during all gate closures to 
allow downstream passage of adults that have passed above RBDD.  This change in the gate 
opening has not been evaluated and may eliminate the installation of the temporary fish ladder in 
the middle of RBDD, which would further reduce the ability of Chinook salmon and CV 
steelhead to pass RBDD with the gates in.  The CVP/SWP operations BA asserts that adult green 
sturgeon can pass through a 6- to 10-inch opening based on limited (i.e., 3 acoustically-tagged 
adults) data and undefined body depth.  However, experts in green sturgeon from U.C. Davis 
have stated that a 12-inch opening is not large enough to pass green sturgeon adults without 
injury.  Regardless of whether the opening is large enough to avoid impingement (since adults 
can reach a length of 5-6 feet they have to be perfectly lined up to pass through a 12-inch 
opening) the gates would still injure fish due to the turbulence after they pass through.  
Therefore, even though mortality may be reduced with the proposed 12-inch opening, NMFS 
anticipates some green sturgeon adults will be killed and/or injured in passing downstream while 
the RBDD gates are in operation from May through September. 
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Figure 6-5.  Adult female green sturgeon still with eggs, removed by divers after being found lodged under 
RBDD gate #6 on May 21, 2007 (USFWS 2007). 
 
Juvenile salmonids and green sturgeon that encounter the RBDD (figure 6-7) experience higher 
predation rates from predatory fish that wait below the dam for fish that are swept under the 
gates and through the fish screen bypass.  Vogel et al. (1988) have shown that predation may be 
as high as 50 percent for those juveniles that encounter the gates down (table 6-9).  However, a 
more recent study (Tucker 1998) has shown that since the RBDD gates have been operating to 
the current 4 months (May 15 –September 15) closure, fewer predatory fish are present at the 
gates when juvenile salmonids are migrating downstream (figures 6-7 and 6-8, table 6-10).  
Thus, although not quantified, the predation rates are believed to be less than 50 percent.  
Predation on juvenile salmonids is expected to be greatest when they encounter the gates in.  
Based on passage estimates of when juveniles are present at RBDD (USFWS 1997-2007 op cit. 
TCCA 2008), approximately 99 percent of green sturgeon, 39 percent of winter-run, 1 percent of 
spring-run, and 37 percent of CV steelhead would be exposed to higher concentrations of 
predators when the gates are in (figure 6-7, table 6-10).  These percentages represent only the 
proportion of the runs that spawn above RBDD and not the entire populations.  The presence of 
predators below RBDD is most abundant from April to July when large numbers of juvenile 
spring-run, steelhead, and green sturgeon are migrating downstream (figure 6-8).  
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RBDD Gate Openings May 17, 2007 after emergency 
closure
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Figure 6-6.  Red Bluff Diversion Dam gate position and size of openings after May 15 closure, data from 
Reclamation Daily Reservoir Operations Report May 2007.   Note gates #5, 6, and 7 where green sturgeon 
mortalities were reported by Reclamation (USFWS 2007) 
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Figure 6-7.  Juvenile run timing and exposure by month at Red Bluff Diversion Dam for winter-run, spring-
run, CV steelhead, and Southern DPS of green sturgeon based on USFWS trapping data (TCCA 2008). 
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Figure 2. Com bined M onthly Percent of Total Striped Bass and
Pikem innow  Catch/Unit Effort at RBDD (1994-1996)
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Figure 6-8.  Presence of predators at RBDD by month from 1994-1996 (TCCA 2008). 
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Table 6-9.  Estimated monthly hazard estimate used to assess predation in the E.A. Gobbler sub-routine of the 
Fishtastic! juvenile analysis model (Tucker 1998, Vogel et al. 1988). 

Month CPUE (% of yearly total) Scaled Predation Rate (%) Hazard Multiplier (0-1) 

Jan 2.82 5.88 0.94 
Feb 2.26 4.83 0.95 
Mar 2.82 5.88 0.94 
Apr 11.29 23.72 0.76 
May 26.19 55.00 0.45 
Jun 21.90 45.97 0.54 
Jul 12.75 26.87 0.73 

Aug 2.60 5.46 0.95 
Sept 6.55 13.85 0.86 
Oct 2.93 6.09 0.94 
Nov 2.26 4.83 0.95 
Dec 5.64 11.76 0.88 

 
Table 6-10.  Percent of juveniles exposed to RBDD gates closed condition (e.g., increased predation, 
disorientation, etc.). 

Species May (16-30) Jun Jul Aug Sep (1-15) Total 

Winter-run  0.0 0.0 1.3 11.8 26.3 39.4 
Spring-run 0.6 0.1 0.0 0.0 0.0 0.7 
Steelhead 6.2 4.4 3.7 12.3 10.0 36.6 
Green Sturgeon 0.5 37.1 50.1 11.1 0.0 98.8 

 
 “Operation of the gates at RBDD may not directly adversely affect populations of most of the 
resident species, but operations may seasonally limit their access into optimal habitats.  Rates of 
predation on juveniles of species such as rainbow trout and other native species near RBDD may 
be affected by the operations of the RBDD because of the congregation of adult pikeminnows 
and striped bass.  Except for juvenile rainbow trout, predation on juvenile resident native and 
non-native fish may be inconsequential, as these species are less-preferred prey.” (TCCA 2008) 
 
6.3.2  Shasta/Keswick Dam Water Releases 
 
6.3.2.1  Carryover Storage in Shasta Reservoir 
 
6.3.2.1.1  Deconstruct the Action 
 
Carryover storage in September will be significantly reduced in the long-term (-121 TAF) future 
compared to current operations (Study 8.0 vs 7.0, table 6-11).  The loss in carryover storage is 
due to less water diverted from the Trinity River (- 42 TAF in dry years), increased demand on 
the American River (800 TAF), and increased demand throughout the Central Valley.  The long-
term trend indicates that as water management changes in other CVP reservoirs and demand 
increases to 2030, the summertime releases from Keswick increase incrementally. 
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Table 6-11.  End of September storage differences for Shasta storage, Spring Creek Tunnel flow, and 
Keswick release for the long-term annual average and the 1928 to 1934 drought period (CVP/SWP operations 
BA table 10-3). 

Long term Annual Average 
Difference in Thousands of Acre-feet 

[TAF] 
Study 7.0 - 
Study 6.0 

Study 7.1 - 
Study 7.0 

Study 8.0 - 
Study 7.0 

Study 8.0 - 
Study 7.1 

Shasta End-of-September Storage 26 -121 -121 0 
Annual Keswick Release 1 8 6 -2 
Annual Spring Creek Powerplant 
Flows 3 -1 -2 -2 

 
29- 34 Difference 
Difference in Thousands of Acre-feet 

[TAF] 
Study 7.0 - 
Study 6.0 

Study 7.1 - 
Study 7.0 

Study 8.0 - 
Study 7.0 

Study 8.0 - 
Study 7.1 

Shasta End-of-September Storage -24 -258 -100 158 
Annual Keswick Release 59 -18 -92 -74 
Annual Spring Creek Powerplant 
Flows 45 -18 -42 -24 

 
Before the TCD was built, NMFS required that a 1.9 MAF end-of-September (EOS) minimum 
storage level be maintained to protect the cold water pool in Shasta Reservoir, in case the 
following year was critically dry (drought year insurance).  This was because a relationship 
exists between EOS storage and the cold water pool.  The greater the EOS storage level, 
typically the greater the cold water pool.  The requirement for 1.9 MAF EOS was a reasonable 
and prudent alternative (RPA) in NMFS’ winter-run opinion (NMFS 1992).  Since 1997, 
Reclamation has been able to control water temperatures in the upper Sacramento River through 
use of the TCD.  Therefore, NMFS changed the RPA to a target, and not a requirement, in the 
2004 CVP/SWP operations Opinion.   
 
Reclamation proposes continuation of the 90 percent exceedence forecast for determining water 
allocations early in the year, starting with the February 15 forecast.  However, Reclamation has 
proposed not to manage Shasta operations to a 1.9 MAF EOS target, although CALSIM assumes 
this target in all studies.  Given the increased demands for water by 2030 and less water being 
diverted from the Trinity River, it will be increasingly difficult to meet the various temperature 
compliance points, even with a TCD, especially since Reclamation is not proposing any EOS 
storage target.  Based on the historical 82-year period, CALSIM II results show that there will be 
about a 4 percent increase in the number of years that 1.9 MAF will not be met (figure 6-9).  
Overall, there is not much difference between model runs.  In about 10 percent of years 
(typically the driest water years) a 1.9 MAF EOS would not be met.  Additional modeled runs 
using higher carry over storage targets were provided to NMFS after the BA was completed (this 
run assumed conditions today with EWA or 7.0 Study).  These runs revealed that a higher target 
of 2.2 MAF EOS improved the probability of meeting the Balls Ferry temperature target about 
10 percent over the previous 1.9 MAF target (figure 6-10).  There was no difference in meeting 
the Bend Bridge temperature target.  At the higher carry over target Shasta Reservoir would have 
to be 75 percent full (volume > 3.6 MAF) by the end of April in each year.  This would mean 
that Shasta Reservoir would be kept higher through the winter months and be more likely to spill 
for flood control. 
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Figure 6-9.  Exceedance plot of Shasta 1.9 MAF target September storage in Shasta Reservoir.  Study 6.0 
represents 2004 operations, study 7.0 represents current operations, 7.1 represents near future operations, 
and study 8.0 represents future operations (CVP/SWP operations BA figure 11-37). 
 
Reclamation has not proposed any alternative EOS storage target, but instead relies on the TCD 
capabilities to maintain cold water throughout the summer spawning period.  Typically, by April 
15, the amount of cold water in Shasta Reservoir is determined by the amount of snowmelt and 
inflow into the reservoir.  Figure 6-9 shows that end of September storage would be reduced in 
the future compared to current operations in the drier 70 percent of years.  EOS storage would be 
below 1.9 MAF in about 10-12 percent of the years in the future (Studies 7.1 and Study 8.0).  
With climate change, the long-term average September storage levels will be reduced by 
approximately 800 TAF in Study 9.5 drier, more warming (CVP/SWP operations BA table 9-
23).  Model results indicate that climate change will reduce EOS storage to below 1.9 MAF in 
about 25 percent of the years in all but the wetter, less warming scenario (figure 6-11).  What this 
means for fish is a loss in the ability to control water temperatures, which will in turn result in 
greater egg and fry mortality for winter-run, spring-run, and fall-run in the future (see also 
temperature related effects of climate change in section 6.3.3.2, figure 6-20).   With climate 
change, coldwater storage at the end of April in Shasta Reservoir is reduced in the future for all 
water year types under all but the wettest scenario (Study 9.4) wetter, less warming (figure 6-12).  
Climate change will put additional stressors on the already limited coldwater pool.  The impact 
on winter-run and spring-run is greater mortality of eggs and pre-emergent fry in the spawning 
habitat.   
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DRAFT - Lake Shasta End of April Storage
(for Selected End of September Starting Storages and Operation's Assumptions)
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Figure 6-10.  Draft exceedance plot of Shasta End of April Storage using selected End of September starting 
storages and operational assumptions (Supplemental data included with Reclamation’s October 1, 2008, 
transmittal letter). 
 
The minimum flows proposed in the CVP/SWP operations BA are 3,250 cfs from September to 
February and 2,300 cfs in a critically dry year (table 6-12).  Typically, flows are much higher 
than 3,250 cfs in the spring and summer (April through September) because releases are made to 
support temperature control, irrigation demand (releases average between 10,000 and 14,000 
cfs), and D-1641 requirements in the Delta (e.g., water quality standards, Delta outflow).   
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Figure 6-11.  Exceedance plot of Shasta 1.9 MAF target September storage in Shasta Reservoir.  Under future 
climate change scenarios (CVP/SWP operations BA, Appendix R, figure 37). 
 
6.3.2.1.2  Assess Species Exposure and Response to Carryover Storage 
 
Therefore, since b(2) water is not reasonably certain to be available, fall releases would most 
likely reduce fall-run spawning habitat and potentially dewater redds that were spawned at 
higher flows.  The worst-case scenario, which is a rapid reduction in flows from 7,000 cfs in 
September to 3,250 cfs in November without b(2) water to conserve storage, could also strand 
newly emerged spring-run fry (note: spring-run juveniles start showing up in the RBDD trap data 
in November).   
 
Flow studies using IFIM and PHABSIM have shown that winter-run salmon WUA peaked 
around 10,000 cfs when the ACID gates are in (usually from April to November), and 4,000 - 
5,000 cfs with the gates out.  Therefore, proposed and modeled releases provide suitable flows 
for winter-run spawning and rearing.  In-stream flow objectives from October 1 to April 15 
(April 15 is the start of temperature control for winter-run) are usually selected to minimize 
dewatering of redds and provide suitable habitat for salmonid spawning, incubation, rearing, and 
migration.  These flows are generally suitable for spring-run, except in the worst-case scenario 
mentioned above for dry years when conserving storage drives the flows to minimums in the fall.  
The impact flows have on water temperatures will be discussed in section 6.3.3.2. 
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Figure 6-12.  Shasta Lake coldwater pool volume at end of April with climate change scenarios.   All studies 
except 9.0 include 1 foot sea level rise.  Study 9.0 is future conditions with D-1641. (CVP/SWP operations BA 
figure 11-83). 
 
Further downstream, Reclamation proposes to continue managing Sacramento River flows to the 
discontinued Wilkins Slough Navigation Requirement at Chico Landing (RM 118) in all but the 
most critical water supply conditions.  Historically, a minimum flow of 5,000 cfs was required to 
support commercial boat traffic.  However, the Corps has not dredged this reach to maintain 
channel depth since 1972.  The flow requirement is now used to support long-time water 
diversions that have set their intake pumps just below this level.  Diverters are able to operate for 
extended periods at flows as low as 4,000 cfs and for short periods at 3,500 cfs.  Releases are 
made to meet the Wilkins Slough requirement in the spring and fall that impact the carryover 
storage and cold water pool in Shasta.  Operating to flows less than 5,000 cfs would conserve 
storage in Shasta Reservoir in critically dry years.    
 
Table 6-12.  Proposed minimum flow requirements and objectives (cfs) on the Sacramento River below 
Keswick Dam (project description table 5). 

Water year type MOA WR 90-5 
MOA and 
WR 90-5 

Proposed Flow 
Objectives below 

Keswick 

Period Normal Normal Critically dry All 

January 1 - February 28(29) 2600 3250 2000 3250 

March 1 - March 31 2300 2300 2300 3250 

April 1 - April 30 2300 2300 2300 ---* 

May 1 - August 31 2300 2300 2300 ---* 
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September 1 - September 30 3900 3250 2800 ---* 

October 1 - November 30 3900 3250 2800 3250 

December 1 - December 31 2600 3250 2000 3250 
* No regulation.  NMFS assumes that D-1641 standards, temperature control, and water allocations would result in 

higher flows. 
 
In addition, Reclamation proposed to meet Delta water quality and flow standards contained in 
D-1641 with releases from Shasta Dam.  Delta outflow and salinity requirements both require 
significant volumes of water to be released from upstream reservoirs.  These releases are 
coordinated with releases from Oroville Dam and Folsom Dam, but the majority of flow usually 
comes from Shasta Dam.  In accordance with the COA between the CVP and the SWP, 
Reclamation provides 75 percent of the required flows into the Delta and the SWP provides 25 
percent.  At times during critical years and after extremely wet months, the Delta standards can 
have significant upstream effects on water temperature control.  The effect of the SWRCB Delta 
standards on upstream ESA-listed fish species was never analyzed during the 1995 Delta Accord, 
and has since become a greater problem as additional species have been listed (i.e. spring-run, 
CV steelhead, and long-fin smelt).  For example, Delta outflow and salinity standards required in 
D-1641 are met with reservoir releases in dry springs when natural runoff cannot support the 
standards.  These releases can account for a significant portion of storage that influences the total 
cold water volume available for release later in the summer. 
 
6.3.2.2  Water Temperatures in the Sacramento River 
 
6.3.2.2.1  Deconstruct the Action 
 
A TCD has been in operation at Shasta Dam since 1998.  TCD operations are capable of 
maintaining 56°F water downstream to Balls Ferry Bridge in most years through the summer 
spawning period for winter-run (table 6-13).  The State Water Resources Control Board Water 
Rights Order 90-5 requires temperature control for winter-run salmon downstream to the RBDD, 
“to the extent controllable.”  The ability to control water temperatures depends on a number of 
factors and usually ends in October when the cold water in Shasta Reservoir is used up.  The 
general factors that influence water temperature management are:  (1) the volume of cold water 
available by April 15; (2) TCD operational flexibility; (3) mixing of Shasta releases with flows 
from Spring Creek Power Plant in Keswick Reservoir (i.e., Trinity River diversions); and (4) 
designation of the temperature compliance location.  As explained above, NMFS has already 
analyzed Spring Creek Power Plant and Shasta carryover storage and expects the capability of 
both to be limited by Trinity River operations, increased future demands for water, and climate 
change.  Real time experience operating the TCD has found that it is most efficient within 
normal lake levels.  However, in wet years, warm surface water over tops the TCD, and in very 
dry years, leakage allows warmer water to mix with the cold water at the bottom.  In 2008 (a 
critically dry year) a test of the lower river outlets for temperature control concluded that they 
were ineffective at providing temperature benefits (Manza 2008).  In addition, a warm water 
bypass conducted in the spring of 2008 to conserve cold water provided less than one degree of 
temperature benefit (Fugitani 2008). 
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Table 6-13.  Temperature targets from the 2004 CVP/SWP operations Opinion used as evaluation criteria. 
Temperature targets are mean daily degrees F.  Target points in the Sacramento and American River are 
determined yearly with input from the SRTTG and American River Operations Group. 

River
Target Species and 

Lifestage
Temperature 
Target Point

Miles Below 
Dam Date

Temperature 
Target Comment

Sacramento Winter run egg incubation Balls Ferry 26 4/15 - 9/30 56
Location depends on 
coldwater availability

Winter run egg incubation Bend Bridge 44 4/15 - 9/30 56
Location depends on 
coldwater availability

Spring run and winter run Balls Ferry 26 10/1 - 10/31 60
Location depends on 
coldwater availability

Spring run and winter run Bend Bridge 44 10/1 - 10/31 60
Location depends on 
coldwater availability

Clear Creek
Spring run prespawn and 
steelhead rearing Igo 7.5 6/1 - 9/15 60
Spring run spawning and 
steelhead rearing Igo 7.5 9/15 - 10/31 56

Feather River steelhead rearing
Robinson's 
Riffle 6 6/1 - 9/30 65

American River steelhead rearing Watt Avenue 13.4 plan May 1 68
Target based on yearly 
plan

Stanislaus River steelhead rearing
Orange 
Blossom 12 6/1 - 11/30 65  

 
6.3.2.2.2  Assess Species Exposure and Response to Water Temperatures 
 
Table 6-14 shows the relationship between water temperature and mortality of Chinook salmon 
eggs and pre-emergent fry compiled from a variety of studies.  This is the relationship used for 
comparing egg mortality between scenarios.  USFWS (1998) conducted studies to determine 
winter-run and fall-run early life temperature tolerances.  It found that higher alevin mortality 
can be expected for winter-run between 56°F and 58°F.  Mortality at 56°F was low and similar to 
fall-run mortality at 50°F.  The relationships between egg and pre-emergent fry mortality and 
water temperature determined by USFWS (1998) were about the same as that used by 
Reclamation in the salmon mortality model.   
 
For purposes of this analysis, NMFS used the Balls Ferry temperature compliance point to 
evaluate effects, since most winter-run (98 percent) spawning distribution has shifted upstream 
of this point in recent years (CVP/SWP operations BA figure 11-38).  Water temperatures 
exceed the 56oF objective at Balls Ferry in 50 percent of years in September and 10 percent of 
years from May through June under future conditions (Study 8.0, figure 6-13).  Using the 
incremental exposure rates in table 6-14 and the modeled temperatures in figure 6-13, the loss 
rates for winter-run would be 8 percent egg mortality for those eggs exposed to 57oF in 50 
percent of the years, 15 percent egg mortality for those eggs exposed to 58oF in 25 percent of 
years, 25-50 percent egg mortality for those eggs exposed to 59-60oF, in 10 percent of years, and 
50-100 percent egg mortality for those eggs exposed to 60-62oF in 5 percent of years.  In 
addition, exposure of newly hatched fry to lethal thermal stress would occur from 5-25 percent of 
years during August and September under future conditions.  These conditions do not include the 
future baseline projected temperature increases resulting from climate change.  
 
Table 6-14.  Relationship between water temperature and mortality of Chinook salmon eggs and pre-
emergent fry used in the Reclamation egg mortality model (CVP/SWP operations BA table 6-2). 
Water Temperature 

(ΕF)a Egg Mortalityb 
Instantaneous Daily 
Mortality Rate (%) 

Pre-Emergent Fry 
Mortalityb 

Instantaneous Daily 
Mortality Rate (%)
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Water Temperature 
(ΕF)a Egg Mortalityb 

Instantaneous Daily 
Mortality Rate (%) 

Pre-Emergent Fry 
Mortalityb 

Instantaneous Daily 
Mortality Rate (%)

41-56 Thermal optimum 0 Thermal optimum 0 
57 8% @ 24d 0.35 Thermal optimum 0 
58 15% @ 22d 0.74 Thermal optimum 0 
59 25% @ 20d 1.40 10% @ 14d 0.75 
60 50% @ 12d 5.80 25% @ 14d 2.05 
61 80% @ 15d 10.70 50% @ 14d 4.95 
62 100% @12d 38.40 75% @ 14d 9.90 
63 100% @11d 41.90 100% @ 14d 32.89 
64 100% @ 7d 65.80 100% @10dc 46.05 

a This mortality schedule was compiled from a variety of studies each using different levels of precision in temperature 
measurement, the lowest of which was whole degrees Fahrenheit (+0.5oF). Therefore, the level of precision for temperature 
inputs to this model is limited to whole degrees Fahrenheit. 

b These mortality schedules were developed by the USFWS and CDFG for use in evaluation of Shasta Dam temperature 
control alternatives in June 1990 (Richardson et al. 1990) 

c This value was estimated similarly to the preceding values but was not included in the biological assumptions for Shasta 
outflow temperature control FES (Reclamation 1991b). 

 
This temperature analysis (table 6-15) shows for all four CALSIM II Studies that water 
temperature control is problematic from May through October, with the most significant (over 
half of the 82 years modeled) exceedance occurring in September when Shasta Reservoir runs 
out of cold water.  At that point, temperature control is reliant on ambient air temperatures and 
shorter days to cool down the river.  Cold water availability is a significant factor in 15 to 20 
percent of the Keswick release cases by September, and 20 to 30 percent of cases by late 
October. 
 
There is a great deal of uncertainty in the temperature model results used for the Sacramento 
River.  The above CALSIM II monthly model is disaggregated into a weekly time step (a sizable 
improvement since 2004), but it is unable to show the actual operational strategies used when 
adaptively managing temperature objectives.  In addition, there is uncertainty in the performance 
of the TCD on Shasta Dam.  Due to hydraulic characteristics of the TCD such as leakage, 
overflow, and performance of the side intakes, the typical modeled releases are cooler than what 
can be achieved, therefore, Reclamation has modeled a more conservative approach than what it 
can realistically operate to. 
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Figure 6-13.  Water temperature exceedence at Balls Ferry under Study 8.0 from CALSIM and weekly 
temperature modeling results (CVP/SWP operations BA figure 11-35).  For this analysis, the bold black line 
indicates the 56°F temperature compliance line. 
  
Table 6-15.  Balls Ferry water temperature exceedance by month from SRWQCM. 
Month Temperature 

(F) 
Probability of 

Exceedance (%) 
CALSIM Study 

April 15 56  6.0, 7.0, 7.1, 8.0 
May 56 5 6.0, 7.0, 7.1, 8.0 
June 56 8 6.0, 7.0, 7.1, 8.0 
July  56 11 6.0, 7.0, 7.1, 8.0 
August 56 30 6.0, 7.0, 7.1, 8.0 
September 15 56 40 6.0, 7.0 (base) 
September 15 56 55 7.1, 8.0 (future) 
October 60 4 6.0, 7.0, 7.1, 8.0 

 
Reclamation’s salmon mortality model shows the average percent mortality of eggs and pre-
emergent fry while in the gravel for all years modeled (1922-2003).  In comparison to the above 
temperature exposure analysis, Reclamation’s model shows far less mortality due to water 
temperatures in all years.  When comparing 2008 results at Balls Ferry with the same analysis 
performed in 2004, the 2008 results show approximately 5 percent less mortality on average, and 
in critical years, 30 percent less mortality (figure 6-14 compared to figure 6-15).  This difference 
in mortality results is due to improvements in the SRWQM, which is the main driver for the 
mortality model.  The temperature model disaggregates the monthly results into a weekly time-
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step.  Therefore, the more realistic time-step should make the mortality model results more 
accurate.  In most years, average mortality is now predicted to be 1-2 percent due to water 
temperature effects.  During critically dry years, mortality under near future operations (study 
7.1) is about 15 percent, while under future operations (study 8.0), mortality is about 10 percent 
(figure 6-14).  The critically dry years represent 15 percent of the years modeled. 
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Figure 6-14.  2008 Winter run average egg mortality by water year type at Balls Ferry.  Study 6.0 represents 
2004 operations, study 7.0 represents current operations, 7.1 represents near future operations, and 8.0 
represents future operations (CVP/SWP operations BA figure 11-39). 
 
Water temperatures at Bend Bridge would be unsuitable for spawning and incubation (exceed 
56oF) in 80 percent of the years in August and September.  Bend Bridge is used as the most 
downstream temperature compliance point.  Therefore, it is unlikely that through the adaptive 
management process the compliance point would move downstream of Balls Ferry except in 
extremely wet year types.  The constriction of the available habitat for winter-run and spring-run 
only in an upstream direction as water temperatures increase may limit these fish from expanding 
their population size.  Spring-run show a similar pattern of egg mortality, based on 
Reclamation’s egg mortality model (figure 6-16).  However, their egg mortality rates are just 
slightly less than twice that of winter-run, likely owing to the fact that they spawn later in the 
year, and Shasta Reservoir runs out of cold water for temperature control. 
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Sacramento River Winter Run Chinook Mortality by Year 
Type, Balls Ferry Target
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Figure 6-15.  2004 winter-run average egg mortality by water year type at Balls Ferry temperature target, 
with 5 model runs represented (CVP/SWP operations BA). 
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Figure 6-16.  Spring-run egg mortality from Reclamation egg mortality model by water year type. Study 6.0 
represents 2004 operations, study 7.0 represents current operations, 7.1 represents near future operations, 
and 8.0 represents future operations (CVP/SWP operations BA figure 11-41). 
 
 
Juvenile winter-run typically leave the upper Sacramento River (Keswick Dam to RBDD) 
between September and October (figure 6-17), when they are beyond the reach of temperature 
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control.  Temperature control is usually not necessary after October 30, as ambient air 
temperatures cool the river. 
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  Figure 1.  Weekly estimated passage of juvenile winter Chinook salmon at Red Bluff Diversion Dam (RK391), by 
brood-year (BY).  Fish were sampled using rotary-screw traps for the period July 1, 1995 through June 2000 and 
July 1, 2002 to present.
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Figure 6-17.  Juvenile winter-run passage at Red Bluff Diversion Dam 1995 through 2008 (USFWS BDAT 
2008). 
 
CV steelhead mortality was not estimated using Reclamation’s Mortality Model, but using late 
fall-run as a surrogate (since they spawn at the same time of year), the water temperature effects 
would be minimal.  Late fall-run show on average a 4 percent increase in egg and fry mortality 
from temperature increases.  With climate change, mortality of CV steelhead on the mainstem 
Sacramento River would increase 2-3 percent.  Therefore, temperature related mortality is not 
considered a significant stressor because it would not occur every year.  However, the lack of 
suitable habitat (i.e., small gravel, small side channels, access to higher elevation tributaries) 
limits reproductive success, and the current coldwater management encourages the expression of 
only one life history pattern (residency). 
 
In almost all years since the TCD has been installed, the TCP has been moved upstream by the 
SRTTG in response to one of the 4 factors above to protect winter-run eggs and fry (figure 6-18).  
Multiple day exceedences have become the norm and can be expected to continue under future 
operations.  The SRTTG is responsible for adaptively managing the compliance point based on 
real-time data (i.e., Shasta Reservoir temperature profiles, aerial redd counts, carcass surveys, 
and predictive temperature model runs).  The SRTTG priorities are to provide enough cold water 
through the summer to protect:  (1) winter-run spawning (April 15 - September 30), (2) spring-
run spawning (September - October), and (3) fall-run spawning (October – November).  This 
adaptive management process works well for protecting winter-run, but typically creates 
tradeoffs when considering how much cold water is left for spring-run and fall-run.   
 
Water temperatures at Colusa are 64-66°F in both wet and dry years in September (figure 6-19) 
when the peak of the juvenile winter-run are emigrating downstream.  The preferred optimum 
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water temperature for juvenile rearing is 53-57°F, and water temperatures less than 64°F are 
required for smoltification (CVP/SWP operations BA table 6-1).  Therefore, for roughly half of 
their juvenile emigration (Colusa to the Delta), winter-run are exposed to sub-lethal temperature 
effects and greater predation due to nonindigenous (Sanderson et al. 2009).  Once they reach the 
Delta, tidally-influenced flows cool the water temperatures to the range a juvenile can begin the 
process of smolting (64°F) by November (CVP/SWP operations BA figure 6-6).  Past studies 
using CWT (such as CVPIA, Delta Action 8 Studies) showed poor survival rates for hatchery 
released fall-run and late-run juveniles from the upper Sacramento River (Battle Creek) to 
Chipps Island (Brandes and McLain 2001, USFWS 2003 and 2006, Newman 2008).  Delta 
Action 8 studies, Newman 2008).  Recent studies using acoustic tags on hatchery late-fall and 
CV steelhead showed both species had average survival rates of only 10 percent to the Delta, and 
1-2 percent to the Golden Gate Bridge (MacFarlane 2008).  These low survival rates indicate 
rearing habitat has been degraded by a whole suite of stressors such as; increased concentration 
of introduced warm-water predators, unscreened diversions, sublethal water temperatures, 
contaminants, agricultural return water, wastewater treatment plant discharges, shortened 
emigration timing, and smaller size.   
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Upper Sacramento River Temperature Control History

Water Year

Oct. 1 
Shasta 
Storage 
(TAF)

April 30 
Shasta 
Storage 
(TAF)

Starting 
Compliance 

Point Month Action

Change in 
Compliance 

Point
1987-1996 Use of low-level outlets, power costs

1992 CVPIA passed, construct TCD
1993 1683 4263 Bend Bridge
1994 3102 3534 Jelly's Ferry
1995 2102 4165 Bend Bridge July Conserve cold water Jelly's Ferry
1996 3136 4308 Bend Bridge April Exceed 56 oF 4/26

May Exceed 56 oF 5/27
July Conserve cold water Jelly's Ferry
August Conserve cold water Ball's Ferry
Sept Transition to stable min flow Clear Creek

for fall-run salmon by Oct 15
1997* 3089 3937 Bend Bridge May Exceed 56 oF at Bend 3 days

July Exceed 56 oF at Bend 4 days
*First year that TCD was used Conserve cold water Jelly's Ferry

Sept Exceed 56 oF at Jelly's 8/29
to 9/13

Oct Exceed 56 oF at Jelly's 9/20-9/30
1998 2308 4061 Bend Bridge June Exceed 56 oF at Bend 3 days

June Exceed 56 oF at Bend 4 days
Sept temp exceed 56 since Sep 12 Jelly's Ferry

1999 3441 4256 Bend Bridge August Exceed 56 oF at Bend 4 days
2000 3327 4153 Bend Bridge June Exceed 56 oF at Bend 3 days

July Conserve cold water Jelly's Ferry
August Conserve cold water Ball's Ferry
Oct Exceed 56 oF at Balls 3 days

2001 2985 4020 Jelly's Ferry July Exceed 56.5 oF at Jelly's 2 days
August Exceed 56 oF at Jelly's 8/28/2001

to 9/1/2001 and 9/152001 to 
Sept 9/30/2001

2002 2200 4297 Jellys' Ferry May Exceed 56 oF at Jelly's 5/18/2003
2003 2558 4537 Bend Bridge May Exceed 56 oF at Bend 5/14/2003

Aug. 6 Jellys Ferry
Aug. 8 Balls Ferry
Aug. 28 Conserve cold water

2004 3159 4060 Bend Bridge May  7. Exceed 56 oF at Bend Jellys Ferry
May 27. Balls Ferry

2005 2183 4207 Balls Ferry May 8. Jellys Ferry
Aug. 5 Balls Ferry

2006 3035 4057 Balls Ferry May 1. Bend Bridge
2007 3205 3901 Balls Ferry May 7. Jellys Ferry

June 8. Balls Ferry
2008 1879 3066 Balls Ferry Apr.15 Conserve cold water Jellys Ferry

Airport Road May 8. Exceed 56 oF at Bend 3 days Airport Road
(below Clear Creek)

Key:
Above Normal & Wet
Below Normal & Dry
Critical  
Figure 6-18.  Historical exceedances and temperature control point locations in the upper Sacramento River 
from 1992 through 2008. 
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Figure 6-19.  Sacramento River mean daily temperature and flow at selected locations in a dry water year, 
actual measured temperatures in 2001 (CVP/SWP operations BA figure 11-1). 
 
6.3.2.2.2.1  Green Sturgeon 
 
Based on table 6-16, water temperatures are unsuitable for green sturgeon spawning and rearing 
downstream of Hamilton City, which is also the location of the GCID diversion.  Recent studies 
by Vogel (2008) indicated that large aggregations of adult green sturgeon have been observed 
congregating near Hamilton City. 
 
Table 6-16.  Temperature norms for green sturgeon life stages in the Central Valley (Mayfield and Cech 2004, 
NMFS 2006). 

General Life Stage Suitable Tolerablea Lethal 
adult immigration 52 to 59oF 61 to 66oF 80oF 

spawning & incubation 46 to 57oF 57 to 65oF 72oF 
rearing 59 to 61oF 61 to 65oF 72oF 

Juvenile emigration 60 to 65oF  65 to 69oF 77oF 
  aSublethal effects occur in this temperature range 
 
Adult green sturgeon blocked by RBDD are known to drop back downstream and hold in large 
pools below at the confluence of Deer and Mill creeks (Heublein et al. 2009).  It is unknown how 
far downstream spawning occurs, but the conditions at Hamilton City are most likely suboptimal 
for developing eggs, larval, and rearing juveniles from March through September (figure 6-19).  
Water temperatures are tolerable for adults that may hold after spawning between RBDD and 
GCID. 
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6.3.3  Losses from Screened and Unscreened Diversions on the Sacramento River 
 
Listed juvenile salmonids and green sturgeon are entrained in both screened and unscreened 
diversions on the Sacramento River.  The loss is greatest in the upstream areas close to the 
spawning habitat where life stages are the smallest.  The entrainment rate for screened diversions 
is small (< 1 percent) based on monitoring at RBDD.  There are approximately 68 screened 
diversions in the Sacramento River (Calfish database).  NMFS assumes if fish screens are 
meeting current screening criteria they are 95 percent effective, or that it is likely that 5 percent 
of the fish that come in contact with the fish screen could be killed through repeated contact with 
the screen, impingement, or contact with the cleaning mechanism.  Actual mortality to screens is 
probably much less, as measured at the RBDD Pilot Pumping Plant (Borthwick and Corwin 2001 
op.cit. CVP/SWP operations BA) and are more likely to represent less than one percent of the 
fish that come in contact with the screen (table 6-17).  If the mortality from all screened 
diversions in the Sacramento River were summed it would be an insignificant amount when 
compared at the population level.  Reclamation, as part of its mitigation responsibility under 
CVPIA section 3406(b)(21), funds the AFSP.  The AFSP has screened most of the larger 
diversions in the Sacramento River.  However, a few remain to have screens completed. 
 
Estimates of the mortality at unscreened diversions in the Sacramento River (i.e., 792 unscreened 
diversions listed in the Calfish data base and AFSP annual work plan 2009) are small, but when 
taken together, the cumulative impact is likely to reach the level where they would impact ESA 
species at the population level (table 6-17).  The AFSP has screened most of the diversions larger 
than 250 cfs, and is now focusing on monitoring the losses occurring at smaller unscreened 
diversion to guide future fish screen projects.  On the Sacramento River, losses of juvenile 
salmon are likely to continue at the following large diversions that are unscreened;  Natomas 
Mutual, Reclamation District 2035, Meridian Farms, and Pleasant Grove-Verona.  
 
Table 6-17.  Estimated annual entrainment at water diversions based on size (volume of water diverted) and 
fish monitoring data (RBDD pumping plant) summarized from CVP/SWP operations BA tables 11-12 
through 11-16). 

Number of juvenile 
fish entrained 

Screened 
Diversions*(ACID, 

TCCA, GCID) 

123 unscreened 
Diversions 

(Project water 
only) 

Percentage of 
juvenile population 

impacted by 
unscreened 

diversions** 
Winter-run  50 7,440 0.37 
Spring-run 5 537 0.0537 
Fall-run/late fall-run 126 18,775 0.00653 
CV steelhead 2 393 0.00677 
Green sturgeon unknown 199 unknown 

* screened diversion calculated from 11 year average mortality observed at TCCA times number of screens in upper 
Sacramento River (3 largest). 

** number of juveniles entrained at unscreened diversion/JPI average from 1994-1999 May through October 
passage at RBDD (Gaines and Martin 2002 op. cit. CVP.SWP operations BA). 

 
Juvenile salmonids are more vulnerable to unscreened diversions than adults due to their size and 
behavior (i.e., moving downstream with the flow).  Unscreened diversions in the upper 
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Sacramento River are more likely to kill juvenile salmonids and green sturgeon due to their close 
proximity to spawning areas where newly hatched fry and larvae have weak swimming abilities.  
For green sturgeon, newly hatched larvae are subject to impingement on screened diversion, if 
they are located near areas where adults are spawning.  Mefford and Sutphin (2009) have shown 
that for pallid sturgeon, which are smaller in size than green sturgeon, larvae in the 25-60 mm 
range became impinged on fish screens built to salmonid criteria.  Juvenile green sturgeon that 
pass RBDD are typically within that range, therefore,  likely some are likely loss to screened 
diversions at and above RBDD.  Juvenile green sturgeon are also more likely to be impinged on 
fish screens because of the location of the intake near the bottom or in deep water. 
 
6.3.4  Sacramento River Water Reliability Project (SRWRP) 
 
The project description in the October 1, 2008, final CVP/SWP operations BA included the 
construction of a new water diversion intake structure, fish screen, water treatment plant and 
support facilities with a 365 cfs capacity in the Sacramento River at RM 74.6 (north of Elverta 
Road between the confluences of American and Feather River).  However, as discussed in 
section 3.1 of this Opinion, in January 2009, Reclamation transmitted to NMFS an edited form of 
the CVP/SWP operations project description (Appendix 1 to this Opinion) that is consistent with 
that of the USFWS’ Delta smelt biological opinion (USFWS 2008a).  That project description 
did not contain the SRWRP, however, it did not remove the water associated from the SRWRP 
from the modeling.   
 
Impacts considered under the CVP/SWP operations consultation from the SRWRP include 
impacts to aquatic species throughout the CVP and SWP due to the increase in the total amount 
of water being diverted from the Sacramento and American rivers relative to existing conditions.  
Although this project is not ready to be constructed, NMFS assumes, for modeling purposes, that 
there will be a decrease in the amount of water available on the Sacramento River from this 
project.   
 
NMFS considers any further withdrawals of water from the Sacramento River will negatively 
impact the amount of freshwater that enters the Delta and the availability of cold water in Shasta 
Reservoir since this project shifts water demands from the American River to the Sacramento 
River.  Such a shift creates tradeoffs between ESA-listed species (i.e., steelhead on the American 
River v. winter-run and spring-run on the Sacramento River).  When the project design is 
completed and Reclamation requests consultation on the SRWRP, the operational impacts to 
both upstream and Delta areas must be included, in addition to the construction-related impacts. 
 
6.3.5  Climate Change 
 
As discussed in sections 2.3.3 and 5.1, climate change is an environmental phenomenon that is 
part of the future baseline and would occur irrespective of any operations of the CVP or SWP.  
Although parts of section 6.3.2, above, discusses the climate change stressor on water storage at 
Shasta Reservoir, water temperature management in the Sacramento River, and mortality of early 
life stages of anadromous species, this section focuses on the effect of climate change on the 
larger ecosystem, and as modeled by Reclamation in study suite 9. 
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The impact of climate change in the future introduces greater uncertainty into the way in which 
water is managed in California.  The historic hydrologic pattern represented by CALSIM II 
modeling in CVP/SWP operations (past 82 years of record) can no longer be solely relied upon 
to forecast the future.  Precipitation and runoff patterns are changing, creating increased 
uncertainty for ecosystem functions.  The average snowpack in the Sierra Nevada decreased by 
10 percent in the last century, which translates into a loss of 1.5 MAF of snowpack storage 
(DWR 2008).  California’s air temperature has already increased by 1oF, mostly at night in 
winter, with the higher elevations experiencing the highest increase.  A corresponding increase in 
water temperature is likely to reduce the available habitat for species that depend on cold water 
like spring-run that require over summer holding pools.  Increasing water temperatures will also 
accelerate biological processes that impact anadromous fish like increased algae growth and 
decreased dissolved oxygen.  Climate change will affect the entire life cycle of salmonids and 
sturgeon through warmer ocean periods, changes in age and size at maturity, decline in prespawn 
survival and fertility due to higher stream temperatures, and a loss of lower elevation habitat 
(Crozier et al. 2008). 
 
In the Sacramento River, comparing climate change scenarios (Study 9.0 base vs Study 9.5 drier, 
more warming) shows that average winter-run and fall-run mortality increases from 15 percent to 
25 percent, and average spring-run mortality increases from 20 percent to 55 percent (figure 6-
20).  Reclamation’s mortality model was not run for CV steelhead because steelhead have a 
shorter incubation period than salmon, and the model would have to be changed.  However, late-
fall salmon can be used as a surrogate for CV steelhead since they spawn at similar times in the 
winter.  Late fall-run mortality increases in Study 9.5 (drier, more warming) and Study 9.3 
(wetter, more warming) under all water year types on average 4 percent over the future full build 
out scenario (Study 9.0).  EOS carryover storage at Shasta is less than 1.9 MAF during average 
dry years (1928 to 1934) in all scenarios except Study 9.2 wetter, less warming (CVP/SWP 
operations BA table 9-23).  Under these conditions, winter-run and spring-run would experience 
a loss of spawning habitat, as water temperatures below dams becomes harder to control and the 
cold water pool in Shasta diminishes.   
 
CV steelhead would experience less of a loss on the mainstem Sacramento River, since they 
spawn in the late winter when water temperatures are not as critical to incubation.  However, 
resident forms of O. mykiss spawn in May, when water temperatures exceed 56oF at Bend Bridge 
in 25 percent of future water years (CVP/SWP operations BA figure 10-83).  This resident life 
history pattern represents a reserve that anadromous fish can interbreed with if there are too few 
CV steelhead (Zimmermen et al. 2008).  It is likely that given warmer water temperatures 
resident O. mykiss would move upstream closer to Keswick Dam where temperatures are cooler, 
or into smaller tributaries like Clear Creek.   
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Figure 6-20.  Sacramento River average Chinook salmon mortality by run and climate change scenario from 
Reclamation salmon egg mortality model.   All studies except 9.0 include 1-foot sea level rise.  Study 9.0 is 
future conditions with D-1641 (CVP/SWP operations BA figure 11-82). 
 
Water temperatures in the Sacramento River at Balls Ferry increase under all climate change 
scenarios except for Study 9.2 (wetter, less warming).  Temperatures exceed the 56 oF objective 
at Balls Ferry in July, August, September, and October.  The highest water temperatures 
approach 60oF in September in Study 9.5 (drier, more warming), which is when spring-run 
salmon begin spawning.  The climate change scenarios do not incorporate day-to-day adaptive 
management decisions of the SRTTG.  Given the current prioritization of using cold water first 
for winter-run salmon during the summer, it would be logical to assume that spring-run and fall-
run would experience greater impacts than those modeled. 
 
Similar climate change modeling was conducted using a quantitative model (WEAP21) of the 
Sacramento River flow and temperature regime downstream to Hamilton City (Yates et al. 
2008).  This model compared water temperatures at Shasta Dam with and without managed 
releases for temperature control.  In the unmanaged regime, the model assumes that Shasta Dam 
does not exist and that there is no irrigation demand.  Using the observed historical record for 
years before the TCD was installed, Yates et al. (2008) used the WEAP21 model to calculate 
effects on winter-run, spring-run, and fall-run under a 3.5o F and 7oF water temperature warming 
change. Under a 3.5oF warming scenario, water temperatures at Keswick would be at or below 
the optimum upper temperature of 56oF for spawning and rearing, and then increase from that 
point downstream, except in the driest years.  Under a 7oF warming scenario, even in wet years, 
spawning and rearing water temperature requirements would be exceeded in September and 
October from Keswick Dam to Hamilton City (Yates et al. 2008).  The results of the WEAP21 
modeling suggest that even with the use of the TCD on Shasta Dam, water managers will be 
challenged to maintain suitable water temperatures in the upper Sacramento River (i.e., Keswick 
to Hamilton City).  Yates et al. (2008) concluded that cold water releases from Shasta Reservoir 
play a role in maintaining suitable habitat for spawning and rearing Chinook salmon as far 
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downstream as Hamilton City, and that climate change could be a major determinant of the 
future viability of adult and juvenile reproduction and migration strategies.  Winter-run and 
spring-run were shown to be most at risk due to the timing of their reproduction.  Without the 
cold water releases from Shasta Dam, water temperatures would exceed the physiological 
tolerances by 5oF or more, and winter-run and spring-run populations would not likely persist in 
the mainstem.  The study also found that the availability of cold water releases is reduced as 
warming increases the demand for water and evaporative losses in Shasta Reservoir. 
 
6.3.6  Assess the Risk to the Individuals 
 
Based on the effects of the proposed action on winter-run, spring-run, CV steelhead and the 
Southern DPS of green sturgeon in the mainstem Sacramento River, as described above, fitness 
consequences to individuals include loss of genetic integrity and expression of life history, 
reduced reproductive success during spawning, reduced survival during embryo incubation, 
reduced survival and growth during juvenile rearing, and reduced survival and growth during 
smolt emigration (see tables 6-4 through 6-7). 
 
6.3.7  Population Response to Project Effects Using SALMOD Modeling Winter-Run, 
Spring-Run, and CV Steelhead in the Upper Sacramento River 
 
SALMOD modeling was used only on the Sacramento River to simulate population level 
responses to habitat changes caused by project operations.  The study area extended from 
Keswick Dam downstream to the point at which the RBDD inundates riverine habitat upstream 
(53 miles).  The pool backed up by RBDD has not been modeled for habitat value.  The study 
area includes winter-run, spring-run, steelhead and green sturgeon spawning and rearing habitat.  
SALMOD uses PHABSIM and RIVER2D modeling to analyze habitat that has been classified 
according to mesohabitat type (i.e. pool, riffle, run).  Unlike Northcoast streams, most Central 
Valley rivers and streams have not been habitat typed, limiting the use of SALMOD to just the 
upper Sacramento River.  SALMOD functions to integrate microhabitat and mesohabitat 
limitations to a fish population through time and space.  It is a spatially explicit model, which 
means the model tracks a population as it grows from one life stage to another.  SALMOD uses a 
weekly time step derived from CALSIM monthly averages and HEC-5Q models.  The SALMOD 
model is capable of processing spawning losses due to redd superimposition, redd scouring, 
dewatering, mortality due to water temperature, and seasonally induced changes in habitat.  
Habitat quality is categorized by channel structure, hydraulic geometry, and fish cover using 
changes in response to discharge.  Habitat area is quantified using WUA described previously for 
PHABSIM and RIVER2D.  Tributary production was also added to the upper Sacramento River 
as fry and juveniles.  The SALMOD model takes density dependence into account down to Red 
Bluff, but the mortality model and delta survival make no adjustments for density dependence.  
Since density dependence is overlooked in the rivers (other than the Sacramento) and in the 
Delta the estimates of survival are lower than what would occur with compensatory mortality, 
where it occurs. 
 
Uncertainty in the model comes from input values.  Input variables include weekly average 
streamflow derived from monthly average CALSIM model results.  Water temperature values 
are derived from the SRWQM daily results, which are disaggregated from monthly averages.  

 269



Numbers and distribution of fish were based on average escapement from 1999 to 2006 and may 
not accurately represent current populations.  SALMOD is designed to represent population 
means based on large numbers.  When populations are low (which they are now), they are more 
sensitive to individual variability and environmental stochasticity.  SALMOD is not designed to 
address small population characteristics.  Populations under 500 spawners were identified as 
being too low for accurate results.  SALMOD used a starting population of 1,000 spring-run 
even though current redd surveys indicate less than 100 spawners in the mainstem.  8,591 winter-
run spawners were used to start even though current population estimates are less than 3,000.  
Each year the population is reset to the starting level making it difficult to ascertain trend 
information.   Confidence intervals or other measures of uncertainty have not been estimated for 
any of the models used in the CVP/SWP operations BA. 
 
Steelhead were not used in SALMOD, however, NMFS assumed that late fall-run could be used 
as a surrogate, since they have similar life history stages and spawn at the same time of year.  
Additional uncertainty comes from not using the most recent years (i.e., 2003-2008), which 
incorporate adaptive management, EWA, Trinity ROD flows, and changes in operations due to 
ESA-listed fish species not represented in the historical data.   
 
Most model runs using SALMOD showed that there was not much difference between current 
and future operations (CVP/SWP operations BA Figures 11-44 through 11-54) except during 
critical years when juvenile production is reduced by up to 40 percent.  Years of low production 
were 1925, 1932, 1935, 1977, and 1992 when cold water releases are limited.  Most mortality 
occurred during the more sensitive egg and fry stage rather than presmolts and smolts.  Winter-
run fry mortality due to habitat limitations from water project operations increased gradually 
over time from less than 400,000 in 1923 to greater than 800,000 in 2002 (figure 6-21).   
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Figure 6-21.  Winter-run Chinook salmon fry mortality due to habitat limitations by water operational 
scenario, 1923-2002 from SALMOD model. Study 6.0 represents 2004 operations, study 7.0 represents 
current operations, 7.1 represents near future operations, and 8.0 represents future operations (CVP/SWP 
operations BA figure 11-49). 
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Spring-run model results using SALMOD were similar to winter-run in that most of the 
mortaility due to project operations occurred in the egg and pre-emergent fry stage.  There was 
no mortality of fry, presmolts or smolts due to water temperatures.  Most spring-run and winter-
run are classified as pre-smolts upon passing the downstream end of the study area (RBDD).  
Spring-run egg mortality due to water temperature reached 2,200,000 of 2,400,000 potential eggs 
modeled (or 92 percent) in critically dry years (figure 6-22) indicating most of the spring-run 
would not survive the effects of the proposed action.   Since the SALMOD model resets the 
number of adults each year, it is difficult to predict what would happen in the years following 
this significant reduction. 
 

Sacramento River Spring-run Temperature Related Egg Mortality, potential 
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Figure 6-22.  Sacramento River spring-run egg mortality due to water temperature by operational scenario 
with 2,400,000 total potential eggs, 1923-2002 from SALMOD model. Study 6.0 represents 2004 operations, 
7.0 represents current operations, 7.1 represents near future operations, and 8.0 represents future operations 
(CVP/SWP operations BA figure 11-53). 
 
Using SALMOD results for late fall-run as a surrogate, steelhead showed, on average, juvenile 
production was reduced by 10 percent during most years, but some years experienced up to a 60 
percent reduction.  The reduction in juveniles compared to the maximum production per year is 
shown in figure 6-23 for each operational scenario. 
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Decrease in Juvenile Late Fall-run Chinook Production Emigrating Past 
Red Bluff Compared to Maximum
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Figure 6-23.  Reduction in upper Sacramento River juvenile late fall-run Chinook salmon production during 
each year of the CALSIM II modeling period relative to the maximum production year.  Production was 
based on 12,051 adults and an average of 7 million juveniles produced in most years. 
 
The SALMOD model shows a reduction in juvenile production resulting from project operations.  
The differences between Studies 6.0, 7.0, 7.1 and 8.0 are not apparent, however, when taken 
together and added to the existing stress regime.  However, winter-run and spring-run on the 
mainstem Sacramento River never recover from critical years.  The CVP/SWP operations BA 
concluded, “that episodic reduction in juvenile survival (particularly in critically dry years) leads 
to an average annual reduction of 6,200 adult spawners for 7.1 and 3,600 for 8.0 (relative to 
study 7.0).  The effect of this reduced escapement through an 80-year period of simulation is 
sensitive to effects external to the proposed action (e.g., increased harvest rate or loss of hatchery 
supplementation).”   
 
6.3.8  Effects of the Action on Critical Habitat in the Sacramento River 
 
As described in the critical habitat designation final rules (June 16, 1993, 58 FR 33212; 
September 2, 2005, 70 FR 52488), critical habitat provides PCEs, which are physical or 
biological elements essential for the conservation of the species.  The Sacramento River provides 
3 of the 6 PCEs essential to support one or more life stages, including freshwater spawning sites, 
rearing sites, and migration corridors for winter-run, spring-run, and CV steelhead.  The 
Sacramento River is also proposed for critical habitat for Southern DPS of green sturgeon 
(proposed September 8, 2008, 73 FR 52084).  Critical habitat impacted by the proposed action 
includes the Sacramento River from Keswick Dam to the Delta (302 miles). 
 
6.3.8.1  Spawning Habitat 
 
Steelhead spawning in the mainstem Sacramento River is probably limited to the area upstream 
of RBDD where spawning gravel has been added for Chinook salmon.  However, surveys have 
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never been conducted to determine where or when CV steelhead spawn in the mainstem.  Most 
steelhead prefer to spawn in smaller tributaries, except where blocked by impassible dams.  
Similar habitat conditions found in the upper Sacramento River exist in all core populations of 
CV steelhead, such as on the American River, Feather River, and Stanislaus River.  Based on 
redd surveys conducted in other rivers, it is plausible that CV steelhead could utilize some areas 
as spawning habitat.  The CVPIA spawning gravel program has historically used larger size 
gravel suitable for salmon, therefore, spawning gravel of suitable size for steelhead may be 
limiting in this area.   
 
For winter-run and spring-run, potential spawning habitat is constrained by temperature control 
to smaller and smaller areas below Keswick Dam.  The impacts of operations on cold water have 
already been described above.  However, the changes to the habitat downstream are far more 
widespread and difficult to detect.  The volume of water stored in Shasta reservoir tends to 
dampen the seasonal variation in water temperatures.  This moderation of water temperatures, 
combined with a loss in spawning habitat above Shasta and Keswick dams, may have profound 
effects on life history patterns.  Warmer water temperatures during the spring-run and CV 
steelhead egg incubation have resulted in earlier emergence time.  Spawning habitat, which is 
now located 60 to 240 miles downstream from historical sites above Shasta Dam, truncates the 
juvenile emigration timing by 2-3 months.  Therefore, juveniles leave the spawning area at much 
smaller size and are less likely to survive downstream.  For steelhead the cold summer-time flow 
regime favors residency over anadromy, which reduces the variability in life history that 
distinguished runs.  In addition, with more spatial and temporal overlap between the listed 
anadromous salmonid species, competition for space reduces the value of the spawning habitat 
for the conservation of any one species.   
 
The value of spawning habitat for the conservation of the species is also reduced by flow 
fluctuations twice a year every year to install and remove the ACID diversion dam.  These 
sudden drops in flow strand and/or isolate juveniles rearing along 5 miles of habitat above the 
diversion dam, and likely for miles downstream.  Flow fluctuations can also dewater winter-run 
and fall-run redds.  Since the majority of winter-run have shifted to spawning above the ACID 
diversion dam (e.g., 62 percent in 2006), flow fluctuations are likely to have greater impacts in 
future years.   
 
Climate change, as a modeled future baseline stressor, is likely to reduce the conservation value 
of the spawning habitat PCE of critical habitat by increasing water temperatures, which will 
reduce the availability of suitable spawning habitat.  Cold water in Shasta Reservoir will run out 
sooner in the summer, impacting winter-run and spring-run spawning habitat.  This reduction in 
an essential feature of the spawning habitat PCE will reduce the spatial structure, abundance, and 
productivity of salmonids. 
 
6.3.8.2  Rearing Habitat 
 
Stream flows within the Sacramento River have been altered by the operations of Shasta and 
Keswick dams.  Generally, the changes have increased flows during the summer and fall, and 
decreased flows in the winter and spring compared to historical conditions (figure 5-13).  The 
result of the change in historical flow patterns has been a decrease in the hydrologic variability 
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and a loss of complexity in the freshwater aquatic habitat.  Specific areas of rearing habitat loss 
due to changes in the flow pattern include fewer oxbows, side channels, braided channels, less 
LWD, and less shaded aquatic riparian habitat.  The Nature Conservancy (2007) model shows 
that these are necessary for proper functions of riverine ecosystems.  A more natural flow regime 
with higher spring flows and lower summer flows would support riverine functions like the 
creation of oxbows, side channels and more varied riparian communities.  In turn, this would 
increase cottonwood regeneration, shaded aquatic habitat, food supply, rearing areas, and LWD 
recruitment, all important components that are being degraded under continued project 
operations.   
 
The decrease in the biological value of the rearing habitat is due to the simplification of the 
processes that create these important areas.  The CVP and SWP have for years used the river as a 
conveyance system, neglecting the natural processes that are necessary to support river 
dependent species.  This altered stream flow pattern has indirectly led to an increase in bank 
stabilization, levees, riprap, and armoring to keep the river in place.  The reduction in rearing 
habitat quality has decreased the survival of juvenile salmonids and favored the proliferation of 
introduced non-native species that prey or compete with juvenile salmonids.  Due to the stream 
flow changes, introduced warm water predators are much more numerous today than historically.  
Therefore, the conservation value of rearing habitat along the entire 300 miles has been degraded 
by project operations. 
 
Rearing habitat for CV steelhead has been modified in the Sacramento River to cooler summer 
time releases for winter-run spawning.  This change in summer temperature regime has increased 
the resident rainbow trout population.  The change in summer temperatures may reduce the 
number of steelhead that choose to migrate to the ocean because conditions are too favorable.  If 
the resident trout population is as large as the trout population above Shasta dam (i.e., estimated 
at 10,300 trout per mile), then competition for food and space could reduce the value of the 
rearing habitat PCE. 
 
Climate change, as modeled future baseline stressor, is likely to reduce availability of rearing 
habitat, and in turn, the value of the rearing habitat PCE of critical habitat, by increasing water 
temperatures.  As the juveniles migrate downstream, they will emigrate earlier, encounter 
thermal barriers sooner, and be subjected to predators for longer periods of time.  This reduction 
in the essential elements of critical habitat will reduce the spatial structure, abundance, and 
productivity of salmonids.  Juveniles would be expected to concentrate in areas of cold water 
refugia, like in the few miles below Keswick Dam, where competition for food, space, and cover 
would be intense.  Those individuals that stayed to over summer would be forced into one life 
history pattern consistent with project operations (i.e., yearling life history and emigration during 
the following spring).  Those juveniles that did emigrate early would be exposed to greater stress 
regimes as they encounter higher water temperatures and greater concentrations of predators 
downstream. 
 
6.3.8.3  Migratory Corridors 
 
The conservation value of the migratory corridor along the mainstem Sacramento River for all 4 
listed species is degraded by the presence of barriers to upstream and downstream migrations.  
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An essential feature of the migratory corridor PCE is unobstructed passage of emigrating fish 
through the upper Sacramento River to the spawning areas.  This characteristic of the PCE will 
continue to be degraded by the continued operation of the RBDD and ACID diversion dam.  
Adult salmonids are blocked and/or delayed in passing these obstructions.  Juveniles are 
subjected to higher concentrations of predators at these locations.  Entrainment losses will 
continue into the future from operation of fish screens at these diversions.   
 
RBDD backs up water on the Sacramento River to form Lake Red Bluff during the summer 
months, when juvenile winter-run are migrating downstream.  This action reduces the 
conservation value of the critical habitat within the 6–mile lake (or 15 miles of shoreline) for 
winter-run, spring-run and CV steelhead (TCCA 2008).  The inundation of the Sacramento River 
slows down flows, covers riparian areas, warm water predators become more numerous, and the 
value of the habitat is reduced.  Juvenile salmon and steelhead are disoriented and confused as 
they migrate downstream through the lake, similar to what happens on the Columbia River above 
its dams.  Stranding and isolation occur in sloughs adjacent to the lake when the gates come out 
in September (USFWS 1998).  The rising waters in the spring kill any vegetation along the sides 
by submerging it underwater and covering it with silt.  Water temperatures increase in the lake as 
flows are slowed and surface water is heated by the sun.  Large shade trees and riparian areas are 
prevented from becoming established leaving the near shore areas devoid of vegetation.  Food 
supply, shelter and cover are reduced by this action and will continue to be reduced under future 
operations until a new pumping plant is built and operational. 
 
Approximately, 8 miles of river habitat is modified (or 13.3 percent of the available habitat 
above RBDD) to less suitable lake habitat for 4 to 6 months of every year when the diversions 
are in place (i.e., 6 miles above RBDD, and 2 miles above ACID).  This seasonal loss of habitat 
reduces food availability, shelter, and cover, and causes permanent changes that reduce the value 
of that habitat for the rest of the year (i.e., from sedimentation, loss of shaded aquatic habitat, 
loss of riffle areas that produce food).  The loss of habitat value leads to a reduction in the 
abundance of juvenile winter-run and spring-run that enter the Delta.  Productivity and growth 
are also reduced from modified habitat and reduced complexity.  Juvenile salmonids reach the 
Delta sooner and at a smaller size, making them more vulnerable to predation.  Larger fish are 
more likely to survive the stressful transition into the marine environment than smaller fish, 
which have less energy reserves stored in their bodies.   Therefore, salmonids with life history 
stages (representing a year in freshwater) like spring-run yearlings and CV steelhead smolts are 
less likely to be affected by these habitat changes in the migratory corridor, since they move 
through mainstem quickly prior to entering the ocean. 
 
6.3.8.4  Green Sturgeon Proposed Critical Habitat  
 
The installation and operation of the RBDD gates on May 15 of each year in the near term 
(through year 2019) blocks access to 53 miles of the Sacramento River to approximately 35 to 40 
percent of the spawning population that arrive after May 15, and as a result, impairs the function 
of the Sacramento River as a migratory corridor for both green sturgeon adults and 
larvae/juveniles.  After May 15, the river no longer has unobstructed access to habitat above 
RBDD, and changes the function of the river to such an extent that fish survival and viability are 
compromised.  Reclamation proposes to reoperate RBDD in the future full build out scenario 
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(beginning in year 2020), so the RBDD gates would be in for approximately 2½ months each 
year rather than the current 4 months.  After the near term (beginning in year 2020), the value of 
the migratory corridor PCE will improve each year through 2030 with the gates out longer, 
however, it will still be degraded. 
 
RBDD backs up water on the Sacramento River to form Lake Red Bluff during the summer 
months, when some green sturgeon are migrating downstream.  The inundation of the 
Sacramento River slows down flows, covers riparian areas, warm water predators become more 
numerous, and the value of the habitat is reduced.  Juvenile green sturgeon are disoriented and 
confused as they migrate downstream through the lake, similar to what happens on the Columbia 
River above its dams.  Stranding and isolation occur in sloughs adjacent to the lake when the 
gates come out in September (USFWS and Reclamation 1998).  The rising waters in the spring 
kill any vegetation along the sides by submerging it underwater and covering it with silt.  Water 
temperatures increase in the lake as flows are slowed and surface water is heated by the sun.  
Large shade trees and riparian areas are prevented from becoming established leaving the near 
shore areas devoid of vegetation.  Food supply, shelter and cover are reduced by this action and 
will continue to be reduced under future operations until a new pumping plant is built and 
operational. 
 
Approximately, 8 miles of river habitat is modified (or 13.3 percent of the available habitat 
above RBDD) to less suitable lake habitat for 4 to 6 months of every year when the diversions 
are in place (i.e., 6 miles above RBDD, and 2 miles above ACID).  This seasonal loss of habitat 
reduces food availability, shelter, and cover, and causes permanent changes that reduce the value 
of that habitat for the rest of the year (i.e., from sedimentation, loss of shaded aquatic habitat, 
loss of riffle areas that produce food).  The loss of habitat value leads to a reduction in the 
abundance of juvenile green sturgeon that enter the Delta.  Productivity and growth are also 
reduced from modified habitat and reduced complexity. 
 
The near term and long term operation of RBDD decreases the conservation value of suitable 
water quality conditions for green sturgeon spawning and rearing.  Water temperature for 
spawning and egg incubation is near optimal (15oC/ 59oF)) from RBDD upriver during the 
spawning season.  Below RBDD, water quality, in terms of water temperature, gradually 
degrades and eventually exceeds the thermal tolerance level for egg incubation, when egg 
hatching success decreases and malformations in embryos increase above 17 oC/62 oF, at 
Hamilton City. 
 
The closed gates also decrease the conservation value of proposed critical habitat by:  (1) 
increasing the potential for predation on downstream emigrating larvae in the slow moving water 
upstream of the RBDD (Lake Red Bluff), (2) increasing predation below the location of the 
RBDD due to the turbulent boil created below the structure and the concentration of predators 
located, and (3) creating increased potential for adults to be injured as they try to pass beneath 
the gates during the closed operations.  The closed gate configuration also has the potential to 
alter the genetic diversity of the population by separating the population into upstream and 
downstream spawning groups based on run timing. 
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The installation of the RBDD blocks green sturgeon from known holding pools above the 
structure.  Although known holding areas exist below the RBDD, such as the hole just above the 
GCID diversion, the RBDD decreases the number of deep holding pools the adult fish can access 
through its operation, thereby degrading the conservation value of the water depth PCE. 
 
6.4  American River Division 
 
6.4.1  Deconstruct the Action 
 
This section is intended to describe how we have deconstructed the proposed action into stressors 
that affect CV steelhead, the only ESA-listed species that occurs within the American River.  
Naturally-produced CV steelhead in the lower American River are affected by many different 
stressors, which, for the purpose of this analysis, are categorized into two groups based on 
whether they do, or do not result from CVP operations (figure 5-19).  The “future baseline” 
characterizes those  stressors which are not the result of CVP operations, although CVP 
operations may exacerbate the effect of the stressor.  An example of a future baseline stressor 
that is exacerbated by CVP operations is predation.  Steelhead co-evolved with predators such as 
pikeminnow, but exposure to both elevated water temperatures and limited flow-dependent 
habitat availability resulting from CVP operations make juvenile steelhead more susceptible to 
predation (Water Forum 2005a).  A detailed description of the future baseline is provided above 
in section 5.4.3, while project-related stressors are discussed below in section 6.4.3. 
 
6.4.2 Assess Species Exposure 
 
For the purposes of this analysis, “exposure” is defined as the temporal and spatial co-occurrence 
of a natural origin steelhead life stage and the stressors associated with the proposed action.  A 
few steps are involved in assessing steelhead exposure.  First, the steelhead life stages and 
associated timings are identified.  Adult steelhead immigration in the American River generally 
occurs from November through April with a peak occurring from December through March 
[Surface Water Resources, Inc. (SWRI) 2001].  Spawning reportedly occurs in late December to 
early April, with the peak occurring in late February to early March (Hannon and Deason 2008).  
The embryo incubation life stage begins with the onset of spawning in late December and 
generally extends through May, although, in some years incubation can occur into June (SWRI 
2001).  Juvenile steelhead rear in the American River for a year or more before emigrating as 
smolts from January through June (SWRI 2001).   
 
The second step in assessing steelhead exposure is to identify the spatial distribution of each life 
stage.  The steelhead immigration life stage occurs throughout the entire lower American River 
with adults holding and spawning from approximately RM 5 to Nimbus Dam at RM 23 (Hannon 
and Deason 2008).  Approximately 90 percent of spawning occurs upstream of the Watt Avenue 
bridge area located at about RM 9.4 (Hannon and Deason 2008).  The juvenile life stage occurs 
throughout the entire river, with rearing generally occurring in the vicinity of the upstream areas 
used for spawning.  Most juvenile steelhead are believed to migrate through the lower sections of 
the American River into the Sacramento River as smolts.   
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The last step in assessing steelhead exposure is to overlay the temporal and spatial distributions 
of proposed action-related stressors on top of the temporal and spatial distributions of lower 
American River steelhead.  This overlay represents the completed exposure analysis and is 
described in the first three columns of table 6-18.  Unless otherwise specified in table 6-18, the 
temporal and spatial distributions of proposed action-related stressors are the same as the 
temporal and spatial distributions of steelhead life stages as specified in table 6-18. 
 
6.4.3  Assess Species Response 
 
Now that the exposure of American River steelhead to the proposed action has been described, 
the next step is to assess how these fish are likely to respond to the proposed action-related 
stressors.  In general, responses to stressors fall on a continuum from slight behavioral 
modifications to certain death.  Life stage-specific responses to specific stressors related to the 
proposed action are described in detail in the following paragraphs and are summarized in table 
6-18.  There may be other project stressors acting on lower American River steelhead than those 
identified in table 6-18.  However, this effects analysis intends to identify and describe the most 
important project-related stressors to these fish.  These stressors were identified based on a 
comprehensive literature review, which included the following documents: 

• Lower American River State of the River Report (Water Forum 2005a); 
• Aquatic Resources of the Lower American River: Baseline Report (SWRI 2001); 
• Impacts on the Lower American River Salmonids and Recommendations Associated 

with Folsom Reservoir Operations To Meet Delta Water Quality Objectives and 
Demands (Water Forum 2005a); 

• American River Steelhead Spawning 2001 – 2007 (Hannon and Deason 2008); 
• Steelhead Restoration and Management Plan for California (McEwan and Jackson 

1996); 
• Evaluation of Effects of Flow Fluctuations on the Anadromous Fish Populations in the 

Lower American River (CDFG 2001); and 
• The CVP/SWP operations BA. 
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Table 6-18.  Exposure and summary of responses of American River steelhead to the proposed action.  
Life Stage/ 
Location Life Stage Timing Stressor Response Probable Fitness Reduction 
Spawning  

 
Primarily upstream 
of Watt Ave. area 

Late-Dec. - early 
Apr 

Folsom/Nimbus releases – flow 
fluctuations  

Redd dewatering and isolation 
prohibiting successful completion of 

spawning 

Reduced reproductive success 

Spawning  
 
Primarily upstream 
of Watt Ave. area 

Late-Dec. - early 
Apr. 

Nimbus Hatchery – hatchery O. 
mykiss spawning with natural-

origin steelhead 

Reduced genetic diversity.  Garza 
and Pearse (2008) showed that 

genetic samples from the population 
spawning in the river and the 

hatchery population were “extremely 
similar”. 

Reduced genetic diversity 

Embryo incubation  
 

Primarily upstream 
of Watt Ave. area  

Late-Dec - May Water temperatures warmer than 
life stage requirements, particularly 
occurring upstream of Watt Ave. in 

April and May 

Sub-lethal effects - reduced early life 
stage viability; direct mortality; 

restriction of life history diversity 
(i.e., directional selection against 
eggs deposited in Mar. and Apr.) 

Reduced survival 

Embryo incubation  
 
Primarily upstream 
of Watt Ave. area 

Late-Dec. - May Folsom/Nimbus releases – flow 
fluctuations 

Redd dewatering and isolation.  
Hannon et al. (2003) reported that 5 
steelhead redds were dewatered and 
10 steelhead redds were isolated at 

the lower Sunrise side channel when 
Nimbus Dam releases were 

decreased on February 27, 2003.  
When releases were decreased on 
March 17, 2003, seven steelhead 
redds were dewatered and five 

additional redds were isolated from 
flowing water at the lower Sunrise 
side channel.  In April 2004 at the 
lower Sunrise side channel, five 

steelhead redds were dewatered and 
“many” redds were isolated (Water 
Forum 2005a).  Redd dewatering at 

Sailor Bar and Nimbus Basin 
occurred in 2006 (Hannon and 

Deason 2008). 

Reduced survival 



Life Stage/ 
Location Life Stage Timing Stressor Response Probable Fitness Reduction 

Juvenile rearing  
 

Primarily upstream 
of Watt Ave. area  

Year-round  Folsom/Nimbus releases – flow 
fluctuations; low flows, 

particularly during late summer 
and early fall 

Fry stranding and juvenile isolation; 
low flows limiting the availability of 

quality rearing habitat including 
predator refuge habitat 

Reduced survival 

Juvenile rearing  
Primarily upstream 
of Watt Ave. area  

Year-round  Water temperatures warmer than 
life stage requirements, particularly 

occurring upstream of Watt Ave. 
during June through September 

Physiological effects - increased 
susceptibility to disease (e.g., anal 
vent inflammation) and predation.  
Visible symptoms of thermal stress 
in juvenile steelhead are associated 
with exposure to daily mean water 
temperatures above 65°F (Water 

Forum 2005a).  With the exception 
of 2005, from 1999 through 2007, 
daily mean water temperatures at 

Watt Avenue from August through 
September were warmer than 65°F 
for approximately 81 percent of the 
days, and during 2001, 2002, 2004, 
2006, and 2007, water temperatures 
were often over 68°F (figure 30a).  
Under a drier and warmer climate 

change scenario (Study 9.5), modeled 
water temperatures at Watt Avenue 
from June through September under 
full build out of the proposed Project 

range from 65°F to 82°F 
(Reclamation 2009).  Even if no 

regional climate change is assumed 
(Study 9.1), water temperatures at 

this location during this time period 
are expected to range from 63°F to 

79°F. 

Reduced growth; Reduced 
survival 

Smolt emigration  
 

Throughout entire 
river  

Jan. - Jun. Water temperatures warmer than 
life stage requirements, particularly 

occurring downstream of Watt 
Ave. during March through June 

Physiological effects – reduced 
ability to successfully complete the 

smoltification process, increased 
susceptibility to predation 

Reduced growth; 
Reduced survival 

 

 280



 281

This effects analysis assumes that impacts on lower American River steelhead expected to occur 
with implementation of the proposed action will be similar to, or more severe than, the impacts 
associated with the recent past operations of the American River Division of the CVP.  This 
assumption is reasonable because the proposed action includes the continued operation of the 
American River Division through 2030 to meet increasing water demands.  From 2000 through 
2006, annual water deliveries from the American River Diversion ranged from 196 TAF in 2000 
to 297 TAF in 2005.  In the CVP/SWP operations BA, present level water demands for the 
American River Division were modeled at 325 TAF per year and the 2030 water demands are 
modeled at nearly 800 TAF per year, an annual demand about 2.7 to 4.0 times higher than the 
annual deliveries from 2000 through 2006.   
 
Although the CVP/SWP operations BA indicates that Reclamation intends to operate to a new 
flow management standard whenever additional b(2) water is available - a change in operations 
from the recent past - the major stressors included in this effects analysis associated with Folsom 
Reservoir operations are not expected to be minimized.  That is, Reclamation’s conditional 
implementation of the new flow management standard, whenever additional b(2) water is 
available [see table 2-3 for NMFS’ assumption on b(2)], is not expected to reduce water 
temperature-related or flow fluctuation impacts. 
 
The CVP/SWP operations BA states that the “project description…is consistent with the 
proposed flow management standard.”  Based on the information provided in the CVP/SWP 
operations BA, it is unclear whether Reclamation intends to achieve this consistency by adhering 
to the water temperature standards described in the flow management standard (Water Forum 
2004): 
 

 “Reclamation shall operate Folsom Dam and Reservoir and Nimbus Dam to meet daily 
average water temperatures of 60ºF or less, striving to achieve 56°F or less as early in 
the season as possible, in the lower American River at Watt Avenue from October 16 
through December 31 for fall-run Chinook salmon spawning and egg incubation; and  

 
 Reclamation shall operate Folsom Dam and Reservoir and Nimbus Dam to maintain 

daily average water temperatures that do not exceed 65°F in the lower American River at 
Watt Avenue from June 1 through October 15 for juvenile steelhead over-summer 
rearing.”  

 
Reclamation does not identify lower American River water temperature standards, objectives, or 
targets in the CVP/SWP operations BA.  NMFS assumes that, even if Reclamation intends to do 
so, they will not achieve the water temperature standards described in the flow management 
standard with implementation of the proposed action because:  (1) the availability of b(2) water 
that would allow Reclamation to “operate to the proposed flow management standard” is 
uncertain (see general assumption in section 2.4.3); (2) operational (e.g., Folsom Reservoir 
operations to meet Delta water quality objectives and demands and deliveries to M&I users in 
Sacramento County) and structural (e.g., limited reservoir water storage and coldwater pool) 
factors not associated with the flow management standard limit the availability of coldwater for 
water temperature management; (3) in most years since the late 1990s, Reclamation has not 
achieved the temperatures specified in the flow management standard (see section 6.4.3.2 Water 



Temperature below); and (4) annual water demands for full build-out (year 2030) of the 
proposed action are expected to substantially increase from present day levels, which will likely 
further constrain lower American River water temperature management.   
 
6.4.3.1  Folsom/Nimbus Releases 
 
Releases from Folsom Dam are re-regulated approximately 7 miles downstream by Nimbus 
Dam.  Releases from Nimbus Dam to the American River affect the quantity and quality of 
steelhead habitat (Water Forum 2005a, CDFG 2001), water quality, water temperature, and 
entrainment13.  Water quality can affect steelhead embryo incubation if Nimbus Dam releases 
are too low to flush silt and sediment from redds (Lapointe et al. 2004, Greig et al. 2005, 
Levasseur et al. 2006).  Conversely, if instream flows are too high, scour and increased 
sedimentation could result in egg mortality (Kondolf et al. 1991).  Steelhead egg and alevin 
mortality associated with high flows in the American River has not been documented, althou
flows high enough to mobilize spawning gravels do occur during the spawning and embryo 
incubation periods (i.e., late-December

gh 

 through early-April).   

                                                

 
As described in the CVP/SWP operations BA, Ayres Associates (2001) indicated that spawning 
bed materials in the lower American River may begin to mobilize at flows of 30,000 cfs, with 
more substantial mobilization occurring at flows of 50,000 cfs or greater.  Flood frequency 
analysis for the American River at Fair Oaks gauge shows that, on average, flood control 
releases will exceed 30,000 cfs about once every 4 years and exceed 50,000 cfs about once every 
5 years (CVP/SWP operations BA).  During flood control releases made in January 1997, 
considerable morphological changes occurred in the American River, including streambed 
alterations at several salmonid spawning sites that caused redd scouring (USFWS 2003a).   
 
Releases from Folsom Reservoir, are made, in part, for flood control and to meet Delta water 
quality objectives and demands.  These operations can result in release events during the winter 
and spring that are characterized by rapid flow increases for a period of time followed by rapid 
flow decreases.  A few examples of these types of flow fluctuations can be seen in the Nimbus 
Dam release pattern, which occurred in 2004 (figure 6-24).   
 
Flow fluctuations in the lower American River have been documented to result in steelhead redd 
dewatering and isolation (Hannon et al. 2003, Water Forum 2005, Hannon and Deason 2008).  
Redd dewatering can affect salmonid embryos and alevins by impairing development and 
causing direct mortality due to desiccation, insufficient oxygen levels, waste metabolite toxicity, 
and thermal stress (Becker et al. 1982, Reiser and White 1983).  Isolation of redds in side 
channels can result in direct mortalities due to these factors, as well as starvation and predation 
of emergent fry.  Hannon et al. (2003) reported that five steelhead redds were dewatered and 10 
steelhead redds were isolated in a backwater pool at the lower Sunrise side channel when 

 
13 In general, a positive relationship exists between upstream reservoir releases (e.g., Folsom Reservoir) and the 

volume of water exported from the Delta through the Jones and Banks pumping plants (SWRCB 2000).  Because a 
positive relationship between water exported from these pumping plants and juvenile salmonid entrainment has 
also been reported (Kimmerer 2008), it is reasonable to assume that releases from Nimbus Dam likely contribute to 
the entrainment of juvenile salmonids in the Delta, including American River steelhead.  Additionally, some level 
of entrainment may occur in the lower American River, but it is not believed to be a major stressor to steelhead and 
will not be further discussed in this effects analysis. 
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Nimbus Dam releases were decreased on February 27, 2003.  When releases were decreased on 
March 17, 2003, seven steelhead redds were dewatered and five additional redds were isolated 
from flowing water at the lower Sunrise side channel.  In April 2004 at the lower Sunrise side 
channel, five steelhead redds were dewatered and “many” redds were isolated (Water Forum 
2005a).  Redd dewatering at Sailor Bar and Nimbus Basin occurred in 2006, with most of the 
redds being identified as Chinook salmon redds, at least one was positively identified as a 
steelhead redd, and several more redds were of unknown origin (Hannon and Deason 2008) 
(figure 6-25).   
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Figure 6-24.  Mean daily release rates from Nimbus Dam in January through July of 2004.  The timing of the 
steelhead life stages that are most vulnerable to flow fluctuations during these months are displayed. 
 
Although reports of steelhead redd dewatering and isolation in the American River are limited to 
2003, 2004, and 2006, these effects have likely occurred in other years because:  (1) the pattern 
of high releases followed by lower releases which occurred during the steelhead spawning period 
(i.e., primarily January through March) in 2003, 2004, and 2006, is similar to the pattern 
observed during the spawning period in many other years [CDEC data (http://cdec.water/ca/gov/) 
from 1994 through 2007]; and (2) monitoring was not conducted during many release events 
and, consequently, impacts were not documented.  Impacts associated with flow fluctuations are 
expected to continue to occur with implementation of the proposed project through 2030 because 
changes from past operations that would address this stressor were not identified in the project 
description 
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Juvenile steelhead isolation has also been reported to occur in the lower American River.  For 
example, Water Forum (2005a) reported that juvenile steelhead became isolated from the river 
channel in both 2003 and 2004 following a flow increase and decrease event associated with 
meeting Delta water quality objectives and demands (Water Forum 2005a).   
 

 
Figure 6-25.  Dewatered redds at Nimbus Basin and Sailor Bar, February 2006 (figure was modified from 
Hannon and Deason 2008). 
 
In addition to flow fluctuations, low flows also can negatively affect lower American River 
steelhead.  Yearling steelhead are found in bar complex and side channel areas characterized by 
habitat complexity in the form of velocity shelters, hydraulic roughness elements, and other 
forms of cover (SWRI 2001).  At low flow levels, the availability of these habitat types becomes 
limited, forcing juvenile steelhead densities to increase in areas that provide less cover from 
predation.  With high densities in areas of relatively reduced habitat quality, juvenile steelhead 
become more susceptible to predation as well as disease.  Exposure of juvenile steelhead to these 
low flow conditions is expected to continue to occur with implementation of the proposed 
Project through 2030." 
 
6.4.3.2  Water Temperature 
 
Water temperature is perhaps the physical factor with the greatest influence on American River 
steelhead.  Water temperature directly affects survival, growth rates, distribution, and 
developmental rates.  Water temperature also indirectly affects growth rates, disease incidence, 
predation, and long-term survival (Myrick and Cech 2001).  Water temperatures in the lower 
American River are a function of the timing, volume, and temperature of water being released 
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from Folsom and Nimbus dams, river distance, and environmental heat flux (Bartholow 2000).  
Thus, water temperatures in the lower American River are influenced by proposed action 
operations. 
 
Myrick and Cech (2001) examined the effects of water temperature on steelhead (and Chinook 
salmon) with a specific focus on Central Valley populations and reported that steelhead egg 
survival declines as water temperature increases past 50°F.  In a summary of technical literature 
examining the physiological effects of temperature on anadromous salmonids in the Pacific 
Northwest, EPA (2001) reported that steelhead egg and alevin survival would decline with 
exposure to constant water temperatures above 53.6°F.  Although supporting references were not 
provided, the CVP/SWP operations BA states that:  “Temperatures of 52°F or lower are best for 
steelhead egg incubation.  However temperatures less than 56 F are considered suitable.”  
Rombough (1988) as cited in EPA (2001) found less than four percent embryonic mortality of 
steelhead incubated at 42.8, 48.2, and 53.6°F, but noted an increase to 15 percent mortality at 
59°F.  In this same study, alevin mortality was less than five percent at all temperatures tested, 
but alevins hatching at 59°F were considerably smaller and appeared less well developed than 
those incubated at the lower test temperatures. 
 
In a recent laboratory study examining survival and development of steelhead eggs incubated at 
either 46.4°F or 64.4°F, Turner et al. (2007) found that eggs incubated at the higher temperature 
experienced higher mortality, with 100 percent mortality of eggs from one of three treatments at 
the higher temperature.  Also, those fish incubated at the higher temperature that did survive 
exhibited greater structural asymmetry than fish incubated at the lower temperature.  Similar to 
Turner et al. (2007), Myrick and Cech (2001) reported an increase in physical deformities in 
steelhead that were incubated at higher water temperatures.  Structural asymmetry has been 
negatively correlated with fitness in rainbow trout (Leary et al. 1984). 
 
Based on the thermal requirements reported above and the temporal distribution of steelhead egg 
incubation (i.e., January through May), some level of egg mortality and/or reduced fitness of 
those individuals that survive is expected with exposure to the water temperatures that are 
expected to occur with implementation of the proposed action.  For example, mean water 
temperatures at Watt Avenue from 1999 through 2008 ranged from about 48°F to 54°F in March, 
50°F to 59°F in April, and 56°F to 64°F in May (figure 6-26).  
 
Modeled water temperatures also demonstrate that steelhead eggs will be exposed to stressful 
conditions with implementation of the proposed action.  Exceedence plots of water temperatures 
near Sunrise are expected to always be at or above 50°F during March, April, and May (figures 
6-27, 6-28, and 6-29).  Water temperatures during these months are expected to be over 54°F for 
about 30, 95, and 100 percent of the cumulative water temperature distribution, respectively; 
water temperatures are expected to be above 56°F for about 10, 70, and 100 percent.  During the 
warmest 10 percent of the cumulative water temperature distribution during April and May, 
water temperatures are expected to exceed 62°F and 66°F, respectively.  It is important to note 
that these modeled water temperature results do not incorporate effects of climate change.   
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Figure 6-26.  Lower American River water temperature during March, April, and May from 1999 through 
2008 represented as the mean of the daily average at the Watt Avenue gage (Original data were obtained 
from http://cdec.water.ca.gov/). 
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Figure 6-27.  Exceedence plot of modeled water temperatures in the lower American River near the Sunrise 
area during March (CVP/SWP operations BA appendix I). 
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Figure 6-28.  Exceedence plot of modeled water temperatures in the lower American River near the Sunrise 
area during April (CVP/SWP operations BA appendix I). 
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Figure 6-29.  Exceedence plot of modeled water temperatures in the lower American River near the Sunrise 
area during May (CVP/SWP operations BA appendix I). 
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For the purposes of this analysis, NMFS assumes that climate change could account for a 1-3°F 
increase in water temperatures within the time frame of the proposed action (see Appendix R of 
the CVP/SWP operations BA).  If this level of warming occurs, mean water temperatures in the 
lower American River could range from about 51°F to 57°F in March, about 53°F to 62°F in 
April, and 59°F to 67°F in May (figure 6-30).  Under these conditions, higher egg mortality and 
increased fitness consequences would occur for steelhead eggs and alevins that were spawned 
later in the spawning season (e.g., spawned in March rather than January).  This selective 
pressure towards earlier spawning and incubation would truncate the temporal distribution of 
spawning, resulting in a decrease in population diversity, and consequently a likely decrease in 
abundance. 
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Figure 6-30.  Lower American River water temperature during steelhead from 1999 through 2008 
represented as the mean of the daily average at the Watt Avenue gage plus 3°F to incorporate potential 
climate change effects (see Key Assumptions in section 2).  Years are labeled in the legend with “CC” to 
denote the intended application of this figure as an analysis of climate change effects.  Original data were 
obtained from http://cdec.water.ca.gov/. 
 
High water temperatures are a stressor to juvenile rearing steelhead in the American River, 
particularly during the summer and early fall.  Unfortunately, assessing the response of 
American River steelhead juveniles to water temperatures is not straightforward, as no studies of 
the effects of temperature on Central Valley juvenile steelhead have yet been published in the 
primary literature (Myrick and Cech 2004).  Myrick and Cech (2004) state that, “The scarcity of 
information on the effects of temperature on the growth of juvenile steelhead from central valley 
systems is alarming, and should be rectified as quickly as possible.”   
 
The available information suggests that American River steelhead may be more tolerant to high 
temperatures than steelhead from regions further north (Myrick and Cech 2004).  Cech and 
Myrick (1999) reported that when American River steelhead were fed to satiation at constant 
temperatures of 51.8°F, 59.0°F, and 66.2°F, growth rates increased with temperature, whereas 
Wurtsbaugh and Davis (1977) found that maximal growth of juvenile steelhead from North 
Santiam River in Oregon occurred at a cooler temperature (i.e., 62.6°F).  Both of these studies 
were conducted in a controlled laboratory setting with unlimited food availability.  Under more 
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variable conditions, such as those experienced in the wild, the effect of water temperature on 
juvenile steelhead growth would likely be different.   
 
Even with this tolerance for warmer water temperatures, steelhead in the American River exhibit 
symptoms of thermal stress.  For example, the occurrence of a bacterial-caused inflammation of 
the anal vent (commonly referred to as “rosy anus”) of American River steelhead has been 
reported by CDFG to be associated with warm water temperatures (figure 6-31).  Sampling in the 
summer of 2004 showed that this vent inflammation was prevalent in steelhead throughout the 
river and the frequency of its occurrence increased as the duration of exposure to water 
temperatures over 65°F increased.  At one site, the frequency of occurrence of the anal vent 
inflammation increased from about 10 percent in August, to about 42 percent in September, and 
finally up to about 66 percent in October (Water Forum 2005a).    
 

 
Figure 6-31.  Anal vent inflammation in a juvenile steelhead from the American River (Water Forum 2005a). 
 
The juvenile steelhead immune system properly functions up to about 60°F, and then is 
dramatically compromised as water temperatures increase into the upper 60°Fs (Water Forum 
2005a).  CDFG reports that, in 2004, the anal vent inflammation occurred when juvenile 
steelhead were exposed to water temperatures above 65°F (Water Forum 2005a).  With the 
exception of 2005, from 1999 through 2007, daily mean water temperatures during the summer 
at Watt Avenue were most often above 65°F, and during 2001, 2002, 2004, 2006, and 2007, 
water temperatures were often over 68°F (figure 6-32a).   
 
If the assumed effects of climate change (i.e., a 1°F to 3°F increase in water temperatures) are 
applied to these data, water temperatures would be even more stressful for juvenile steelhead 
(figure 6-32b), with levels over 65°F throughout August and September in all years if 
temperatures increase by 3°F (figure 6-32c).  Figures 6-32a, b, and c are likely conservative 
general representations of the range of summer water temperatures that are expected with 
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implementation of the proposed action given that annual water demands from 2000 through 2006 
ranged from 196 TAF in 2000 to 297 TAF in 2005 and under full build-out conditions in 2030 
annual water demands are modeled in the CVP/SWP operations BA to be 800 TAF.   
 
Based on water temperature modeling results presented in the CVP/SWP operations BA, water 
temperatures associated with visible symptoms of thermal stress in juvenile steelhead (i.e., 
>65°F) are expected to occur from June through September with implementation of the propose 
Project.  Exceedence plots of monthly water temperatures at Watt Avenue show that 
temperatures are expected to be at or above 65°F for about 70 percent of the cumulative 
distribution in June, 100 percent in July and August, and about 95 percent in September (figures 
6-33 and 6-34).  It should be noted that the modeled water temperatures presented in figures 6-33 
and 6-34 are monthly estimates, which do not capture diurnal variation.  As such, NMFS 
assumes that with the continued implementation of the proposed action, juvenile steelhead will 
be exposed to daily mean and maximum temperatures warmer than those presented in these 
figures.  This is significant, as the monthly estimates during the warmest conditions in July and 
August are approaching the lethal limits (~77.0 °F) of Nimbus Fish Hatchery steelhead under 
laboratory conditions (Myrick and Cech 2004).  
 
To successfully complete the parr-smolt transformation, a physiological and morphological 
adaptation to life in saline water, steelhead require cooler water temperatures than for the rearing 
life stage.  Adams et al. (1975) reported that steelhead undergo the smolt transformation when 
reared in water temperatures below 52.3°F, but not at warmer water temperatures.  In a report 
focusing on the thermal requirements of Central Valley salmonids, Myrick and Cech (2001) 
came to a similar conclusion stating that steelhead successfully smolt at water temperatures in 
the 43.7°F to 52.3°F range.  Others have suggested that water temperatures up to about 54°F will 
allow for successful steelhead smoltification (Zaugg et al. 1972, Wedemeyer et al. 1980, EPA 
2001).   
 
Steelhead smolt emigration in the American River occurs from January through June (SWRI 
2001).  Monitoring data from 1999 through 2008 showed that lower American River water 
temperatures frequently exceeded 52°F by March and exceeded 54°F in all but 2 years by April 
(figure 6-26).  Based on the thermal requirements for steelhead smolts described above, smolt 
transformation is likely inhibited by exposure to lower American River water temperatures.  
With increased warming associated with climate change, it is likely that by March steelhead parr 
will not be able to successfully transform to smolts in the American River (figure 6-30).   
 
Modeled water temperatures demonstrate that even without warming associated with climate 
change, the proposed action is expected to result in conditions that will inhibit the successful 
transformation from parr to smolts.  For example, exceedence plots show that water temperatures 
at Watt Avenue will be warmer than 54°F for 30 percent of the cumulative water temperature 
distribution during March (figure 27) and for 95 percent of the distribution in April (figure 6-28).  
By May water temperatures are expected to nearly always be warmer than about 58°F (figure 6-
29) and in June modeling results suggest that they will always be over 62°F (figure 6-33a). 
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Figure 6-32 a, b, and c.  Lower American River water temperature during August and September from 1999 
through 2007 represented as the daily mean at the Watt Avenue gage (a).  Figures b and c show these same 
water temperatures plus 1°F and 3°F, respectively, to incorporate potential climate change effects (see Key 
Assumptions in Chapter 2).  The 65°F line is indicated in red because visible symptoms of thermal stress in 
juvenile steelhead are associated with exposure to daily mean water temperatures above 65°F.   Data were 
obtained from http://cdec.water.ca.gov/. 
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Figure 6-33a and b.  Exceedence plots of modeled water temperatures in the lower American River near Watt 
Avenue during June (a) and July (b) (CVP/SWP operations BA figures 10-114 and 10-115, respectively).  For 
this analysis, the 65°F line was added in red because visible symptoms of thermal stress in juvenile steelhead 
are associated with exposure to daily mean water temperatures above 65°F. 
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Figures 6-34a and b.  Exceedence plots of modeled water temperatures in the lower American River near 
Watt Avenue during August (a) and September (b) (CVP/SWP operations BA figures 10-116 and 10-117, 
respectively).  For this analysis, the 65°F line was added in red because visible symptoms of thermal stress in 
juvenile steelhead are associated with exposure to daily mean water temperatures above 65°F.   
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6.4.3.3  Predation 
 
As described in Water Forum (2005a), Folsom Reservoir is commonly operated to meet water 
quality objectives and demands in the Delta.  These operations limit coldwater pool availability 
in Folsom Reservoir, thereby potentially resulting in elevated water temperatures in the lower 
American River, which likely results in increased predation rates on juvenile rearing steelhead.  
According to CDFG (2005 op. cit. Water Forum 2005a), water temperatures above 65°F are 
associated with a large (i.e., 30-40 species) complex warmwater fish community, including 
highly piscivorous fishes such as striped bass (Morone saxatilis), largemouth bass (Micropterus 
salmoides), and Sacramento pikeminnow (Ptychocheilus grandis).    Juvenile rearing steelhead 
may be exposed to increased predation due to both increased predator abundance and increased 
digestion and consumption rates of these predators associated with higher water temperature 
(Vigg and Burley 1991, Vigg et al. 1991).   
 
Some striped bass reportedly reside in the lower American River year-round, although their 
abundance greatly increases in the spring and early summer as they migrate into the river at 
roughly the same time that steelhead are both emerging from spawning gravels as vulnerable fry 
and migrating out of the river as smolts (SWRI 2001).  Striped bass are opportunistic feeders, 
and almost any fish or invertebrate occupying the same habitat eventually appears in their diet 
(Moyle 2002).  Empirical data examining the effect of striped bass predation on steelhead in the 
American River have not been collected, although one such study was recently conducted in the 
Delta (DWR 2008).  Results of this study concluded that steelhead of smolt size had a mortality 
rate within Clifton Court Forebay that ranged from 78 ± 4 percent to 82 ± 3 percent over the 
various replicates of the study.  The primary source of mortality to these steelhead is believed to 
be predation by striped bass.  Although Clifton Court Forebay and the lower American River are 
dramatically different systems, this study does demonstrate that striped bass are effective 
predators of relatively large-sized steelhead.  Considering that striped bass are abundant in the 
lower American River during the spring and early summer (SWRI 2001), when much of the 
steelhead initial rearing and smolt emigration life stages are occurring, striped bass predation on 
juvenile steelhead is considered to be a very important stressor to this population.  Although 
predation by striped bass is considered a baseline stressor, the proposed action is expected to 
exacerbate the stressor.  As described above, low releases from Nimbus Dam force juvenile 
steelhead into areas that provide less cover from predation.   
 
6.4.3.4  Nimbus Fish Hatchery 
 
The Nimbus Fish Hatchery stock is not part of the CV steelhead DPS, and its impacts to the 
natural American River population include both genetic and behavioral effects (Myers et al. 
2004).  As described in Pearsons et al. (2007), the selective pressures in hatcheries are 
dramatically different than in the natural environment, which can result in genetic differences 
between hatchery and wild fish (Weber and Fausch 2003), and subsequently differences in 
behavior (Metcalfe et al. 2003).  Early Nimbus Fish Hatchery broodstock included naturally-
produced fish from the American River and stocks from the Wahougal (Washington), Siletz 
(Oregon), Mad, Eel, Sacramento and Russian Rivers, with the Eel River stock being the most 
heavily used (Staley 1976, McEwan and Jackson 1996).   
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There is additional concern regarding the effects of Nimbus Fish Hatchery on naturally-spawned 
steelhead.  Analysis of genotype data collected from 18 highly variable microsatellite molecular 
markers from adult O. mykiss entering Nimbus Fish Hatchery showed that over one third of the 
fish were identified as hatchery rainbow trout (Garza and Pearse 2008).  NMFS does not know 
whether these trout were used as broodstock for steelhead production, although they could have 
been, considering that there was overlap in length between the trout and steelhead that entered 
the hatchery.  Garza and Pearse (2008) state that, “Integration of these trout into steelhead 
production is likely to have a number of detrimental effects, because of their reduced genetic 
variation, genetic predisposition against anadromy and past hatchery selection pressures.”  The 
authors also suggest that Nimbus Fish Hatchery operations may have affected the genetic 
integrity of other Central Valley populations: 
 

“Since Eel River origin broodstock were used for many years at Nimbus Hatchery on the 
American River, it is likely that Eel River genes persist there and have also spread to 
other basins by migration, and that this is responsible for the clustering of the below-
barrier populations with northern California ones.  This, in combination with the 
observation of large numbers of hatchery rainbow trout entering Nimbus Hatchery and 
potentially spawning as steelhead, suggest that the below-barrier populations in this 
region appear to have been widely introgressed by hatchery fish from out of basin 
broodstock sources (Garza and Pearse 2008).” 

 
6.4.4  Assess Risk to Individuals 
 
Based on the responses of steelhead exposed to the proposed action described above, fitness 
consequences to individuals include reduced reproductive success during spawning, reduced 
survival during embryo incubation, reduced survival and growth during juvenile rearing, and 
reduced survival and growth during smolt emigration (see table 6-12). 
   
6.4.5  Effects of the Action on CV Steelhead Designated Critical Habitat in the American 
River Division 
 
The lower American River is designated critical habitat for CV steelhead.  The PCEs of critical 
habitat in the lower American River include freshwater spawning sites, freshwater rearing areas, 
and freshwater migration corridors.  This analysis on the effects of the proposed action on 
steelhead critical habitat is based on information presented in preceding sections regarding its 
effects on CV steelhead, and are summarized below as they relate to the PCEs of critical habitat.  
 
Spawning and rearing PCEs in the American River are expected to be negatively affected by 
flow and water temperature conditions associated with the proposed action.  High flows during 
flood control operations can negatively affect steelhead spawning habitat by mobilizing gravels.  
Spawning bed materials in the lower American River may begin to mobilize at flows of 30,000 
cfs, with more substantial mobilization occurring at flows of 50,000 cfs or greater (CVP/SWP 
operations BA, Ayres Associates 2001).  Flood frequency analysis for the American River at Fair 
Oaks gauge shows that, on average, flows will exceed 30,000 cfs about once every 4 years and  
exceed 50,000 cfs about once every 5 years (CVP/SWP operations BA). 
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Rearing habitat in the lower American River is negatively affected by flow fluctuations, which 
can result in redd dewatering and isolation, fry stranding, and juvenile isolation.  Additionally, 
steelhead egg incubation and juvenile rearing habitat quality is expected to be reduced by the 
occurrence of warm water temperatures.  These relatively warm water temperatures also increase 
susceptibility of juvenile steelhead to predation due to both increased predator abundance and 
increased digestion and consumption rates of these predators associated with higher water 
temperature (Vigg and Burley 1991, Vigg et al. 1991). 
 
Freshwater migration corridors also are PCEs of critical habitat.  They are located downstream of 
spawning habitat allow the upstream passage of adults and the downstream emigration of 
juveniles.  Migratory habitat conditions for steelhead smolt emigration are expected to be 
impaired with implementation of the proposed action, because of exposure to water temperatures 
that are too warm to allow for successful transformation from parr-to-smolt life stages.  
 
Based on the above discussion, the conservation value of spawning, rearing, and migratory 
habitats are negatively affected as a result of the proposed action 
 
6.5  East Side Division, New Melones Reservoir 
 
Operational effects of dams on rivers and the species that live in them are multi-faceted and 
complex.  This analysis focuses on key elements of Reclamation’s operations of the New 
Melones Dam, and related dams of the East Side Division, that may affect particular life history 
stages of CV steelhead when they are in the Stanislaus River.  CV steelhead are the only listed 
anadromous fish in the Stanislaus River. 
 
6.5.1.  Deconstruct the Action  
 
The action elements analyzed for proposed operations of the East Side Division can be broken 
down into two general categories:  management of proposed operational releases of water, and 
modification of the hydrograph of the lower Stanislaus River. 
  
Dam operations typically alter the downstream hydrograph from the unimpaired hydrograph.  
The CVP/SWP operations BA is inconsistent regarding the current and proposed operations of 
New Melones Reservoir.  The project description indicates that New Melones has been operating 
under an Interim Plan of Operations (IPO), although frequently, these operational criteria are not 
met.  There are references to a New Melones Draft Transitional Operation Plan in CVP/SWP 
operations BA chapters 9 and 10, but no narrative description was provided.  New Melones 
appears to be operated within the bounds of the fundamental operating criteria (project 
description starting on page 74), and the actual annual allocations are negotiated through a 
stakeholder group process.  For modeling purposes, Reclamation selected a monthly flow 
allocation based on a look up table, which assumes a distribution of flows linked to an 
unspecified process.  This is suitable to make some comparisons among model runs, but does not 
realistically assess operations.  Consequently this analysis makes the following assumptions 
about the proposed New Melones operations:  
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1. Operations will continue to apply the fundamental operating criteria (appendix 1 to this 
Opinion, starting on page 74), which, as written, include poorly defined decision trees 
and adaptive management processes; 

2. Poorly defined decision trees and adaptive management processes limit the utility of 
model runs to assess likely operational conditions; 

3. Recent operations (10-20 years) reflect a pattern that closely resembles the IPO, although 
the CVP/SWP operations BA suggests that many operational criteria of the IPO were not 
met; 

4. Future operations under the New Melones Transitional Operation Plan (NMTP) will 
reflect a pattern that closely resembles the IPO, except the only discernable difference 
appears to be that in Mid-Allocation years under the NMTP, if b(2) water is provided to 
fish, an equal amount is also provided to contract deliveries.  The step change of these 
allocations is not described in the text of the CVP/SWP operations BA, but the model 
outputs are driven by a look-up table that sets monthly flow levels for 6 different 
scenarios in mid-allocation years; 

5. Because (NMTP) operational criteria are not substantially different from IPO operational 
criteria, recent operational data are used to assess likely instream conditions, rather than 
relying on model outputs alone; and 

6. The amount, timing, and duration of b(2) water, is not secured in any year, unless end of 
year storage exceeds 1.7 MAF (High Allocation Years). 

 
6.5.2  Assess the Species Exposure 
 
For the purposes of this analysis, “exposure” is defined as the temporal and spatial co-occurrence 
of a CV steelhead life stage and the stressors associated with the proposed action.  A few steps 
are involved in assessing CV steelhead exposure.  First, the CV steelhead life stages and 
associated timings are identified.  The second step in assessing CV steelhead exposure is to 
identify the spatial distribution of each life stage.  The last step is to overlay the temporal and 
spatial distributions of proposed action-related stressors on top of the temporal and spatial 
distributions of Stanislaus River CV steelhead.  This overlay represents the completed exposure 
analysis and is described in table 6-19. 
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Table 6-19.  Summary of proposed action-related effects on Stanislaus River steelhead. 
 

Life Stage/ 
Location 

Life Stage 
Timing Stressor Response Probable Fitness Reduction 

Adult Immigration 
 

Delta to Riverbank 

Oct-Dec Water temperatures warmer 
than life history stage 

requirements 

Delayed entry into river;  pre-spawn 
mortality; reduced condition factor 

Reduced reproductive success; 
Reduced survival to spawn 

Spawning 
 

Goodwin Dam to 
Riverbank 

Dec-Feb Unsuitable flows restrict 
spawnable habitat and 

dewater redds 

Limited spawning habitat availability; egg 
mortality resulting from dewatered redds. 

 
 

Reduced reproductive success 

Spawning 
 

Goodwin Dam to 
Riverbank 

Dec-Feb Excessive fines in 
spawning gravel resulting 

from lack of overbank flow 
 

Reduced suitable spawning habitat; For 
individual: increased energy cost to attempt 

to "clean" excess fine material from 
spawning site 

Reduced reproductive success 

Egg incubation and 
emergence 

 
Goodwin Dam to 

Riverbank 

Dec-May Excessive fines in 
spawning gravel resulting 

from lack of overbank flow 
 

Egg mortality from lack of interstitial flow; 
egg mortality from smothering by nest-

building activities of other CV steelhead or 
fall-run; suppressed growth rates 

Reduced survival 

Egg incubation and 
emergence 

 
Goodwin Dam to 

Riverbank 

Dec-May Water temperatures warmer 
than life history stage 

requirements 

Egg mortality, Embryonic deformities 
 
 

Reduced survival 

Juvenile rearing 
 

Goodwin Dam to 
Riverbank 

Year round Contaminants (particularly 
dormant sprays) from land 

uses made possible by 
operations 

Reduced food supply; suppressed growth 
rates; smaller size at time of emigration, 

starvation; indirect: loss to predation; poor 
energetics; indirect stress effects. 

Reduced growth rates; Reduced 
survival 

Juvenile rearing 
 

Goodwin Dam to 
Riverbank 

Year round Lack of overbank flow to 
inundate rearing habitat 

Reduced food supply; suppressed growth 
rates; starvation; loss to predation; poor 

energetics; indirect stress effects, smaller 
size at time of emigration; 

Reduced growth rates; Reduced 
survival 

Juvenile rearing 
 

Goodwin Dam to 
Riverbank 

Year round Reduction in rearing habitat 
complexity due to 

reduction in channel 
forming flows 

Reduced food supply; suppressed growth 
rates; starvation; loss to predation; poor 

energetics; indirect stress effects, smaller 
size at time of emigration; 

Reduced growth rates; Reduced 
survival 
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Juvenile rearing 
 

Goodwin Dam to 
Riverbank 

Year round Unsuitable flows for 
maintaining juvenile habitat 

Crowding and density dependent effects 
relating to reduced habitat availability. 

Metabolic stress; starvation; loss to 
predation;  indirect stress effects, poor 

growth; 

Reduced growth rates; Reduced 
survival 

Juvenile rearing and 
out-migration 

 
Stanislaus River 

 

All year with 
increase Feb-
May during 

out-migration 

Predation by non-native 
fish predators because 

rearing habitat is lacking 

Juvenile mortality; Reduced juvenile 
production 

Reduced survival 

Juvenile rearing 
Stanislaus River 

 

Year round 
Jan-April (14 

months) 

End of summer water 
temperatures warmer than 

life history stage 
requirements 

Metabolic stress; starvation; loss to 
predation;  indirect stress effects, poor 

growth; 

Reduced growth rates; Reduced 
survival 

Smoltification and 
emigration 

 
Stanislaus River at 

mouth 

Jan. - Jun. Water temperatures warmer 
than life history stage 

requirements  (Mar - June) 

Missing triggers to elect anadromous life 
history;  failure to escape river before 

temperatures rise at lower river reaches and 
in Delta; thermal stress; 

Reduced diversity. 

Smolt emigration 
 

Stanislaus River 

Jan. – Jun. Suboptimal flow            
(March – June) 

Failure to escape river before temperatures 
rise at lower river reaches and in Delta; 

thermal stress; misdirection through Delta 
leading to increased residence time and 

higher risk of predation 

Reduced survival; 
Reduced diversity 
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As information on CV steelhead in the San Joaquin River system is limited, we assume that CV 
steelhead life history timing is similar throughout the Central Valley streams, although timing for 
CV steelhead use on the Stanislaus River is used where known (figure 5-21 above). A map of the 
lower Stanislaus River and key reaches is presented in figure 5-20.  The CV steelhead adult 
immigration life stage occurs throughout the entire lower Stanislaus River.  Because CV 
steelhead are unable to reach their historical spawning areas above Goodwin Dam, they are 
dependent on East Side Division operations maintaining instream temperatures suitable for 
spawning below the dam where appropriate gravel and gradient conditions occur.  No CV 
steelhead spawning surveys have been conducted on the Stanislaus River, but fall-run surveys 
indicate that spawning may occur from Goodwin Dam (RM 59) almost to the city of Riverbank 
(RM 33), with the highest use occurring above Knights Ferry (RM 55).  During fall-run redd 
surveys in 1995, Mesick (2001) observed the highest fall-run redd density between Goodwin 
Dam and Knights Ferry (6 to 50 redds/riffle), an average of 5 redds/riffle from Knights Ferry to 
Orange Blossom Bridge (RM 47), and an average of less than 2 redds/riffle between Orange 
Blossom Bridge and Riverbank.  Fall-run spawning use is a reasonable indicator of likely CV 
steelhead early spawning activity in mid-December to January as there is some overlap in 
spawning timing, more overlap in egg incubation timing, and the temperature requirements for 
egg incubation is comparable for both species.  Based on observations of trout fry, most 
spawning occurs upstream of Orange Blossom Bridge (Kennedy and Cannon 2002).  The 
juvenile life stage occurs throughout the entire river, with rearing generally occurring in the 
vicinity of the upstream areas used for spawning.  Most juvenile CV steelhead are believed to 
migrate through the lower sections of the Stanislaus River into the San Joaquin River as smolts.   
 
6.5.3  Assess the Species Response 
 
Now that the exposure of Stanislaus River CV steelhead to the deconstructed action has been 
described, the next step is to assess how these fish are likely to respond to the proposed action-
related stressors.  In general, responses to stressors fall on a continuum from slight behavioral 
modifications to certain death.  Life stage-specific responses to specific stressors related to the 
proposed action are described in detail in the following paragraphs and are summarized in table 
6-19.  There may be other project stressors acting on Stanislaus River CV steelhead than those 
identified in table 6-19.  However, this effects analysis intends to identify and describe the most 
important project-related stressors to these fish.   
 
This effects analysis assumes that impacts on CV steelhead in the Stanislaus River (figure 54-20) 
expected to occur with implementation of the proposed NMTP action will be similar to, or more 
severe than, the impacts associated with the East Side Division operations under the IPO to this 
point of consultation, which have occurred in the recent past (e.g., within the last 10-28 years).  
This assumption is reasonable because the proposed action includes the continued operation of 
the East Side Division through 2030 to meet increasing water demands.   
 
The future baseline of the existing dams prevents access to historical habitat, but the proposed 
operations of the dams control the quality and quantity of available alternative habitat below 
Goodwin Dam and the suitability of the physical conditions to support CV steelhead at various 
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life history stages.  Survival of CV steelhead may be affected by operations of the East Side 
Division in the following ways: 
 

• Operational releases control extent of cool water habitat available below Goodwin Dam.   
• Operational release levels control the quantity and functionality of instream habitat for 

spawning, egg incubation, juvenile rearing and smoltification.  
• Operational releases are typically lower than unimpaired flows, requiring smolting 

juveniles to expend more energy to outmigrate and lower stream velocities increase the 
exposure of juveniles and smolts to predation.   

 
The proposed operation of the East Side Division modifies the hydrograph from the unimpaired 
flow pattern with which CV steelhead evolved.  Such modifications may affect survival and 
critical habitat for CV steelhead in the following ways:   

• Peak flood flows are dampened, reducing floodplain inundation and impairing rearing 
ability; 

• Flow variability is muted, eliminating migratory cues that prompt migration and 
anadromy; 

• Flow variability is muted, causing channel incision, reducing available rearing habitat, 
simplifying channel complexity and allowing land use encroachment into riverside 
habitats; and  

• Channel forming flows are reduced or eliminated, resulting in fossilization of gravel bars 
and degradation of spawning habitat. 

 
The proposed New Melones operations will create an altered hydrograph as compared to the 
unimpaired flows and as compared to the future baseline.  The dampening of flood events and 
freshets eliminates the geomorphic processes that are important to CV steelhead to replenish and 
rejuvenate spawning riffles and to inundate floodplain terraces to provide nutrients and rearing 
habitat for juvenile salmonids.  The Corps has limited controlled flood releases from New 
Melones Dam to 8,000 cfs.  The dampening of flood events also eliminates or reduces the 
intensity and duration of freshets and storm flows that would otherwise convey smolting CV 
steelhead to the ocean and create a clear signature for the river.  A more moderated hydrograph 
has eliminated periodic channel forming flows.  The dams (a future baseline condition) capture 
sediment that would otherwise be transported downstream for geomorphic processes.  Operations 
of the dams result in channel incision that further reduces the chance of inundated floodplain 
habitat and degrades spawning habitat quality.  Releases from New Melones can affect 
downstream temperatures at critical times to affect adult migration, spawning, egg incubation 
success, juvenile survival and anadromy.  Predicted increases in temperature as a result of 
climate change will affect instream water temperatures directly, and will affect New Melones 
operations as more precipitation will fall as rain, rather than snow, and as storm event intensity is 
expected to increase.  Climate change may affect the types and cover rates of vegetation upslope 
of the river, potentially increasing the rate of fine sediment transport to the river and to spawning 
areas.  Future baseline stressors that are exacerbated by the proposed East Side Division 
operations include increased vulnerability to non-native fish predators owing to flow velocities 
and downstream temperatures conducive to these species and competition from resident O. 
mykiss, which may be more abundant as a result of less variability in instream conditions. 
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6.5.3.1  Temperature Effects  
 
Water temperature can be a stressor in the Central Valley floor segments of the rivers of the San 
Joaquin Basin, particularly in summer months.  The literature and scientific basis for life stage 
related temperature requirements for CV steelhead are described in section 6.4.3.2.  A summary 
of those requirements relevant to CV steelhead use of the Stanislaus River is presented in table 6-
20.  
 
Table 6-20.  CV steelhead temperature requirements by life stage and probability of exceedance under 
proposed action at relevant locations on the Stanislaus River.  

Life Stage and Temperature 
Requireiment (EPA 2003) 

Criterion and Temperature 
Compliance Location 

Probability of Exceedance 
Study 8 

Adult migration  Oct Nov Dec    
<64°F Temperature below 64°F at  

Orange Blossom Bridge 
(OBB) 

1% 0% 0%    

 Temperature below 64°F at 
Confluence 

0%  0% 0%    

Smoltification  Jan Feb Mar Apr May  
<57°F or <52°F Temperature below  

52°F at Knights Ferry  
 

0% 1% 17% 32% 60%  

 Temperature below 57°F at 
OBB 

0% 0% 1% 1% 15%  

Spawning and incubation  Jan Feb Mar Apr May  
<55°F Temperature Below 55°F at 

OBB 
0% 0% 1% 5% 32%  

 Temperature Below 55°F at 
Riverbank 

0% 2% 21% 46% 80%  

Juvenile rearing  Jun Jul Aug Sept   
<61°F (early) Temperature below 61°F at 

OBB 
62% 80% 85% 75%   

<64°F (late) Temperature below 65°F at 
OBB 

4% 19% 14% 9%   

 
Modeled temperatures under the proposed action are likely to be suitable for adult CV steelhead 
migration into the Stanislaus River.  Modeled temperatures indicate temperature exceedances for 
juvenile rearing, both early and late criteria, through most of the summer months at Orange 
Blossom Bridge.  This can result in sublethal effects including increased susceptibility to disease, 
increased metabolic demands and poorer condition if food resources are not more available, as 
well as lethal effects. Cooler temperatures may be found further upstream and juveniles could 
conceivably move upstream.  This would increase the net density in the upper reaches, resulting 
in increased crowding in available habitat, density dependent competition with resident O. 
mykiss, and increased risk of predation by adult resident O. mykiss and other predatory fishes.  
These factors would reduce the survival and fitness of juveniles CV steelhead. 
 
The literature regarding appropriate criteria for smoltification is varied and suggests optimal 
temperatures of less than 52 °F (Adams et al. 1975, Myrick and Cech 2001) to less than 57°F 



(EPA 2003).  This life history stage is uniquely important for the expression of anadromy in O. 
mykiss. This analysis looked at the modeled likelihood of achieving 57°F or less at Orange 
Blossom Bridge, which is lower in the system, and of achieving 52°F or less at Knights Ferry 
where temperatures are typically cooler. The 52°F criterion at Knights Ferry is not achieved 17-
60 percent of the time in the months of March through May.  The warmer 57°F criterion is not 
achieved 15 percent of the time in May at Orange Blossom Bridge, but is generally achievable in 
other critical months.  Although the precise temperature required for smoltification is uncertain, 
even with a warmer criterion of 57°F, the proposed operations will truncate the successful 
smoltification of late developing smolts.     
 
Salmonid spawning occurs from below Goodwin Dam to Riverbank. Consequently, specific 
temperature criteria of 55ºF or less at Riverbank should be met from December through May to 
ensure that temperatures are suitable for all available spawning habitat and for incubating eggs.  
However, modeled results and CDEC data (figure 6-35) indicate that temperatures at Riverbank 
are likely to exceed this level from March through May.  Appropriate incubation temperatures 
are generally exceeded at Orange Blossom Bridge in May.  This combination of conditions 
increases the likelihood that CV steelhead that spawn later in the season, or farther downstream 
will have reduced to failed reproductive success.  In addition to this individual and population 
effect, it affects the diversity of the population by truncating the timing and area available for 
successful spawning. 
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Figure 6-35.  Stanislaus and San Joaquin river temperatures and flow at selected locations in a dry year, 
actual measured water temperatures (2001, CVP/SWP operations BA figure 11-20). 
 
Modeling results provide information that may indicate how a system may perform if operated 
under a particular set of rules and conditions.  In practice, the actual operations are usually 
somewhat different than what was modeled and the system response is different.  The CDFG has 
petitioned the California State Water Resources Control Board to list the Stanislaus River, along 
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with the Merced, Tuolumne and San Joaquin rivers as impaired under the Clean Water Act 
[303(d)] with respect to temperature suitability for anadromous fish (CDFG 2007a).  Based on 
actual temperature data from 2000 through 2006, it concluded that “water temperatures in all 
four river systems are too warm for anadromous fish during all four of thir life stages” (CDFG 
2007a page 9).  That report does identify that modeling results include levels of uncertainty and 
that actual operational conditions may have greater or lesser effects on CV steelhead. 
 
Lindley et al. (2007) has identified the need for upstream habitat for salmonids, given predicted 
climate change in the next century.  This may be particularly relevant for CV steelhead on the 
Stanislaus River where Goodwin Dam blocks all access to historical spawning and rearing 
habitat and where the remaining population survives as a result of dam operations in downstream 
reaches that are historically unsuitable habitat because of high summertime temperatures. 
 
Construction of the dams on the Stanislaus River has prevented anadromous O. mykiss from 
accessing its entire historical habitat.  The population persists in a reach of the river that 
historically was unsuitable because of high temperatures (Lindley 2006) only if dam operations 
are managed to maintain suitable temperatures for all life history stages of CV steelhead.  There 
are no temperature control devices on any of the East Side Division facilities, so the only 
mechanism for temperature management is direct flow management. This has been achieved in 
the past through a combination of augmenting baseline water operations, for meeting senior 
water right deliveries and D-1641 water quality standards, with additional flows from (1) the 
CDFG fish agreement, and (2) from b(2) or b(3) water acquisitions.  The analysis of temperature 
effects presented in the CVP/SWP operations BA, Appendix I, assumes that these augmentations 
will be available.  If water for fish needs is indeed allocated as their model suggests, future 
operations likely would meet CV steelhead temperature needs, except in July through September 
in dry or critical years, when the average temperature would exceed 65ºF at Orange Blossom 
Bridge by 1-4°F, depending on the future climate change.   
 
The project pescription does not specify how b(2) or b(3) water are committed for fishery uses of 
any particular amount, timing or duration.  The CVP/SWP operations BA analysis does not 
evaluate their assumptions without the addition of CVPIA assets for fish, so the change in 
temperature of these reduced flows for fish cannot be quantified with available data.  Table 6-21 
compares the flow schedule used for critically dry years in the model Study 7.0 [current 
conditions, including use of b(2) and b(3)] with the September 2008 50 percent flow projection, 
which expresses the real-time operation plan [current conditions, but with b(2) and b(3) assets 
committed to other uses].  The projection identifies significantly lower flows than what are 
modeled for a similar year type, and likely resulting in unsuitable temperatures for CV steelhead.  
Given that the allocation process for b(2) and b(3) assets in the project description does not differ 
from current application practices, it is reasonable to expect that access to these resources to 
offset operational temperature effects on CV steelhead in the Stanislaus River will continue to be 
limited, particularly in Conference Years and in drier Mid-Allocation Years, and the effect is 
likely to be greater than what is modeled. 
 
Table 6-21.  Comparison of projected monthly Stanislaus River flows (cfs) from September 2008 50 percent 
forecast and CVP/SWP operations BA Study 7.0, 50 percent projected flows from look-up table.  
Month  Oct Nov Dec Jan Feb Mar Apr May June July Aug Sep 



Sept 2008 
50% 
forecast 

 
200 

 
210 

 
200 

 
135 

 
135 

 
268 

 
754 

 
739 

 
556 

 
396 

 
352 

 
240 

Modeled 
50% 
forecast * 

 
494 

 
340 

 
351 

 
298 

 
362 

 
401 

 
1122 

 
1299 

 
286 

 
267 

 
267 

 
240 

 
If future conditions are warmer, drier or both, summer temperature conditions at Orange 
Blossom Bridge will be more likely to exceed 65˚F, resulting in a constriction of suitable rearing 
habitat, encroachment of warm-water predatory fishes into more of the freshwater migration 
habitat, and decreased CV steelhead survival owing to temperature stress, increased disease, and 
increased competition for food and space with resident O. mykiss.   
 
The CVP/SWP operations BA modeled the effect of future climate scenarios on Chinook salmon 
egg mortality, as a surrogate to assess the effect of future project operations on CV steelhead in 
the Stanislaus River.  As modeled, temperature caused salmon egg mortality will increase by 
approximately 1 to 5 percent in wet years and by 1 to 14 percent in critically dry years (figure 6-
36).  CV steelhead eggs require lower incubation temperatures than Chinook salmon, so this 
analysis presents an underestimate of the project effect.    
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Figure 6-36.  Stanislaus River fall-run Chinook salmon egg mortality with climate change scenarios from 
Reclamation salmon egg mortality model.  All studies except 9.0 include 1-foot sea level rise.  Study 9.0 is 
future conditions with D-1641 (CVP/SWP operations BA figure 11-89). 
 
The CVP/SWP operations BA noted that under actual operational conditions in 2001, a dry year, 
the temperature at Orange Blossom Bridge did exceed 65°F, but not for extended periods of time 
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(figure 6-35).  A limitation of the modeling studies is that, while they were improved to use a 
daily time step in the BA, these daily temperatures were derived from disaggregated monthly 
temperatures.  Consequently the frequency and duration of temperature exceedances in a month 
cannot be evaluated.  Short duration exceedances as measured in 2001 would have less effect on 
the species than extended exposure to unsuitable temperatures.  Temperature exceedances of 
short duration and low magnitude can also be addressed with minor operational changes. 
Without clearer operational criteria to ensure that instream temperature standards are met, CV 
steelhead will be subjected to increased sublethal and lethal temperature effects in the Stanislaus 
River from the egg through smolt stages and potentially as adults.   
 
6.5.3.2  Instream Flow and Seasonal Hydrograph 
 
Aceituno (1993) applied the instream flow incremental methodology to the Stanislaus River 
between Riverbank and Goodwin Dam (24 river miles) and determined that 155 TAF was 
needed to maximize weighted usable habitat area for salmon, not including outmigration flows or 
fall attraction flows. This study also identified that instream flow needs for each life history stage 
are somewhat different between CV steelhead and fall-run (table 6-22).  CV steelhead flow 
needs are somewhat lower than fall-run needs for some life stages, but potentially higher for 
adult migration.  The total amount of water needed for maximum instream habitat support is 
equal to or greater than 155 TAF, which is also greater than the fishery agreement allottment to 
CDFG in Mid-Allocation Year, and probably Conference Year, categories (table 6-23).   
 
Table 6-22.  Comparison by life stage of instream flows which would provide maximum weighted usable area 
of habitat for steelhead and Chinook salmon in the Stanislaus River, between Goodwin Dam and Riverbank, 
California (adapted from Aceituno 1993).  No value for Chinook salmon adult migration flows was reported. 
Life Stage Steelhead Flow Steelhead 

Timing  
Fall-Run Flow Fall-Run 

Timing 
Spawning 200 Dec-Feb 300 Oct 15-Dec 31 
Egg 
incubation/fry 
rearing 

50 Jan - Mar 150 Jan. 1-Feb 15 

Juvenile rearing 150 all year  200 Feb 15-Oct 15 
Adult migration 500 Oct-April -  
                                                                                                                                                     
The proposed allocation year strategy for the East Side Division fundamental operating 
principles only commits to providing sufficient water for fisheries in 41 percent of the years, 
based on operations since 1982 (table 6-23).  The CDFG Fish Agreement allotment alone is less 
than what CV steelhead need, and the CDFG allocation schedule is predominantly directed by 
Chinook salmon needs.  Consequently, CV steelhead are likely to have unmet flow needs in 59 
percent of years, based on actual operations since 1982, and may also be negatively affected by 
operations that target higher flows for salmon than are appropriate for CV steelhead, unless 
channel complexity is sufficient to provide a range of instream flow conditions for a set release 
flow from the dams.  If b(2) or b(3) water is available, this effect could be reduced in some Mid-
Allocation years.  Because the guidance for allocation of b(2) and b(3) water for the Stanislaus 
River is not specific, the magnitude of this reduction cannot be determined. 
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Table 6-23.  Occurrence of High Allocation, Mid-Allocation and Conference Year types for New Melones 
Transitional Operation Plan, based on New Melones Operations since 1982 (CDEC data). 

Allocation Year Type Fishery 
Allocation 

% occurrence 
1982-2008 

High Allocation Years New Melones 
Index is greater than 1.7 MAF  

457 TAF 41 % 

Mid-Allocation 98.3 TAF 33% 
“Conference Year” conditions - New 
Melones Index is less than 1.0 MAF 

unspecified 26% 

 
The IFIM analysis did not include an assessment of the volume of water needed for a spring 
pulse flow to convey CV steelhead or fall run from the Stanislaus River into the Delta.  The San 
Joaquin River Agreement (SJRA) and associated VAMP were agreed upon by the SWRCB and 
the signatory parties as a mechanism to address this fishery need in the context of refining the 
understanding of what specific flow standards are needed to meet the requirements of the 1995 
Water Quality Control Plan.  The SJRA will conclude in 2011 and the funding for VAMP studies 
and flows is scheduled to end in 2009.  The project description indicates that Reclamation and 
DWR intend to “continue VAMP-like flows” but the description of these flows lacks critical fish 
benefits now provided by the SJRA and VAMP.  Under the SJRA, operators on the Tuolumne 
River and the Merced River release spring pulse flows in a manner coordinated with Stanislaus 
River pulse flows to convey salmonids from these tributaries into the San Joaquin River and to 
the Delta.  When the SJRA concludes, there will be no commitment by operators on the Merced 
and Tuolumne Rivers to continue with spring pulse flows.  This will affect CV steelhead in the 
Stanislaus in two ways: modification of New Melones operations to affect conditions on the 
Stanislaus and modification of conditions on the Merced and Tuolumne Rivers that affect the 
diversity group. 
 
Without the SJRA in effect, Reclamation is solely responsible to meet water quality standards 
(flow and salinity) at Vernalis.  Without the contribution from rivers upstream of the Stanislaus, 
Reclamation likely will be required to release more water from New Melones in order to meet 
that standard.  This can result in unsuitable flows and temperatures for CV steelhead, dewatering 
of redds, and reduction of storage volumes at the end of September.  This last factor will result in 
more years falling into the Conference Year or Mid-Allocation Year categories, which provide 
less suitable conditions for CV steelhead as described above on a more frequent basis.   
 
CV steelhead in all three of these rivers represent three of the four populations of the Southern 
Sierra Diversity Group of the Central Valley steelhead DPS.  Straying of individuals among 
these rivers likely occurs at some level and is a mechanism for recolonization of populations 
within the diversity group, should a catastrophic event eliminate one or more.  Lack of spring 
flows to encourage anadromy from the other San Joaquin River tributaries will further reduce 
those CV steelhead populations and reduce the diversity potential of the Stanislaus River CV 
steelhead population.  
 
As indicated above, the SJRA and VAMP flows provide benefit to enable outmigrating CV 
steelhead smolts.  However, the pulse flow period is constrained to occur only in a 31-day period 
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during April and May.  As indicated in the CVP/SWP operations BA (page 11-81), rotary screw 
traps on the Stanislaus capture O. mykiss with smolting characteristics from January through 
mid-April.  This represents the majority of the captures.  O. mykiss with smolting characteristics 
have also been captured as late as the end of May.  McEwan (2001) infers that CV steelhead 
would normally have exhibited a protracted outmigration period, peaking in March but extending 
as late as June.  Although the CVP/SWP operations BA suggests that CV steelhead smolts are 
sufficiently strong swimmers to exit the river at any time, trawl sampling at Mossdale collects 
CV steelhead at times that coincide with pulse flow releases.  Thus, while the VAMP pulse flows 
provide more benefit to CV steelhead than no pulse flow at all, the narrow window of time when 
it occurs also constrains diversity and plasticity that are important to the survival of the species. 
 
6.5.3.3  Geomorphic Effects of Altered Hydrograph 
 
Past operations of the East Side Division have eliminated channel forming flows and geomorphic 
processes that maintain and enhance CV steelhead spawning beds and juvenile rearing areas 
associated with floodplains and channel complexity.  The reduction in peak, channel-forming, 
flows over time is summarized in table 6-24 (from Kondolf et al. 2001).  Since the operation of 
New Melones Dam, channel-forming flows above 8,000 cfs have been reduced to zero and 
mobilizing flows in the 5,000-8,000 cfs range have only occurred twice in the past 10 years.  
Channel-forming flows are important to rejuvenate spawning beds and floodplain rearing habitat 
and to recruit allochthonous nutrients and large wood into the river. Floodplain and side channel 
habitats provide important juvenile refugia and food resources for juvenile salmonid growth and 
rearing (Sommers et al. 2001a, 2001b, 2005; Jeffres et al. 2008; Heady and Merz 2007). 
 
Salmonid spawning habitat availability and quality has been reduced on the order of 40 percent 
since 1994 (Kondolf et al. 2001).  Mesick (2001) hypothesized that this reduction is likely 
underestimated based on the sampling methodology of that assessment.  His results indicated that 
higher concentrations of fine sediments and low intragravel dissolved oxygen in riffles 
downstream of Orange Blossom Bridge would be expected to reduce fall-run egg survival by 23 
percent, as compared to the natural riffles at the Orange Blossom Bridge and upstream.  CV 
steelhead prefer spawning gravels with a greater proportion of smaller gravels than fall-run 
(Kondolf and Wolman 1993).  As smaller particles are mobilized at lower flows than larger 
particles, the degradation of spawning gravels has a greater proportionate effect on CV steelhead, 
although not quantified by the study.  Operational criteria have resulted in channel incision of 1-
3 feet since the construction and operation of New Melones Reservoir (Kondolf et al. 2001).  
This downcutting, combined with operational criteria, have effectively cut off overbank flows 
which would have inundated floodplain rearing habitat, as well as providing areas for fine 
sediment deposition, rather than within spawning gravels, as occurs now.  Additionally, the flow 
reductions in late spring and early summer are too rapid to allow recruitment of large riparian 
trees such as Fremont cottonwoods.  Consequently, within 10 to 20 years as existing trees 
scenesce and fall, there will be no younger riparian trees to replace them, resulting in less 
riparian shading, higher instream temperatures, less food production from allochtonous sources, 
and less LWD for nutrients and channel complexity  
 



Table 6-24.  Summary of flow conditions on the Stanislaus River during historical periods from 1904-1998.  
New Melones Dam construction was completed in 1979.  Goodwin Dam was completed in 1912 and the first 
dam in the basin dates at 1853 (Kondolf et al. 2001, table 5.2). 

 
Status quo operations will result in further degradation of spawning habitat and rearing habitat. 
Reduction and degradation of spawning gravels directly reduces the productivity of the species 
by reducing the amount of usable habitat area and causing direct egg mortality.  Lower 
productivity leads to a reduction in abundance.  The specific population decrement cannot be 
measured owing to the very low numbers of CV steelhead observed in the Stanislaus River. 
 
6.5.3.4  Effects of Climate Change 
 
Lindley et al. (2007) has identified the need for upstream habitat for salmonids, given predicted 
climate change in the next century.  This may be particularly relevant for CV steelhead on the 
Stanislaus River where Goodwin Dam blocks all access to historical spawning and rearing 
habitat and where the remaining population survives as a result of dam operations in downstream 
reaches that are historically unsuitable habitat because of high summertime temperatures.  If 
future conditions are warmer, drier or both, summer temperature conditions at Orange Blossom 
Bridge are likely to exceed 65˚F, resulting in a constriction of suitable rearing habitat, 
encroachment of warm-water predatory fishes into more of the freshwater migration habitat, and 
decreased CV steelhead survival owing to temperature stress, increased disease, and increased 
competition for food and space with resident O. mykiss.   
 
If future conditions are drier, warmer or a combination of both, temperature caused egg mortality 
will increase by approximately 2 percent in wet years to 13 percent in critically dry years (figure 
6-36).    
 
6.5.4  Assess Risk to Individuals 
 
Based on the effects to CV steelhead associated with the proposed action described above, 
fitness consequences to individuals include reduced reproductive success during spawning, 
reduced survival during embryo incubation, reduced survival and growth during juvenile rearing, 
and reduced survival and growth during smolt emigration (see table 6-19).   
 
6.5.5  Effects of the Action on CV Steelhead Critical Habitat 
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Critical habitat has been designated up to Goodwin Dam, to include currently occupied areas.  
Extension of critical habitat above the dams was deemed premature until recovery planning 
determines a need for these areas in the recovery of the DPS (September 2, 2005, 70 FR 52488).  
Lindley (2006) identifies that these habitat areas are intrinsically unsuitable habitat owing to high 
water temperatures, but suitable and occupied habitat does occur below the East Side Division 
dams as a result of dam operations that can be managed to maintain suitable temperature 
regimes.   The remaining areas below major dams also may not have optimal habitat 
characteristics.  For example, lower elevation rivers have substantially different flow, substrate, 
cover, nutrient availability, and temperature regimes than headwater streams. 
 
The PCEs of critical habitat include sites essential to support one or more life stages of the DPS 
(sites for spawning, rearing, migration, and foraging).  The specific PCEs relevant to the 
Stanislaus River and San Joaquin River to Vernalis include: 

1. Freshwater spawning sites 
2. Freshwater rearing sites 
3. Freshwater migration corridors 

Where specific information regarding CV steelhead habitat use in the Stanislaus River is not 
available, relevant information for fall-run may be used as a surrogate comparison, where 
comparisons are appropriate. 

6.5.5.1  Spawning Sites 
 
CV steelhead spawning habitat on the Stanislaus River is affected by East Side Division 
operations in four categories:  (1) flow releases may not maintain appropriate temperatures for 
spawning and egg incubation, particularly in April and May; (2) flow releases are not operated to 
maximize the amount of spawnable habitat available or prevent reductions that could dewater 
redds; (3) gravel replenishment is too little to offset the lost spawnable material blocked by the 
dams or to offset material transported away from spawnable riffles and list to in-river pits; and 
(4) flow releases do not support geomorphic processes that would remove fine sediment from 
spawning gravels and maintain interstitial flows to attract spawners and allow egg incubation.   
  
6.5.5.2  Temperature 
 
Because CV steelhead are unable to reach their historical spawning areas above Goodwin Dam, 
they are dependent on East Side Division operations maintaining instream temperatures suitable 
for spawning below the dam where appropriate gravel and gradient conditions occur.  No CV 
steelhead spawning surveys have been conducted on the Stanislaus River, but fall-run surveys 
indicate that spawning may occur from Goodwin Dam (RM 59) almost to the city of Riverbank 
(RM 33), with the highest use occurring above Knights Ferry (RM 55).  Based on observations 
of trout fry, most spawning occurs upstream of Orange Blossom Bridge (Kennedy and Cannon 
2002).  Modeling results indicate that temperature conditions for spawning CV steelhead likely 
cannot be met in April and May for future operations, even without climate change, and 
reduction in available coldwater for spawning habitat could occur in critically dry water years in 
the future if conditions are drier, warmer or a combination of both.  This would result in reducing 
the amount of suitable spawning habitat, and compressing it further upstream closer to the 
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terminal dams.  Operational criteria are not clearly described in the CVP/SWP operations BA to 
assure that modeled conditions reflect proposed operations.   
 
6.5.5.3  Spawnable Area 
 
Aceituno (1993) applied the IFIM to the Stanislaus River between Riverbank and Goodwin Dam 
(24 river miles) to help to determine instream flow needs for Chinook salmon and CV steelhead. 
The PHABSIM results indicated CV steelhead spawning was maximized at 200 cfs. Using the 
CALSIM II results presented in the CVP/SWP operations BA Appendix E and CV steelhead 
habitat area curves from Aceituno (1993), we assessed that flows that fall below that level 
between December and February are projected to occur 50 percent of the time in January and 10 
percent of the time in February and would reduce spawnable area by approximately 30 percent.  
December flows are projected to exceed 200 cfs in all years reducing spawnable area 15 percent 
in 50 percent of years.  Flows that exceed 400 cfs are projected to occur in all months 25 percent 
of the time and could result in reduction of spawnable habitat from 60-95 percent.   
 
Flows to maximize fall-run spawning are higher than CV steelhead needs, thus management 
actions to protect both species may conflict.  Channel complexity can allow for greater variety in 
meso habitats, so that for a given flow release level at the dam, some portions of the river will 
have higher velocities than other areas.  Thus more channel complexity could avoid adverse 
effects to CV steelhead as a result of implementing optimal flows for fall-run, such as those 
called for in the CVPIA.  Unfortunately, past and continuing operations have reduced channel 
forming and channel maintaining flows, which have resulted in channel incision and loss of 
channel complexity (Kondolf et al. 2001).  Therefore, the conservation value of spawning habitat 
in the form of gravel bedded reaches has been, and will continue to be, reduced with the 
implementation of the proposed action.   
 
6.5.5.4  Spawning Gravel Quality and Quantity 
 
Pebble counts and sediment size analysis of spawning areas has shown an increase in sand and 
fine material in spawning beds since construction of New Melones Dam (Kondolf et al. 2001, 
Mesick 2001).  Most non-enhanced riffles had sufficient fine material to impair egg incubation 
and survival.   
 
Gravel replenishment actions below Goodwin Dam add suitably-sized gravel for CV steelhead 
spawning, but it is rapidly mobilized at flows as low as 280 cfs (Kondolf et al. 2001).  CVPIA 
spawning gravel additions have targeted 3,000 cubic yards per year.  This is not of sufficient 
volume to offset the deficits created by the loss of recruitment from upstream sources (over 1 
million cubic yards, Kondolf et al. 2001).  At best, these additions may strategically maintain the 
quality of few spawning riffles.  The project description does not specify a level of spawning 
gravel addition to be performed on the Stanislaus River.    
 
6.5.5.5  Spawning Habitat Quality and Geomorphic Processes   
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Since the construction of New Melones Dam, channel-mobilizing flows of 5,000 cfs have 
increased in return interval from 1.5 years to over 5 years.  Overbank flows are critical for 
redistributing fine sediments out of spawning beds and onto the floodplain terrace.  Current 
operations have also caused channel incision of up to 1-3 feet since the construction of New 
Melones Dam.  Channel incision further increases the flows needed to obtain overbank flow and 
decreases the likelihood of occurrence.  Without sufficient flows for geomorphic processes to 
manage fine sediment deposition in spawning gravels, spawning beds will be increasingly 
choked with sediment and unsuitable for spawning.  
 
Lack of flow fluctuation and channel forming flows has also resulted in the stabilization of 
gravel bars by thick riparian vegetation at the river edges.  Lack of scouring prevents 
mobilization of spawnable material to refresh degraded riffles.  Proposed operations will 
continue this degradation of spawning habitat conditions.   
 

6.5.5.6  Freshwater Rearing Sites  
 
The project operations would not change rearing habitat availability, but current operations do 
not allow for overbank flow to maintain floodplain connectivity to form and maintain physical 
habitat conditions and support juvenile growth and mobility.  Since the construction of New 
Melones Dam, channel-mobilizing flows of 5,000 cfs have increased from a return interval of 1.5 
years to over 5 years.  Lack of flow fluctuation and channel forming flows has also resulted in 
the stabilization of gravel bars by thick riparian vegetation at the river edges.  Lack of scouring 
prevents introduction of LWD, which provides cover, nutrients and habitat complexity, including 
undercut banks and side channels.  Additionally, the flow reductions in late spring and early 
summer are too rapid to allow recruitment of large riparian trees such as Fremont cottonwoods.  
Consequently, within 10 to 20 years as existing trees scenesce and fall, there will be no younger 
riparian trees to replace them, resulting in less riparian shading, higher instream temperatures, 
less food production from allochtonous sources, and less LWD for nutrients and channel 
complexity.  Proposed operations will continue this degradation of rearing habitat conditions.  

6.5.5.7  Freshwater Migration Corridors 
 
Under proposed operations the freshwater migration corridors on the Stanislaus River will 
continue to require juvenile CV steelhead to pass through predator-rich abandoned mining pits, 
incised channels that limit channel complexity and water temperatures that may be 
physiologically lethal or sublethal.  The spring pulse flows defined in VAMP are generally less 
than the spring pulse flows measured in 1989, a critically dry year (Kondolf et al. 2001), hence 
the operational assistance provided to assist CV steelhead outmigrants is only representative of 
the lowest migratory volumes historically experienced by CV steelhead. 
 
Channel incision resulting from post New Melones operations has produced overhanging large 
wood and river edge aquatic vegetation but the lack of scouring and channel forming flows has 
effectively channelized and simplified the corridor.  The variety of habitats that allow them to 
avoid high flows, avoid predators, successfully compete, begin the behavioral and physiological 
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changes needed for life in the ocean, and reach the ocean in a timely manner has been limited by 
operational conditions.  Obstruction of access to historic spawning and rearing habitat requires 
CV steelhead to utilize these freshwater migration corridors at times that may not be optimal 
with respect to temperature, forage availability and exposure to predators.   
 
Adult CV steelhead migrating upstream frequently are delayed entering the river owing to poor 
water quality conditions in the Delta.  Fall attraction flows released for Fall Run typically 
improve conditions for steelhead migration also, hence steelhead tend to be observed on the 
Stanislaus River earlier in the year than in other Central Valley streams.   
 
6.6  Delta Division 
 
6.6.1  Deconstruct Actions in the Delta Division 
 
The proposed action within the Delta is comprised of several different elements.  Some of the 
elements, such as the proposed intertie between the Delta Mendota Canal and the California 
Aqueduct, were integrated into the assumptions for the CALSIM II modeling for the near future 
conditions (Study 7.1) and the future conditions (Study 8.0) and thus could not be analyzed 
separately without running the models individually with the explicit actions separated out from 
the combined assumptions.  Others aspects of the action were modeled, such as export rates and 
gross channel hydraulics (flow rates, flow percentages, etc.) and could be assessed for their 
effects.  NMFS chose to look at modeled water diversion actions in total, without disaggregating 
individual components of the water demands on the CVP and SWP actions in the Delta.  NMFS 
assumed that the baseline conditions included the current natural and anthropogenic conditions in 
the Delta region (levees, dredging, contaminants, urban development, non-native species, 
predation, etc.) without the effects of the ongoing operations (i.e., discretionary actions) of the 
Project.   
 
In general, the effects of the actions in the Delta will result in:  (1) increased export rates at the 
CVP and SWP facilities, resulting in increased salvage and loss at the CVP and SWP fish 
collection facilities, (2) alterations to the hydrodynamics in the Delta, resulting in increased 
vulnerabilities to entrainment into the central and southern Delta water ways, exposure to 
predation losses within the central and southern Delta waterways, delays in migration, increased 
residence time in the Delta due to delays in migration, and loss of migratory cues due to flow 
alterations, (3) exposure of green sturgeon to herbicides in Clifton court forebay, and (4) 
installation and operation of physical structures in the South Delta that will alter hydraulics, 
increase predation vulnerability and degrade habitat functions for listed salmonids and green 
sturgeon in the affected waterways. 
 
The action elements analyzed by NMFS for the Delta Division are: 
 

1. Exports from the CVP and SWP water diversions facilities which include changes in 
delta hydrodynamics, direct entrainment of listed fish at the project facilities, and indirect 
mortality within the delta related to exports and non-export factors; 
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2. Application of the copper based herbicide Komeen® to Clifton Court Forebay as part of 
the SWP aquatic weed control program; 

3. The effects of the South Delta Improvement Program, Stage 1; 
4. The effects of the Delta Cross Channel; 
5. Contra Costa Water District diversions from delta facilities; 
6. North Bay Aqueduct on Barker Slough; and 
7. Vernalis Adaptive Management Plan effects. 
 

In addition to the elements of the project action, the effects of climate change are assessed in 
conjunction with the implementation of the project actions.  NMFS utilized the output of the 
climate change modeling presented in the BA to conduct this evaluation. 
 
6.6.2  Proposed Delta Exports and Related Hydrodynamics 
 
6.6.2.1  Deconstruct the Action 
 
The proposed action will result in increased levels of water diversions from the CVP and SWP 
export facilities in the near future (Study 7.1) and future (Study 8.0) conditions over the current 
export levels (Study 7.0).  Increased exports result in increased net flows towards the export 
facilities through the waterways of the central and south Delta.  The effects of these increased 
exports are analyzed below in relation to the current level of exports.  The effects of the current 
exports are discussed in both the environmental baseline and the current effects section.  The 
temporal and spatial occurrence of listed fish in the Delta region as well as the baseline stressors 
have been described in Section 5.5, “Status of the Species and Critical Habitat in the Delta 
Division.” 
 
6.6.2.2  Elements of the Action 
 
6.6.2.2.1 Modeling Results for Proposed Delta Actions 
 
Reclamation used the computer simulation models CALSIM II and DSM2 to model the effects 
of the proposed action.  The effects modeled are based on the assumptions in the changes in 
operations and demands between the four CVP/SWP operations studies (6.0, 7.0, 7.1, and 8.0) as 
well as five climate change scenarios modeled in the future Study 9 series.  (See CVP/SWP 
operations BA page 9-32 and 9-107, and table 9-4 for a more complete description of the 
models) 
 
6.6.2.2.2  Delta Inflow 
 
Total Delta inflow in the models is calculated as the sum of water entering the Delta from the 
Yolo bypass, the Sacramento River, the Mokelumne River, the Calaveras River, the Cosumnes 
River, and the San Joaquin River (at Vernalis).  Historical Delta inflow for the period between 
1980 and 1991 averaged 28 MAF, with the inflow from the Sacramento and San Joaquin rivers 
contributing approximately 75 percent of the inflow (DWR 1995).  Based on the four modeling 
comparisons done for the CVP/SWP operations BA, the annual average Delta inflow decreases 
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in all study comparisons when future long term annual average conditions are compared to 
current conditions (table 6-25).  Although not specifically called out, north of Delta demands 
increase in the future with the addition of the Freeport Regional Water Project intake as well as 
increases in future demands for municipal and industrial (M&I) water deliveries and settlement 
contracts.  The overall result is more water is diverted for upstream demands prior to reaching 
the Delta in the near future and future conditions. 
 
Table 6-25.  Differences in long-term average annual Delta inflow and the 1929 – 1934 drought as modeled 
under the four CVP/SWP operations studies (CVP/SWP operations BA table 12-1). 

Difference in Thousand acre feet (TAF) Study 7.0 – 
Study 6.0 

Study 7.1 –
Study 7.0 

Study 8.0 – 
Study 7.0 

Study 8.0 – 
Study 7.1 

Long-term annual average Total Delta Inflow -69 -201 -270 -70 
1929 -34 Annual average Total Delta Inflow 136 -272 -403 -130 

 
The differences between studies 6.0, 7.0, 7.1, and 8.0 show relatively little difference in the 50th 
percentile flows (Total Delta inflow) when compared on a monthly basis (figure 6-37).  The 
highest modeled inflows occur in the period from December through March due to flood flows 
and increased runoff in the basin.  However, in all four modeling studies, there are distinct 
increases in Delta inflow during July to support increased pumping in below normal, dry, and 
critically dry year types (figures 6-38 through 6-43).  Reclamation has stated that “current” 
model runs (6.0 and 7.0) have slightly higher inflow than the future runs (7.1 and 8.0) during the 
summer of dry and critically dry years due to the extra pumping required for EWA transfers 
being wheeled between the facilities.  Since the future studies have limited EWA assets, this 
additional inflow is not required.  Conversely, more water arrives in the Delta in June and July 
during above normal and below normal years in the future operations, apparently for export 
purposes.  Summer time Delta inflow may have an effect on emigrating juvenile green sturgeon 
or their distribution in the Delta following emigration, based on the occurrence of juvenile green 
sturgeon at the South Delta salvage facilities in July and August.  However, the lack of data 
concerning the movements of juvenile sturgeon during their downstream migration make 
definitive assessments difficult at best concerning the role of Delta inflow on their movements. 
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Figure 6-37.  Monthly Delta inflow as measured at the 50th Percentile with 5th and 95th percentile whisker bars 
shown (CVP/SWP operations BA figure 12-2). 
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Figure 6-38.  Average monthly Total Delta Inflow (CVP/SWP operations BA figure 12-3). 
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Figure 6-39:  Average wet year (40-30-3014) monthly total Delta inflow (CVP/SWP operations BA figure 12-
4). 
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Figure 6-40:  Average above normal year (40-30-30) monthly total Delta inflow (CVP/SWP operations BA 
figure 12-5). 
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1440-30-30, also known as the "Sacramento River Index,” was “previously used to determine year type 
classifications under SWRCB Decision 1485,” and is equal to 0.4 * Current Apr-Jul Runoff + 0.3 * Current Oct-
Mar Runoff + 0.3 * Previous Year's Index, where runoff is the sum of unimpaired flow in MAF at: Sacramento 
River above Bend Bridge, Feather River at Oroville (aka inflow to Lake Oroville), Yuba River near Smartville, 
and American River below Folsom Lake; and previous year’s index is a maximum 10.0 
(http://cdec.water.ca.gov/cgi-progs/iodir/wsi). 
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Figure 6-41:  Average below normal year (40-30-30) monthly total Delta inflow (CVP/SWP operations BA 
figure 12-6). 
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Figure 6-42:  Average dry year (40-30-30) monthly total Delta inflow (CVP/SWP operations BA figure 12-7). 
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Figure 6-43:  Average critically dry year (40-30-30) monthly total Delta inflow (CVP/SWP operations BA 
figure 12-8). 
 
6.6.2.2.3  Delta Outflow 
 
Historical Delta outflow values are described in DWR’s Delta Atlas (DWR 1995).  Of the 28 
MAF of Delta inflow, approximately 19 MAF flows out to the ocean through the Delta.  The 
remaining 9 MAF is captured by water diversions in the Delta, of which the CVP and SWP 
account for approximately 6 to 8 MAF (or 20 to 28 percent of the inflow) depending on water 
year type (DWR 1995; Healey et al. 2008; California, State of 2008).  When comparing the 
differences between the future studies (7.1 and 8.0) with the current conditions (study 7.0), the 
average annual Delta outflow decreases by 300 to 400 TAF.  Most of this decrease is seen in the 
immediate future (Study 7.1 compared to Study 7.0) with a reduction of 296 TAF.  Study 8.0 
reduces the delta outflow average an additional 104 TAF (see table 6-26).  This represents an 
increase of approximately 5 percent in water “lost” in the Delta to diversions over historic 
conditions. 
 
Table 6-26.  Differences in long-term average annual Delta outflow and the 1929 – 1934 drought as modeled 
under the four CVP/SWP operations studies (CVP/SWP operations BA table 12-2). 

Differences in Thousands of Acre-Feet (TAF) Study 7.0 – 
Study 6.0 

Study 7.1 –
Study 7.0 

Study 8.0 – 
Study 7.0 

Study 8.0 – 
Study 7.1 

Long-term Annual Average Total Delta Outflow -149 -296 -400 -104 
1929 -34 Annual average Total Delta Outflow -93 -195 -164 32 
 
The studies indicate that there are seasonal differences in the outflow, particularly in winter and 
spring.  The biggest differences occur in below normal, dry, and critically dry years.  The 
obvious differences are seen in late winter, where outflow increases are seen in Studies 6.0 and 
7.0, when pumping reductions for “fish actions” are taken and thus, more water is allowed to 
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flow out of the Delta.  Conversely, these pumping reductions are not taken in the future since the 
models were designed with limited EWA assets available to the Projects.  In general, the Delta 
outflow decreases during the winter and spring seasons are greater for the future studies (7.1 and 
8.0) than they are for the current studies (6.0 and 7.0), indicating that less water is available to 
assist emigrating fish to leave the Delta during this period (figures 6-44 through 6-50). 

Percentiles 1922 - 2003

0

20000

40000

60000

80000

100000

120000

140000

160000

Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

F
lo

w
 (

cf
s)

Study 6.0 Today EWA: Revised Model/Study 3a Assumptions Study 7.0 Today EWA
Study 7.1 Near Future Limited EWA Study 8.0 Future Limited EWA  

Figure 6-44.  Monthly Delta outflow as measured at the 50th percentile with 5th and 95th percentile whisker 
bars shown (CVP/SWP operations BA figure 12-10). 
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Figure 6-45.  Average monthly total Delta outflow (CVP/SWP operations BA figure 12-11). 
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Figure 6-46.  Average wet year (40-30-30) monthly delta outflow (CVP/SWP operations BA figure 12-12). 
 

 321



0

10000

20000

30000

40000

50000

60000

70000

Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

F
lo

w
 (

cf
s)

Study 6.0 Today EWA: Revised Model/Study 3a Assumptions Study 7.0 Today EWA
Study 7.1 Near Future Limited EWA Study 8.0 Future Limited EWA

Above Normal

 
Figure 6-47.  Average above normal year (40-30-30) monthly Delta outflow (CVP/SWP operations BA figure 
12-13). 
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Figure 6-48.  Average below normal year (40-30-30) monthly Delta outflow (CVP/SWP operations BA figure 
12-14). 
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Figure 6-49.  Average dry year (40-30-30) monthly Delta outflow (CVP/SWP operations BA figure 12-15). 
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Figure 6-50.  Average critically dry (40-30-30) monthly Delta outflow (CVP/SWP operations BA figure 12-
16). 
 
6.6.2.2.4  Exports from the Project Facilities 
 
The exports modeled are Reclamation’s at the Bill Jones Pumping Plant, the State’s pumping at 
the Harvey O. Banks Pumping Plant, joint point diversions by Reclamation at Banks, and 
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diversions for the Contra Costa Water District and the North Bay Aqueduct on Barker Slough.  
The future scenario, as modeled by Study 8.0, shows a pumping pattern with increased levels of 
exports due to the greater future demands south of the Delta, and reduced export curtailments 
due to EWA actions relative to current practices as modeled in studies 6.0 and 7.0.  The near 
future condition, as represented by study 7.1, also shows an elevated pumping pattern compared 
to the current operations as represented by studies 6.0 and 7.0. 
 
Reclamation indicates that pumping at the Bill Jones Pumping Plant is limited to 4,200 cubic feet 
per second (cfs) in studies 6.0 and 7.0, which represent current operations (no intertie).  In 
studies 7.1 and 8.0, pumping rates at Jones are increased to a maximum of 4,600 cfs in 
anticipation of the Delta-Mendota Canal intertie with the California Aqueduct.  The future 
conditions indicate that Reclamation will maximize its pumping during the months of November 
through January (i.e., 4,600 cfs) as often as possible.  Figure 6-51 (the 50th percentile monthly 
export rates) indicates that these maximum rates will occur in most months when conditions 
permit as illustrated by the 95th percentile whisker bars, leaving only April, May, and June below 
the maximum pumping rate.  Wet years tend to present the conditions when Reclamation can 
take advantage of the intertie and maximal pumping at 4,600 cfs compared to other water year 
types (figures 6-52 through 6-57).  The comparisons between the current studies (6.0 and 7.0) 
and the future studies (7.1 and 8.0) indicate that only in the months of March and April are 
pumping rates typically lower in the future operations than in the current operations.  The month 
of May, particularly in drier water years, has higher pumping rates than current operations.  In 
critically dry years, the future conditions have higher pumping rates during the October through 
May period compared to those seen in the current operations.  In the current studies (6.0 and 
7.0), pumping is reduced in December, January, and February by the 25 TAF restrictions 
imposed by the EWA Program.  Additional reductions occur in all four studies during the VAMP 
export reductions, but only the current studies have additional reductions associated with the 
EWA expenditures to supplement the VAMP shoulders in May for continued export reductions.  
The future studies (7.1 and 8.0) do not include these additional export reductions, presumably 
due to the limited EWA assets available.  All four studies indicate that pumping will increase 
during the summer (July through September) for irrigation deliveries.  The future studies 
increase the most during wet and above normal water year types, reaching near maximal 
pumping rates, while the drier water year types show mixed increases between the different 
modeling runs. 
 
The modeling studies completed for the CVP/SWP operations BA indicate that total Banks 
exports increase in December, January and February for studies 7.1 and 8.0 due to the lack of full 
EWA assets as compared to the full EWA assets modeled for the current conditions (Studies 6.0 
and 7.0).  The modeling also indicates that the 50th percentile pumping rates approach or exceed 
7,000 cfs during wet years and can exceed 8,000 cfs during January and February at the 95th 
percentile (see figure 6-58).  Furthermore, the reductions in pumping during the April and May 
VAMP export curtailment are less than under the current operational conditions.  This is created 
by the lack of sufficient volumes of water available (including the 48,000 AF available in-Delta 
from the Yuba River Accord) to offset the export reductions at Banks.  During summer months 
(July to September), the future operations are modeled to include an additional 500 cfs above the 
6,880 cfs maximum to offset “fish” related export reductions earlier in the year.  The average 



monthly pumping levels at Banks are shown in figure 6-59 and clearly indicate that on average, 
the future operational conditions will have higher pumping rates from December through May 
than under the present conditions.  This trend holds through most of the water year types, with 
future pumping levels being equivalent to or higher than the current operations during the winter 
and spring months in just about all monthly comparisons (figures 6-60 through 6-64). 
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Figure 6-51.  Monthly CVP export pumping rate, 50th percentile with 5th and 95th percentile whisker bars 
(CVP/SWP operations BA figure 12-18). 
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Figure 6-52.  CVP monthly average export rate (CVP/SWP operations BA figure 12-19). 
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Figure 6-53.  Average wet year (40-30-30) monthly CVP export rate (CVP/SWP operations BA figure 12-20). 
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Figure 6-54.  Average above normal year (40-30-30) monthly CVP export rate (CVP/SWP operations BA 
figure 12-21). 
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Figure 6-55.  Average below normal year (40-30-30) monthly CVP export rate (CVP/SWP operations BA 
figure 12-22). 
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Figure 6-56.  Average dry year (40-30-30) monthly CVP export rate (CVP/SWP operations BA figure 12-23). 
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Figure 6-57.  Average critically dry year (40-30-30) monthly CVP export rate (CVP/SWP operations BA 
figure 12-24). 
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Figure 6-58.  Monthly SWP export pumping rate, 50th percentile with 5th and 95th percentile whisker bars 
(CVP/SWP operations BA figure 6-25). 
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Figure 6-59.  SWP monthly average export rate (CVP/SWP operations BA figure 12-26). 
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Figure 6-60.  Average wet year (40-30-30) monthly SWP export rate (CVP/SWP operations BA figure 12-27). 
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Figure 6-61.  Average above normal year (40-30-30) monthly SWP export rate (CVP/SWP operations BA 
figure 12-28). 
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Figure 6-62.  Average below normal year (40-30-30) monthly SWP export rate (CVP/SWP operations BA 
figure 12-29).
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Figure 6-63.  Average dry year (40-30-30) monthly SWP export rate (CVP/SWP operations BA figure 12-30). 
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Figure 6-64.  Average critically dry year (40-30-30) monthly SWP export rate (CVP/SWP operations BA 
figure 12-31). 
 
Federal pumping at the Banks facility typically occurs in late summer and extends through 
October.  Additional pumping to supply Cross Valley Contractors may occur during the winter 
months (November through March).  The modeling indicates that the average Federal pumping 
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at the Banks facility is approximately 80 TAF with the future operations having slightly higher 
pumping needs than the current operations as modeled in Study 7.0.  Pumping in Study 7.1 is 
slightly higher (5 TAF) due to the lack of EWA wheeling relative to Study 7.0.  The available 
capacity at Banks for Federal pumping is reduced in Study 8.0 due to increased SWP demands 
South of Delta, which reduces the frequency of the pumping availability for Federal use. 
 
The Barker Slough pumping plant diverts water from Barker Slough into the North Bay 
Aqueduct (NBA) for delivery to Napa and Solano Counties.  Current pumping capacity is 140 
cfs due to limitations in the number of pumps at the facility.  An additional pump is required to 
reach the pipeline design capacity of 175 cfs.  During the past several years, daily pumping rates 
have ranged between 0 and 140 cfs.  There has been no discernable trend in monthly pumping 
levels since 2000 (Dayflow database) although the annual pumping rate for water year 2007 was 
higher than in previous years (83 cfs).  Seasonal pumping rates during the years 2005 to 2007 
were 109 cfs in summer (June to August), 94 cfs in fall (September through November), 39 cfs 
in winter (December through February), and 36 cfs in spring (March through May).  The recent 
historical data indicates that actual pumping levels are substantially less than those predicted in 
the CALSIM II current conditions scenario (Study 7.0) during the winter and spring months.  For 
instance, the month of December has an average historical export rate of 52 cfs for the years 
2005 through 2007.  The estimated export rate for December from Study 7.0 is 116 cfs.  The 
historical rate is only 44 percent of the modeled export rate.  Similarly, the historical export rate 
for the month of April (2005 through 2007) is 31 cfs, while the estimate from Study 7.0 is 133 
cfs.  The historical export rate is only 23 percent of the modeled export rate.   
 
During the summer, seasonal pumping rate for the modeled studies 7.0 and 7.1 are not 
substantially different from each other (average rates were 115 cfs and 107 cfs, respectively) but 
both were lower than the future condition modeled in Study 8.0 (135 cfs), a difference of 15 to 
20 percent.  The historical value for the summer season (2005 to 2007) is 109 cfs, relatively 
similar to the modeled current conditions.  NBA diversions are lowest in fall, averaging 101 cfs 
in study 7.0, 99 cfs in study 7.1, and 123 cfs in study 8.0.  The historical pumping rate during the 
fall (2005 to 2007) was 94 cfs.  Modeled NBA diversions are highest during the winter months.  
There was very little difference between Studies 7.0 and 7.1 during the winter.  However, study 
8.0 differed from the other two studies, being greater in December (142 cfs versus 116cfs and 
112 cfs) and lower in January (112 cfs versus 157 cfs and 155 cfs) and February (126 cfs versus 
155 cfs and 154 cfs).  All of the modeled pumping estimates are significantly greater than the 
historical average of 39 cfs for the period between December and February (2005 to 2007).  
Modeling estimates for the spring period also were substantially greater than the historical values 
from 2005 to 2007.  The estimates for Study 8.0 export rates were also greater than those for 
Studies 7.0 and 7.1.  For April, Study 8.0 had a diversion rate of 145 cfs while study 7.0 (133 
cfs) and Study 7.1 (128 cfs) were lower, a difference of approximately 10 percent.  For May, 
Study 8.0 also had a diversion rate of 145 cfs, which is approximately 25 percent higher than the 
estimated rates for Studies 7.0 and 7.1 (both 116 cfs).  Study 8.0 estimated an export rate of 148 
cfs for June, approximately 18 percent higher than the estimates for Study 7.0 (126 cfs), and 
Study 7.1 (123 cfs).  The historical export rate for the spring period between 2005 and 2007 was 
36 cfs. 
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Under the current operating parameters, the projects must comply with California State Water 
Resources Control Board (SWRCB) D-1641 limitations on the ratio of project exports to the 
volume of water entering the Delta during the year.  This is termed the E/I ratio.  The E/I ratio 
regulates the proportion of water that can be exported by the CVP and SWP in relation to the 
water that is entering the Delta and is thus available for export.  During the summer and fall, E/I 
ratios are permitted to be higher (a maximum of 65 percent July through December) and 
therefore pumping rates are increased, allowing the facilities the flexibility to maximize exports 
(within the constraints of D-1641 and other regulatory limits) during the lower summer and fall 
Delta inflows.  The E/I ratio is restricted to a 35 percent maximum during the February through 
June period when Delta inflows are typically higher.  However, the actual volume of exports can 
increase significantly when the inflow volumes are high, while still maintaining the same overall 
E/I ratio.  Furthermore, the E/I ratio is essentially determined by the flow volume of the 
Sacramento River, which comprises approximately 80 percent of the Delta river inflow.  This 
creates a situation where the near field hydraulic conditions in the central and southern Delta 
waterways are affected to a greater extent than the northern delta waterways due to their 
proximity to the Project’s points of diversion in the South Delta.  The modeling for E/I ratios 
indicate that future operations (Studies 7.1 and 8.0) will have greater E/I ratios during the months 
of December, January, February, April, May and June compared to Studies 6.0 and 7.0, which 
typically allocated EWA assets in these months to decrease pumping levels.  The limited EWA 
conditions in the future do not take any actions to reduce exports in the winter and only 
implement limited actions in the spring (i.e., VAMP).  Both current and future operations show 
increased E/I ratios in the summer months, except during dry and critically dry months, where 
the future models show decreases in some years.  The CVP/SWP operations BA indicates that 
this is due to low reservoir storage or water quality issues, such as salinity, limiting the ability to 
pump.  The modeling results indicate that due to the increased E/I ratios, the waterways of the 
South and Central Delta will experience more situations where flows towards the pumps are 
enhanced than under the current operating conditions. 
 
In summary, historical average annual Delta inflow (1980 – 1991) is approximately 28 MAF 
(DWR 1995).  Current operations divert approximately 6 to 8 MAF of water annually from the 
Delta (DWR 1995, CALFED 2008, State of California 2008).  The modeling completed for the 
CVP/SWP operations BA indicates that Delta inflows will decrease approximately 200 to 300 
TAF annually under the future conditions beyond those already occurring under the current 
operational scenario.  The historical inflow has already been reduced by upstream water 
diversions to meet current demands in the Central Valley.  The additional upstream withdrawals 
act on top of these withdrawals, thus further diminishing the volume of water reaching the Delta.   
 
Likewise, annual Delta outflow will decrease approximately 300 to 400 TAF under the future 
operations as compared to the current operations (21 MAF).  Most of this decrease will occur in 
the winter and spring due to limited EWA resources to decrease pumping levels during this time 
period.  This exacerbates an already adverse situation for listed salmonids and green sturgeon 
created by the current CVP and SWP operations which have elevated winter/spring export levels.  
This period of elevated exports in winter and spring occurs during the season in which most 
salmonid runs emigrate through the Delta, as described in the environmental baseline.  The lack 
of data for juvenile and sub-adult green sturgeon makes the effects determination less clear for 
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this species of fish.  Under the proposed action, the CVP will increase its pumping limits from 
4,200 cfs to 4,600 cfs in response to the proposed intertie between the Delta-Mendota Canal and 
the California Aqueduct.  Reclamation intends to maximize its pumping capacity between 
November and January by utilizing the 4,600 cfs capacity to its fullest extent.  This will result in 
higher future pumping levels during this time period compared to the current operations, which 
will increase the exposure of early migrating salmonids to the effects of the exports.  Modeling 
of future conditions also indicates that pumping will decrease, on average, in March and April.  
Future conditions also indicate that pumping in May will increase over current levels following 
the VAMP reductions, ultimately resulting in less protection for fish.  This action will curtail the 
extent of post-VAMP shoulders.  The future conditions also indicate that pumping will be 
increased, on average, during the summer in wet years compared to current operations.  The 
modeling for the future SWP operations indicates that it will increase its exports in the months of 
December, January, and February to the greatest extent possible within the constraints of the 
regulatory environment.  The rationale offered is that since it has limited EWA assets, the SWP 
will not be able to make any reductions in pumping for fish-related actions, which would 
normally be offset by EWA assets.  The future modeling results also indicate that pumping rates 
will frequently be over 7,000 cfs during these months and as high as 8,000 cfs when San Joaquin 
River flows permit the additional capacity.  Furthermore, average pumping rates are forecast to 
be higher during the December through May period than current averages, with less reductions 
occurring in April and May for VAMP due to less EWA assets available for fish protection 
measures. 
 
This change in the export regime increases the vulnerability of listed salmonids emigrating 
through the Delta.  The effects on listed green sturgeon are less clear due to the more ambiguous 
period of juvenile emigration into the Delta.  Currently, the CVP and SWP have elevated export 
schedules during the early winter and late spring period (except for the period encompassing the 
VAMP experiment) to take advantage of higher flows of water passing through the Delta.  The 
result of this export paradigm is that listed salmonids emigrating through the Delta with these 
flows are exposed to the increased exports.   
 
The Federal use of the SWP facilities will amount to approximately 80 TAF per year, and will 
change little between the current and future conditions.  Maximal usage of the SWP facilities by 
Reclamation will occur during the summer months and may result in an increase of up to 1,000 
cfs of pumping in years with above normal hydrology, but is more likely to range between 400 
and 600 cfs.  The E/I ratios are more likely to be higher, on average, in the future compared to 
current operations, particularly during the critical salmonids migration months of December, 
January, February, April, May, and June.  The explanation offered in the CVP/SWP operations 
BA is that the limited EWA assets will preclude pumping reductions to benefit fish. 
 
6.6.2.3  Assess Species Exposure 
 
The Sacramento-San Joaquin Delta (figure 5-23) serves as the gateway through which all listed 
anadromous species in the Central Valley must pass through on their way to spawning grounds 
as adults or returning to the ocean as juveniles, or post-spawn steelhead and green sturgeon 
adults.  For the purposes of this analysis, “exposure” is defined as the temporal and spatial co-



occurrence of adult and juvenile (smolts and fry) life stages of the four listed species and the 
stressors associated with the proposed action.  The temporal and spatial occurrence of each of the 
runs of Chinook salmon, CV steelhead, and green sturgeon in the Delta is intrinsic to their 
natural history and the exposure to the proposed action can be anticipated based on their timing 
and location. 
 
6.6.2.3.1  Temporal Occurance 
 
Table 6-27 provides the temporal distribution of listed anadromous fish species within the Delta. 
 
Table 6-27.  Temporal distribution of anadromous fish species within the Delta (KL = Knights Landing,  
FW = Fremont Weir). 

 
 
6.6.2.3.1.1  Winter-Run 
 
Adult winter-run first enter the San Francisco Bay Estuary from the Pacific Ocean starting in 
November.  Adults continue to enter the bay throughout the winter months and into late spring 
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(May/June), passing through the Delta region as they migrate upriver towards their spawning 
grounds below Keswick Dam (CVP/SWP operations BA; USFWS 2001, 2003). 
 
The main pulse of emigrating juvenile winter-run from the upper Sacramento River enter the 
Delta in December and January and can extend through April, depending on the water year type.  
Beach seines and mid-water trawls on the mainstem Sacramento River near the City of 
Sacramento indicate that some fish enter the Delta as early as mid-November and early 
December (USFWS 2001, 2003).  Monitoring by the USFWS at Chipps Island in the western 
Delta indicates that winter-run are detected leaving the Delta from September through June, with 
a peak in emigration occurring in March and April.  This peak in emigration timing is supported 
by the pattern of recoveries of winter-run sized Chinook salmon at the SWP’s Skinner Fish 
Protection Facility and the CVP’s Tracy Fish Collection Facility (TFCF) in the South Delta.  In 
addition to the seasonal component of juvenile emigration, distinct increases in recovered fish 
appear to be correlated with high precipitation events and increases in-river flow and turbidity 
following rain events (USFWS 2001, 2003).  Based on analysis of scales, winter-run smolts enter 
the ocean environment at an average fork length of 118 mm, indicating a freshwater residence 
time of approximately 5 to 9 months, most of which is presumed to occur upstream between 
RBDD and the Delta. 
 
Juvenile winter-run are present in the waterways of the North Delta (i.e., Sacramento River, 
Steamboat Slough, Sutter Slough, Miner Slough, and Cache Slough complex), Central Delta 
(Georgiana Slough, DCC, Snodgrass Slough, and Mokelumne River complex below Dead Horse 
Island), South Delta leading to the CVP and SWP pumping facilities including Old and Middle 
Rivers, and the interconnecting waterways between these main channels such as Victoria Canal, 
Woodward Canal, and Connection Slough, and the western Delta including the main channels of 
the San Joaquin and Sacramento rivers and Three Mile Slough.  NMFS does not anticipate 
seeing adult winter-run upstream of Middle River on the San Joaquin River mainstem or within 
the waterways of the South Delta in any appreciable numbers.  NMFS does not anticipate seeing 
any significant numbers of juvenile winter-run in the Eastern Delta near Stockton (i.e., White 
Slough, Disappointment Slough, Fourteenmile Slough), or the mainstem of the San Joaquin 
River upstream of Columbia and Turner Cuts.  Presence of winter-run adults and juveniles may 
occur in other parts of the Delta not described above. 
 
6.6.2.3.1.2  Spring-Run 
 
Adult spring-run enter the San Francisco Bay Estuary from the ocean in January to late February.  
They move through the Delta prior to entering the Sacramento River system.  Spring-run show 
two distinct juvenile emigration patterns in the Central Valley.  Fish may either emigrate to the 
Delta and ocean during their first year of life as YOY, typically in the following spring after 
hatching, or hold over in their natal streams and emigrate the following fall as yearlings.  
Typically, yearlings enter the Delta as early as November and December and continue to enter 
the Delta through at least March.  They are larger and less numerous than the YOY smolts that 
enter the Delta from January through June.  The peak of YOY spring-run presence in the Delta is 
during the month of April, as indicated by the recoveries of spring-run size fish in the CVP and 
SWP salvage operations and the Chipps Island trawls.  Frequently, it is difficult to distinguish 
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the YOY spring-run outmigration from that of the fall-run due to the similarity in their spawning 
and emergence times.  The overlap of these two runs makes for an extended pulse of Chinook 
salmon smolts through the Delta each spring, frequently lasting into June. 
 
Juvenile spring-run are present in the same waterways as winter-run in the North Delta, Central 
Delta, South Delta, and the interconnecting waterways, including the main channels of the San 
Joaquin and Sacramento rivers and Three Mile Slough.  NMFS does not anticipate seeing any 
significant numbers of juvenile spring-run in the Eastern Delta  or the mainstem of the San 
Joaquin River upstream of Columbia and Turner Cuts. 
 
6.6.2.3.1.3  CV Steelhead 
 
Adult steelhead have the potential to be found within the Delta during any month of the year.  
Unlike Chinook salmon, steelhead can spawn more than once, so post-spawn adults (typically 
females) have the potential to move back downstream through the Delta after completing their 
spawning in their natal streams.  These fish are termed runbacks or kelts.  Typically, adult 
steelhead moving into the Sacramento River basin begin to enter the Delta during mid to late 
summer, with fish entering the Sacramento River system from July to early September.  Kelts are 
typically seen later in the spring following spawning.  Steelhead entering the San Joaquin River 
basin are believed to have a later spawning run.  Adults enter the system starting in late October 
through December, indicating presence in the Delta a few weeks earlier.  Typically water quality 
in the lower San Joaquin River is marginal during this time, with elevated water temperatures 
and low DO levels presenting barriers to upstream migration.  Early winter rains help to break up 
these barriers and provide the stimulus to adult steelhead holding in the Delta to move up river 
towards their spawning reaches in the San Joaquin River tributaries.  Fish may continue entering 
the system through the winter months.  Juvenile steelhead are recovered in the USFWS Chipps 
Island trawls from October through July.  There appears to be a difference in the emigration 
timing between wild and hatchery-reared steelhead smolts.  Adipose fin-clipped hatchery fish are 
typically recovered at Chipps Island from January through March, with the peak in recoveries 
occurring in February and March.  This time period corresponds to the schedule of hatchery 
releases of steelhead smolts from the different Central Valley hatcheries (Nobriga and Cadrett 
2003, CVP/SWP operations BA).  The timing of wild steelhead (unclipped) emigration is more 
spread out.  Emigration occurs over approximately 6 months, with peaks in February and March, 
based on salvage records at the CVP and SWP fish collection facilities.  Individual unclipped 
fish first begin to be collected in fall and early winter, and may extend through early summer 
(June and July).  Wild fish that are collected at the CVP and SWP facilities late in the season 
may be from the San Joaquin River system, based on the proximity of the basin to the pumps and 
the timing of the spring pulse flows in the tributaries (April-May).  The size of emigrating 
steelhead smolts typically ranges from 200 to 250 mm in length, with wild fish tending to be at 
the upper end of this range (Nobriga and Cadrett 2003, CVP/SWP operations BA). 
 
Given the multiple points of entry into the Delta system, CV steelhead are likely to be found in 
any of the waterways of the Delta, but particularly in the main channels leading to their natal 
river systems. 
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6.6.2.3.1.4  Southern DPS of Green Sturgeon 
 
Adult green sturgeon enter the San Francisco Bay estuary in early winter (January/February) 
before initiating their upstream spawning migration into the Delta.  Adults move through the 
Delta from February through April, arriving in the upper Sacramento River between April and 
June (Heublein 2006, Kelly et al. 2007).  Following their initial spawning run upriver, adults 
may hold for a few weeks to months in the upper river (i.e., GCID aggregation site; see Vogel 
2005, 2008) or immediately migrate back down river to the Delta.  Those fish that hold upriver 
move back downstream later in the fall.  Radio-tagged adult green sturgeon have been tracked 
moving downstream from the GCID aggregation site past Knights Landing during the summer 
and fall into November and December, following their upstream migrations the previous spring.  
It appears that pulses of flow in the river “trigger” downstream migration in the late fall, similar 
to behavior exhibited by adult green sturgeon on the Rogue and Klamath River systems 
(Erickson et al. 2002, Benson et al. 2007). 
 
Adults and sub-adults may also reside for extended periods in the western Delta as well as in 
Suisun and San Pablo bays.  Like other estuaries along the west coast of North America, adult 
and sub-adult green sturgeon (from both Northern and Southern DPSs) frequently congregate in 
the tidal portions of the San Francisco Bay estuary during the summer and fall.  It is not known 
exactly why these congregations occur, but they do not appear to be related to spawning 
activities, as most fish do not move upriver out of tidewater.  Based on radio and acoustic tag 
data gathered to date from adult green sturgeon, fish that spawn in one river system do not spawn 
in other river systems.   
 
Juveniles are believed to use the Delta for rearing for the first 1 to 3 years of their life before 
moving out to the ocean.  Green sturgeon are likely to be found in the main channels of the Delta 
and the larger interconnecting sloughs and waterways, with western Delta waterways having a 
higher likelihood of presence than eastern Delta waterways.  Juveniles are recovered at the SWP 
and CVP fish collection facilities year round and range in size from 136 mm to 774 mm, with an 
average size of 330 mm. 
 
6.6.2.3.2  Spatial Distribution 
 
6.6.2.3.2.1 Winter-Run 
 
The main adult winter-run migration route through the Delta region is believed to be the 
mainstem of the Sacramento River.  However, there is the potential for adults to “stray” into the 
San Joaquin River side of the Delta while on their upstream migration, particularly early in the 
migratory season (November and December).  Significant amounts of Sacramento River water 
flow into the San Joaquin River side of the Delta through the DCC (when open in November, 
December, and January), Georgiana Slough, and Three Mile Slough.  These sources of 
Sacramento River water can create false attraction into the lower San Joaquin River.  Adult 
winter-run that choose this path would be delayed in their upstream migration while they mill in 
the lower San Joaquin River, searching for the distinctive olfactory cues of the Sacramento 
River.  Adults could re-enter the Sacramento River through Georgiana Slough or the Delta 
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reaches of the Mokelumne River system when the DCC is open.  The extent of this delay and the 
proportion of adults moving into the lower San Joaquin River are unknown.  Adult winter-run do 
not typically inhabit the San Joaquin River mainstem upstream of Middle River or within the 
waterways of the South Delta in any appreciable numbers (Yoshiyama et al. 1996, 1998, 2001. 
 
Juvenile winter-run are present in the waterways of the North Delta (i.e., Sacramento River, 
Steamboat Slough, Sutter Slough, Miner Slough, and Cache Slough complex), Central Delta 
(Georgiana Slough, DCC, Snodgrass Slough, and Mokelumne River complex below Dead Horse 
Island), South Delta leading to the CVP and SWP pumping facilities including Old and Middle 
Rivers, and the interconnecting waterways between these main channels such as Victoria Canal, 
Woodward Canal, and Connection Slough, and the western Delta including the main channels of 
the San Joaquin and Sacramento rivers and Three Mile Slough.  Juvenile winter-run do not 
typically inhabit the channels of the Eastern Delta near Stockton (i.e., White Slough, 
Disappointment Slough, Fourteenmile Slough), or the mainstem of the San Joaquin River 
upstream of Columbia and Turner Cuts. 
 
6.6.2.3.2.2  Spring-Run 
 
Currently, the only recognized populations of spring-run occur in the Sacramento River basin.  
Historical populations that occurred in the river basins to the south (i.e., southern Sierra 
watersheds) have been extirpated.  The main migration route for adult spring-run is the 
Sacramento River channel through the Delta.  Similar to winter-run, adults may stray into the 
San Joaquin River side of the Delta due to the inflow of Sacramento River basin water through 
one of the interconnecting waterways branching off of the mainstem Sacramento River towards 
the San Joaquin River.  Starting in February, the closure of the DCC radial gates minimizes the 
influence of this pathway, but flows in the channels of Georgiana and Three Mile Slough provide 
sufficient flows of water to the San Joaquin River to induce straying from “spurious” olfactory 
cues present in these waterways. 
 
Juvenile spring-run are present in the same waterways as winter-run in the North Delta, Central 
Delta, South Delta and the interconnecting waterways, including the main channels of the San 
Joaquin and Sacramento rivers and Three Mile Slough.  Juvenile spring-run do not typically 
inhabit the channels of the Eastern Delta or the mainstem of the San Joaquin River upstream of 
Columbia and Turner Cuts. 
 
6.6.2.3.2.3  CV Steelhead 
 
Populations of CV steelhead occur throughout the watersheds of the Central Valley; however, 
the primary population source occurs within the watersheds of the Sacramento River basin.  
Small, apparently self-sustaining populations of steelhead exist in the Mokelumne River system 
(although influenced by the Mokelumne River Hatchery steelhead program), the Calaveras River 
(natural) and the Stanislaus River (natural).  Furthermore, otilith microchemistry analysis has 
shown that juvenile O. mykiss collected from the Tuolumne and Merced rivers had maternal 
steelhead origins (Zimmerman et al. 2008).  Upstream migrating adult steelhead enter both the 
Sacramento River basin and the San Joaquin River basin through their respective mainstem river 
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channels.  Adult steelhead entering the Mokelumne River system (including Dry Creek and the 
Cosumnes River) and the Calaveras River system are likely to move up the mainstem San 
Joaquin River channel before branching off into the channels of their natal rivers.  It is also likely 
that some adult steelhead bound for the San Joaquin River system may detour through the South 
Delta waterways and enter the San Joaquin River through the Head of Old River near Mossdale.  
However, due to the number of potential routes, the early entrance of adults into the Delta, and 
the potential for the DCC to remain open for a substantial portion of the upstream spawning 
migration, the “actual” route that an adult steelhead follows before committing to its natal 
watershed could be quite complex.  Therefore, adult steelhead could be in any of the larger 
channels in the Delta region during their spawning migrations.  Likewise, steelhead kelts could 
also be found in any of the channels of the Delta during their return to the ocean.  Data for this 
particular life stage is lacking. 
 
Outmigrating steelhead smolts enter the Delta primarily from the Sacramento River (North Delta 
region) and from the San Joaquin River (South Delta region).  Steelhead smolts from the 
Mokelumne River system and the Calaveras River system enter the Eastern Delta.  The 
Mokelumne River fish can either follow the north or south forks of the Mokelumne River 
through the Central Delta before entering the San Joaquin River at RM 22.  Some fish may enter 
the San Joaquin River farther upstream if they diverge from the South Fork of the Mokelumne 
River into Little Potato Slough.  Fish from the Calaveras River enter the San Joaquin River 
downstream of the Port of Stockton near RM 38.  Steelhead smolts from the San Joaquin River 
basin enter the Delta at Mossdale.  Prior to the installation of the Head of Old River Barrier 
(HORB) on approximately April 15 (start of VAMP), steelhead smolts exiting the San Joaquin 
River basin can follow either of two routes to the ocean.  Fish may either stay in the mainstem of 
the San Joaquin River and move northwards towards the Port of Stockton and the Central Delta, 
or they may enter the South Delta through the Head of Old River and move northwards towards 
the lower San Joaquin River through Old and Middle rivers and their associated network of 
channels and waterways.  When the HORB is not installed, approximately 50 percent of the San 
Joaquin River flow is directed into Old River.  This percentage increases if the CVP and SWP 
are pumping at elevated levels.  In fact, in low flow conditions with high pumping rates, the net 
flow in the mainstem of the San Joaquin between the Port of Stockton and Old River may 
reverse direction and flow upstream into the Head of Old River.  When the HORB is installed, 
flow in the San Joaquin River is retained in the mainstem and fish are directed northwards 
towards the Port of Stockton and eventually through the Central Delta.  Given the multiple points 
of entry into the Delta system, CV steelhead are likely to be found in any of the waterways of the 
Delta, but particularly in the main channels leading to their natal river systems. 
 
6.6.2.3.2.4  Southern DPS of Green Sturgeon 
 
Adult green sturgeon are presumed to primarily use the mainstem of the Sacramento River 
through the Delta when making their upstream spawning migrations.  During high water 
conditions that result in the flooding of the Yolo bypass, adult green sturgeon may also utilize 
the floodplain of the Yolo bypass to move northwards from Cache Slough to the Sacramento 
River at Fremont Weir.  During other times of the year, green sturgeon may be present in any of 
the waterways of the Delta, based on sturgeon tag returns.  The draft report on the 2007 CDFG 
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Sturgeon Fishing Report Card (CDFG 2008) indicates that 311 green sturgeon were reported 
caught by sport anglers during 2007.  Green sturgeon were caught in both the mainstem of the 
San Joaquin River between Sherman Island and Stockton (48 fish) and between Rio Vista and 
Chipps Island (62 fish), with most catches occurring in the fall, although fish were caught 
throughout the year in both reaches.  Additional green sturgeon were caught and released in 
Suisun (30), Grizzly (14), and San Pablo (20) bays, as well as between Rio Vista and Knights 
Landing in the Sacramento River (16). 
 
Juvenile and sub-adult green sturgeon are also found throughout the waters of the Delta.  They 
have been recovered at the CVP and SWP fish collection facilities and from areas on the San 
Joaquin River near San Andreas Shoals. 
 
6.6.2.4  Assess Species Response to the Proposed Action 
 
6.6.2.4.1  Direct Entrainment Due to Exports 
 
6.6.2.4.1.1  Tracy Fish Collection Facility - Current and Future Operations 
 
The TFCF is located in the southwest portion of the Sacramento-San Joaquin Delta near the City 
of Tracy and Byron.  It uses behavioral barriers consisting of primary and secondary louvers to 
guide entrained fish into holding tanks before transport by truck to release sites within the Delta.  
The original design of the TFCF focused on smaller fish (<200 mm) that would have difficulty 
fighting the strong pumping plant-induced flows, since the intake is essentially open to the Delta 
and also impacted by tidal action. 
 
The primary louvers are located in the primary channel just downstream of the trashrack 
structure.  The secondary louvers are located in the secondary channel just downstream of the 
traveling debris screen.  The primary louvers allow water to pass through into the main Delta-
Mendota intake channel and continue towards the Bill Jones Pumping Plant located several miles 
downstream.  However, the openings between the louver slats are tight enough and angled 
against the flow of water in such a way as to prevent most fish from passing between them and, 
instead, guide them into one of four bypass entrances positioned along the louver arrays.  The 
efficiency of the louver guidance array is dependent on the ratio of the water velocity flowing 
into the bypass mouth and the average velocity in the main channel sweeping along the face of 
the louver panels. 
 
When south Delta hydraulic conditions allow, and within the original design criteria for the 
TFCF, the louvers are operated with the D-1485 objectives of achieving water approach 
velocities for striped bass of approximately 1 foot per second (fps) from May 15 through October 
31, and for salmon of approximately 3 fps from November 1 through May 14.  Channel velocity 
criteria are a function of bypass ratios through the facility.  Due to changes in south Delta 
hydrology over the past 50 years, the present-day TFCF is able to meet these conditions 
approximately 55 percent of the time.  This indicates that 45 percent of the time, the appropriate 
velocities in the primary channel and the corresponding bypass ratio are not being met and fish 
are presumed to pass through the louvers into the main collection channel behind the fish screen 
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leading to the pumps.  The lack of compliance with the bypass ratios during all facility 
operations alters the true efficiency of louver salvage used in the expansion calculations and 
therefore under-estimates loss at the TFCF.  The salvage estimates provided by the TFCF have  
not been recalculated to address these periods of noncompliance when the bypass ratios do not 
meet the specified operating criteria.  The efficiency of the louvers is likely to vary in relation to 
the actual bypass ratio encountered. 
 
Based on the project description, fish passing through the TFCF are required to be sampled for 
periods of no less than 20 minutes at intervals of every 2 hours when listed fish are present.  This 
sampling protocol is expected to be implemented in the future operations of the TFCF.  This is 
generally from December through June.  Currently, sampling intervals are frequently 10 minutes 
every 2 hours, even though this sampling protocol is supposed to be used when listed fish are not 
present.  Fish observed during sampling intervals are identified to species, measured to fork 
length, examined for marks or tags, and placed in the collection facilities for transport by tanker 
truck to the release sites in the North Delta away from the pumps.  Fish may be held for up to 24 
hours prior to loading into the tanker trucks.  Hauling trucks used to transport salvaged fish to 
release sites inject oxygen and contain an eight parts per thousand salt solution to reduce stress.  
The CVP uses two release sites, one on the Sacramento River near Horseshoe Bend and the other 
on the San Joaquin River immediately upstream of the Antioch Bridge.  
 
It has been known for some time that the efficiencies of the TFCF can be compromised by 
changes in hydrology, debris clogging the louvers, the size of the fish being entrained, and the 
number of predators present in the collection facilities (Reclamation 1994, 1995).  The louvers 
were originally designed for fish >38 mm in length.  Studies by Reclamation in 1993 tested three 
size ranges of Chinook salmon for primary, secondary, and overall louver efficiency.  The test 
fish ranged in size from 58 mm to 127 mm with the averages of the three test groups being 74.3, 
94.0, and 97.5 mm in length.  The average efficiency of the primary louvers at the TFCF was 
found to be 59.3 percent (range: 13 - 82 percent) and the secondary louvers averaged 80 percent 
(range: 72 - 100 percent) for Chinook salmon.  Overall efficiency averaged 46.8 percent (range 
12 - 71.8 percent) for Chinook salmon.  Recent studies (Reclamation 2008) have indicated that 
under the low pumping regimen required by the VAMP experiment, primary louver efficiencies 
(termed capture efficiencies in the report since only one bypass was tested) can drop to less than 
35 percent at the TFCF.  The reductions in pumping create low velocities in the primary channel, 
and the necessary primary bypass ratios (>1) cannot be maintained simultaneously with the 
secondary channel velocities (3.0 to 3.5 fps February 1 through May 31) required under D-1485.  
These study results indicate that loss of fish can potentially increase throughout the entire louver 
system if the entire system behaves in a similar way as the test section performed in the 
experiments.  Screening efficiency for juvenile green sturgeon is unknown, although apparently 
somewhat effective given that green sturgeon, as well as white sturgeon, have been collected 
during fish salvage operations.  Studies by Kynard and Horgan (2001) tested the efficiency of 
louvers at guiding yearling shortnose sturgeon (Acipenser brevirostrum) and pallid sturgeon 
(Scaphirhynchus albus) under laboratory conditions.  They found that louvers were 96 to 100 
percent efficient at guiding these sturgeon species past the experimental array and to the flume 
bypass.  However, both sturgeon species made frequent contacts with the louver array with their 
bodies while transiting the louver array.  The authors also found that sturgeon would rest at the 
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junction between the louver array and the tank bottom for extended periods.  This behavior may 
degrade the effectiveness of the louver array to guide fish towards the bypass. 
 
In light of the data from the screen efficiency studies, the overall efficiency of the screens for 
Chinook salmon (46.8 percent) is approximately 62 percent of the “nominal” value of 75 percent 
efficient, the previously believed efficiency of the louvers.  Bates and Jewett (1961 op. cit. 
Reclamation 1995) found the secondary louvers of the TFCF to be approximately 90 percent 
efficient for young Chinook salmon (> 38 mm in length), while Hallock et al. (1968) reported 
that the primary louvers had an efficiency of approximately 85 percent for similar-sized fish.  
This gives an overall efficiency of approximately 75 percent (0.90 x 0.85 = 0.765), which has 
been used in the calculations for determining salvage and loss at the TFCF.  During the VAMP 
experimental period from approximately April 15 to May 15, the potential loss of Chinook 
salmon may be even greater.  The efficiency of the primary louvers may only be 44 percent of 
the “standard” 80 percent efficiency originally claimed based on the 35 percent “capture” 
efficiency found in the low flow studies recently completed (Reclamation 2008).  This 
essentially doubles the loss of fish moving through the screens due to the reduction in louver 
efficiency.  It is likely that juvenile green sturgeon are also affected in a similar fashion as lower 
flows increase the potential for fish to slip through the angled louvers rather than being guided to 
the bypasses. 
 
Currently, the louvers are cleaned from once to three times a day, depending on the debris load 
in the water.  The salvage efficiency is significantly reduced during the louver cleaning process.  
During cleaning of the primary louvers, each one of the 36 individual louver panels is lifted by a 
gantry and cleaned with a stream of high-pressure water.  The removal of the louver plate leaves 
a gap in the face of the louver array approximately 8 feet wide by 20 feet tall.  The main pumps 
at the Bill Jones Pumping Plant continue to run during this process, pulling water through the 
gap in the louver array at a high velocity.  The cleaning process for the primary array can take up 
to 3 hours to complete, during which time the efficiency of the louver system to screen fish is 
severely compromised.  Similarly, the secondary louvers require that the four bypasses be taken 
off line to facilitate the cleaning of the louvers in the secondary channel.  This process takes 
approximately 45 minutes to complete.  When the bypasses are taken off line, fish are able to 
pass through the primary louvers due to the high primary channel velocity, which is often greater 
than the swimming capacity of the fish, pushing them through the louvers.  Depending on the 
frequency of cleaning, screen efficiency is compromised from approximately 4 hours to 12 hours 
(1 to 3 cleaning cycles) per day, and substantial errors in the number of fish salvaged are likely 
to occur.  Green sturgeon are also likely to be affected in a similar fashion by the removal of the 
louver screens during cleaning, perhaps even to a greater extent, since any gap along the bottom 
of the louver array where the louver panel comes in contact with the channel bottom could 
provide an access point to pass downstream of the louvers.  Debris or sediment buildup could 
provide such a gap. 
 
In response to the 2004 CVP/SWP operations Opinion issued by NMFS, Reclamation is 
conducting, or has proposed to conduct, studies designed to address the loss of listed fish caused 
by the louver cleaning operation (Evaluation of the percent loss of salmonid salvage due to 
cleaning the primary and secondary louvers at the TFCF.  B. Bridges; principle investigator.  



 344

Report was scheduled to be completed by 2008), formulate alternative cleaning operations 
(Design and evaluation of louvers and louver cleaners.  B. Mefford, R. Christensen, D. Sisneros, 
and J. Boutwell, principle investigators.  Report was scheduled to be completed by 2008), and 
investigate the impacts of predators on juvenile Chinook salmon and Delta smelt in the primary 
channel (Predator impacts on salvage rates of juvenile Chinook salmon and Delta smelt.  R. 
Bark, B. Bridges, and M.D. Bowen, principle investigators.  This report is due in 2010).  
However, the project description does not contain any commitment to address these deficiencies 
and it may be several years before these reports and their proposed remedies transform the 
operations of the TFCF. 
 
The TFCF will primarily have direct impacts on emigrating salmonids during their juvenile and 
smolt life history stages, as well as juvenile green sturgeon rearing in the south Delta region.  
These life history stages are vulnerable to the entrainment effects of the pumping actions of the 
Bill Jones Pumping Facility, which draws water from the channels of the South Delta to supply 
the Delta-Mendota Canal and furnish water to the CVP’s water contractors south of the Delta.  
Adult fish are less susceptible to the effects of the screening process.  However, some adverse 
effects have been observed in association with the trash racks in front of the screens.  Adult fish 
cannot fit through the narrow gap between the steel slats on the trash rack.  This serves as a 
physical barrier to their passage.  Observations of sea lions “corralling” adult fall-run in front of 
the TFCF trash rack have been observed by TFCF staff and a NMFS biologist.  In addition, adult 
sturgeon in moribund conditions have been observed impinged upon the trash rack.  The 
causative factor for the sturgeon’s initial condition is unknown, but the fish eventually perish 
against the racks unless rescued and rehabilitated in the aquaculture facility at the TFCF.  
Predation by sea lions on sturgeon at the TFCF has not been observed to the best of NMFS’ 
knowledge.  The anticipated effects of the screening operation upon juvenile salmon and smolts 
are the direct loss of fish through the louvers.  Based upon the information already presented 
above, this could be more than half of the fish that encounter the screens initially (46.8 percent 
overall louver efficiency during normal operations, <35 percent overall efficiency during VAMP 
operations, potential total failure during screen cleaning operations).  Fish that pass through the 
louver array are lost forever to the population.  This loss represents not only the loss of 
individual fish, but a decline in the population abundance as a whole, as these fish represent the 
survivors of the initial downstream emigration from the spawning areas upstream to the Delta, a 
journey with its own intrinsically high rate of mortality.  The initial loss of fish emigrating 
downstream in the Sacramento River may be potentially as high as 80 percent based on 
MacFarlane’s (2008) acoustic tagging study.  There is additional loss of these fish as they cross 
the Delta and arrive at the fish collection facilities.   
 
Salmonids and sturgeon that are successfully screened still face adverse factors during the 
collection phase of the screening process.  The physical process of screening exposes the fish to 
sustained flows along the face of the louver array, to which the fish will typically try to swim 
against before being entrained into the bypass orifice.  Once entrained into the primary bypass, 
the fish is carried in a dark turbulent flow through the bypass pipeline to the secondary screening 
channel, where it is again screened by louvers into a second pipeline that finally discharges to the 
holding tanks for final collection and salvage.  During this process, the fish are subjected to 
turbulent flows, encounters with the walls of the pipeline and screening channels, debris in the 
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flow stream, and predators.  This creates stressful conditions for the fish and reduces its 
physiological condition.  These external stressors lead to the release of stress hormones (i.e., 
catecholamines and corticosteroids) from the fish’s endocrine system.  Following the release of 
these stress hormones, a stage of resistance occurs, during which the stress hormones induce 
changes in the physiological processes in the fish that either help repair any damage (e.g., if the 
stressor caused a physical injury) or help the animal adapt to the stressors (e.g., if the stressor is a 
change in environmental conditions like temperature or turbulence) by changing the rate of body 
functions beyond the “normal” range.  If adaptation to the stressors is not possible, because of 
either the severity or prolongation of the challenge, exhaustion ensues followed by permanent 
malfunctioning, possibly disease, and ultimately death to the exposed fish (Fagerlund et. al. 
1995).  In other words, delayed responses to the stress of screening are very likely, and could 
lead to ultimate morbidity or mortality subsequent to the collection procedure.  Due to the short 
period of “observation” of collected fish during the collection, handling, trucking and release 
(CHTR) process, the ultimate fate of the salvaged fish following release is unknown, particularly 
in the open Delta/ocean environment following release where additional environmental stressors 
are present and to which the emigrating fish will be exposed.  The CHTR process will be 
described in more detail in a following section. 
 
Based upon the projected increases in pumping rates modeled in the near future and future 
conditions (Studies 7.1 and 8.0), the number of fish entrained at the pumps is predicted to 
increase in proportion to the pumping increases and thus in general be greater than current levels, 
particularly in the early winter (December through February) and during the VAMP experiment.  
Furthermore, the proportion of fish salvaged may be overestimated while those lost to the system 
are likely to be underestimated using the current values for screening efficiencies (75 percent) 
rather than the 46.8 percent overall efficiency determined in the 1995 studies and the recent 
VAMP period studies (Reclamation 2008).  This would indicate that the TFCF has a greater 
adverse impact than currently acknowledged.  Specific effects to listed salmonid ESUs will be 
discussed in the salvage section below. 
 
6.6.2.4.1.2  John E. Skinner Fish Protection Facilities – Current and Future Operations 
 
The John E. Skinner Fish Protection Facility was built in the 1960s and designed to prevent fish 
from being entrained into the water flowing to the Harvey O. Banks Pumping Facility, which 
lifts water from the inlet canal into the California Aqueduct.  The fish screening facility was 
designed to screen a maximum flow of 10,300 cfs.  Water from the Delta is first diverted into 
Clifton Court Forebay, a large artificially flooded embayment that serves as a storage reservoir 
for the pumps, prior to flowing through the louver screens at the Fish Protection Facility.  After 
water enters the forebay through the radial gates, it first passes a floating debris boom before 
reaching the trashrack.  The floating debris boom directs large floating material to the conveyor 
belt that removes the floating material for disposal in an upland area.  Water and fish flow under 
the floating boom and through a trashrack (vertical steel grates with 2-inch spacing) before 
entering the primary screening bays.  There are 7 bays, each equipped with a flow control gate so 
that the volume of water flowing through the screens can be adjusted to meet hydrodynamic 
criteria for screening.  Each bay is shaped in a “V” with louver panels aligned along both sides of 
the bay.  The louvers are comprised of steel slats that are aligned 90 degrees to the flow of water 
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entering the bay with 1-inch spacing between the slats.  The turbulence created by the slats and 
water flowing through the slats guides fish to the apex of the “V” where bypass orifices are 
located.  Fish entrained into the bypass orifice are carried through underground pipes to a 
secondary screening array.  The older array uses the vertical louver design while the newer array 
uses a perforated flat plate design.  Screened fish are then passed through another set of pipes to 
the holding tanks.  Fish may be held in the holding tanks for up to 8 hours, depending on the 
density of salvaged fish and the presence of listed species. 
 
Like the TFCF, the louvers are not 100 percent efficient at screening fish from the water flowing 
past them.  Louver efficiency is assumed to be approximately 75 percent (74 percent, DWR 
2005b) for calculating the loss through the system, although this value may eventually be shown 
to be incorrect (see TFCF discussion).  Recent studies examining pre-screen predation in Clifton 
Court Forebay on steelhead smolts (DWR 2008) have tracked a tagged steelhead through the 
screens into the inlet channel leading to the Banks Pumping plant and then back into the forebay 
by the trash boom.  This passage through the louvers occurred during a period of low pumping 
rates, indicating that this steelhead was able to negotiate the louvers and the water velocities 
flowing through it in both directions.  Like the TFCF, the individual louver panels are lifted by a 
gantry crane from their position in the louver array and cleaned with high-pressure water stream 
to remove debris and vegetation that clog the louver slats.  However, flow into each bay can be 
manipulated or turned off, thereby reducing potential loss through open louver racks.  
Nevertheless, it should be noted that any fish within the bay following the closure of the bay 
during cleaning would be vulnerable to loss through the open louver panel slots.  This may be of 
greater concern for sturgeon based on their behavioral response to the louvers as previously 
described. 
 
The Skinner Fish Protection Facility will primarily have direct impacts on emigrating salmonids 
during their juvenile and smolt life history stages, although adult salmon, steelhead, and sturgeon 
(both white and green) are also likely to be entrained into the forebay (adult striped bass move 
freely into and out of the forebay when hydraulic conditions at the radial gates permit it).  Adult 
and juvenile sturgeon have been observed in the forebay and juveniles appear in the fish salvage 
collections.  These juvenile salmonid life history stages are vulnerable to the entrainment effects 
of the pumping actions of the Harvey O. Banks Pumping Facility, which draws water from the 
channels of the South Delta to supply the California Aqueduct and furnish water to the SWP’s 
water contractors.  The anticipated effects of the screening operation are the direct loss of fish 
through the louvers.  As discussed for the TFCF, this loss represents not only the loss of 
individual fish, but a decline in the Chinook salmon population abundance as a whole due to the 
loss of several hundred to several thousand individual fish annually at the SWP facilities.  These 
fish represent the survivors of the initial downstream emigration from the upstream spawning 
areas to the Delta.  This journey has its own intrinsically high rate of mortality.  Overall loss 
during this portion of the emigration to the ocean may be potentially as high as 80 percent based 
on MacFarlane’s (2008) acoustic tagging study.  There is additional loss of these fish as they 
cross the Delta and arrive at the fish collection facilities, so that only a fraction of the 
downstream emigrating population survives to encounter the screens.  
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As previously described for the TFCF operations, salmonids and sturgeon that are successfully 
screened still face adverse factors during the collection phase of the screening process at the 
Skinner facility.  Like the TFCF, fish are moved through bypass pipelines from the primary 
louvers to the secondary louver and thence to the collection tanks.  Fish are subjected to stressful 
conditions during this phase of the salvage and collection operations.  Following discharge to the 
collection tanks, fish are processed through the CHTR operation and returned to the western 
delta.  Delayed responses to the stress of screening are very likely, as previously described in the 
discussion for the TFCF, and could lead to ultimate morbidity or mortality subsequent to the 
collection procedure (Fagerlund et al. 1995).  Due to the short period of “observation” of 
collected fish during the CHTR process, the ultimate fate of the salvaged fish following release is 
unknown.  The CHTR process will be described in more detail in a following section. 
 
Based upon the projected increases in pumping rates modeled in the near future and future 
conditions (Studies 7.1 and 8.0) for the SWP, the number of fish entrained at the Skinner Fish 
Protection Facility is predicted to increase in proportion to the pumping increases and, thus, in 
general, be greater than current levels, particularly in the early winter (December through 
February) and during the VAMP experiment.  The experimental data indicating that “large” fish, 
such as a steelhead smolt, can pass through the louvers in both directions calls into question the 
stated efficiency of the louvers in screening out fish in the size range of interest for listed 
salmonid species (DWR 2008).  If the stated efficiencies for the louvers are less than expected, 
as appears to be the case for the TFCF, then the numbers of fish salvaged and the numbers of fish 
lost to the system is suspect.  Like the TFCF, the impacts to listed salmonids (and potentially 
green sturgeon) would be greater than anticipated, both currently and in the modeled future.  
Regardless of the actual efficiencies of the louver screens, the increased pumping predicted by 
the modeling scenarios will increase the number of fish lost to the system and increase the 
adverse effects upon listed salmonids in general.  Specific effects to listed salmonid ESUs/DPS 
and green sturgeon will be discussed in the salvage section below. 
 
6.6.2.4.1.3  Clifton Court Forebay Predation Losses 
 
Clifton Court Forebay is operated as a regulating reservoir for the SWP’s Harvey O. Banks 
Pumping Plant in the tidally influenced southern Delta.  The forebay allows the SWP to take in 
water during different portions of the tidal cycle, as permitted by water rights and legal 
constraints, contain the water by closing radial gates at the inlet of the forebay, and subsequently 
operating its pumps more efficiently.  The forebay was created in 1969 by flooding a 2.6-mile by 
2.1-mile tract of agricultural land near Byron, California, creating a 2,200-acre impoundment.  
The five radial gates at the inlet of the forebay leading to Old River are typically opened 
following the peak of the high tide and held open for a portion of the ebb tide when the water 
elevation outside the gates is higher than that inside the gates in the forebay.  Water velocities 
passing through the gates typically approach 14 fps at maximal stage differential, and may for 
brief periods even surpass this.  However, the design criteria for the gates discourage these 
excursions due to scouring through the mouth of the gates and the surrounding channel area.  
Currently, a very deep scour hole (approximately 60 feet deep) has formed just inside the 
forebay, adjacent to the location of the radial gates.  When the gates are open, and the flow of 
water enters the forebay, numerous aquatic species, including many species of fish, are 
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entrained.  Included among these species of fish are Chinook salmon (including endangered 
winter-run and threatened spring-run), threatened CV steelhead, and threatened North American 
green sturgeon from the Southern DPS (DWR 2005, 2008). 
 
Losses of fish entrained into Clifton Court Forebay occur during passage from the radial gates 
across the 2.1 miles of open water in the forebay to the salvage facility.  This is termed pre-
screen loss, and includes predation by fish and birds.  Much of this pre-screen loss is thought to 
be attributable to predation by piscivorous fish, such as striped bass (Gingras 1997, DWR 2008).  
Gingrass (1997) described a series of survival studies conducted in Clifton Court Forebay using 
juvenile Chinook salmon and juvenile striped bass.  Of the 10 studies cited, 8 evaluated losses of 
hatchery-reared juvenile Chinook salmon, and 2 evaluated losses of hatchery-reared juvenile 
striped bass.  The calculated loss across Clifton Court Forebay ranged from 63 to 99 percent for 
juvenile Chinook salmon and 70 to 94 percent for the juvenile striped bass.  Gingras (1997), 
however, opined that naïve hatchery fish introduced directly into Clifton Court Forebay may be 
more susceptible to predation than wild fish or fish already acclimated to the natural 
environment, but of hatchery origin (habituated fish).  Gingras (1997) states that “introduction of 
experimental fish directly into Clifton Court Forebay may contribute a large portion of observed 
pre-screen loss, regardless of other experimental and/ or operational variables (e.g., release group 
size, experimental fish size, degree of habituation, and export rate).  Experimental fish are 
typically subject to varying degrees of (1) temperature shock (Orsi 1971, Coutant 1973, Kjelson 
and Brandes 1989), (2) altered salinity, and (3) altered light regime, in addition to turbulent flow 
and predation at the radial gates.  Habituated fish entrained into Clifton Court Forebay would 
only be subject to turbulent flow and predation near the radial gates.  The combined and 
differential effect of these “acute stressors” on experimental fish should increase vulnerability to 
predation (Coutant 1969, Orsi 1971, Olla et al. 1992, Young and Cech 1994, Mesa 1994, Cech et 
al. 1996).”  Gingras (1997) also identified potential biases resulting from the calculation of 
salvage and pre-screen loss due to expansion of enumerated fish in the salvage counts and 
estimates of total fish released per experiment based on weight and lengths, effects of 
introducing large numbers of fish at one time on the efficiency of predators (protective schooling 
effect), and fish remaining in Clifton Court after the cessation of the experimental period which 
are not enumerated as surviving the experiment.  However, Greene (2008) stated that “In light of 
Gingras 1997's recognition that introduction of experimental fish would increase the likelihood 
of predation found in the studies, it is my opinion that a pre-screen mortality rate of 75% at the 
SWP pumping facilities is a reasonable estimate of pre-screen mortality.”  Additional predation 
rates by birds is unknown at this time, but observations by biologist at the forebay have indicated 
that bird density can be quite high for species that prey on fish as part of their diet, such as 
Double crested Cormorants (Phalacrocorax auritus), Great Egrets (Ardea albus), White Pelicans 
(Pelacanus erythroryhnchus), Clark’s Grebe (Aechmophorus clarkia), Western Grebes 
(Aechmophorus occidentalis), Great Blue Herons (Ardea nerodias) and several species of gulls.   
 
A recent study was conducted (DWR 2008) utilizing hatchery steelhead (average size 245 ±5 
mm) to examine the pre-screen loss for this species of fish.  Results of this study concluded that 
steelhead of smolt size had a pre-screen loss rate within Clifton Court Forebay that ranged from 
78 ± 4 percent to 82 ± 3 percent over the various replicates of the study.  These values are similar 
to smaller Chinook salmon and juvenile striped bass studies conducted previously.  The study 
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also found that the screening loss at the Skinner Fish Protection Facility for tagged steelhead was 
26 ± 7 percent.  This level of screening is equivalent to 67 to 81 percent efficiency, which is 
comparable with the 75 percent overall efficiency stated for the facility previously.  The study 
also verified that tagged steelhead could exit the forebay under the right hydraulic conditions and 
enter the channel of Old River.  Tagged fish were recorded in Old River outside of the radial 
gates and one passive integrated transponder (PIT) tagged steelhead was recovered in the TFCF 
salvage after release in the forebay.  In addition, the study also tagged large striped bass with 
acoustic transmitters and monitored their movements within the forebay.  The study found that 
the striped bass typically moved between the radial gates and the inlet channel/debris boom area 
of the forebay, apparently congregating in these areas, perhaps to feed, while others moved into 
the northern area of the forebay.  Several of the striped bass (16 of 30 tagged fish) were shown to 
have left the forebay and reenter Old River and the Delta.  Striped bass leaving the forebay were 
detected as far away as the Golden Gate Bridge and above Colusa on the Sacramento River. 
 
The studies described above (Gingras 1997, DWR 2008) indicate that mortality (i.e., predation) 
is very high in the forebay for listed salmonids, whether they are smaller-sized Chinook salmon 
juveniles or larger smolt-sized steelhead.  For every one fish salvaged, typically 4 to 5 fish 
entered the forebay (75 to 80 percent pre-screen loss).  Based on the increased frequency of 
elevated pumping rates described in the near term and future modeling runs for the SWP, NMFS 
anticipates that substantial numbers of additional Chinook salmon and steelhead will be lost to 
predation in the forebay.  This conclusion is based on the presumption that increased pumping 
will require the forebay to be operated in such a manner as to supply the additional volumes of 
water pumped by the Banks Pumping Plant over the current levels.  Increased levels of pumping 
will draw down the forebay water elevation when the gates are closed.  With each operation of 
the radial gates, the difference in hydrostatic head between the outside channel (following the 
peak of the high tide) and the elevation within the forebay will cause water to flow into the 
forebay.  The greater the elevation differential, the greater the flow (velocity) into the forebay 
and the greater the volume of water moved in a unit time.  This change has the potential to draw 
additional listed salmonids and green sturgeon into the forebay.  The additional increases in the 
pumping rates seen in the period between December and May corresponds to the time period 
when listed salmonids are in the system, and thus vulnerable to the effects of the forebay 
operations.  The proposed near term and future operations of the SWP, through the operations of 
the Clifton Court Forebay, will exert additional adverse effects upon the listed salmonid 
populations.  The loss of these additional individual fish will further reduce the populations of 
listed salmonids (i.e., the annual loss of hundreds to thousands of wild winter-run, spring-run, 
and CV steelhead, as enumerated in the annual salvage and loss reports presented by the 
Interagency Ecological Program for the San Francisco Estuary).  These fish, which have 
survived to reach the South Delta, represent the survivors of the hundreds of thousand to millions 
of fry that hatched up river in their natal stream reaches.  Loss of an appreciable number of these 
fish represent a loss of abundance in the current population, and perhaps a reduction in future 
productivity if these fish represent the “hardiest” fish of the current brood year, based on their 
surviving to the Delta (and through it to the South Delta).  These fish represent those fish which 
have successfully hatched, successfully initiated exogenous feeding, avoided upstream predation 
during natal rearing, successfully negotiated the migratory corridor from natal rearing areas to 
the delta, and have shown the ability to avoid predation and successfully forage during their 
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downstream migration through the delta.  These fish have the necessary traits, both 
physiologically and behaviorally, to survive the multiple stressors encountered in the 
environment and thus, through natural selection, represent the best adapted fish to the current 
conditions in the Central Valley. 
 
Green sturgeon may be entrained during any month of the year by the operations of the Clifton 
Court Forebay radial gates.  It is unknown what percentage of these fish return to the waters of 
the Delta through the radial gates, like striped bass, or remain within the forebay for extended 
periods of time.  Based on salvage data, it appears that green sturgeon juveniles are present in the 
forebay year round, but in varying numbers.  NMFS expects that predation on green sturgeon 
during their stay in the forebay is minimal, given their size and protective scutes, but this has 
never been experimentally verified. 
 
6.6.2.4.1.4  Collection, Handling, Trucking, and Release Operations 
 
Following the successful screening and redirection of the entrained fish to the holding tanks, 
both the TFCF and the Skinner Fish Protection Facility engage in a process of CHTR to return 
the salvaged fish to the waters of the Delta outside the influence of the pumps (DWR 2005a, b).  
The following general description explains the CHTR procedure for both the TFCF and the 
Skinner Fish Protection Facility.  During the collection phase, the fish are contained within large 
cylindrical holding tanks, which may collect fish for several hours (up to 24 hours at the TFCF).  
The holding times are a function of fish density and the presence of listed fish in the collection 
tanks.  High densities or the presence of listed fish require more frequent salvage operations.  
During the collection phase of salvage, the tanks are dewatered, and the fish are collected in a 
large conical sample bucket that is lowered into the sump of the holding tank.  Fish that are not 
immediately collected into the sample bucket are washed into the bucket with a stream of water, 
along with any debris that has accumulated in the holding tank (i.e., plant material such as 
Egeria densa or sticks and branches).  Once dewatering and final wash down have been 
completed, the sample bucket is lifted out of the holding tank by a gantry hoist and moved to 
either the handling - sorting platform adjacent to the holding tank or directly to the waiting 
tanker truck.  The handling phase requires the collection facilities staff to sort through the 
collected fish at predetermined intervals (i.e., 20 minute counts every 2 hours at the TFCF when 
listed fish are present) and identify the captured fish to species, enumerate the species taken, 
particularly the listed species, and provide data for estimating the salvage numbers for the total 
operation of the two facilities.  These counts also determine the frequency that the other holding 
tanks must be drained and fish loaded into the trucks and transported to the release sites.   
 
Fish are transferred to tanker trucks following the dewatering procedure in the large conical 
collecting baskets used in the draining of the holding tanks.  Typically fish and the water that 
remains in the conical basket are released into the waiting truck through the hatch on the top of 
the truck.  Frequently there is a high debris load in the conical collecting basket that is also 
transferred to the truck along with the fish and water in the basket.  Numerous problems 
associated with fish density, debris load, and loading practices, as well as the physical stress of 
transport, have been identified as potential stressors to the transported fish, affecting eventual 
survival.   



 351

 
Fish are driven to one of four sites located in the western Delta.  The TFCF releases its fish at a 
site on Horseshoe Bend on the Sacramento River or adjacent to the State Route 160 highway 
bridge in Antioch, California.  The Skinner Fish Protection Facility releases its salvaged fish at a 
separate Horseshoe Bend release site, a site on Sherman Island on the north bank of the San 
Joaquin River, and shares the site at Antioch with the TFCF.  Releases are made to the river 
through pipes that reach from the roadside to the river, and extend 100 or more feet offshore into 
deeper water.  The pipes are typically primed with a flow of river water from onsite pumps to 
make sure that the walls of the pipe are wetted prior to fish being passed down the pipe to the 
river.  Once the pipe has been primed with the river water, the valve on the tanker truck is 
opened and the contents of the truck are flushed into the release pipe, using a hose to help wash 
the tank’s contents through the valve orifice with river water.  The flow down the lumen of the 
pipe is turbulent and of fairly high velocity (aided by the injection of flushing flows into the start 
of the pipeline).  Problems associated with the release operations have been identified and 
include, but are not limited to, high turbulence and shear forces in the pipeline during release; 
contact with debris during the release, causing injury or death; potential stranding of fish in the 
tanker truck due to debris clogging the orifice during dewatering; disorientation following 
release, creating higher potentials for predation; attraction of predators to the pipe outfall 
structure; delayed mortality due to injuries in the release procedure; and physiological shock due 
to water quality parameters changing too quickly during the release procedure (DWR 2005a, b). 
 
Current estimates of mortality associated with the CHTR operations indicate that Chinook 
salmon experience approximately 2 percent mortality after 48 hours following the release of fish 
through the pipe.  Additional mortality associated with predation is likely, but as of yet, 
experimental data is lacking.  A study completed by DWR was expected to be issued by the end 
of 2008 which addresses the potential for post-release predation at the Delta release points.  
Estimates of post release predation rates given by DWR range from 10 percent to 30 percent for 
juvenile salmonids, depending on the density of predators at the release site and the number of 
fish released per episode (Orsi 1967, Pickard et al. 1982, Greene 2008).  Estimates are crude and 
several potential biases in the earlier studies are present, including net sampling efficiency, 
susceptibility of predators to capture, and estimation of predator populations within the study 
area.  Recent evidence obtained using acoustic imaging equipment (DIDSON cameras) has 
shown that predators are quickly attracted to the discharge pipelines upon the startup of the 
priming water flow, indicating a learned response to the discharge of salvaged fish at the release 
sites. 
 
In summary, the CHTR process has inherent risks to salvaged fish, including listed salmonids 
such as winter-run, spring-run, CV steelhead, and Southern DPS of green sturgeon.  Fish are 
exposed to debris and turbulent flow during their movements through pipes, holding tanks, 
trucks and the discharge pipes.  Such activities increase the stress level in the fish and elevate 
their corticosteroids and catecholamine levels, as previously described.  Predation of disoriented 
and confined fish may occur by predators in the same holding tanks and during transport.  There 
is a high probability that injury and stress will occur during the release phase back into the river 
and that post release morbidity or mortality will occur in the riverine environment (e.g., 
infections, reduced swimming ability, or disorientation).  Estimates of post release predation 
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range from 10 to 30 percent of the salvaged fish released.  Since salvage of listed fish primarily 
occurs to juveniles or smolt-sized fish, it is this life stage that is most affected by the CHTR 
process.  Loss, including post release mortality, is approximately 12 to 32 percent of the fish 
salvaged. 
 
NMFS estimates that the direct loss of fish associated with the screening and salvage process is 
83.5 percent for the SWP and approximately 65 percent for the CVP for fish from the point they 
enter Clifton Court Forebay or encounter the trashracks at the CVP (table 6-28). 
 
Table 6-28.  Overall survival of fish entrained by the export pumping facilities at the Tracy Fish Collection 
Facilities and the John E. Skinner Fish Protection Facilities. 

Estimate of Survival for Screening Process at the SWP and CVP1 

SWP Percent survival Running Percent 
Pre-screen Survival2 25 percent3 (75 percent loss) 25 
Louver Efficiency 75 percent (25 percent loss) 18.75 
CHTR Survival 98 percent (2 percent loss) 18.375 
Post Release Survival 
(predation only) 

90 percent (10 percent loss)4 16.54 

   
CVP5 Percent survival Running Percent 

Pre-screen Survival6 85 percent (15 percent loss) 85 
Louver Efficiency7 46.8 (53.2 percent loss) 39.78 
CHTR Survival 98 percent (2 percent loss) 38.98 
Post Release Survival 
(predation only) 

90 percent (10 percent loss) 35.08 

1These survival rates are those associated with the direct loss of fish at the State and Federal fish salvage facilities.  
Please see the text for a more thorough description. 

2Prescreen loss for the SWP is considered to be those fish that enter Clifton Court Forebay that are lost due to 
predation or other sources between entering the gates and reaching the primary louvers at the Skinner Fish 
Protection Facility. 

3Estimates have ranged from 63 to 99 percent (Gingras 1997).  Recent steelhead studies indicate a loss rate of 
approximately 78 to 82 percent (DWR 2008). 

4Predation following release of salvage fish ranges from less than 10 percent to 30 percent according to DWR 
(2009).  NMFS uses the lower estimate to give a conservative estimate of loss.  Actual loss may be greater, 
particularly in the winter when the density of salvage fish released is low, and predators can consume a greater 
fraction of the released fish (DWR 2009). 

5These values do not incorporate the 45 percent of the operational time that the louvers are in noncompliance with 
the screening criteria.  The actual values of the lover efficiency during this time are not available to NMFS.  
These values would determine the percentage of survival through the facility under real time circumstances. 

6Prescreen survival in front of the trashracks and primary louvers at the TFCF have not been verified, but are 
assumed to be 15 percent. 

7Overall efficiencies of the louver arrays at the TFCF have been shown to be 46.8 percent (59.3 percent primary, 80 
percent secondary).  Recent studies indicate overall efficiencies during low flow periods could be less than 35 
percent (Reclamation 2008).  This value does not include periods when the louvers are being cleaned, where 
overall efficiency drops towards zero. 

 
6.6.2.4.1.5  Estimates of Direct Loss to Entrainment by the CVP and SWP Export Facilities 
under the Proposed Action 
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Individual winter-run, spring-run, CV steelhead, and Southern DPS of green sturgeon are 
entrained by the south Delta export facilities, with most dying or being “lost” to the population in 
the process.  Because all of the different populations are migratory, entrainment is seasonal, 
based on their presence in the waters of the Delta.  Juvenile sized winter-run are vulnerable from 
approximately December through April, with a peak in February and March.  Spring-run 
juveniles and smolts are vulnerable from approximately November through March (as yearlings) 
and January through June as YOY.  Wild (unclipped) CV steelhead have a longer period of 
vulnerability, based on their extended periods of emigration as 1 to 2 year old smolts.  Wild 
juvenile steelhead are recovered in the USFWS Chipps Island trawls from October through July.  
There appears to be a difference in the emigration timing between wild and hatchery reared 
steelhead smolts, primarily due to the narrow window of hatchery steelhead smolt releases into 
the system versus the protracted emigration from natal streams by wild fish.  Adipose fin-clipped 
hatchery fish are typically recovered at Chipps Island from January through March, with the 
peak in recoveries occurring in February and March.  The timing of wild steelhead (unclipped) 
emigration is more spread out.  Their emigration occurs over approximately six months, with 
peaks in February and March, based on salvage records at the CVP and SWP fish collection 
facilities. 
 
To evaluate the effects of direct entrainment, Reclamation assembled the total CVP + SWP 
pumping projections (as “Jones” plus “Total Banks”) in the CALSIM II output for the years 
between 1921 to 2003 and compared the current (Study 7.0), with the near future (Study 7.1), 
and future (Study 8.0) operations of the project and their anticipated effects on entrainment due 
to changes in pumping rates.  For each comparison presented in table 6-29, the CALSIM II 
output for the monthly averages of the combined pumping levels of the Jones and Banks 
facilities are given for the different water year types.  Utilization of salvage rates to express the 
effects of exports on the salmonid populations relies on the fish of interest actually reaching the 
point of enumeration, where they can be counted.  Failure to reach the salvage facilities results in 
the perception that exports may not have an effect on those populations.  Other factors in the 
Delta, such as predation, and at the salvage facilities (e.g., low louver efficiency, or elevated pre-
screen losses), can mask the effects of exports by removing the fish from the system prior to 
reaching the salvage facilities to be enumerated.  Under such circumstances, even though the 
movement of water southwards towards the pumps due to exports was affecting the movement of 
fish, it cannot be determined by salvage alone, since the loss of fish prior to the salvage facilities 
prevents them from being enumerated in the salvage counts and showing any correlation with the 
exports.  An alternative approach to estimating entrainment risk is the magnitude and direction of 
flows in Old and Middle Rivers under the different future modeling scenarios compared to the 
current levels.  Table 6-30 gives the median net flows in Middle and Old Rivers under Studies 
7.0, 7.1, and 8.0, as modeled for the years between 1922 and 2003 by the CALSIM model 
(CVP/SWP operations BA Appendix E).  Both Reclamation and DWR, as well as the USFWS, 
have used this metric as a tool for evaluating entrainment risk to Delta smelt, and NMFS will 
incorporate the same tool as an additional ecological surrogate for evaluating the risk of 
entrainment to salmonids within the same water bodies.  Although salmonids and green sturgeon 
are not water particles, they do use water movement (flow and direction) as cues for their 
behavioral movements.  NMFS will use the movement of particles as a measure of the potential 
fate of water from the point of the particle injection through the channels of the central and 
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southern Delta based on the eventual disposition of the particle at the end of the model run.  In 
table 6-31, the monthly percentile differences between future CALSIM II Study cases (7.1 and 
8.0) with the current Study (7.0) are presented, grouped by water year type and pumping facility.   
 
The modeling runs indicate that export rates will increase over the current operations, as 
modeled by Study 7.0, through the late fall period and early winter period.  Average export rates 
in November typically increase a modest 2 to 4 percent in most water year types.  Under the near 
future and future operational models, average export rates increase about 10 percent in both 
December and January (range 5.84 to 15.12 percent increase).  These increases can be expected 
to enhance the potential for fish entrainment (due to higher average export rates) at a time when 
winter-run juveniles and yearling spring-run are entering the Delta system.  These increases in 
export are seen in all water year types, although the magnitude varies. 
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Table 6-29.  Comparison of predicted monthly total export pumping from the CVP (Jones) and SWP (Banks) 
facilities for Studies 7.0 (current), 7.1 (near future) and 8.0 (future).  The percentage difference is calculated 
for the percentage change from the near future and future conditions to the current operations.  Highlighted 
cells are where future conditions have less pumping than current conditions. 
October Study 7.0 Study 7.1  Study 8.0 

WY Type CFS CFS 

% 
Difference 
7.1 - 7.0 CFS 

% 
Difference 
8.0 – 7.0 

Wet 9054 8915 -1.54 9083 0.32 
Above Normal 7982 7362 -7.77 7722 -3.26 
Below Normal 8100 7717 -4.73 7729 -4.58 
Dry  8111 7325 -9.69 7567 -6.71 
Critically Dry 6799 6460 -4.99 6468 -4.87 
 
November Study 7.0 Study 7.1  Study 8.0 

WY Type CFS CFS 

% 
Difference 
7.1 - 7.0 CFS 

% 
Difference 
8.0 – 7.0 

Wet 10503 10743 2.29 10699 1.87 
Above Normal 8414 8581 1.98 8422 0.10 
Below Normal 8851 8829 -0.25 8922 0.80 
Dry  7416 7717 4.06 7748 4.48 
Critically Dry 6278 6391 1.80 5801 -7.60 
 
December Study 7.0 Study 7.1  Study 8.0 

WY Type CFS CFS 

% 
Difference 
7.1 – 7.0 CFS 

% 
Difference 
8.0 – 7.0 

Wet 10438 11515 10.32 11585 10.99 
Above Normal 8870 10012 12.87 9662 8.93 
Below Normal 8770 9829 12.08 9876 12.61 
Dry  8924 9816 10.00 9817 10.01 
Critically Dry 7107 7855 10.52 7522 5.84 
 
January Study 7.0 Study 7.1  Study 8.0 

WY Type CFS CFS 

% 
Difference 
7.1 – 7.0 CFS 

% 
Difference 
8.0 – 7.0 

Wet 10686 11537 8.15 11425 7.10 
Above Normal 10074 11433 13.49 11539 14.54 
Below Normal 9908 10815 9.15 10960 10.62 
Dry  8410 9584 13.96 9682 15.12 
Critically Dry 7224 7646 5.84 7986 10.55 
 
February Study 7.0 Study 7.1  Study 8.0 

WY Type CFS CFS 

% 
Difference 
7.1 – 7.0 CFS 

% 
Difference 
8.0 – 7.0 

Wet 10295 10507 2.06 10617 3.13 
Above Normal 10143 10738 5.87 11062 9.06 
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Below Normal 9759 9625 -1.37 9171 -6.03 
Dry  8322 7982 -4.09 8137 -2.22 
Critically Dry 5154 6061 17.60 5853 13.56 
 
March Study 7.0 Study 7.1  Study 8.0 

WY Type CFS CFS 

% 
Difference 
7.1 – 8.0 CFS 

% 
Difference 
8.0 – 7.0 

Wet 10099 9138 -9.52 9524 -5.69 
Above Normal 10386 9660 -6.99 10138 -2.39 
Below Normal 8692 8387 -3.51 8472 -2.53 
Dry  7367 7270 -1.32 7188 -2.43 
Critically Dry 3798 4316 13.64 4241 11.66 
 
April Study 7.0 Study 7.1  Study 8.0 

WY Type CFS CFS 

% 
Difference 
7.1 – 7.0 CFS 

% 
Difference 
8.0 – 7.0 

Wet 6226 6944 11.53 6987 12.22 
Above Normal 5488 6173 12.48 6226 13.45 
Below Normal 4472 4737 5.93 4708 5.28 
Dry  2716 3329 22.57 3339 22.94 
Critically Dry 1780 2035 14.33 1893 6.35 
 
May Study 7.0 Study 7.1  Study 8.0 

WY Type CFS CFS 

% 
Difference 
7.1 – 7.0 CFS 

% 
Difference 
8.0 – 7.0 

Wet 6114 6950 13.67 6924 13.25 
Above Normal 4174 5193 54.41 5011 20.05 
Below Normal 3069 4149 35.19 4051 32.00 
Dry  2222 3259 46.67 3073 38.30 
Critically Dry 1595 1751 9.78 1644 3.07 
 
June Study 7.0 Study 7.1  Study 8.0 

WY Type CFS CFS 

% 
Difference 
7.1 – 7.0 CFS 

% 
Difference 
8.0 – 7.0 

Wet 8414 8635 2.63 8616 2.40 
Above Normal 7344 7961 8.40 7802 6.24 
Below Normal 6480 6988 7.84 6890 6.33 
Dry  5621 6212 10.51 6118 8.84 
Critically Dry 3540 2754 -22.20 2416 -31.75 
 
July Study 7.0 Study 7.1  Study 8.0 

WY Type CFS CFS 

% 
Difference 
7.1 – 7.0 CFS 

% 
Difference 
8.0 – 7.0 

Wet 10154 10773 6.10 10875 7.10 
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Above Normal 8899 10037 12.79 9736 9.41 
Below Normal 10476 11111 6.06 10641 1.58 
Dry  10593 10539 -0.51 10123 -4.44 
Critically Dry 5270 3675 -30.27 3359 -36.26 
 
August Study 7.0 Study 7.1  Study 8.0 

WY Type CFS CFS 

% 
Difference 
7.1 – 7.0 CFS 

% 
Difference 
8.0 – 7.0 

Wet 11549 11491 -0.50 11627 0.68 
Above Normal 11474 11082 -3.42 11168 -2.67 
Below Normal 10514 9814 -6.66 9717 -7.58 
Dry  7611 5720 -24.85 5277 -30.67 
Critically Dry 4224 2020 -52.18 1880 -55.49 
 
September Study 7.0 Study 7.1  Study 8.0 

WY Type CFS CFS 

% 
Difference 
7.1 – 7.0 CFS 

% 
Difference 
8.0 – 7.0 

Wet 11469 11249 -1.92 11315 -1.34 
Above Normal 10498 10325 -1.65 10710 2.02 
Below Normal 10128 9755 -3.68 9924 -2.01 
Dry  8571 7024 -18.05 6838 -20.22 
Critically Dry 5828 4922 -15.55 4777 -18.03 
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Table 6-30.  Projected Average Old and Middle River Flows by Water Year Types and Months 
 
Projected Average Old and Middle River Flows (in cfs) in Wet and Above Normal Water Years 
for the Months of December through March (CVP/SWP operations BA Appendix E CALSIM 
Output). 
Study December January February March Average 
Study 7.0 -8350 -6391 -7322 -6858 -7230 
Study 7.1 -8083 -6511 -7377 -7956 -7482 
Study 8.0 -8230 -6276 -7203 -7890 -7400 
 
Projected Average Old and Middle River Net Flows (in cfs) in Wet and Above Normal Water Years for the months 
of April through July. 
Study April May June July Average 
Study 7.0 -5847 -4381 -4118 -643 -3747 
Study 7.1 -6561 -4652 -3450 -1146 -3952 
Study 8.0 -6611 -4941 -3792 -1193 -4134 
 
Projected Average Old and Middle River Net Flows (in cfs) in Below Normal and Dry Water Years for the months 
of December through March. 
Study December January February March Average 
Study 7.0 -7668 -6125 -6767 -7117 -6919 
Study 7.1 -6687 -6098 -6504 -8063 -6838 
Study 8.0 -6946 -6030 6435 -8004 -6854 
 
Projected Average Old and Middle River Net Flows (in cfs) in Below Normal and Dry Water Years for the months 
of April through July. 
Study April May June July Average 
Study 7.0 -6889 -6052 -5573 -1064 -4895 
Study 7.1 -7889 -5897 -5440 -1442 -5167 
Study 8.0 -8038 -5989 -5407 -1428 -5215 
 
Projected Average Old and Middle River Net Flows (in cfs) in Critically Dry Water Years for the months of 
December through March. 
Study December January February March Average 
Study 7.0 -4576 -5633 -5293 -6158 -5415 
Study 7.1 -3375 -5399 -4892 -6389 -5014 
Study 8.0 -3312 -5317 -4333 -6315 -4819 
 
Projected Average Old and Middle River Net Flows (in cfs) in Critically Dry Water Years for the months of April 
through July. 
Study April May June July Average 
Study 7.0 -5368 -4250 -2514 -797 -3232 
Study 7.1 -5903 -4744 -2824 -842 -3578 
Study 8.0 -5618 -4865 -3024 -870 -3594 
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February has mixed export patterns.  In wet and above normal water years, exports increase 
modestly, compared to modest decreases in below normal and dry years.  Critically dry years see 
a larger increase in average exports (17.6 percent in Study 7.1 and 13.56 in Study 8.0), which is 
anticipated to have negative impacts on emigrating fish during this month.  The reductions in 
exports during the below normal and dry water years are expected to benefit outmigrating 
salmonids, including steelhead, which are entering the system in increasing numbers.  Less 
pumping is believed to reduce the draw of water from the main channel of the San Joaquin River 
into the South Delta channels leading towards the pumps, and thereby reduce the effects of 
farfield entrainment of fish into these channels.  In particular, fish from the Southern Sierra 
Diversity groups which include CV steelhead from the San Joaquin River basin, the Calaveras 
River basin, and wild CV steelhead from the Mokelumne River basin must pass several points of 
potential entrainment into the South Delta prior to reaching the western Delta.  Conversely, 
increasing exports in the wet, above normal and critically dry water years will adversely affect 
emigrating salmonids.   
 
Table 6-31.  Average change in Banks and Jones pumping grouped by water year type.  Highlighted cells 
indicate conditions where pumping is greater than the Study 7.0 current condition during the primary 
salmonid migration period (November through June). 
Facility WaterYearType OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP 
Study 7.1 compared to 7.0                       

                            

Banks Critical 7.7% -8.2% -6.1% 15.5% 18.2% 8.7% 6.4% 8.8% 25.1% -7.0% -11.9% -13.1% 

Banks Dry 0.2% -5.3% 7.2% 10.5% 0.0% 4.7% 10.3% 12.4% 3.5% -8.4% 1.1% -12.8% 

Banks Bl Normal 11.4% -4.1% 6.6% 6.1% -2.4% 7.2% 14.0% 34.3% 6.9% 14.4% 0.9% -8.3% 

Banks Ab Normal 14.5% -5.5% 8.3% -0.3% 7.3% 4.3% 13.1% 42.2% 13.4% 32.5% -8.5% -10.2% 

Banks Wet 6.1% -3.1% 6.6% 5.3% 4.9% -0.2% 19.2% 20.9% 1.2% 4.2% -7.8% -2.9% 

                            

Jones Critical 8.5% 6.2% 15.1% 1.0% 7.9% 16.4% 8.2% 28.6% -1.0% -16.6% -1.7% -4.3% 

Jones Dry 3.8% 4.5% 11.9% 17.2% 5.1% -4.2% 6.3% 32.3% 3.9% 7.8% -13.5% -7.7% 

Jones Bl Normal 7.5% 6.1% 19.7% 15.0% -3.4% -15.7% -4.3% 5.3% -2.3% 24.3% 6.6% -7.5% 

Jones Ab Normal -0.5% 8.3% 20.6% 15.5% -1.5% -13.6% -9.0% 6.9% 1.2% 9.3% 13.6% 3.3% 

Jones Wet 6.2% 9.0% 18.4% 15.1% -0.1% -25.9% -2.3% -1.1% -2.5% 4.5% 5.7% 3.3% 

                            

Study 8.0 compared to 7.0                       

                            

Banks Critical 4.8% -17.5% -8.7% -2.9% 20.3% 7.4% 6.7% 13.8% -11.9% -22.0% -17.1% -2.9% 

Banks Dry 0.3% -7.8% 8.1% 12.4% -1.8% 5.3% 8.2% 18.5% -8.3% -8.8% -2.4% -7.0% 

Banks Bl Normal 7.0% -5.6% 3.4% 9.9% -3.1% 1.5% 13.9% 31.3% 9.3% 22.3% 12.9% -0.2% 

Banks Ab Normal 4.8% -10.1% 4.4% 4.6% 8.1% 4.8% 12.2% 43.1% 16.9% 51.9% 17.3% -5.3% 

Banks Wet 2.5% -4.7% 6.8% 6.1% 5.1% 2.7% 19.2% 20.9% 4.0% 16.1% -3.8% -2.7% 

                            

Jones Critical 11.6% -4.6% 17.5% 9.9% 4.8% 23.4% 5.9% 22.0% -10.1% -31.4% -19.8% -16.5% 

Jones Dry 8.1% 6.1% 11.9% 17.1% 5.9% -6.6% 4.2% 29.1% -3.8% -0.4% -29.3% -8.3% 

Jones Bl Normal 13.8% 7.7% 20.2% 15.6% -1.6% -12.9% -7.2% -2.6% -4.2% 19.8% 3.8% -5.1% 

Jones Ab Normal -1.6% 4.9% 24.2% 11.2% 11.0% -7.9% -8.4% 5.3% 1.2% 7.4% -0.7% 13.4% 

Jones Wet 8.6% 11.5% 17.9% 13.1% -1.4% -20.3% -1.5% -0.1% -1.0% -8.1% 5.5% 5.1% 
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The average combined exports for March decrease in all water year types except critically dry 
years, when the export rate increases approximately 12 percent in the future compared to current 
operations (13.64 percent increase in Study 7.1 versus Study 7.0 and 11.66 percent increase in 
Study 8.0 compared to Study 7.0).  Therefore, in critically dry years, based on the anticipated 
export rate increases, risk to winter-run and CV steelhead will increase, particularly since March 
is typically the peak of their outmigration through the Delta.  On the other hand, risk of 
entrainment, as measured by salvage and export levels, declines during the month of March in 
the wet, above normal, below normal and dry hydrologic year types.   
 
The months of April and May have significant increases in the export rates under the near future 
and future modeling runs when compared to the current operations model (Study 7.0).  Export 
rates can increase by as much as 46.67 percent in the month of May during dry water year types, 
and are only moderately less than this in other water year types.  Typically, the increases in 
exports range from approximately 10 percent to 40 percent during the April and May time 
period.  These increases will likewise negatively affect emigrating salmonids, particularly 
spring-run and fall-run juveniles that are moving through the Delta during these months.  San 
Joaquin River and Calaveras River basin fish, (i.e., steelhead and fall-run Chinook salmon) are 
particularly vulnerable due to the proximity of their migration corridor to the location of the CVP 
and SWP pumping facilities and the multiple pathways leading from their migration corridor to 
the export facilities (e.g., Head of Old River, Turner and Columbia Cuts, Middle River, and Old 
River). 
 
The month of June has exports increasing approximately 2.5 percent to 10 percent over current 
conditions, except for critically dry years when exports are sharply reduced (-22 percent in Study 
7.1 and -32 percent in Study 8.0).  Overall, actual June export rates are increasing over the April 
and May levels, so that while the percentage of increases looks smaller than in the previous two 
months, the total volume of water diverted is actually increasing.  This is expected to pull more 
water southwards through the central and southern Delta waterways towards the pumps.  This, in 
turn, increases the risk of drawing any late emigrating fish present in the central and south Delta 
towards the pumps as well.  This will adversely impact the migration rate of these late 
emigrating fish during a time when water quality, particularly water temperature, is becoming 
unfavorable to salmonids. 
 
The month of July has exports that are increasing in the near future and future over the current 
model levels in wet, above normal, and below normal water year types.  Similar to June, the drier 
water year types see a pattern of decreasing export levels between the future modeling runs and 
the current modeling run.  For the remainder of the summer months, i.e., August and September, 
the future modeling studies indicate that combined export rates will be equivalent to or lower in 
than the current conditions as modeled in Study 7.0.  Reductions are greatest in the drier water 
year types.  Reductions in summer exports could reduce the vulnerability of green sturgeon 
juveniles in the central and south Delta from becoming entrained by the pumps. 
 
In the analysis completed for Delta smelt, the CVP/SWP operations BA concluded that upstream 
flows, i.e., flows that were negative, that were greater than -2000 cfs ± 500 cfs effectively 
prevented entrainment of Delta smelt that were north of the sampling stations in Old and Middle 
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River.  A linear relationship between Delta smelt entrainment and flow exists at flows greater 
than -4000 cfs (more seaward flow).  At flows less than -4000 cfs (more landward flow) the 
entrainment rate for Delta smelt begins to take on an exponential characteristic.  Based on 
particle tracking modeling, the Delta smelt work group concluded that net river flows greater 
than -2000 ± 500 cfs in the Old River and Middle River complex reduced the zone of 
entrainment so that particles injected into the central Delta at Potato Slough would not be 
entrained towards the pumps (Kimmerer and Nobriga 2008 op cit. CVP/SWP operations BA).  
NMFS considers this information useful in analyzing the potential “zone of effects” for 
entraining emigrating juvenile and smolting salmonids.  A similar pattern is observed in material 
(figures 6-65 and 6-66) provided to NMFS by DWR (Greene 2009).  Loss of older juveniles at 
the CVP and SWP fish collection facilities increase sharply at Old and Middle River flows of 
approximately -5,000 cfs and depart from the initial slope at flows below this.  Given the data 
derived from the CVP/SWP operations BA Appendix E, flows in Old and Middle River are 
consistently in excess of the -2000 ± 500 cfs threshold for entrainment (i.e., more upstream 
flow).  Assuming that in the normal (natural) flow patterns in the Delta, juvenile and smolting 
Chinook salmon and steelhead will use flow as a cue in their movements and will orient to the 
ambient flow conditions prevailing in the Delta waterways, then upstream flows will carry fish 
towards the pumps during current operations.  General tendencies of the modeling results 
indicate that Old River and Middle River net flows trend towards greater upstream flow in the 
near future and future conditions, resulting in even more fish carried towards the pumps. 
 

 
Figure 6-65.  Relationship between OMR flows and entrainment at the CVP, 1995-2007 (DWR 2008). 
 

Initial Slope 
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Figure 6-66.  Relationship between OMR flows and entrainment at the SWP, 1995-2007 (DWR 2007). 
 
During wet, above normal and critically dry water year types, the greatest level of negative net 
flows in Old and Middle rivers are seen during the months of December, January, and July.  The 
months of December and January coincide with onset of movement of winter-run and yearling 
spring–run into the north Delta from the Sacramento River.  NMFS believes that these elevated 
levels of net negative flow present a risk to emigrating fish that have entered the central Delta 
through Georgiana Slough or, when the DCC is open, the Mokelumne River system.  In below 
normal and dry water year types, the Old and Middle River flows have high levels of net 
negative flow from December through March and again in June and July.  This overlaps with a 
significant proportion of the salmonid emigration period through the Delta, particularly for 
winter-run Chinook salmon and Central Valley steelhead.  In all water year types, the net 
negative flows in Old and Middle River are attenuated in April and May in response to the 
reduced pumping (export levels) required for the VAMP experiments. 
 
The CALSIM II and DSM II modeling also indicates that the magnitude of the net negative 
flows in Old and Middle rivers generally get “larger” (i.e., more negative, reverse landward 
flow) with the future conditions in wet, above normal, below normal and dry water year 
conditions.  This corresponds with the trend in increased level of exports described earlier for 
these water year types.  The enhancement of net negative flows in Old and Middle rivers in the 
near future and future conditions indicate an increasing level of vulnerability to the entrainment 
for emigrating fish located in the central and southern Delta regions. 
 
Inspection of the salvage and loss records from the CVP and SWP fish collection facilities 
available through the Central Valley Operations web site 
(http://www.usbr.gov/mp/cvo/fishrpt.html) indicates that recovery of winter-run sized juvenile 
Chinook salmon begins in December and continues through approximately the end of March.  

 

Initial Slope

http://www.usbr.gov/mp/cvo/fishrpt.html
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Roughly 50 percent of the total annual salvage of juvenile winter-run sized Chinook salmon 
occurs in March, with the previous 3 months (December, January, and February) accounting for 
the other 50 percent.  Very few winter-run sized Chinook salmon juveniles are captured after the 
end of March.  Likewise, the salvage of steelhead smolts at the fish collection facilities starts as 
early as November, but is primarily observed in the months of January, February, and March.  
The salvage of spring-run sized fish is primarily observed in the months of March, April, and 
May.  Nearly two thirds of the spring-run sized Chinook salmon juveniles are collected during 
the month of April alone.  This temporal pattern indicates that listed salmonids are within the 
waterways of the central and south Delta as early as November and December, but typically are 
most prevalent from January through May.  Southern DPS of green sturgeon are also present 
during this time frame, as they occupy the waters of the Delta year round.   
 
The presence of listed salmonids and green sturgeon in the salvage collections during the winter 
and spring months points out their vulnerability to negative flows in Old and Middle River 
during this time period.  Particle tracking model simulations conducted for the Delta smelt 
consultation indicate that at flows more positive than -2,500 cfs, the probability of a neutrally 
buoyant particle injected at monitoring Station #815 eventually being entrained at the export 
facilities is less than 10 percent (see figures 6-67 and 6-68).  Station #815 is on the San Joaquin 
River adjacent to the confluence of the Mokelumne River.  This site is a valuable reference point 
as it is the location at which fish from the Sacramento River are likely to enter the Central Delta 
and the San Joaquin River system after traveling through Georgiana Slough or the Mokelumne 
River system.  With increasing export pumping under a set of given conditions, the Old and 
Middle River flows become more negative, and a higher percentage of injected particles from 
Station #815 are entrained by the export pumps.  Similarly, the closer a group of particles is 
injected to the export facilities, the higher the risk of eventual entrainment at the export facilities.  
The current profile of listed salmonid entrainment and the estimated Old and Middle River flows 
from the CALSIM II modeling indicate that fish entering the San Joaquin River from the 
Sacramento River at the confluence of the Mokelumne River are at an elevated risk of 
entrainment by the export facilities.  Likewise, fish entering the Delta from the San Joaquin 
River basin, the Calaveras River or the Mokelumne River system are vulnerable to entrainment 
due to their proximity to the exports (station 912 and Mossdale), and the length of the migration 
corridor they must travel that is under the influence of the export actions (see figures 6-57c and 
6-57d).  Pumping rates predicted for the months of December through March create conditions in 
which the net flows in Old and Middle rivers average less than -4000 cfs (note:  more negative 
values indicate higher export levels and the direction of flow is landwards), with drier years 
being more negative.  The absolute magnitude of Old and Middle River negative flows generally 
increases (i.e., more flow towards the pumps) under the near term and future modeling studies 
(see table 6-30).   
 

 



 
Figure 6-67.  Location of particle injection points for the Particle Tracking Model simulations (Hinojosa 
2009). 
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Station Key:  Station 809 is located on the San Joaquin River (SJR) at Jersey Point, Station 812 is located on the 
SJR at Fisherman’s Cut, Station 815 is located at the confluence of the Mokelumne River with the SJR, Station 
915 is located on Old River at Orwood Tract, Station 902 is on Old River near Rhode Island/ Quimby Island, 
and Station 711 is on the Sacramento River near Rio Vista and Cache Slough. 

 
Figure 6-68.  Calculated percentages of entrainment at the CVP and SWP export facilities for different levels 
of flow in Old and Middle Rivers.  Particles are injected at different locations in the Delta (USFWS 2008a). 
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Figure 6-69.  Calculated percentage of particles entrained by the CVP and SWP after 31 days at Old and 
Middle River flows of -3,500 cfs, -2,500 cfs, and -1,250 cfs.  Particles were injected at various locations in the 
Delta.  This figure was for March 2005, a “wet” year (Hinojosa 2009). 

Export Entrainment at Various Levels of Negative Flow  
for Old and Middle River Monitoring 



 
 

 
Figure 6-70.  Calculated percentage of particles entrained by the CVP and SWP after 31 days at Old and 
Middle River flows of -3,500 cfs, -2,500 cfs, and -1,250 cfs.  Particles were injected at various locations in the 
Delta.  This figure was for March 2008, a “dry” year (Hinojosa 2009). 
 
NMFS uses the findings of the PTM simulations to look at the eventual fate of objects in the 
river over a defined period of time from a given point of origin in the system.  While salmonids 
and green sturgeon are not “neutrally buoyant particles”, they can be represented to some degree 
by the PTM modeling results.  The fish occupy a given body of water in the river and that body 
of water has eventual fates in the system, as represented by the dispersion of the injected 
particles.  The salmonids have volitional movement within that body of water and react to 
environmental cues such as tides, water velocity vectors, and net water flow movement within 
the channel.  The eventual fate of that body of water signifies the potential vulnerabilities of fish 
within that body of water to external physical factors such as export pumping or river inflows.  
For example, if exports increase, and the eventual fate of the water body indicates that it has a 
higher probability of entrainment compared to other conditions (i.e., lower export pumping), then 
NMFS believes that salmonids within that same body of water will also experience a higher 
probability of entrainment by the export pumping.  Conversely, under conditions where the 
eventual fate of injected particles indicate a high probability of successfully exiting the Delta at 
Chipps Island, NMFS believes salmonids traveling in the same body of water will have a higher 
probability of exiting the Delta successfully.  Furthermore, conditions which delay movement of 
particles out of the Delta yet don’t result in increased entrainment at the export facilities would 
indicate conditions that might delay migration through the Delta, which would increase 
vulnerabilities to predation or contaminant exposure.  Finally, flow conditions at river channel 
splits indicate situations where migrating fish must make a “decision” as to which channel to 
follow.  If water is flowing into a given channel, then fish closer to that channel bifurcation are 
more likely to be influenced by the flow conditions adjacent to the channel opening than fish 
located farther away from the channel mouth.  Burau et al. (2007) describes the complexity of 
these temporal and spatial conditions and their potential influence on salmonid movement.  PTM 
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simulations currently do not give the necessary fine scale resolution both temporally (minutes to 
fractions of hours) and spatially (three dimensional on the scale of meters) to give clear results at 
these channel splits.  Burau states that spatial distribution of fish across the river channel occurs 
upstream of the channel splits and is dependent "upon the interaction between local 
hydrodynamic processes (e.g., secondary currents) and subtle behaviors that play out in a 
Lagrangian reference frame.  These spatial structures evolve over fractions of hours to hours.  
Junction interactions, on the other hand, happen very rapidly, typically within minutes.  Thus, 
route selection may only minimally depend on behavioral responses that occur in the junction, 
depending to a greater degree on spatial distributions that are created by subtle behavioral 
responses/interactions to geometry-mediated current structures that occur up-current of a given 
junction."  This description illustrates the complexity of route selection.  Based on Burau's 
explanation, fish upstream of the split are dispersed by the environmental conditions present in 
the channel into discrete locations across the channel's cross section.  The proximity of these 
locations to the channel mouth is predictive of the risk of diversion into the channel itself.  PTM 
data can be useful to indicate the magnitude of the net movement of water through the channel 
after the junction split (and the route selected by the fish), and thus can be used to infer the 
probable fate of salmonids that are advected into these channels during their migrations. 
 
The comparison of study runs as represented by the percentile differences of monthly pumping 
rates from both the CVP and SWP facilities are grouped over water year types and compare the 
future study cases against the current modeled pumping rates (see table 6-29).  This table gives 
better resolution regarding the details of the individual pumping operations of the two pumping 
plant facilities.  The data from the modeling runs for the Banks pumping facility indicates that 
the comparison between the near term (Study 7.1) and the current pumping levels (Study 7.0) 
will have a higher rate of pumping increases over the different water year types then decreases 
during the period when salmonids are emigrating to the ocean (November through June).  In 
particular, the months of April and May will have consistent increases in pumping levels, with 
rates in wet, above normal and below normal hydrologic years in the month of May showing the 
greatest relative increases (as high as 42 percent).  This is a period of time when YOY spring-run 
are common in the Delta, as well as fall-run.  Therefore increased pumping in April and May has 
the potential to entrain more individuals from these two runs in the near future and future cases 
than in the current operational regime.  In general, pumping in the near future shows consistent 
increases at the Banks facility in the period between December and March.  These increases 
place emigrating winter-run, CV steelhead and yearling spring-run at risk of entrainment.  As 
described in the previous section regarding entrainment at the Clifton Court Forebay structure 
and the operations of the Skinner Fish Protection Facility, loss of entrained salmonids can be 
quite high for any fish entering this unit. 
 
The pattern of operations for the Jones Pumping Plant facility is slightly different than that of the 
Banks Facility.  In the near future (Study 7.1), pumping is increased over the current levels 
during the period between November and January.  Pumping rates increase modestly in 
November in all water year types, ranging from 4.5 percent to 9 percent.  The following two 
months, December and January, see pumping increase over 10 percent in almost all cases.  This 
period corresponds to the time when winter-run Chinook salmon juveniles and spring-run 
Chinook salmon yearlings are entering the Delta from the Sacramento River system.  Steelhead 
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smolts are also beginning to enter the Delta waters from their upstream natal streams during this 
time period.  Pumping at the Jones Facility generally decreases during the 3-month period 
between February and April in below normal, above normal and wet water year types.  In dry 
and critically dry water years, the pumping rates at the Jones Facility tend to increase in the near-
term future Study (7.1) over the current modeled conditions (Study 7.0).  The reductions in 
pumping rates are considered to be beneficial to emigrating salmonid populations, particularly 
since March and April are peak months of movement through the Delta by listed salmonid 
species. 
 
The modeled pumping rates at the state and Federal pumping plants for the future Study (8.0) are 
similar to those for the near-future conditions (Study 7.1), therefore the differences between the 
current operational conditions as modeled by Study 7.0 and the future conditions as modeled by 
Study 8.0 are not substantially different than those seen in the previous comparisons.  The future 
pumping rates at the Banks pumping plant are still elevated for most of the period between 
December and May compared to the current operational conditions, and therefore present the 
same anticipated risk to emigrating salmonid stocks.  As seen in the Study 7.1 modeling 
scenario, pumping rates, as determined by the percentage change from the current level, are 
substantially increased in the April and May period, which corresponds to the peak of 
outmigration for YOY spring-run and YOY fall-run.  It also overlaps with the VAMP 
experiment on the San Joaquin River.  The modeled pumping rates at the Jones facility under the 
future conditions in Study 8.0 show a similar pattern to those modeled under Study 7.1. 
 
In summary, the overall pumping rates in the two future modeling scenarios elevate risk to 
emigrating salmonids in December, January, April, May, and June compared to the current 
conditions.  However, entrainment risks in March are reduced due to pumping reductions taken 
by the facilities.  There are mixed risks in the month of February due to differences in pumping 
strategy based on the type of water year modeled.  In wet, above normal and critically dry water 
year types, overall pumping is increased.  Conversely, pumping is reduced in below normal and 
dry conditions.  The proposed actions also reduce pumping in the summer relative to the current 
modeling scenario.  This benefits green sturgeon that may be rearing in the vicinity of the pumps 
during the summer, and reduces their risk of entrainment.  The most obvious difference in 
pumping patterns between the current and future scenarios outside of the increases in December 
and January is the substantial increase in pumping that will occur in April and May at the SWP 
facilities.  This increase in pumping corresponds to the period in which the majority of YOY fall-
run and spring-run Chinook salmon are entering the Delta and moving towards the ocean, thus 
increasing their vulnerability to entrainment.  In particular, San Joaquin River basin fish will be 
exposed to increased entrainment risks due to their migration route’s proximity to the pump’s 
entrainment field.  This includes the basin’s fall-run Chinook salmon population, as well as its 
severely limited steelhead population. 
 
6.6.2.4.1.6  Discussion of Relationship of Exports to Salvage 
 
There has been considerable debate over the relationship of salvage numbers and the export rate 
for many years.  In addition, the survival rate of salmonid populations passing through the Delta 
towards the ocean, and the impact of the export facilities on those populations is also an area of 
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controversy.  The CVP/SWP operations BA presented data that regressed the loss of older 
juvenile Chinook salmon against exports (figure 6-71) and found that a significant relationship 
existed.  The relationship was stronger for exports at the SWP (p = 0.000918) than for exports at 
the CVP (p = 0.0187).  The months of December through April resulted in the most informative 
relationship based on the historical number of older juvenile Chinook salmon salvaged each 
month and the relationship of each month to salvage and exports.  Conversely, regressions 
performed for monthly salvage of YOY Chinook salmon against exports did not result in a 
significant relationship at either the SWP or CVP facilities.  Potential problems in this analysis 
may stem from the reduction of pumping for 30 days during the height of the YOY Chinook 
salmon emigration for the VAMP experiment, which may skew the data set.  Likewise, as 
previously mentioned, loss of fish in the system prior to reaching the salvage facilities and their 
enumeration in the salvage will mute the response of the salvage numbers to any increase in 
exports until an apparent threshold level has been reached.  It appears that pre-facility losses 
reach a saturation point, after which salvage numbers increase in accordance with increases in 
export rates.  The shallow slope of the response curve is an indication of the relative insensitivity 
of the salvage numbers to the increases in exports.  In order to see a large change in salvage 
numbers, a substantial increase in exports is required.  The pattern of data points for larger 
juveniles indicates that at low export rates, very little increase in salvage is seen with increasing 
export rates.  However, as exports increase further, the scatter in the salvage data points increases 
with both high and low salvage numbers occurring at the same export level.  Interactions with 
predators may explain this pattern.  Increased pumping moves fish past the predators faster 
within the affected channels, reducing their exposure time to the predators.  Thus more fish show 
up to be counted at the salvage facilities once the threshold for predator success has been 
surpassed. 
 
Regressions of monthly older Chinook salmon loss against export/inflow ratio between 
December and April did not result in significant relationships at either the SWP or CVP 
facilities.  There is an inherent problem with using the E/I ratio exclusively in that significantly 
different pumping rates at the CVP and SWP can have the same E/I ratio when the inflow to the 
Delta is allowed to vary also.  Better resolution of the relationship between the salvage to E/I 
ratio is achieved when at least one of the variables to the E/I ratio is held constant.  In such 
instances, the relative importance of exports or inflow can be teased out of the relationship.  
Decisions as to which variable has more influence on the level of salvage can thus be made. 
 
Reclamation also regressed data for steelhead salvage against exports in the CVP/SWP 
operations BA.  The regressions resulted in significant relationships between exports and the 
salvage of steelhead at the facilities, more so for the SWP than the CVP (figure 6-72).  The 
months of January through May produced the most informative relationships based on the 
historical number of steelhead salvaged each month and the relationship of each month between 
salvage and exports.  Reclamation found that the months of December and June, due to the low 
number of salvaged steelhead in those months, had very poor and insignificant relationships to 
exports.  Unlike the regressions performed for juvenile Chinook salmon, Reclamation found 
significant relationships between steelhead salvage and the E/I ratio for both the SWP and CVP 
(figure 6-73). 
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Figure 6-71.  Monthly juvenile Chinook salmon loss versus average exports, December through June, 1993 
through 2006, at each facility; SWP and CVP (CVP/SWP operations BA figure 13-40). 
 
Recent analyses of the interaction of export rates and the salvage of salmonids at the CVP and 
SWP have arrived at differing conclusions based on past release and recapture studies conducted 
in the Delta.  Newman (2008) analyzed the results of studies conducted in support of the DCC 
experiments, the Delta Interior experiments, the Delta Action 8 experiments, and the VAMP 
experiments.  Newman used Bayesian hierarchical models (BHMs) to analyze the data collected 
from the multiple years of data generated by these four studies.  The BHM framework explicitly 
defines probability models for the release and recovery data gathered and subsequently 
accounted for the unequal sampling variation and between release pair variation inherent in the 
raw data pool.  Recoveries from multiple locations in the Delta were analyzed in combination 
rather than separately.  According to Newman, the BHM framework is more statistically efficient 
and coherent than the previous methods of analysis used in these experiments.  It is able to 
address deficiencies in the experimental designs and the high level of variability in the dependent 
data (e.g., salvage and survival).  Several levels of uncertainty can be accounted for using 
recoveries from multiple locations simultaneously to increase precision.  Nevertheless, the 
original release and recovery data has several significant limitations, such as that fish can be 
captured only once, the low level of fish salvaged at the CVP and SWP from individual releases 
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and the large variation between such releases under similar conditions, the low probability of 
capture in the recovery process (trawling), the relatively high level of environmental variation 
present in the data, and the lack of balance in the release strategy (VAMP experiments) all 
reduce the accuracy of the estimates of the desired endpoint, i.e., survival of released fish.  
Newman explains that given the apparently high environmental variation present in these 
experiments, it could take many more replications of the temporally paired releases to provide a 
more accurate estimate of the effects of the DCC gate position, the effects of exports and river 
flow, and the placement of the HORB on the survival of released fish.   
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Figure 6-72.  Monthly steelhead salvage versus average exports, January through May, 1998 through 2006, at 
each facility; SWP and CVP (CVP/SWP operations BA figure 13-45). 
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Figure 6-73.  Monthly steelhead salvage versus average Export/Inflow ratio in TAF, January through May, 
and January alone, 1998 through 2006, at each facility; SWP and CVP (CVP/SWP operations BA figure 13-
46). 
 
Notwithstanding these limitations, Newman reached the following conclusions: 
 
Delta Cross Channel Experiments:  There was modest evidence (64 to 70 percent probability) 
that survival of fish released at Courtland (upstream of the DCC gates) to Chipps Island relative 
to the survival of releases made from Ryde (downstream of the DCC) increased when the DCC 
gates were closed.   
 
Interior Studies:  Although there was considerable variation between paired releases, the overall 
recovery fractions for Ryde releases remained higher than the Georgiana Slough releases in all 
cases.  The means of the ratios for Ryde to Georgiana Slough recoveries were 0.26, 0.43, and 
0.39 at Chipps Island, in the ocean, and inland sites, respectively, which is consistent evidence 
that fish released in Georgiana Slough had a lower probability of surviving than fish released in 
the Sacramento River at Ryde.  Conversely, the relative fraction of fish that were salvaged at the 
CVP or SWP pumps was approximately 16 times greater for fish released in Georgiana Slough 
than for fish released in the Sacramento River at Ryde. 
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Delta Action 8 Experiments:  There was a negative association between export volumes and the 
relative survival of released salmonids (i.e., a 98 percent chance that as exports increased the 
relative survival of released Chinook salmon juveniles decreased).  However, environmental 
variation in this set of experiments was very large and interfered with the results.  There is also a 
positive association between exports and the fraction of Georgiana Slough releases that are 
eventually salvaged.  With only one exception, (1995 release group), the fraction of fish salvaged 
from Ryde releases appear to be unrelated to the level of exports (Ryde is downstream of both 
the DCC and Georgiana Slough channel openings on the Sacramento River) 
 
VAMP:  The expected probability of surviving to Jersey Point was consistently greater for fish 
staying in the San Joaquin River (i.e., passing Dos Reis) than fish entering Old River, but the 
magnitude of the difference varied between models somewhat.  The placement of the HORB 
effectively keeps fish from entering Old River; therefore the survival of out-migrants should 
increase.  There was a positive association between flow at Dos Reis and subsequent survival 
from Dos Reis and Jersey Point to Chipps Island.  If data from 2003 and later were eliminated 
from data set, then the strength of the association with flow increased and a positive association 
between flow in Old River and survival in Old River also appeared.  Finally, any associations 
between water export levels and survival probabilities were weak to negligible.  This may have 
been due to the correlation between flow and export rates during the VAMP experiments.  Given 
the complexity and number of potential models for the VAMP data, Newman recommends a 
more thorough model selection procedure using Reversible Jump MCM.  An alternative analysis 
by Hanson (2008) did not find any significant relationship between exports and survival.  
Hanson also analyzed the relationship between exports and entrainment at the CVP and SWP as 
measured by salvage.  Hanson (2008) referred to this fraction as direct losses.  In Hanson’s 
analysis, he examined the data from 118 studies involving approximately 14.2 million fish.  
Hanson found that on average, for fish released into the upper Sacramento River, direct losses 
due to the CVP and SWP pumps averaged 0.03 percent (sample size n = 118, 95 percent 
confidence interval (CI) = 0.0145) with a range of 0 to 0.53 percent.  Hanson does not elaborate 
where these fish were released in the Sacramento River, what survival rates where prior to 
entering the Delta (losses may be as high as 80 percent in the Sacramento River prior to reaching 
the Delta, MacFarlane et al. 2008), whether these releases were paired in both spatial and 
temporal aspects to minimize environmental variance, the level of variance in pumping rates 
during his selected time frames of sampling, and how the inefficiency of the trawling recoveries 
and low recoveries rates at the fish collection facilities may have biased his results (see Newman 
2008).  Whereas Newman found increasing trends for fish in Georgiana Slough to be entrained 
with increases in exports (Delta Action 8 Studies), Hanson’s analysis did not find this pattern.  
Likewise, the decrease in survival for fish in Georgiana Slough with increasing export rates 
found by Newman’s analysis were not found in Hanson’s analysis of the data.  It is not apparent 
in Hanson’s explanation of his analysis how he separated the different experimental studies into 
subgroups for statistical analysis with the goal of reducing bias and sampling variability, and 
thereby increasing the precision of his analysis. 
 
Results from the different statistical analyses indicate that the data from the multiple releases-
recapture studies are very “noisy” due to high levels of environmental variability.  Finding clear 
cut results is a difficult task in which the various sources of error in the data, whether due to 
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experimental design, sampling efficiency, hydrological conditions, temporal and spatial 
variability, or inability to maintain constant conditions during the duration of the experiment, all 
lead to a lack of resolution in determining the final result of interest.  Future studies utilizing 
acoustic tagging are aimed at reducing these confounding factors.  In particular, acoustic tagging 
gives fine scale temporal and spatial resolution to the movements and behavior of fish over an 
extended period of time.  Unlike the release–recapture studies, individual fish can be “sampled” 
continuously without loss of the test subject (i.e., captured in the trawl or salvage facility).  They 
can be followed after flow splits into different channels and their final disposition determined by 
reach, if necessary, to calculate their survival without the uncertainty of the current recapture 
methods employed in studies to date. 
 
6.6.2.5  Indirect Mortality Within the Delta 
 
6.6.2.5.1  Overview of Mortality Sources 
 
Survival of salmonids migrating through the Delta is affected by numerous variables, some 
related to the proposed action, others independent of the project.  As fish move down the 
mainstem Sacramento River into the North Delta, the intersecting channels splitting off of the 
main river channel provide alternative routes for migration.  For each of these routes, a different 
probability exists for taking that alternative channel or remaining in the main stem of the river.  
Within each channel, additional factors come into play that determines the ultimate survival of 
fish moving through that reach of water.  Survival is affected by the degree of predation within 
each individual channel, which is itself a function of predator types and density.  Some predators, 
such as striped bass, are highly efficient at feeding on various aquatic organisms and quite 
mobile, thus moving from location to location, opportunistically preying on emigrating 
salmonids when they encounter them.  Others, such as centrarchids (i.e., largemouth bass) are 
more localized and ambush prey as it moves past their location in a given channel.  They are 
unlikely to follow a migrating school of prey any great distance from their home territory.  The 
suitability of habitat for emigrating salmonids can affect whether sufficient food and cover is 
available to emigrating fish, which then influences the survival of fish moving through that 
waterway.  For example, a heavily riprapped channel that has essentially a trapezoidal cross 
section is unlikely to provide suitable foraging habitat or habitat complexity necessary for 
migrating salmonids.  This condition can be further exacerbated if the margins of the channel are 
vegetated with the non-native Egeria densa which provides excellent cover for ambush predators 
like largemouth bass.  Likewise, residence time required for passage of the fish through the 
alternative channel determines the duration of exposure to the stressors present in that channel.  
For example, a short residence time in a channel with extreme predation may have the same 
effect on survival as a prolonged residence time in a channel with low predation.   
 
The exposures to toxicants in these channels are also likely to vary substantially.  Passage 
through a channel with outfalls from a domestic wastewater treatment facility (WWTF) is likely 
to have a very different profile of chemical exposure compared to a channel dominated by 
agricultural return water runoff.  A further layer of complexity is created by precipitation events 
that create the “first flush” effects that discharges surface runoff from urbanized and agricultural 
areas into local streams and waterways through stormwater conveyance systems or irrigation 
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return ditches.  Fish swimming through these plumes are exposed to elevated levels of 
contaminants, as well as reduced water quality parameters (e.g., lowered dissolved oxygen due to 
high organic matter loading) that have a high potential for compromising the physiological status 
of the exposed fish, and increasing the level of morbidity or mortality in those fish.  In addition, 
regional effects such as river flows, tides, and export actions are superimposed on top of these 
localized effects.  These large-scale factors can influence the route taken by the fish initially and 
subsequently determine its eventual disposition due to changes in local hydraulics and flow 
patterns. 
 
6.6.2.5.2  Applicable Studies 
 
Based on previous studies to date, it is assumed that fish remaining in the main channel of the 
Sacramento River have a higher survival rate than fish which move into other distributary 
channels splitting off from the main channel.  Survival indices calculated for paired releases on 
the lower Sacramento River indicated that Chinook salmon smolts released into Georgiana 
Slough were between 1.5 times to 22 times more likely to be “lost”15 to the system than fish 
released in the main stem of the Sacramento River below the head of Georgiana Slough at the 
town of Ryde, based on the recoveries of marked fish at Chipps Island (Brandes and McLain 
2001, table 3).  This is equivalent to a mortality rate of 33 to 95 percent.  Statistical analysis by 
Newman (2008) found an average ratio of survival between the Georgiana Slough releases and 
the Ryde releases of 0.26, 0.43, and 0.39 for recoveries at Chipps Island, in the ocean harvest, 
and inland sites where adults were subsequently collected following spawning, respectively.  
Thus, survival in Georgiana Slough is less than one-half of that in the main stem Sacramento 
River, based on the Ryde releases.  In comparison, Vogel (2004) found that approximately 23.5 
percent of the radio tagged fish released in the mainstem Sacramento River during his radio 
telemetry tagging studies in the winter of 2002 were “lost,” presumably to predation, leaving 
76.5 percent of the fish reaching the Cache Slough Confluence near Rio Vista.  Concurrent 
releases in Georgiana Slough during January and February of 2002 had mortality rates of 82.1 
percent.  In a similar study conducted in 2000 by Vogel, when ambient flows in the mainstem 
were higher (22,000 to 50,000 cfs compared to 14,000 to 23,000 cfs), the predicted predation rate 
on Chinook salmon smolts in the Sacramento River fell to 20 percent, while predicted predation 
in Georgiana Slough fell to 36 percent of the released fish.  Vogel (2008a) conducted another 
study with acoustically tagged Chinook salmon smolts released on the Sacramento River near 
Old Town Sacramento in late 2006 and early 2007.  While Vogel (2008a) presented preliminary 
general statistics, the full statistical analysis of this study will be reported by the U.S. Geological 
Survey (USGS).  This study provided preliminary information on the behavior of fish as they 
passed side channels within the mainstem of the Sacramento River, and reach specific losses of 
tagged fish (assumed to be due to predation).  Two releases were made, one on December 11-12, 
2006 (n=96 fish in 4 groups of 24 fish) and one on January 22-23, 2007 (n=150 fish, released 8 
groups).  Although Vogel (2008a) presented only general summary statistics, he found that 
losses of fish that remained in the mainstem during the December study were approximately 20 
to 22 percent, while those fish that moved into Georgiana Slough and the open DCC channels 

 
15 For this discussion loss is equivalent to mortality, although the studies to date cannot determine whether loss is 
the result of mortality from predation or other sources, or the inability to detect and account for all released fish in 
the Chipps Island trawls or subsequent ocean recoveries. 
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experienced much higher levels of loss (55 percent in Georgiana Slough, 80 percent in the DCC).  
The January 2007 loss rates were slightly higher, approximately 35 percent of the mainstem fish 
were lost, while approximately 73 percent of the fish that entered Georgiana Slough were lost.  A 
fairly large fraction of fish entered the Sutter Slough and Steamboat Slough reaches (37 percent 
of the fish in the mainstem) with loss rates of approximately 40 percent (see Vogel 2008a for 
more details).  These data indicate that there are reach specific characteristics for loss rates due 
to intrinsic factors in those channels (e.g., predation).  The release of fish in December occurred 
approximately three days before the DCC was closed due to rising flows in the Sacramento River 
(DCC was closed on December 15, 2006 at 1000 hours).  Sacramento River flows increased to 
approximately 26,000 cfs during December before receding.  Therefore, fish released in West 
Sacramento had at most 3.5 days to travel downstream and encounter the open DCC gates and 
enter into the delta interior through this route.  Fish traveling downstream during this release 
encountered a rising hydrograph on the Sacramento River.  Conversely, the January 2007 release 
had closure of the DCC gates during the entire experimental period, with relatively stable flows 
below 12,000 cfs. 
 
A more detailed report concerning fish releases in mid December 2006 and mid-January 2007 
was provided by Burau et al. (2007), which statistically analyzed the distribution and survival of 
tagged salmon released during the same study as Vogel (2008a; December 11-12, 2006 and 
January 22-23, 2007).  Burau et al. (2007) estimated that 22 percent (22.2 ±0.065) of released 
fish entered Sutter Slough and approximately 4 percent (3.7 ± 0.021 percent) entered Steamboat 
Slough during the December release, the same percentages as Vogel (2008a).  Of the fish that 
reached the vicinity of the second junction point, approximately 18 percent (17.9 ± 0.057) went 
into the channel of the DCC, and an additional 20 percent (19.6 ± 0.053) went into the channel of 
Georgiana Slough.  Approximately 62 percent (62.5 ± 0.065) continued downstream in the 
Sacramento River channel below the second junction point.  Following the January releases, with 
the DCC gates closed for the entire experimental period, approximately 30 percent (29.9 ± 
0.046) of the fish entered Sutter Slough and 7 percent (7.2 ± 0.026) entered Steamboat Slough.  
Of the fish that reached the vicinity of the second junction point, approximately 29 percent (28.9 
± 0.063) entered Georgiana Slough (DCC closed) with the remainder moving downstream in the 
Sacramento River channel (71.1 ±0.063 percent).  The first release in December was made on a 
rising hydrograph with flows of approximately 19,600 cfs and 3 days before the DCC gates 
closed in response to the increasing flows.  The January releases were made under conditions in 
which the flows in the Sacramento River were much lower, approximately 11,300 cfs at 
Freeport.  The preliminary results from this study indicate that both route selection and reach 
specific-survival depend on Sacramento River discharge and DCC gate position.  Burau et al. 
(2007) states that these data indicate that: (1) when the DCC gates are closed the probability that 
salmon are entrained in Sutter, Steamboat, and Georgiana sloughs increases, which is consistent 
with increases in discharge in each of these channels when the gates are closed; (2) survival in 
every channel was higher at the higher discharge: survival in the Sacramento River increased by 
approximately 20 percent between the City of Sacramento and Sutter Slough, by approximately 8 
percent in the reach between Steamboat Slough and the DCC, and approximately 15 percent 
between Georgiana Slough and Cache Slough; (3) survival in Georgiana Slough is consistently 
lower than in any other channel when survivals were estimated (DCC channel and Mokelumne 
River survival were not estimated); and finally, (4) the precision in the survival estimates are 
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progressively lower (increasing error bars) the farther into the system the measurements are 
made due to the reduction in fish passing through the lower reaches of these channels.  The 
number of fish passing through the river sections farther from the release sites are reduced due 
to: (1) the total number of fish is progressively distributed into a greater number of pathways, 
and (2) mortality occurs as fish traverse the system, leaving fewer viable fish to traverse channels 
at a greater distance from the release site.  The preliminary results from this study suggest that 
survival increased with increasing flows in the different river channels when comparisons could 
be made.  The interpretation of the DCC gate position with survival was complicated by the very 
short duration of the “open” gate configuration (3 days) coupled with an increasing hydrograph 
during this period.  Conversely, the “closed” gate condition occurred during lower river flows 
than the open gate configuration, and thus the comparison of the gate position is confounded by 
the flow variable between the two studies. 
 
A study run by Perry and Skalski (2008) in the same region and general time frame produced 
similar results to the Vogel (2008a) and Burau et al. (2007) studies in some aspects, but different 
results in others.  They developed a mark-recapture model that explicitly estimated the route-
specific components of population-level survival in the Delta.  The point estimate of survival 
through the Delta for the first release made on December 5, 2006 (ŜDelta = 0.351, SE = 0.101, 
n=66 fish), was lower than the subsequent release made on January 17, 2007 (ŜDelta = 0.543, SE 
= 0.070, n=80 fish).  The authors attributed the observed difference in ŜDelta between releases to 
(1) changes in the proportion of fish migrating through each distinct route through the Delta, and 
(2) differences in the survival for each given route traveled.  Survival estimates for the routes 
through the interior of the Delta were lower than for the mainstem Sacramento River during both 
releases, however only 9 percent of the fish migrated through the interior of the Delta during the 
January release compared to 35 percent for the December release (table 6-32).  The DCC gates 
closed on December 15, 2006 at 1000 hours, 10 days after the first release of fish on December 
5, 2006.  Passage data indicated that approximately 95 percent of the fish had passed through the 
second junction reach by the time the gates were closed.  The first release was also made at 
Sacramento River flows of approximately 11,700 cfs at Freeport.  Flows remained below 12,900 
cfs until December 9, 2006, giving approximately 4 to 5 days of steady flow before increasing.  
Approximately 50 percent of the fish were detected arriving at the second junction prior to this 
date, and 75 percent of the fish had passed by approximately December 12, 2006.  In 
comparison, the release of fish in January corresponded with steady flows of approximately 
12,000 cfs for 10 days following the release and the gates in a closed position.  Fish passage in 
January occurred much more quickly than in December, taking only 3 to 4 days to pass through 
the second junction.  Perry and Skalski (2008) concluded that the operation of the DCC gates 
affected the route selection of fish during the study.  The gates were closed on December 15, 
2006, approximately half way through the first release study period and remained closed during 
the entire second study release period.  The operation of the DCC affected both route selection 
and the distribution of flows within the channels of the north Delta.  These effects were captured 
by the mark-recapture modeling of the study (figure 6-74). 
 
Although the Vogel (2008a), Burau et al. (2007), and Perry and Skalski (2008) acoustic tagging 
studies have relatively small sample sizes, each fish provides valuable data concerning route 
selection, migration speed, and predation (loss) vulnerabilities.  The two studies provide 
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information that corresponds to the trends observed in previous CWT studies.  These more recent 
studies verify that survival is lower within the channels of the interior delta and that higher flows 
benefit survival during fish movement downstream.  Although the Vogel (2008a) and Burau et 
al. (2007) studies could not adequately address the effect of DCC gate position on survival due 
to confounding effects of increasing river flows and the short period between release of study 
fish and the gate closure, the results from the Perry and Skalski study indicate that population 
level survival can be increased by closing the gates.  This results in reducing the fraction of the 
fish population entering the inerior of the Delta and increasing the fraction migrating through the 
northern system of channels, which include the Sacramento River, Sutter Slough and Steamboat 
Slough channels, where survival was higher relative to the interior Delta.  If replications of the 
acoustic tag studies continue to provide similar outcomes, a more defined and accurate model of 
routing and predation vulnerabilities can be developed that is statistically robust and could 
provide a more thorough understanding of the system for ongoing management needs. 
 
Table 6-32.  Route-specific survival through the Sacramento-San Joaquin Delta (Ŝh) and the probability of 
migrating through each route (Ψh) for acoustically tagged juvenile fall-run released on December 5, 2006, 
(R1) and January 17, 2007, (R2).  Also shown is the population survival through the delta (SDelta), which is the 
average of route specific survival weighted by the probability of migrating through each route (from Perry 
and Skalski 2008). 

Migration Route 
Survival 
Ŝh (SE) 

95% Profile 
Likelihood  
Interval 

Probability of 
Migratory Route 
Ψh (SE) 

95% Profile 
Likelihood  
Interval 

R1 ; December 2006 (n=66)     
A) Steamboat & Sutter Sloughs 0.263 (0.112) 0.102, 0.607 0.296 (0.062) 0.186, 0.426 
B) Sacramento River 0.443 (0.146) 0.222, 0.910 0.352 (0.066) 0.231, 0.487 
C) Georgiana Sloughs 0.332 (0.179) 0.087, 0.848 0.117 (0.045) 0.048, 0.223 
D) Delta Cross Channel 0.332 (0.152) 0.116, 0.783 0.235 (0.059) 0.133, 0.361 
SDelta (All Routes) 0.351 (0.101) 0.200, 0.692   
     
R2: January 2007 (n=80)     
A) Steamboat & Sutter Sloughs 0.561 (0.092) 0.388, 0.747 0.414 (0.059) 0.303, 0.531 
B) Sacramento River 0.564 (0.086) 0.403, 0.741 0.498 (0.060) 0.383, 0.614 
C) Georgiana Sloughs 0.344 (0.200) 0.067, 0.753 0.088 (0.034) 0.036, 0.170 
D) Delta Cross Channel NA  0.0 NA 
SDelta (All Routes) 0.543 (0.070) 0.416, 0.691   
 
The mainstem Sacramento River channel has generally lower loss rates than the smaller 
distributary channels that diverge from it and loss rates appear to be affected by river flow levels.  
The subsequent total survival of fish leaving the Delta at Chipps Island is the sum of survival 
rates in each route multiplied by the probability of selecting that route multiplied by the 
“detection” probability for that group from all of the different potential routes that fish may take 
upon entering the north Delta from the Sacramento River, including the Yolo bypass in flood.  
This survival number is the fraction of total fish entering the Delta, which have avoided all of the 
potential sources of mortality to survive to Chipps Island.  The number of fish entering the Delta 
from the Sacramento River is itself approximately 20 percent of the total number of fish that 
started migrating downstream in the Sacramento River from their natal rearing areas 
(MacFarlane et al. 2008a).  This low survival number is due to the intrinsic losses in the 



migrating population of fish as they encounter the natural and anthropogenic sources of mortality 
along the migration route. 

 

 
 

A1 = Steamboat Slough/Sutter Slough, B1 = West Sacramento, B2 = Freeport, B3 = Courtland, B4 = 
Walnut Grove/upstream of the DCC, B5 = Ryde, B6 = Rio Vista, B7 = Emmaton, B8 = Chipps Island, B9 
= pooled survival from SF Bay stations (λ), C1 = Georgiana Slough, C2 = lower Mokelumne River system, 
C3 = Antioch/ lower San Joaquin River, D1 = DCC, D2 = Downstream of DCC, upper branches of 
Mokelumne River.  Releases (Rk) are made into the Sacramento River at West Sacramento.  Junction 1 is 
the reach which includes the Steamboat/Sutter Slough junction with the Sacramento River, Junction 2 is the 
river reach which contains the Sacramento River with the DCC and Georgiana Slough.   

 
Figure 6-74.  Schematic of the mark recapture model used by Perry and Skalski (2008) used to estimate 
survival (Shi), detection (Phi), and route entrainment (ψhi) probabilities of juvenile late-fall Chinook salmon 
migrating through the Sacramento-San Joaquin River Delta for releases made on December 5, 2006, and 
January 17, 2007. 
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Population level survival through the Delta was estimated from the individual components as: 
 D 

SDelta = ∑ ψh Sh   
 h = A 

where h = the four potential routes, A – D; A = Sutter/Steamboat Slough, B = Sacramento River, 
C = Georgiana Slough, and D = Delta Cross Channel. 

 
Telemetry tagging also was instrumental in describing movement patterns in the channels of the 
Central Delta (Vogel 2004, radio telemetry) and the South Delta (SJRGA 2008, acoustic 
telemetry).  Fish released in the mainstem San Joaquin River near Fourteenmile Slough in the 
spring of 2002 and 2003 showed distinct movement patterns based on the level of export 
pumping and tides.  When the combined exports created negative flows in the channels feeding 
into the South Delta, (i.e., Turner and Columbia Cuts), a significant proportion of the released 
fish moved into those channels and were followed in a southerly direction towards the pumps.  
Conversely, when the VAMP experiment reduced export levels and increased flows in the San 
Joaquin River, more fish stayed in the main channel of the San Joaquin River and headed 
downstream with the net flow towards San Francisco Bay.  This study also determined that 
Chinook salmon smolts were not “holding” on the flood tide and then going downstream with 
the ebb tide (tidal surfing behavior).  Fish were observed to move significant distances with the 
tidal oscillation, and their net movement downstream did not occur at obvious times of the tidal 
cycle.  The data from this study and the North Delta study indicate that fish may be vulnerable to 
flow split selection several times depending on the magnitude and timing of the tidal oscillation, 
thus the probability of selecting one route over another is more complex than just a one time 
exposure to the channel split (see also Horn and Blake 2004).  The acoustic tagging studies 
conducted during the VAMP experiments (SJRGA 2007) indicated that fish responded to flow 
and presumably export levels when moving downstream in the San Joaquin River past Turner 
and Columbia Cuts, and the mouths of Middle and Old River.  The study also found that fish 
could pass through the culverts on the HORB and be subsequently detected downstream at the 
CVP and SWP facilities.  Likewise, some fish that passed by the HORB and continued 
downstream into the Delta proper, were also detected moving southwards towards the pumps, 
presumably under the influence of the net negative flows in those channels.  Preliminary 
predation hot spots, (e.g., the scour hole in front of the HORB) were also detected, as well as 
areas with potential water quality concerns (City of Stockton WWTF outfall), which 
corresponded to increased losses of tagged fish passing through those reaches. 
 
The tagging data and the results of theoretical particle tracking models (see Kimmerer and 
Nobriga 2008) support the position that movement of fish (or particles), at least in part, are 
influenced by the inflow of water into the Delta from the surrounding tributaries, and the volume 
of water being exported from the Delta by the CVP and SWP, thus affecting the flow patterns 
within the Delta channels.  While the correlation of the survival rates of fish released in the Delta 
Action 8 and the Interior Delta CWT studies with the percentages of particles reaching Chipps 
Island is poor under most of the runs, Kimmerer and Nobriga (2008) offer potential causes for 
these differences.  They opine that the lack of correlation may be merely due to the differences in 
the behavior between salmon and neutrally buoyant particles, or, on the other hand, that artifacts 
of the experiments such as the survival potential of fish traveling through the different waterways 
(i.e., predation on the CWT fish) or the lack of efficiency in the trawl recapture rates for Chipps 
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Island biases the results of the CWT studies and results in lower numbers of fish reaching the 
terminal endpoints than suggested by the PTM results.  They conclude that “despite all these 
differences, the PTM results suggests that river flow may be an important variable in 
determining which way the salmon go and their probability of survival, and should be included 
in the design and analysis of future studies” (Kimmerer and Nobriga 2008 page 19).  Operations 
of the CVP and SWP, since they are supplied by the flow of water in the Sacramento and San 
Joaquin Rivers, set the hydraulic boundary conditions in conjunction with the two main sources 
of water flowing into the Delta.  The boundary conditions, in part, dictate the flow percentage 
splits into distributary channels, in concert with the overlying tidal signal (see Horn and Blake, 
2004).  Operations of program infrastructures, such as the DCC radial gates and the South Delta 
temporary barriers, further influence the probability of entrainment into side channels leading off 
of the main river channel.  The influence of the export pumps becomes more pronounced the 
closer to the pumps the fish or experimental particle gets, until entrainment is essentially certain.   
 
DWR created a Delta Survival Model as part of their declarations to the court in September, 
2008 (Greene 2008).  The model provides estimates of survival through the Delta interior for a 
population of “fish” that enter the Delta from the Sacramento River.  The model, using inputs for 
exports and Delta inflow, calculates percentage splits of the migrating fish population moving 
downstream in the Sacramento River into the interior of the Delta.  The percentage splits are 
based on PTM simulations with injection points at Hood (upstream of the DCC and Georgiana 
Slough and indicating movement into the Delta interior) and in the South Mokelumne River 
(movement towards the export facilities in the South Delta and westwards towards Chipps 
Island).  Interpolation of data provided in the Newman (2008) analysis estimated non-export and 
export related loss encountered in the Delta based on export levels.  From the data output of the 
model, a final estimate of the survival through the Delta can be derived with losses calculated for 
export and non-export related mortality.  The model is strongly driven by the export/inflow ratio 
which determines the PTM output and hence the particle fates (i.e., fish) and by the export rate 
which determines relative survival rate between the Sacramento River and the Delta interior and 
the export related interior Delta survival rate.  NMFS biologists used the summary output from 
the three studies (7.0, 7.1, and 8.0) simulated with the CALSIM II model over the different water 
year types for the months between December and June to estimate the different rates of mortality 
expected under the different CALSIM II scenarios for emigrating salmonids.  Loss associated 
with exports ranged from 0.3 percent of the total population entering the Delta to slightly more 
than 15 percent of the population entering the Delta over the different simulation runs.  The loss 
associated with non-export factors ranged from 3.3 percent to approximately 31.5 percent of the 
population.  Total survival of the emigrating fish population was estimated to range between 41 
and 77 percent.  The data indicated that lower survival rates were predicted when E/I ratios were 
high, and more particles were moved into the Delta interior and thence southwards towards the 
export facilities.  Losses were higher in drier years and during the early season of fish migration 
(December through February).  The data also indicated that the near future and future studies 
would have higher levels of loss due to higher export levels and thus higher E/I ratios. 
 
6.6.2.5.3  Environmental Factors 
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In addition to the “direct” effects of the CVP and SWP operations manifested by flows and 
exports, the modification of the Delta hydraulics for the conveyance of water has altered the 
suitability of the Delta for native species of fish, such as Chinook salmon, steelhead, and green 
sturgeon.  Since the inception of the CVP and later the SWP, the natural variability in the 
hydrology of the Delta has been altered.  As previously explained, the amount and timing of 
runoff from the Sacramento and San Joaquin Rivers has been altered and shifted to accommodate 
human needs.  When large-scale exports of water were initiated in the South Delta, it became 
necessary to “freshen up” the Delta to guarantee high quality fresh water was available to export 
from the facilities on a reliable basis (e.g., construction of the DCC).  This necessitated an 
increase in the stability of the Delta’s hydrology and the formation of a large freshwater “lake” 
for the reliable conveyance of water from the river sources to the export facilities.  The enhanced 
stability of the freshwater pool in the Delta enabled non-native species, such as centrarchids and 
catfish, as well as invasive plants, such as Egeria densa and water hyacinth, to thrive in this 
“new” Delta hydrology (Brown and Michniuk 2007).  In addition, the altered ecological 
characteristics of the Delta have been proposed as a contributing factor in the recent Pelagic 
Organism Decline (POD) observed in the Delta.  The combination of these exotic species and 
altered ecological characteristics of the Delta interact to decrease the suitability of the Delta for 
native species of fish and have increased the potential for predation and loss (see 2008 
CVP/SWP operations BA, Delta smelt sections for a more detailed explanation). 
 
6.6.2.5.4  Summary 
 
Many of the indirect mortality events are interrelated to the operations of the CVP and SWP.  As 
previously discussed, the Delta has been operated as a freshwater conveyance instrument for the 
past half century.  The necessity for the stable and reliable transfer of freshwater from the 
Sacramento River across this large expanse of waterways has required that natural hydrologies 
and circulation patterns be altered to maximize the efficiency of the water operations.  This 
change has benefited non-native species to the detriment of native species, which evolved with a 
more dynamic habitat, which included variable hydrographs and seasonal fluxes of salinity into 
the western Delta.  In light of the POD phenomenon that has become evident in the Delta in 
recent years, the aspect of a bottom to top reorganization of the ecosystem during the past decade 
indicates that the Delta is “unhealthy” and even the exotic, introduced species (i.e., striped bass, 
thread fin shad, etc.) are in decline.  Continued operations of the CVP and SWP are unlikely to 
benefit the health of the Delta, and increases of the facility operations are likely to degrade the 
system beyond their current conditions, rather than return the Delta to a more natural condition, 
with more functional hydraulics conducive to a healthy ecosystem.  
 
6.6.2.6  Assess Risk to Individuals 
 
This section summarizes the potential risks faced by individual fish of the winter-run population, 
the spring-run population, the CV steelhead population, and the Southern DPS of green sturgeon 
in the Delta region.  The previous sections have described in detail, the effects of the proposed 
export operations on these fish.   
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Increased pumping, as proposed in the project description will increase the vulnerability of 
individual fish to entrainment at the TFCF and the SFPF in the South Delta.  Salmonids 
entrained at the Federal facility, the TFCF, have a maximal survival estimate of approximately 
35 percent under normal operating conditions.  However this survival rate may decrease even 
further depending on louver cleaning frequency, pumping operations, and predation following 
CHTR releases.  The survival rate of salmonids at the state’s facility, the SFPF, is estimated to be 
approximately 16 percent under normal operating conditions.  Unlike the Federal facility, where 
most of the salmonid loss is attributed to the louvers, the state’s facility has relatively efficient 
louvers, but substantially greater predation risks.  Predation loss within CCF is the main variable 
driving survival of entrained fish with little difference evident between the smaller salmon 
smolts and the larger steelhead smolts.  It is estimated that only one out of every four to five fish 
entering the forebay survive their transit across this water body to be salvaged at the louvers.  
This predation risk is dependent on predator density and behavior in the forebay.  Additional 
changes to the survival estimate can occur due to changes in export levels at the Banks Pumping 
Plant and predation risks following release back into the system at the CHTR release stations.  It 
is unknown what percentages of juvenile and sub-adult green sturgeon are lost at the fish 
collection facilities.  Based on the studies by Kynard and Horgan (2001), salvage rates should be 
almost 100 percent for green sturgeon based on the efficiencies for shortnose and pallid sturgeon.  
However, cleaning of the louvers where the louvers are lifted out of their guides and reductions 
in flow along the louver face during export reductions may degrade the louver efficiency for 
green sturgeon and loss of individual fish becomes greater under such conditions. 
 
Salmonids are also subject to loss as they cross the Delta during their downstream migration 
towards the ocean.  As shown by the Burau et al. (2007), Perry and Skalski (2008) and Vogel 
(2008a) studies, individual fish risk entrainment into the channels of Georgiana Slough under all 
conditions and into the Mokelumne River system when the DCC gates are open as they migrate 
downstream in the Sacramento River.  Estimated average survival is only 33 percent with a range 
of approximately 10 percent to 80 percent survival.  Most of this loss is believed to be associated 
with predation, but may also include prolonged exposure to adverse water quality conditions 
represented by temperature or contaminants.  Several years of salmonid survival studies utilizing 
both CWT and acoustically tagged fish indicate that survival is low in the interior Delta 
waterways compared to the mainstem Sacramento River.  Likewise, survival in the upper San 
Joaquin River between Durham Ferry and Jersey Point is substantially lower than survival from 
Jersey Point to Chipps Island (VAMP studies), indicating that transiting the Delta interior is a 
very risky undertaking for fish exiting from the San Joaquin River basin or the east side 
tributaries (Mokelumne and Calaveras River basins).  The probability of ending up at the Delta 
export facilities or remaining in the interior delta waterways increases with increased export 
pumping, particularly for those fish in the San Joaquin River system.   
 
NMFS estimates that loss associated with exports for fish emigrating downstream in the 
Sacramento River and entering the Delta ranged from 0.3 percent of the total population entering 
the Delta to slightly more than 15 percent of the population entering the Delta based on the 
different CALSIM II simulation runs for current (Study 7.0), near future (Study 7.1) and future 
conditions (Study 8.0) and the Delta Survival Model developed by DWR.  The loss associated 
with non-export factors ranged from 3.3 percent to approximately 31.5 percent of the population.  
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Total survival of the emigrating fish population from the Sacramento River basin was estimated 
to range between 41 and 77 percent for fish entering the Delta and subsequently reaching Chipps 
Island in the western edge of the delta.  These values most accurately represent losses to winter-
run Chinook salmon and spring-run Chinook salmon since loss rates in the DWR model were 
constructed from studies of CWT tagged Chinook salmon.  NMFS will also use these loss rates 
for CV steelhead migrating downstream in the Sacramento River for lack of species-specific 
studies for steelhead predation losses.  Loss rates due to predation in the CCF were similar 
between the smaller Chinook salmon smolts and the larger steelhead smolts, and therefore 
provide a level of justification in making this assumption.  The loss of juvenile and sub-adult 
green sturgeon in the delta due to exports is unknown.  To date, NMFS is not aware of any 
studies designed to quantify the loss of these fish to export related actions.  Only recently have 
acoustic tagging studies been undertaken to study the movement of fish through the delta and 
results are still being interpreted by the study investigators.  The fact that some individual green 
sturgeon are collected at the export fish salvage facilities indicates that these fish are vulnerable 
to the exports and may incur population level effects.  Loss rates for CV steelhead emigrating 
from the San Joaquin River basin and the east side tributaries of the Calaveras River and 
Mokelumne River systems are expected to be substantially higher than those experienced by the 
Sacramento River basin fish due to the proximity of the main migration corridor (the San 
Joaquin River) to the export facilities.  Stronger flow effects from the pumps are observed on the 
San Joaquin River waterways and the nature of the south Delta channels provide multiple access 
points to the exports when water is being diverted. 
 
Loss rates at the export facilities typically account for several hundred to several thousand 
individual wild fish per year from the different salmonid populations.  As previously discussed, 
the importance of these wild fish to the population is potentially greater than their actual 
numbers.  These fish represent individuals who have survived the numerous stressors present in 
the system between their natal streams and the Delta, and therefore represent behavioral and 
physiological traits that are necessary for survival in the natural environment.  Loss of these 
individuals represents a loss of survival traits that would be beneficial to the population as a 
whole. 
 
An historical assessment of estimated survival of fall-run smolts through the Delta by water year 
type at different levels of development in the Central Valley was calculated by Kjelson and 
Brandes (1989).  They found that water development has adversely affected smolt survival over 
the period spanning 1920 to 1990.  The authors reggressed smolt survival estimates on the 
Sacramento River with river flows at the City of Sacramento and applied this to monthly 
estimates of smolt migration through the Delta.  These parameters were then used to calculate 
average survival rates using estimated historic flow patterens at Sacramento under four different 
water development scenarios.  The results indicted that reduced inflow to the Delta caused by 
water development in the Sacramento Valley has reduced smolt survival substantially (table 6-
33).  The greatest differences in survival occurred in dry and critical years.  The estimated 
maximum decrease in survival associated with the 1990 level of development occurred with the 
no development scenario.  The authors estimated that between 1940 and 1990, survival of fall-
run smolts decreased about 30 percent.  These are considered minimal estimates of survival 
decline, since greater survival per unit flow would have occurred prior to the operations of the 
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DCC in the 1950s than was deduced form the current survival relationships.  Survival is more 
than likely less now than the estimates for the 1990 level of development due to the increased 
demands in the Central Valley over the intervening 20 years. 
 
Table 6-33.  Average estimated Delta survival indices of fall-run Chinook salmon smolts by water year type at 
different levels of development:  unimpaired (no development), and at 1920, 1940, and 1990 levels of 
development (Table 7 in Kjelson and Brandes 1989). 
 

Water Year 
Type 

Sample Size Unimpaired 
No 

Development 

1920 Level of 
Development 

1940 Level of 
Development 

1990 Level of 
Development 

Wet 19 0.97 0.92 0.91 0.83 
Above 

Normal 
10 0.91 0.85 0.83 0.61 

Below 
Normal 

10 0.84 0.69 0.66 0.41 

Dry 10 0.76 0.57 0.55 0.33 
Critical 8 0.33 0.17 0.21 0.12 
Mean  0.76 0.64 0.63 0.46 

Annual survivals were estimated by weighting monthly survival indices by the average percent from 1978 to 
1986 of total outmigrants going to sea (Table 6 in Kjelson and Brandes 1989).  Monthly survival indices were 
estimated from monthly flows using linear relationships between salmon survival and flow at Sacramento 
where y = 0.00005x – 0.465 when y = survival and x = mean monthly Sacramneto River flow.  Data from 
1969-71 and 1978-81 were used to derive the equation.  Monthly flows for the four different levels of 
developemnt were obtained from the California Department of Water Resources planning simulation Model 
studies. 
 
6.6.2.7  Effects of the Action on Designated and Proposed Critical Habitat in the Delta 
Division 
 
The proposed export actions represent an adverse impact to the PCEs of the designated and 
proposed critical habitats in the Delta region.  As discussed in the preceding effects section, the 
exports divert a substantial amount of water (approximately 6 to 8 MAF annually) from the Delta 
environment.  The hydraulic changes created by the export actions have altered the suitability of 
the delta as a rearing area and migratory corridor for juvenile salmonids, particularly for Central 
Valley steelhead which has designated critical habitat in the accessible waterways throughout the 
entire legal Delta.  Likewise, the proposed critical habitat for the Southern DPS of green 
sturgeon encompasses the accessible waterways of the Delta, and overlaps the geographical area 
of the designated critical habitat for CV steelhead.  Designated critical habitat for winter-run and 
spring-run is primarily confined to the north Delta region and the waterways associated with the 
main channel of the Sacramento River. 
 
The effects of the CVP/SWP on the rearing qualities of the Delta are related to the removal or 
reduction of potential forage species from the Delta environment.  Juvenile salmonids and green 
sturgeon rely on both benthic and pelagic microinvertebrates for their forage base.  The actions 
of the exports directly remove the pelagic forms of these microinvertebrates (copepods, diatoms, 
cladocerans, etc.) through water diversion while also indirectly affecting the benthic forms.  
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These forage species rely on food webs in which phytoplankton and detritus serve as energy 
sources.  Removal of the phytoplankton from the Delta due to water diversions by the CVP/SWP 
exports disrupts the flow of energy available to these other pelagic and benthic invertebrate 
communities, as well as reduces the creation of detrital matter from the decomposition of these 
organisms in the system along with other organic matter.   
 
The actions of the CVP and SWP contribute to the degradation of the waterways in the Delta as 
migratory corridors.  As described in the effects of the export actions above, emigrating juvenile 
salmonids are adversely affected by the withdrawal of water from the Delta by the export pumps.  
The flow of water southwards towards the pumps disrupts the natural flow cues used by 
emigrating salmonids to reach the lower estuary and the ocean beyond.  The alteration in the 
hydrodynamics can entrain fish southwards from the Central Delta towards the pumps, delay 
migration by disrupting the normal flow cues associated with net downstream flow, and increase 
the vulnerability of fish to predation by lengthening their migratory route or directing them into 
new channels not normally used for emigration to the ocean.  The effects on San Joaquin River 
basin steelhead are most pronounced as the conservation value of the migratory corridors in the 
south and central Delta are the most degraded.  Under current conditions, few steelhead are 
expected to successfully reach the western Delta and the ocean beyond.  Impacts to juvenile and 
sub-adult green sturgeon are less clear as these fish spend 1 to 3 years rearing in the Delta 
environment before transitioning to their marine life history stage.  During this Delta rearing 
phase, fish are free to migrate throughout the Delta.  Entrainment by the net negative export 
flows in the central and southern delta may cause fish to be pulled into the southern Delta 
waterways in an unnatural proportion to their normal movements.  Ongoing acoustic tracking 
studies should provide more detailed information on the movements of this life stage in the 
Delta. 
 
6.6.3  Clifton Court Aquatic Weed Control Program 
 
6.6.3.1  Deconstruct the Action 
 
The SWP has proposed treating the waters of Clifton Court Forebay with copper-based 
herbicides, including Komeen®, Nautique® and copper sulfate pentahydrate to reduce the 
standing crop of the invasive aquatic weeds or algal blooms growing in the water body.  The 
dominant species of aquatic weed in the forebay is Egeria densa, however other native and 
invasive aquatic weeds are present.  Excessive weeds fragment and clog the trashracks and fish 
screens of the Skinner Fish Protection Facility reducing operating efficiency and creating 
conditions in which the screens fail to comply with the appropriate flow and velocity criteria for 
the safe screening of listed fish.  In addition, the weeds create sufficient blockage to the flow of 
water through the trashracks and louver array, that the pumps at the Banks Pumping Facility 
begin to reduce the water level downstream of the Skinner Facility and the loss of hydraulic head 
creates conditions that lead to cavitation of the impeller blades on the pumps if pumping rates are 
not quickly reduced.  The algal blooms do not affect the pumps, but rather reduce the quality of 
the pumped water by imparting a noxious taste and odor to the water, rendering it unsuitable for 
drinking water.   
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DWR has applied herbicides in Clifton Court Forebay since 1995, typically during the spring or 
early summer when listed salmonids have been present in the forebay.  Applications, however, 
have occurred as early as May 3rd and as late as September 10th during this time.  Copper based 
herbicides present toxicity issues to salmonids and green sturgeon due to their high sensitivity to 
copper at both sublethal and lethal concentrations. 
 
DWR, in response to NMFS’ concern over the use of Komeen® during periods when listed 
salmonids may be present in the Clifton Court Forebay, has altered its operational procedure for 
application of copper-based herbicides from previous operations.  DWR has proposed to apply 
copper sulfate or Komeen® between July 1 and August 31 of each year as needed.  In addition, 
DWR will conduct the following actions: 
 

1. Monitor the salvage of listed fish at the Skinner Facility prior to the application of the 
herbicides in Clifton Court Forebay. 

2. Close the radial intake gates at the entrance to Clifton Court Forebay 24 hours prior to the 
application of herbicides to allow fish to move out of proposed treatment areas and 
towards the salvage facility. 

3. The radial gates will remain closed for 24 hours after treatment to allow for at least 24 
hours of contact time between the herbicide and the treated vegetation in the forebay.  
Gates will be reopened after a minimum of 48 hours.   

4. Komeen® will be applied by boat, starting at the shore and moving sequentially farther 
offshore in its application.  Applications will be made be a certified contractor under the 
supervision of a California Certified Pest Control Advisor.  

5. Application of the herbicides will be to the smallest area possible that provides relief to 
the project. 

6. Monitoring of the water column concentrations of copper is proposed during and after 
herbicide application.  No monitoring of the copper concentration in the sediment or 
detritus is proposed. 

 
6.6.3.2  Assess the Species Exposure 
 
The timing of the application of the aquatic herbicide Komeen® to the waters of the forebay will 
occur during the summer months of July and August.  The probability of exposing salmonids to 
the copper-based herbicide is very low due to the life history of Chinook salmon and steelhead in 
the Central Valley’s Delta region.  Migrations of juvenile winter-run and spring-run fish 
primarily occur outside of the summer period in the Delta.  The presence of juvenile winter-run 
and spring-run in the Delta is described in Section 5.5 Status of the Species and Critical Habitat 
in the Delta Division.  CV steelhead have a very low probability of being in the South Delta 
during the July through August period proposed for herbicide treatments.  Historical salvage data 
indicates that in wet years, a few steelhead may be salvaged as late as early July, but this is 
uncommon and the numbers are based on a few individuals in the salvage collections.  Based on 
typical water temperatures in the vicinity of the salvage facilities during this period, the 
temperatures would be incompatible with salmonid life history preferences, generally exceeding 
70oF by mid-June.  In contrast, juvenile and sub-adult green sturgeon are recovered year-round at 
the CVP/SWP facilities, and have higher levels of salvage during the months of July and August 
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compared to the other months of the year.  The reason for this distribution is unknown at present.  
Therefore, juvenile and sub-adult green sturgeons are likely to be present during the application 
of the copper-based herbicide Komeen®. 
 
6.6.3.3  Assess Species Response to the Application of Herbicides for the Aquatic Weed 
Control Program in Clifton Court Forebay 
 
Previous applications of Komeen® have followed the label directions of the product, which limits 
copper concentration in the water to 1,000 μg/L [1 part per million (ppm) or 1,000 parts per 
billion (ppb)].  Under the current proposal, DWR intends to apply Komeen® at a working 
concentration in the water column of 640 ppb as Cu2+ from the Komeen® formulation.  The 
copper in Komeen® is chelated, meaning that it is sequestered within the Komeen® molecule and 
is not fully dissociated into the water upon application.  Therefore, not all of the copper 
measured in the water column is biologically available at the time of application.  Toxicity 
studies conducted by the California Department of Fish and Game (CDFG 2004a, b) measured 
the concentrations of Komeen® that killed 50 percent of the exposed population over 96 hours 
(96hr-LC50) and 7 days (7d LC50) as well as determining the maximum acceptable toxicant 
concentration level (MATC) to exposed organisms.  CDFG found that the 96hr-LC50 for fathead 
minnows (Pimephales promelas) was 310 ppb (180 – 530 ppb 95 percent confidence limit) and 
the 7d- LC50  was 190 ppb.  The MATC was calculated as 110 ppb Komeen® in the water 
column.  Splittail (Pogonichthys macrolepidotus), a native cyprinid minnow, was also tested by 
CDFG.  The 96hr-LC50 for splittail was 510 ppb. 
 
NMFS did not find toxicity data for exposure of sturgeon to Komeen®, however exposure to 
other compounds including pesticides and copper were found in the literature (Dwyer et al. 2000, 
Dwyer et al. 2005a, b).  From these studies, sturgeon species appeared to have sensitivities to 
contaminants comparable to salmonids and other highly sensitive fish species.  Therefore, NMFS 
will assume that green sturgeon will respond to Komeen® in a fashion similar to that of 
salmonids and should have similar mortality and morbidity responses.   
 
Pacific salmonids (Oncorhynchus spp.) are very susceptible to copper toxicity, having the lowest 
LC50 threshold of any group of freshwater fish species tested by the EPA in their Biotic Ligand 
Model (BLM; EPA 2003a) with a Genus Mean Acute Value (GMAV) of 29.11 μg/l of copper.  
In comparison, fathead minnows (Pimephales promelas), the standard EPA test fish for aquatic 
toxicity tests, have a GMAV of 72.07 μg/l of copper.  Therefore, salmonids are approximately 3 
times more sensitive to copper than fathead minnows, the standard test fish in EPA toxicity 
testing.  NMFS assumes that sturgeon will have a similar level of sensitivity.  Hansen et al. 
(2002) exposed rainbow trout to sub-chronic levels of copper in water with nominal water 
hardness of 100 mg/l (as CaCO3).  Growth, whole body copper concentrations, and mortality 
were measured over an 8-week trial period.  Significant mortality occurred in fish exposed to 
54.1 μg/l copper (47.8 percent mortality) and 35.7 μg/l copper (11.7 percent mortality).  Growth 
and body burden of copper were also dose dependent with a 50 percent depression of growth 
occurring at 54.0 μg/l, but with significant depressions in growth still occurring at copper doses 
as low as 14.5 μg/l after the 8-week exposure. 
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In a separate series of studies, Hansen et al. (1999a, b) examined the effects of low dose copper 
exposure to the electrophysiological and histological responses of rainbow trout and Chinook 
salmon olfactory bulbs, and the two fish species behavioral avoidance response to low dose 
copper.  Chinook salmon were shown to be more sensitive to dissolved copper than rainbow 
trout and avoided copper levels as low as 0.7 μg/l copper (water hardness of 25 mg/l), while the 
rainbow trout avoided copper at 1.6 μg/l.  Diminished olfactory (i.e., taste and smell) sensitivity 
reduces the ability of the exposed fish to detect predators and to respond to chemical cues from 
the environment, including the imprinting of smolts to their home waters, avoidance of chemical 
contaminants, and diminished foraging behavior (Hansen et al. 1999b).  The olfactory bulb 
electroencephalogram (EEG) responses to the stimulant odor, L-serine (10-3 M), were completely 
eliminated in Chinook salmon exposed to ∃50 μg/l copper and in rainbow trout exposed to ∃200 
μg/l copper within 1 hour of exposure.  Following copper exposure, the EEG response recovery 
to the stimulus odor were slower in fish exposed to higher copper concentrations.  Histological 
examination of Chinook salmon exposed to 25 μg/l copper for 1 and 4 hours indicated a 
substantial decrease in the number of receptors in the olfactory bulb due to cellular necrosis.  
Similar receptor declines were seen in rainbow trout at higher copper concentrations during the 
one-hour exposure, and were nearly identical after four hours of exposure.  A more recent 
olfactory experiment (Baldwin et al. 2003) examined the effects of low dose copper exposure on 
coho salmon (O. kisutch) and their neurophysiological response to natural odorants.  The 
inhibitory effects of copper (1.0 to 20.0 μg/l) were dose dependent and were not influenced by 
water hardness.  Declines in sensitivity were apparent within 10 minutes of the initiation of 
copper exposure and maximal inhibition was reached in 30 minutes.  The experimental results 
from the multiple odorants tested indicated that multiple olfactory pathways are inhibited and 
that the thresholds of sublethal toxicity were only 2.3 to 3.0 μg/l above the background dissolved 
copper concentration.  The results of these experiments indicate that even when copper 
concentrations are below lethal levels, substantial adverse effects occur to salmonids exposed to 
these low levels.  Reduction in olfactory response is expected to increase the likelihood of 
morbidity and mortality in exposed fish by impairing their homing ability and consequently 
migration success, as well as by impairing their ability to detect food and predators [Also see the 
technical white paper on copper toxicology issued by NMFS (Hecht et al. 2007)].  Given that 
sturgeon use their sense of smell and tactile stimulus to find food within the bottom substrate, 
degradation of their olfactory senses could diminish their effectiveness at foraging and 
compromise their physiological condition through decreases in caloric intake following copper 
exposure. 
 
In addition to these physiological responses to copper in the water, Sloman et al. (2002) found 
that the adverse effect of copper exposure was also linked to the social interactions of salmonids.  
Subordinate rainbow trout in experimental systems had elevated accumulations of copper in both 
their gill and liver tissues, and the level of adverse physiological effects were related to their 
social rank in the hierarchy of the tank.  The increased stress levels of subordinate fish, as 
indicated by stress hormone levels, is presumed to lead to increased copper uptake across the 
gills due to elevated ion transport rates in chloride cells.  Furthermore, excretion rates of copper 
may also be inhibited, thus increasing the body burden of copper.  Sloman et al. (2002) 
concluded that not all individuals within a given population will be affected equally by the 
presence of waterborne copper, and that the interaction between dominant and subordinate fish 
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will determine, in part, the physiological response to the copper exposure.  It is unknown how 
social interactions affect juvenile and sub-adult green sturgeon in the wild. 
 
Current EPA National Recommended Water Quality Criteria and the California Toxics Rule 
standards promulgate a chronic maximum concentration (CMC) of 5.9 µg/l and a continuous 
concentration criteria of 4.3 µg/l for copper in its ionized form.  The dissociation rate for the 
chelated copper molecule in the Komeen® formulation was unavailable at the time of this 
consultation, so that NMFS staff could not calculate the free ionic concentration of the copper 
constituent following exposure to water.  However, the data from the CDFG toxicity studies 
indicates that a working concentration of 640 ppb Komeen® will be toxic to salmonids if they are 
present, either causing death or severe physiological degradation, and therefore green sturgeon 
would likely be similarly affected based on their similar sensitivities to copper toxicity.   
 
6.6.3.4  Assess Risks to Individuals 
 
The proposed modifications to the herbicide application program’s period of application (July 1 
through August 31) will substantially avoid the presence of listed salmonids in the Clifton Court 
Forebay due to the run timing of the juveniles through the Delta.  As described earlier, Central 
Valley steelhead smolts may arrive during any month of the year in the delta, but their likelihood 
of occurrence is considered very low during the summer months of July and August.  It also is 
highly unlikely that any winter-run or spring-run will be present during this time period in the 
South Delta.  Unlike the salmonids, however, representatives of the Southern DPS of green 
sturgeon are routinely salvaged during the summer at both the CVP and SWP fish salvage 
facilities.  This is related to their year round residency in the Delta during their first 3 years of 
life.  The numbers salvaged typically increases during the summer (see figure 4-11).  It is 
therefore likely that individuals from the Southern DPS of green sturgeon will be exposed to the 
copper herbicides, and based on the comparative sensitivities of sturgeon species with salmonids, 
some of these fish are likely to be killed or otherwise negatively affected.  The exact number of 
fish exposed is impossible to quantify, since the density of green sturgeon residing or present in 
the forebay at any given time is unknown.  The short duration of treatment and rapid flushing of 
the system will help to ameliorate the adverse conditions created by the herbicide treatment. 
 
The application of Komeen® to Clifton Court Forebay under the Aquatic Weed Control Program 
will not affect the populations of winter-run or spring-run.  These populations of salmonids do 
not occur in the South Delta during the proposed period of herbicide applications and thus 
exposure to individuals is very unlikely.  Since no individual fish are exposed, population level 
effects are absent.  Exposure of CV steelhead is also very unlikely; however some individual fish 
may be present during July as indicated by the historical salvage record and thus occurrence of 
fish in the forebay during the Komeen® treatment is not impossible.  The numbers of steelhead 
that may be potentially exposed to the copper-based herbicide is believed to be very small, and 
therefore demonstrable effects at the population level resulting from Komeen® exposure are 
unlikely.   
 
The effects to the green sturgeon population are much more ambiguous due to the lack of 
information regarding the status of the population in general.  Although NMFS estimates that 
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few green sturgeons will be exposed during the 2 to 3 days of herbicide treatment; the relative 
percentage of the population this represents is unknown.  Likewise, the number of green sturgeon 
that reside in the forebay at any given time and their susceptibility to entrainment is also 
unknown.  This uncertainty complicates the assessment of both population and individual 
exposure risks.  This area of green sturgeon life history needs further resolution to make an 
accurate assessment of the impacts to the overall status of the population. 
 
6.6.3.5  Effects of the Action on Designated and Proposed Critical Habitat in the Delta 
Division 
 
Clifton Court Forebay is not part of the designated critical habitat for CV steelhead and thus 
actions taken within the forebay itself do not affect PCEs in the Delta for rearing habitat or 
migratory corridors.  The design of the herbicide application protocol prevents movement of the 
copper-based herbicide from the forebay into the waters of the Delta outside of the forebay 
through the closure of the radial gates.  After the exposure period, residual herbicide is pulled 
into the California Aqueduct via the pumps when the radial gates are opened to let in fresh water 
from the Delta.  The flushing of the forebay with external Delta water should reduce any 
remaining Komeen® to insignificant levels and move the treated water volume into the aqueduct 
system of the SWP.  There should be no discernable effects on designated critical habitat outside 
of the forebay.  The proposed critical habitat for the Southern DPS of green sturgeon also does 
not include the forebay.  As previously discussed above, measures to prevent movement of the 
copper-based herbicide outside of the forebay treatment area should preclude any discernable 
effects on proposed critical habitat for green sturgeon. 
 
6.6.4 South Delta Improvement Program – Stage 1 
 
6.6.4.1  Deconstruct the Action 
 
The South Delta Improvement Program (SDIP) Stage 1 involves the placement of four 
permanent gates in the channels of the South Delta already affected by the temporary rock 
barriers installed under the TBP action.  Three of the location, Old River at Tracy, Middle River 
near Victoria Canal, and the Head of Old River are essentially the same as the locations for the 
temporary barriers previously discussed in section 5.6.3.  The fourth location, the channel 
formed by Fabian - Bell and Grant Line Canals will have the permanent structure located several 
miles to the west of the temporary barrier location.  The permanent operable gate will be near the 
confluence of the Fabian - Bell and Grant Line Canal channel with Old River.  This location is 
between the CVP and SWP facilities on Old River just south of Coney Island.  For a short 
period, during the construction of the permanent gates, the rock barriers will continue to be 
installed and operated and there will be an overlap between the two actions.  NMFS expects that 
the operation of the permanent gates proposed for the SDIP will have many of the same effects 
as described for the TBP in regards to changes in the regional hydrodynamics and the increase in 
predation levels associated with the physical structures and near-field flow aspects of the 
barriers.  The effects of the temporary barriers have been described in NMFS (2009).  The 
CALSIM II and DSM 2 modeling conducted for this consultation incorporated the permanent 
barriers into the modeling assumptions for Studies 7.1 and 8.0 while including the temporary 
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barriers as part of the current conditions under the assumptions for Study 7.0.  Therefore, 
individual effects of the barriers on the future conditions must be inferred from the modeling 
output, or derived from other sources of information.  The future baseline conditions include the 
ongoing natural and anthropogenic activities in the Delta not associated with the project (levees, 
dredging, contaminants, urban development, non-native species, predation, etc.).  NMFS 
considers the 4-month winter “no barrier” situation to be the most conservative future baseline 
condition with regard to the TBP.  It represents a “no action” condition for the barrier operations.  
In winter, the HORB is completely removed while the majority of the three agricultural rock 
barriers are removed, leaving only portions of the the side abutments containing the culverts 
remaining in the river channel.  The channels are open to river flow and tidal circulation with a 
minimum of channel obstruction.  The projects would be operated to Study 7.0, the purported 
baseline condition present under current operations in the simulation modeling.  Addition of the 
barriers in spring is in response to the ongoing export actions of the project and the requirement 
to provide suitable water surface elevations in the south Delta for agricultural diversions. 
 
As described in previous sections, future pumping rates are expected to increase during the April 
and May time frame over the current conditions due to the reduction in “environmental” water 
available to make export curtailments.  Although the reduction in “environmental water” is not 
related to the proposed SDIP action, it does coincide with the proposed operations of the 
permanent gates in April and May, and therefore has bearing on the effects of the gates on fish 
drawn into the South Delta by the export actions.  Based on the description and analysis for the 
SDIP in the draft EIR/EIS (DWR 2005) and the SDIP Action Specific Implementation Plan 
(DWR 2006), the stated purposes for the permanent gates, includes maintaining surface water 
elevations for South Delta agricultural diverters and enhancing the flexibility to operate the CVP 
and SWP exports without impacting the South Delta diverters.  Operations of the inflatable gates 
from June through November likewise enable the projects to more frequently sustain higher 
levels of pumping within regulatory and operational parameters by avoiding impacting South 
Delta water elevations and reducing the electrical conductivity levels in the South Delta 
waterways.  It does this by “trapping” high quality Sacramento River water upstream of the 
permanent operable gates and redirecting its flow within the channels to improve water quality 
and circulation between the three agricultural gates.  During the flood tide, higher quality water 
with Sacramento River origins flows upstream past the position of the gates and provides the 
desired water quality conditions within the South Delta channels.  Without the gates, this higher 
quality water would flow back downstream on the ebb tide and not provide the desired water 
quality improvements upstream of the gate positions during all phases of the tidal cycle. 
 
6.6.4.2  Assess Species Exposure 
 
The permanent operable gates proposed under the SDIP action will be present year round in the 
four locations in the South Delta identified for the operable gates.  Winter-run juveniles will be 
exposed to the effects of the gates from December through June when they have been 
documented to occur in the channels of the South Delta based on the salvage records of the 
projects.  Predation associated with the physical structures of the operable gates will occur year 
round and effect juvenile winter-run when they are present in the vicinity of the gates.  
Operations of the gates will occur from April through November and affect juvenile winter-run 
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when they are present during this time period (April through June).  In addition to predation, 
delays in migration and hydraulic effects linked to the operation of the inflatable gates will affect 
winter-run juveniles during this period.  No adult winter-run are expected to be present at any 
time in the channels influenced by the operable gates.   
 
Juvenile spring-run are expected to be present from January through June based on historical 
salvage records.  Predation associated with the physical structures of the operable gates will 
occur year round and effect juvenile spring-run when they are present in the vicinity of the gates.  
Operations of the gates will occur from April through November and affect juvenile spring-run 
from approximately April through June.  In addition to predation, delays in migration and 
hydraulic effects linked to the operation of the inflatable gates will affect juvenile spring-run 
during this period.  No adult spring-run are expected to be present at any time in the channels 
influenced by the operable gates.   
 
CV steelhead smolts may be present from approximately November through the end of June 
based on historical salvage records.  Predation associated with the physical structures of the 
operable gates will occur year round and affect steelhead smolts when they are present in the 
vicinity of the gates.  Operations of the gates will occur from April through November and affect 
juvenile spring-run from approximately April through June and late fall (November).  In addition 
to predation, delays in migration and hydraulic effects linked to the operation of the inflatable 
gates will affect steelhead smolts during this period.  Adult steelhead from the San Joaquin River 
basin are expected to be present in the channels influenced by the operable gates during their 
upstream spawning run.  This is typically the fall through the winter period (September through 
approximately March) with the highest numbers occurring in December. 
 
Green sturgeon have the potential to be present year round in the areas affected by the operable 
gates.  Historical salvage records indicate that juveniles (≈130 mm to 750 mm) have been 
salvaged in every month of the year at the CVP and SWP fish collection facilities.  Fishing 
records (CDFG 2008) provided by the new sturgeon report card for sport fishermen indicate that 
adults and sub-adults are caught by fisherman year round in the San Joaquin River. 
 
6.6.4.3  Assess Species Response to the Proposed Action 
 
The operation of the permanent agricultural gates allows the manipulation of water circulation in 
the channels of the South Delta by redirecting flows “upstream” in Old and Middle rivers and 
downstream through Grant Line and Fabian/Bell canals.  This redirection of flows in the 
channels of the South Delta is accomplished through the operation of the inflatable gates 
(“Obermeyer” style dams).  Gates are fully deflated when the downstream tidal elevations match 
the upstream water elevations.  At this time, flooding tides are allowed to flow over the fully 
lowered dam and into the channels upstream of the gate structures.  Estimates of the volume of 
flood tide allowed to pass over the gates are approximately 80 percent of the unimpeded flow 
without the barriers (or their operations).  The current temporary rock barriers allow significantly 
less, water to flow over them, passing approximately 50 percent of the unimpeded tidal flow 
upstream of the barriers.  The current temporary barriers present a greater physical barrier to tidal 
upstream flows, allowing water to pass through the culverts or over the top of the weir when tidal 
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elevations are sufficient, while blocking a large fraction of the tidal volume with the rock weir 
structure.   
 
After the flood tide has reached its peak, the gates are inflated and their crest elevations 
manipulated to retain the water pushed upstream by the flood tides before it starts to recede on 
the ebbing tide.  By manipulating the elevations of the three agricultural dams (Old River at 
Tracy, Grant Line/ Fabian–Bell, and Middle River), water circulation can be “forced” to move 
through the channels in whichever direction deemed necessary for circulation needs.  Under 
proposed operations, the crests of the Obermeyer dams at Old River at Tracy and Middle River 
will be retained at slightly higher elevations than the dam crest on Grant Line/ Fabian-Bell 
Canal.  Typically, flow will not be allowed to move back over these two dam crests on the falling 
tide, since the crests of the two dams will be maintained above the high tide elevation (Appendix 
1 to this Opinion, pages 133-134).  The remaining dam on Grant Line/ Fabian–Bell Canal will be 
operated to maintain a minimum water surface elevation of 0.00 feet msl in the channels of the 
South Delta.  This method of gate operations results in a larger volume of water past the 
locations of the inflatable gates on each flood tide (80 percent of normal tidal volume).  This 
“cell” of water will then essentially become trapped behind the inflated gates and forced to flow 
progressively “upstream” in the direction of the lowest dam crest elevation between the three 
agricultural barriers.  Frequently this means the net flow is negative to the normal flow of water 
in the channel, such as in Old River and Middle River.  The larger volume of water will carry 
any fish within that body of water with it above the barrier.  It is expected that these fish will 
then be exposed to predation pressures above the barriers, changes in water quality conditions 
that may occur, and irrigation diversions associated with South Delta agriculture. 
 
Under the current temporary barriers operational conditions, fish (i.e., juvenile salmon, 
steelhead) that have not been entrained by the SWP at Clifton Court Forebay, or the CVP pumps 
have the potential to move upstream on the incoming flood tide into the channels of Old River or 
Grant Line/Fabian-Bell Canal.  These fish are currently blocked by the rock barriers upstream of 
the project facilities.  Fish are also likely to enter Middle River before encountering the project 
facilities farther south in the Delta and likewise encounter the rock weir on Middle River 
upstream of its confluence with Victoria Canal.  These conditions are also encountered on the 
rising tide in future operations by the upright Obermeyer dams located on these channels.  In the 
current conditions, some fish pass upstream through the tied open culverts (typical spring 
operations for Delta smelt protection), prior to the tide overtopping the crest of the rock weir.  
Under future conditions, no fish will pass upstream until the dam is deflated.  Once the dam is 
deflated however, a greater proportion of the fish congregating below the barrier will be 
entrained upstream of the gate, and thus more will be “trapped” by the raised gate on the falling 
tide due to the greater volume of water passed through the position of the gate.  The differences 
in the level of predation associated with the alternative operations protocols between barriers and 
gates are difficult to determine without empirical data.  Both scenarios are likely to have high 
levels of predation associated with their implementation.  In both cases, fish are blocked, at least 
initially, in their movement upstream on the flooding tide by the structures.  In the current 
operations, some fish are passed through culverts, and predation is expected to be high following 
their discharge from the culverts on the down current side of the culvert where predators are 
expected to be waiting to prey on the disoriented fish [detailed analysis provided in NMFS 
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(2009)].  In both the current and future operations, fish are expected to be carried past the main 
portion of the barriers when tidal levels reach their peak.  In the current operations, fish would be 
carried over the top of the weir through a turbulent flow field.  It is expected that predators will 
be located on either side of the weir and that some of those predators down current of the barrier 
will follow the prey fish upstream over the weir.  Some prey fish may remain below the barrier 
and attempt to flee to the margins of the channel or into the deeper water at the foot of the 
barrier.  In the future operational conditions, the Obermeyer dam will drop to its fully open 
position on the channel floor once downstream water elevations are equal to the upstream water 
elevations.  This creates an essentially unimpeded channel cross section at the barrier location 
which allows for almost total unobstructed flow upstream.  This design is intended to have flows 
always moving upstream with the flooding tide, thus fish will move with the current upstream.  
Predators will likely follow the prey species upstream above the barrier location, and will be 
“trapped” with them following the inflation of the dam on the ebbing tide.  Predation rates will 
be dependent on predator density and occurrence of prey species in the channels, as well as 
length of exposure to the predators in these channels. 
 
The physical structures of the permanent barriers also create predator habitat within the channels 
of the South Delta.  The designs of the four barriers include substantial amounts of riprapped 
levee facing coupled with sheet pile walls.  The sheet pile walls have large indentations created 
by the corrugated nature of the metal sections, with each section having an approximately 36-
inch long by 18-inch deep depression associated with it (DWR 2006).  At each barrier location, 
the foundation for the multiple Obermeyer dam sections comprising the barrier will span the 
entire width of the channel (several hundred feet).  The width of the foundation for each 
Obermeyer dam section is approximately 10 to 15 meters and is not completely flat to the 
channel bottom, but rises slightly due to the curved hydrofoil shape of the dam structure itself.  
Preliminary design drawings indicate that at low tide, water elevations over the dam will only be 
a few feet (approximately 1 to 1.5 meters at the Middle River and Old River at Tracy sites, 
slightly deeper, approximately 2 meters, at the Head of Old River) except for the Grant Line/ 
Fabian–Bell location which will be installed in deep water (6 m deep).  This condition is 
expected to create localized turbulent flow over the structure on a fine spatial scale.  Fine scale 
flow disruption creates microhabitats by increasing the complexity of the boundary layer along 
the channel bottom or margins.  Predators can utilize these microhabitats to hold station in while 
waiting for prey to pass by.  This disruption of the flow field is on the order of a few meters or 
less and would not be captured by the hydraulic modeling previously done for the project.  An 
example of such microhabitat would be a boulder or ledge in a stream, which provides relief 
from the stream flow to a fish, such as a trout, holding below it.  The placement of the four gates 
will ensure that any fish entering the channels of the South Delta, whether from the San Joaquin 
River side via the Head of Old River or from the western side via one of the three channels with 
gates, will have to negotiate at least two gates to move through the system.  The argument that 
the gates only occupy a small footprint in the South Delta and therefore do not create an 
additional risk of predation is false.  The physical structures of the gates create a point where 
predation pressure is increased and which migrating fish must negotiate to complete their 
downstream journey if they enter the South Delta channels.  The environmental stressors created 
by the implementation of the SDIP will add to the already existing stressors present in the San 
Joaquin River basin.   
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The analysis of the SDIP presented in the draft EIR/EIS (DWR 2005 Appendix J) also included 
numerous PTM runs which analyzed various combinations of flow, export pumping levels, and 
gate operations (and by reference SDIP gate operations at the Head of Old River).  The particle 
tracking simulations conducted for the SDIP proposal indicated that entrainment in the lower San 
Joaquin River watershed is of great concern to fisheries management.  In the simulations without 
the HORB installed, nearly 100 percent of the particles injected above the Head of Old River 
split at Mossdale are entrained by the CVP and SWP pumps after 30 days, regardless of the level 
of pumping at the two facilities.  This situation is greatly exacerbated when flows on the San 
Joaquin River flow are less than or equal to the level of exports.  Entrainment of particles 
injected at other points in the South Delta, along the San Joaquin River as far west as Jersey 
Point, and in the Mokelumne River/ Georgiana Slough system are also subject to entrainment.  
The PTM results indicate that the rates of entrainment increase in concert with increasing 
pumping rates when the flows on the San Joaquin River are low.  The conclusions drawn from 
these findings are that even with a 30-day reduction in pumping (i.e., a VAMP-like scenario or 
an EWA style export curtailment) significant levels of particle entrainment still occurs in the 
channels of the South Delta and Central Delta and that 30 days of pumping reduction may not be 
sufficient to reduce overall entrainment.  This situation is exacerbated by low inflows from the 
San Joaquin River basin, even if delta outflow is increasing due to higher Sacramento River 
flows occurring simultaneously. 
 
Entrainment of particles from the North Delta region and the Sacramento River also can be 
significant under the baseline operational conditions tested in the SDIP proposal.  Particle 
injections made at Freeport with the DCC open, exports at the CVP equal to 4,600 cfs and the 
SWP equal to 6,680 cfs, had project entrainment levels of 50 to 60 percent depending on the 
Delta outflow level (5,000; 7,000; and 12,000 cfs).  Even with the higher Delta outflow levels, 
approximately 15 percent of the particles “lingered” within the Delta after the 30-day period of 
the simulation run.  This scenario represents the type of conditions expected in the late fall and 
early winter before the DCC is closed (October through January) and represented by the 
CALSIM II modeling for the CVP/SWP operations consultation. 
 
Therefore, the simulations completed for the SDIP (DWR 2005) indicate that under typical 
conditions found in the South Delta with low San Joaquin River inflows, nearly all the particles 
entering the South Delta from the San Joaquin River basin will be entrained by the project 
exports.  The “zone of entrainment” extends into the central and northern regions of the Delta, 
with particles either being entrained directly by the project exports or “lingering” in the south 
Delta after 30-days of simulation.  This “baseline” operational condition is further degraded by 
the future export increases modeled in Studies 7.1 and 8.0 as modeled in the CVP/SWP 
operations BA, which have extended periods of elevated pumping levels over the current 
conditions. 
 
The PTM simulations for the SDIP proposal also addressed the gate operations at the Head of 
Old River during VAMP conditions.  Results indicated that when the gate was in, the level of 
entrainment for the Mossdale injections was still exceptionally high and nearly all of the particles 
were either captured by the project exports at the CVP and SWP or other diversions in the South 
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Delta (approximately 30 to 50 percent) or otherwise retained within the waterways of the South 
and Central Delta.  With the Head of Old River gate closed, particles travelled downstream in the 
San Joaquin River past Stockton, but were subsequently entrained into the channels of Turner 
and Columbia Cuts, Middle River, and Old River.  The radio and acoustic telemetry work done 
by Vogel (2004) and SJRGA (2007) support this aspect of the modeling results.  Another 
characteristic of the closed Head of Old River gate condition is the increase in entrainment of 
particles released farther downstream in the San Joaquin River system at Prisoners Point and 
Jersey Point as well as in the Mokelumne River system.  Since exports could not divert water 
from the San Joaquin River entering through the Head of Old River, the additional water was 
pulled from the lower San Joaquin River reaches, thus increasing the risk of entrainment in these 
lower segments.  This characteristic of the hydraulic environment created by the Head of Old 
River gate places fish entering the Central Delta from the Sacramento River at greater risk of 
entrainment.  The simulated fraction of particles escaping the Delta and reaching Chipps Island 
was consistently low under all of the tested parameters for passive particles, never exceeding 15 
percent of the Mossdale injections.  The highest San Joaquin River flow to export pumping ratio 
tested was 2:1 with 3,000 cfs combined pumping coupled with 7,000 cfs San Joaquin River 
outflow (reduced pumping scenario).  This resulted in 14.9 percent of the particles reaching 
Chipps Island after 30 days.  In simulations where the Head of Old River gate was not installed, 
a lower percentage of the particles reached Chipps Island then under the gate installed situation, 
having been quickly entrained into Old River and subsequently captured at the CVP.   
 
Based on the PTM simulations and the initial results of radio and acoustic telemetry studies, the 
proposed SDIP still has significant effects on San Joaquin River basin fish.  The eventual 
entrainment of San Joaquin River fish by the SWP and CVP after they have passed the head of 
Old River through the channels lower down on the San Joaquin River (e.g., Turner and Columbia 
Cuts) is contradictory to the stated purpose of the fish barrier portion of the SDIP proposal.  The 
agricultural gates component of the proposal benefits agricultural interests without apparent 
detriment to those interests and allows the CVP and SWP to enhance their water diversion 
opportunities by providing greater flexibility to their operations within the constraints of existing 
regulatory criteria.  As described previously, the agricultural gates and the enhanced pumping 
regimen under studies 7.1 and 8.0 are detrimental to listed fish occurring in the South Delta, 
regardless of their origins (i.e., spring-run from the Sacramento River or CV steelhead from the 
San Joaquin River basin) and the proposed action (which include the enhanced pumping 
schedule under studies 7.1 and 8.0) will increase the loss of fish over the current conditions.  The 
purported benefit of the SDIP proposal to fisheries management was the Head of Old River gate, 
which was supposed to reduce the entrainment of fall-run originating from the San Joaquin River 
basin during their spring out migration period.  CV steelhead migrating from the San Joaquin 
Basin during the Head of Old River gate operations were also believed to have been protected by 
the gate.  Based on the PTM simulation results and the telemetry findings, this protective aspect 
of the Head of Old River operable gate appears to be overstated, and in fact the operation of the 
gate may place fish entering the system from other tributaries such as the Calaveras River, 
Mokelumne River, and Sacramento River at greater risk of entrainment when it is in operation.  
In order to achieve the proposed benefits of the operable gate at the Head of Old River, 
reductions in exports, coupled with increases in San Joaquin River flows to move fish through 
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the system are needed.  Without these concurrent actions, the full benefit of the operable gate 
cannot be realized.  The proposed SDIP action did not make this linkage part of the operations.   
 
6.6.4.4  Assess Risks to Individuals 
 
Many of the effects described in NMFS (2009) for the TBP apply to the proposed SDIP action.  
The significant difference is the additional predation impacts that can occur during the December 
through March period.  Under the SDIP action, physical structure remains in the channel year 
round and thus provides habitat and hydraulic conditions that are beneficial to predators in the 
area.  NMFS expects that this will increase the predation potential for listed salmonids present in 
the South Delta channels during this period.  Migratory delays are not anticipated to occur during 
this period due to the gates lowered condition.  Passage past the locations of the gates during the 
winter period should not be affected except for the previously mentioned predation issues. 
 
NMFS does not anticipate that the permanent gates will increase predation on green sturgeon 
during the winter period.  As described in NMFS (2009), any green sturgeon present in the South 
Delta channels are typically large enough to be at low risk of predation by predators such as 
largemouth bass or striped bass.  The operations of the gates in the period between April and 
November may impede passage during the gates up condition, but passage should be available 
when the gates are lowered during the flood tide. 
 
Spring-run Chinook salmon - The affects to the spring-run population under the SDIP actions are 
expected to be comparable to the effects already described for the temporary barriers discussion 
in NMFS (2009).  Since approximately 80 percent of the spring-run population presence 
occurred during the April through June period, the predation effects and migrational delays 
should be similar in magnitude between the two projects.  The difference between the two 
actions is the additional predation risk to early migrating spring-run prior to April.  These fish 
would encounter the permanent physical structures of the SDIP gates and the predator issues 
associated with them.  NMFS does not expect more than approximately 3 percent of the total 
annual spring-run population in the Central Valley to be present in the South Delta waters within 
the vicinity of the permanent gates. 
 
Winter-run Chinook salmon – Since the permanent gates are in place year round, the entire 
population of winter-run that enter the waters of the South Delta has the potential to encounter 
the predation effects associated with the SDIP gates.  This is in contrast to the temporary 
barriers, in which only 3 percent of the winter-run population in the South Delta was exposed to 
the rock barriers during the April through June period of their operations.  Migrational delays 
should be similar to those described for the temporary barriers in NMFS (2009).  The period of 
gate operations during winter-run presence is the same as previously described for the operations 
of the rock barriers.  NMFS anticipates that approximately 3 percent of the winter-run population 
is present in the waters of the South Delta within the vicinity of the permanent gates and the 
export facilities when the permanent gates will be operated for water surface elevation control. 
 
Central Valley steelhead – The permanent gates have the potential to affect all of the CV 
steelhead that move through the South Delta.  Previously, only about 9 percent of the annual 
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presence of steelhead in the South Delta was affected by the temporary barriers and their 
operations.  Due to the year round presence of the physical structures in the channels of the 
South Delta related to the permanent gates, steelhead smolts are exposed to the predation issues 
whenever they are present in the waters adjacent to the gate locations.  Delays in migration 
should remain comparable to the temporary barriers, affecting only 9 percent of the annual 
steelhead presence in the South Delta, since the operations of the permanent gates occur during 
the same months as the temporary barriers’ operations.  However, San Joaquin River basin 
steelhead are disproportionately affected due to their close proximity to the project and the 
overlap of their migratory corridor with the action’s location.  Adult effects should also be 
comparable between the two actions.  This should primarily be delays in migration due to gate 
operations, rather than blockage of migration since the gates are operated in concert with the 
tidal stages in the south Delta. 
 
Green Sturgeon – The proposed SDIP permanent barriers will be operated during the same 
seasonal periods as has been done previously for the TBP (April through November).  Therefore, 
effects to the green sturgeon population are expected to generally be comparable between the 
two programs.  The operations of the permanent gates may expose more fish during the 
operational season to migrational delays due to the tidal operation of the gates allowing passage 
upstream of the gates; however, the length of delay should be considerably shorter than the 
temporary barriers due to the same tidal operations which allow the gates to be opened on each 
tidal cycle, thereby allowing the opportunity for sturgeon to pass downstream of the gates.  
Nevertheless, the permanent gates do represent a barrier to free movement of fish in the 
waterways of the South Delta even if it is only for a short time. 
 
Little is known about the population size or the movements of green sturgeon within the Delta, 
therefore assessments of population effects are difficult at best to make.  In order to make any 
reasonable assessment, the number of green sturgeon present in the population, as well as the 
frequency of occurrence in the South Delta would need to be known.  NMFS does not have this 
information.  Monitoring studies using acoustic tags aimed at assessing the behavior of green 
sturgeon in relation to the barriers and the movements of green sturgeon within the channels of 
the South Delta are planned for the near future but have not been implemented to date. 
 
6.6.4.5  Effects of the Action on Designated and Proposed Critical Habitat in the Delta 
Division 
 
The conservation value of CV steelhead designated critical habitat in the South Delta will be 
degraded as a result of the SDIP impacts.  Part of the intrinsic values of the PCEs listed for 
critical habitat in the South Delta is unobstructed passage of emigrating fish through the region.  
This characteristic of the PCE’s will be permanently modified by the construction and operation 
of the proposed barriers as well as additional risks of entrainment and predation presented by the 
modified pumping environment fostered by the SDIP proposal.  As described above, listed 
steelhead will be prevented from using portions of the Delta by the Head of Old River permanent 
gate.  Migration will be restricted to one channel initially until the fish pass the Port of Stockton.  
The risk of entrainment by the export facilities appears to have been delayed until the fish pass 
into the lower sections of the river, rather than prevented as proposed.   Furthermore, delays in 
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migration appear to be a distinct possibility following the movement of steelhead into the lower 
San Joaquin River below the Port of Stockton.  The functioning of the lower San Joaquin River 
as a migratory corridor has not been improved by the action; rather migration has been redirected 
into only one possible route to avoid adverse impacts in another migratory route.  Although the 
selected mainstem San Joaquin River route apparently has better overall survival than the 
southern Delta waterways, it does place the San Joaquin River basin at increased risk for 
catastrophic events that could impact the one selected migratory route, particularly since the 
selected route passes a major waste water treatment plant in the City of Stockton and the 
industrialized Port of Stockton.  Accidental chemical spills are potential catastrophes that could 
severely impact a given year class or more depending on its severity. 
 
In addition to the installation of the gates, the SDIP proposes to dredge certain channels of the 
South Delta to enhance conveyance of water for agricultural diversion and circulation flow 
patterns (portions of Old and Middle River), reduce scouring (West Canal), and increase water 
depth for private water diversions located upstream of the proposed agricultural gates.  This will, 
at the minimum, reduce the benthic communities in the affected channels for a short period of 
time until the substrate is recolonized.  It is also likely that the profile of the new benthic 
community will be different than surrounding areas for a considerable period of time (climax 
community versus disturbed community effect) as well as whether native or exotic species are 
better situated to take advantage of the newly disturbed substrate.  These newly created channels 
with greater depth will also alter the community complexity and species profiles of organisms 
that will inhabit them.  For instance, greater depth may alter the species profiles of predatory fish 
inhabiting these channels by providing additional cover in the form of deeper waters in the 
dredged channels thus allowing larger predatory fish or greater numbers of fish to inhabit them. 
Listed fish will more than likely pass through these channels when the Head of Old River 
permanent gate is not in operation, and the altered habitat will become part of their migrational 
corridor.  It is likely that the value of the future aquatic habitat within the boundaries of the 
proposed SDIP project will reflect a more degraded value to migrating San Joaquin River basin 
CV steelhead compared to the current situation.  The proposed action does not incorporate any 
actions to enhance the aquatic environment beyond its current standing nor does it reverse any of 
the anticipated adverse alterations to the aquatic habitat considered above.  Therefore, NMFS 
believes that the future habitat condition will be adversely modified and provide a less suitable 
suite of PCEs to listed steelhead that will diminish their likelihood of survival through the South 
Delta.  Likewise, the value of the aquatic habitat to fall-run will be diminished by the SDIP 
proposal.  Although fall-run are unlisted, they share similar habitat requirements with CV 
steelhead for migration and rearing and their future use of the habitat will be adversely modified 
by the proposed actions.  Therefore the value of the South Delta waterways as essential fish 
habitat also will be diminished. 
 
The waterways of the South Delta have also been proposed as critical habitat for the Southern 
DPS of green sturgeon (September 8, 2008, 73 FR 52084).  Like the CV steelhead, green 
sturgeon critical habitat in the South Delta requires unobstructed passage through the channels of 
the South Delta during their rearing and migratory life stages.  The operation of the barriers as 
proposed will create obstructions to their free passage when the gates are in their upright 
positions.  It is unknown whether sturgeon will volitionally move against the current of an 
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incoming tide to pass back downstream over the barriers when they are lowered on the incoming 
flood tide.  Furthermore, the duration of time in which the gates are lowered compared to the 
periods in which they are raised is unequal.  The gates are predominately in the raised position 
throughout the tidal cycle, except for the few hours they are lowered on the incoming tides.  
DWR and Reclamation believe that theoretically sturgeon may pass through the boat locks 
associated with the barriers during their operations and thus not be obstructed in their passage.  
This theory has not been proven satisfactorily by the information provided in their analysis.  It is 
based on the belief that the boat locks will be used frequently enough to allow fish to move 
through the structures without undue delays.  Unlike the Suisun Marsh Salinity Control Gates, 
the boat locks will not be left open the majority of the time, but will remain closed to retain stage 
elevations until needed for boat passage. 
 
6.6.5  Delta Cross Channel 
 
6.6.5.1  Deconstruct the Action 
 
The DCC was constructed by Reclamation in the early 1950s to redirect high quality Sacramento 
River water southwards through the channels of the Mokelumne River system towards the South 
Delta and the CVP pumps at Tracy.  This modification of the Delta’s hydraulics prevented the 
mixing of the Sacramento River water with water in the western Delta, with its higher salinity 
load, prior to diverting it to the CVP pumps.  Originally the gates remained open except during 
periods of high Sacramento River flow (> 20,000 to 25,000 cfs) when scouring of the channel or 
flooding risks downstream of the gates warranted closure.  Currently, Reclamation operates the 
DCC in the open position to (1) improve the transfer of water from the Sacramento River to the 
export facilities at the Banks and Jones Pumping Plants, (2) improve water quality in the 
southern Delta, and (3) reduce saltwater intrusion rates in the western Delta. 
 
The conditions for closing the DCC gates to protect fishery resources were first instituted in the 
State Water Resource Control Board’s D-1485 decision in 1978.  In 1995, the Water Quality 
Control Plan (WQCP) for the Bay Delta (95-1) instituted additional operations of the DCC for 
fisheries protection (SWRCB 1995).  These criteria were reaffirmed in the SWRCB’s D-1641 
decision.  The DCC gates may be closed for up to 45 days between November 1 and January 31 
for fishery protection purposes.  From February 1 through May 20, the gates are to remain closed 
for the protection of migrating fish in the Sacramento River.  From May 21 through June 15, the 
gates may be closed for up to 14 days for fishery protection purposes.  Reclamation determines 
the timing and duration of the closures after discussion with USFWS, CDFG, and NMFS.  These 
discussions will occur through the water operations management team (WOMT) as part of the 
weekly review of CVP/SWP operations.  WOMT uses input from the Salmon Decision Process 
to make its gate closure recommendations to Reclamation. 
 
The Salmon Decision Process (CVP/SWP operations BA Appendix B) includes “Indicators of 
Sensitive Periods for Salmon” such as hydrologic changes, detection of spring-run salmon or 
spring-run salmon surrogates at monitoring sites or the salvage facilities, and turbidity increases 
at monitoring sites to trigger the Salmon Decision Process.  The Salmon Decision Process is used 
by the fishery agencies and project operators to facilitate the complex coordination issues 
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surrounding DCC gate operations and the purposes of fishery protection closures, Delta water 
quality, and/or export reductions.  Inputs such as fish life stage and size development, current 
hydrologic events, fish indicators (such as the Knight’s Landing Catch Index and Sacramento 
Catch Index), and salvage at the export facilities, as well as current and projected Delta water 
quality conditions, are used to determine potential DCC closures and/or export reductions. 
 
The primary avenue for juvenile salmonids emigrating down the Sacramento River to enter the 
interior Delta, and hence becoming vulnerable to entrainment by the export facilities, is by 
diversion into the DCC and Georgiana Slough.  Therefore, the operation of the DCC gates may 
significantly affect the survival of juvenile salmonids emigrating from the Sacramento River 
basin towards the ocean.  Survival in the Delta interior is considerably lower than the mainstem 
Sacramento River.  This has previously been discussed in section 6.6.2.5 Indirect Mortality 
Within the Delta.   
 
6.6.5.2  Assess the Species Exposure 
 
The proportion of juvenile Chinook salmon that enter the Delta from the Sacramento River is 
given in table 6-34.  Salvage and loss across months (http://www.usbr.gov/mp/cvo/fishrpt.html)  
represents fish presence in the South Delta (table 6-27).  The closure of the DCC gate under the 
current schedule protects 100 percent of the migrating fish from February 1 through May 20 
from entering the DCC channel and entering the Mokelumne River system through Snodgrass 
Slough.  Prior to February 1, the gates can be closed for up to 45 days between November 1 and 
January 31 (maximum 50 percent).  After May 20, the gates can be closed for up to 14 days 
through June 15. 
 
Table 6-34.  The proportion of juvenile Chinook salmon and steelhead production entering the Delta from the 
Sacramento River by month. 
Month Sacramento 

River Total1,2 
Fall-Run3 Spring-Run3 Winter-Run3 Sacramento 

Steelhead4 

January 12 14 3 17 5 
February 9 13 0 19 32 
March 26 23 53 37 60 
April 9 6 43 1 0 
May 12 26 1 0 0 
June 0 0 0 0 0 
July 0 0 0 0 0 
August 4 1 0 0 0 
September 4 0 0 0 1 
October 6 9 0 0 0 
November 9 8 0 03 1 
December 11 0 0 24 1 
      
Total 100 100 100 100 100 
Notes: 
  1 Mid Water trawl data 
  2 All runs combined 

http://www.usbr.gov/mp/cvo/fishrpt.html


 403

  3 Runs from Sacramento River basin only 
  4 Rotary screw trap data from Knights Landing 
Source: DWR and Reclamation (2005 Tables J-23 and J-24, Appendix J). 
 
Winter-run Chinook salmon - Prior to the DCC gate closures in February, approximately 44 
percent of the annual winter-run juvenile population is vulnerable to entrainment into the DCC.  
Emigration of winter-run juveniles during December and January accounts for nearly all of this 
entrainment.  Loss records from the CVP and SWP fish collection facilities 
(http://www.usbr.gov/mp/cvo/fishrpt.html) have a slightly lower fraction of the winter-run 
juvenile population present in the Delta during December and January (≈21 percent of the annual 
total), which may represent the lag in movement across the delta or potentially holding and 
rearing behavior.  The majority of adult winter-run will migrate upstream through the Delta 
during the period when the DCC gates are closed. 
 
Spring-run Chinook salmon – Only 3 percent of the annual juvenile spring-run emigration occurs 
prior to February in the Sacramento River basin.  However, this fraction represents the yearling 
spring-run life history stage, an important alternative to the more common YOY life history 
stage where fish emigrate during their first spring after hatching.  Spring-run juveniles are not 
represented in the salvage and loss records at the CVP/SWP facilities until March and April.  
Adult spring-run migrating through the Delta will encounter the DCC gates in both the closed 
position prior to May 15 and the open gate configuration after May 15. 
 
Central Valley steelhead – Approximately 7 percent of the steelhead form the Sacramento River 
basin emigrate prior to February in any given year and thus would be vulnerable to open DCC 
gates and diversion into the Delta interior.  Steelhead begin showing up in the salvage at the CVP 
and SWP fish collection facilities in January and February and most likely represent the 
steelhead moving out of the Mokelumne system during December and January.  Adult steelhead 
are likely to encounter the DCC gates in both an open and closed configuration through out their 
extended spawning migration.  Most steelhead have entered the Sacramento system prior to 
February and therefore would have been exposed to open gates. 
 
Green sturgeon – Little is known about the migratory behavior of juvenile green sturgeon in the 
Sacramento River basin.  It is likely that juvenile green sturgeon (larger than the 75 mm) will not 
enter the Delta prior to their first winter and thus would not be exposed to the open DCC gates.  
It is likely that these fish will enter the Delta sometime in the winter or spring following their 
hatching upriver and encounter both types of gate configurations as they enter the Delta.  More 
information is required to accurately assess the migratory movements of juvenile sturgeon in the 
river system, as well as their movements within the Delta during their rearing phase in 
estuarine/Delta waters.  Adult green sturgeon are likely to encounter closed DCC gates during 
their upstream spawning migration in winter and early spring, but encounter open gates during 
their downstream migration in summer and fall following spawning. 
 
6.6.5.3  Assess Species Response to the Proposed Action  
 
The DCC can divert a significant proportion of the Sacramento River’s water into the interior of 
the Delta.  The DCC is a controlled diversion channel with two operable radial gates.  When 

http://www.usbr.gov/mp/cvo/fishrpt.html
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fully open, the DCC can allow up to 6,000 cfs of water to pass down the channel into the North 
and South Forks of the Mokelumne River in the central Delta (Low et al. 2006, CVP/SWP 
operations BA Appendix E).  During the periods of winter-run emigration (i.e., September to 
June) through the lower Sacramento River, approximately 45 percent of the Sacramento River 
flow (as measured at Freeport) can be diverted into the interior of the Delta through the DCC and 
Georgiana Slough when both gates are open.  When the gates are closed, approximately 15 to 20 
percent (as measured at Freeport) of the Sacramento River flow is diverted down the Georgiana 
Slough channel16 (CVP/SWP operations BA Appendix E).  Peak flows through Georgiana 
Slough can be almost 30 percent of the Sacramento River flows.  Together, the DCC and 
Georgiana Slough can divert nearly half of the Sacramento River’s flow into the Delta interior. 
 
In most years, the peak of winter-run emigration past the DCC occurs from late November 
through February, based on USFWS trawl and seining data (USFWS 2001, 2003, 2006; Low et 
al. 2006, DWR 2005); when 10 to 25 percent of the Sacramento River flow can be diverted 
through the DCC and an additional 17 to 20 percent is diverted down Georgiana Slough.  There 
is little change between the current and future conditions (Study 7.0 compared to Studies 7.1 and 
8.0).  Kjelson and Brandes (1989) found that survival of tagged Chinook salmon smolts was 
negatively correlated (r= -0.63) with the percentage of water diverted through the DCC from the 
Sacramento River.  When diversion rates were high (> 60 percent) with the DCC gates open, the 
survival of smolts released above the DCC was about 50 percent less than those releases which 
occurred below the DCC.  When the gates were closed, there was no difference between the two 
release points under high flow conditions, however, under low flow conditions, the survival of 
the upper release point was about 25 percent less than the downstream release point.  Kjelson 
and Brandes (1989) attributed this lower survival rate to the effect of the fish being diverted into 
Georgiana Slough.  Low et al. (2006) found significant linear relationships between the 
proportion of Sacramento River flow diverted into the interior of the Delta in December and 
January and the proportion of the juvenile winter-run lost at the CVP/SWP export facilities.  
Analysis of 2-week intervals found highly significant relationships between these proportions in 
late December (December 15 to 31) and early January (January 1 to 15) periods before the DCC 
gates are closed.  A series of studies conducted by Reclamation and USGS (Horn and Blake 
2004) supports the previous report’s conclusion of the importance of the DCC as an avenue for 
entraining juvenile salmonids into the central Delta.  These studies used acoustic tracking of 
released juvenile Chinook salmon to follow their movements in the vicinity of the DCC under 
different flows and tidal conditions.  The study results indicate that the behavior of the Chinook 
salmon juveniles increased their exposure to entrainment through both the DCC and Georgiana 
Slough.  Horizontal positioning along the east bank of the river during both the flood and ebb 
tidal conditions enhanced the probability of entrainment into the two channels.  Upstream 
movement of fish with the flood tide demonstrated that fish could pass the channel mouths on an 
ebb tide and still be entrained on the subsequent flood tide cycle.  In addition, diel movement of 
fish vertically in the water column exposed more fish at night to entrainment into the DCC than 
during the day, due to their higher position in the water column and the depth of the lip to the 
DCC channel mouth (-2.4 meters).  The study concluded that juvenile Chinook salmon 
entrainment at a channel branch will not always be proportional to the average amount of flow 

 
16 Instantaneous percentages can be much higher depending on the interaction of river flow and tidal flow as 
describe in Horn and Blake (2004). 
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entering that branch, and can vary considerably throughout the tidal cycle.  Furthermore, 
secondary circulation patterns can skew juveniles into the entrainment zones surrounding a given 
branch, thus resulting in a disproportionately high entrainment rates.  This characteristic was 
observed in the recent acoustic tagging studies (Burau et al. 2007, Perry and Skalski 2008, Vogel 
2008a) experiments at the mouth of Sutter and Steamboat sloughs.  The percentage of fish 
selecting the alternative routes from the mainstem Sacramento River was different than the 
percentage of water entering the channel, indicating spatial distribution in the channel may play 
an important role in entrainment rates. 
 
Fish that are diverted into the Delta interior and survive the high loss rates migrating through 
Georgiana Slough and the lower Mokelumne River system are eventually discharged into the 
San Joaquin River system near RM 22.  As presented previously in the Delta Division 
discussion, changes in Delta hydrodynamic conditions associated with CVP and SWP export 
pumping inhibit the function of Delta waterways as migration corridors.  When pumping is 
elevated, the flows in the river reaches surrounding this confluence are directed towards the 
export facilities, indicated by negative flows in Old and Middle River.  Additional loss is 
experienced during this movement of fish towards the CVP/SWP facilities and throughout the 
salvage process.  With mandatory closure of the DCC gates from February 1 through May 20 
(pursuant to current criteria in SWRCB D-1641), approximately 50 percent of juvenile winter-
run outmigration and 70 to 90 percent of the steelhead and spring-run juveniles migrating 
downstream in the Sacramento River are not exposed to the open DCC gate configuration and 
are therefore expected to have a greater likelihood of remaining in the Sacramento River 
(including Sutter and Steamboat sloughs) and surviving to Chipps Island.  These fish will be less 
vulnerable to decreased survival rates through the Delta interior and any subsequent losses 
related to the effects of CVP and SWP Delta export pumping from the San Joaquin River 
confluence southwards.  That segment of the respective salmonid populations which migrates 
earlier than the mandatory closures will be exposed to the effects of the DCC gates when they 
are in the open configuration.  All fish will be exposed to entrainment into Georgiana Slough, 
which has the potential to capture approximately 15 to 20 percent of the downstream migrants 
moving past it. 
 
Several years of USFWS fisheries data indicate that the survival of salmon smolts in Georgiana 
Slough and the central Delta is significantly reduced when compared to the survival rate for fish 
that remain in the Sacramento River (Kjelson and Brandes 1989, Brandes and McLain 2001).  
Data from investigations conducted since 1993 with late fall-run during December and January 
are probably the most applicable to emigrating steelhead and spring-run yearlings due to their 
comparable sizes.  These survival studies were conducted by releasing one group of marked (i.e., 
CWT and adipose fin clipped) hatchery-produced salmon juveniles into Georgiana Slough, while 
a second group was released into the lower Sacramento River.  Results have repeatedly shown 
that survival of juvenile salmon released directly into the Sacramento River while the DCC gates 
are closed are, on average, two to eight times greater than survival of those released into the 
central Delta via Georgiana Slough (CDFG 1998, Newman 2008).  More recent acoustic tagging 
studies support these earlier findings (Perry and Skalski 2008) indicating that when the DCC is 
closed, survival through the delta can increase approximately 50 percent compared to open DCC 
conditions (35.1 percent survival with the DCC open versus 54.3 percent survival with the DCC 
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closed; data from Perry and Skalski 2008).  In comparison, Burau et al. (2007) found that 
increasing flows influenced survival in the Sacramento River, e.g., higher flows correlated to 
higher survival in the different channels.  These results were described previously in the Delta 
Division section assessing indirect mortality within the Delta. 
 
The results of these studies demonstrate that the likelihood of survival of juvenile salmon, and 
probably steelhead, is reduced by deleterious factors encountered in the central Delta.  In 
addition to predation, water quality parameters such as temperature can have significant effects 
on survival.  Baker et al. (1995) showed that the direct effects of high water temperatures are 
sufficient to explain a large part (i.e., 50 percent) of the smolt mortality actually observed in the 
Delta.  The CVP and SWP export operations are expected to contribute to these deleterious 
factors through altered flow patterns in the Central and South Delta channels.  In dry years, flow 
patterns are altered to a greater degree than in the wet years and are expected to result in a higher 
level of impact to emigrating steelhead and winter-run and spring-run smolts (Kjelson and 
Brandes 1989).  If the DCC gates are opened for water quality improvements or other purposes, a 
significantly greater proportion of Sacramento River flow and juvenile fish will be diverted into 
the central Delta. 
 
False Attraction and Delayed Migration - From November through May, adult winter-run and 
spring-run and steelhead migrate through the Delta for access to upstream spawning areas in the 
Sacramento and San Joaquin basins.  Changes in Delta hydrodynamics from CVP and SWP 
export pumping in the South Delta may affect the ability of adult salmon and steelhead to 
successfully home in on their natal streams.  Radio tagging studies on adult fall-run indicate that 
these fish frequently mill about in the Delta, often initially choosing the wrong channel for 
migration (CALFED 2001).  CVP and SWP export pumping alters Delta hydrodynamics by 
reducing total Delta outflows by as much as 14,000 cfs and reversing net flows in several central 
and south Delta channels.  Adults destined for the Sacramento Basin may experience some minor 
delays during passage through the Delta by straying temporarily off-course in northern and 
central Delta waterways.  Closure of the DCC gates from November 1 through May 20 may 
block or delay adult salmonids that enter the Mokelumne River system and enter through the 
downstream side of the DCC.  However, it is anticipated that closure of the DCC gates during 
this period will reduce diversion of Sacramento River water into the Central Delta, thereby 
improving attraction flows for adults in the mainstem Sacramento River.  Intermittent openings 
to meet water quality standards or tidal operations are not expected to cause significant delays to 
adults because of their temporary nature and the ability of adults to drop back and swim around 
the DCC gates.  Acoustic tracking studies by Odenweller of CDFG (CALFED 2001) indicated 
that adult fall-run may make extensive circuitous migrations through the Delta before finally 
ascending either the Sacramento or San Joaquin Rivers to spawn.  These movements included 
“false” runs up the mainstems with subsequent returns downstream into the Delta before their 
final upriver ascent. 
 
Within the south Delta, several studies have indicated that adult fall-run may be negatively 
impacted by the operations of the export facilities during their upstream spawning migration 
(Hallock et al. 1970, Mesick 2001).  The reduced fall flows within the San Joaquin system, 
coupled with the elevated pumping actions by the SWP and CVP during the fall to “make up” for 
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reductions in pumping the previous spring, curtails the amount of San Joaquin River basin water 
that eventually reaches the San Francisco Bay estuary.  It is necessary for the scent of the San 
Joaquin basin watershed to enter the Bay in order for adult salmonids to find their way back to 
their natal river.  Reductions, or even the elimination, of this scent trail has been postulated by 
Mesick (2001) to increase the propensity for fall-run to stray from their natal San Joaquin River 
basin and into the adjacent Mokelumne River or Sacramento River basins.  This problem may 
exist for CV steelhead that utilize the San Joaquin River basin or the Calaveras River for their 
olfactory cues during their upstream spawning migrations back to their natal stream.  The 
increased time spent by adults searching for the correct olfactory cues in the Delta could lead to a 
decrease in the fish's overall health, as well as a reduction in the viability of its gametes.  
Increased exposure to elevated water temperatures, chemical compounds and bacterial or viral 
infections present in the Delta increases the likelihood that adult Chinook salmon and their eggs 
may experience negative effects on the behavior, health, or reproductive success of the fish 
(Meehan and Bjornn 1991, Rand et. al. 1995). 
 
In addition, the existence of the chronic DO sag in the San Joaquin River between the Port of 
Stockton and Turner Cut can delay the upstream migration of adult salmonids. The ambient DO 
levels in this portion of the San Joaquin can drop below 4 mg/L during the fall and early winter 
periods.  Hallock et al. (1970) found that most adult fall-run would not migrate through water 
with less than 5 mg/L DO.  Laboratory data for juvenile Chinook salmon (Whitmore et al. 1960) 
supports this finding as the juvenile Chinook salmon avoided water with less than 4.5 mg/L 
under controlled laboratory conditions.  Flow levels in the mainstem San Joaquin below the head 
of Old River are inherently dependent on the status of the HORB, reservoir releases, and the 
operation of the CVP pumps.  When flow rates are high, the DO sag does not set up.  
Conversely, when flows drop below approximately 1,500 cfs, the conditions in the deep-water 
ship channel become conducive to creating the low DO situation. 
 
6.6.5.4  Assess Risks to Individuals 
 
As previously described earlier in the Delta division analysis, individual juvenile fish that move 
into the Delta interior through the DCC or Georgiana Slough are at a much higher risk of 
mortality from predation or other stressors in the environment.  These other stressors can take the 
form of delayed migration; water quality issues such as temperature and low DO, and prolonged 
exposure to contaminants in the system.  Individual winter-run juveniles and spring-run juveniles 
are at an increased risk of entrainment if they move downstream earlier in the season than later, 
or respond to increases in river flows upstream of the Delta in the Sacramento River or 
reductions in river temperature.  These environmental cues typically induce winter-run juveniles 
and yearling spring-run to initiate downstream movement towards the Delta and the ocean.  
Individuals that display this sensitivity to early triggers are at a higher risk of mortality due to the 
open configuration of the DCC gates.  Fish that are successful in surviving the Delta interior by 
passing through Georgiana Slough or the Mokelumne River system still must negotiate the 
effects of the export pumps and the altered hydraulics in the San Joaquin River main stem.  If 
exports are high, individual fish face a greater probability of being entrained towards the export 
facilities.  Such increased exports are modeled for the current, near future, and future conditions 
of the CVP/SWP operations action.  Survival from the San Joaquin River southwards towards 
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the pumps is considered to be low for salmonids.  It is thought that this is primarily a result of 
intense predation pressure within the waterways leading to the facilities.  Fish that ultimately 
reach the salvage facilities still face a high probability of mortality from that encounter.  
Calculated losses (mortalities) at the CVP are approximately 2 out of every 3 fish that enter the 
salvage operation.  Fish survival is far worse at the SWP facility where 1 out of 6 fish survive the 
salvage operation, primarily due to high predation losses in the forebay.  Steelhead smolts, 
although larger than spring-run or winter-run emigrants, are also likely to have low survival rates 
if they are diverted into the Delta interior.  Recent studies in Clifton Court Forebay verified that 
200- to 250-mm long steelhead smolts were just as likely to be eaten by predators as the smaller 
Chinook salmon smolts.   
 
Little information is available regarding juvenile green sturgeon movements in the lower 
Sacramento River and Delta waterways.  It is unknown how vulnerable these juvenile sturgeons 
are to diversion into the DCC or Georgiana Slough or their risk to predation by the larger 
predators such as striped bass and largemouth bass that inhabit the Delta system.  Additional 
research is required to answer these questions before a thorough assessment can be made. 
 
Winter-run Chinook salmon – Nearly half of the annual winter-run population emigrates during 
the gates open period in late fall and early winter.  These early emigrating winter-run are 
vulnerable to the effects of the open DCC gates as previously explained.  The loss of individuals 
from this segment of the winter-run population may decrease the population’s future expression 
of varied life history strategies, such as early migrational behavior.  Having a broad 
representation of different life history strategies enables the population to spread its survival risk 
over time, rather than having one monotypic life history.  By varying the time that individuals 
emigrate to the Delta and the ocean, the population can take advantage of potentially better 
environmental conditions outside of the normal migration period.  In the case where 
environmental conditions may be poor for most of the run during the “normal” migration period 
due to stochastic variation in the environment (e.g., poor upwelling conditions in the coastal 
ocean), those segments of the population that migrated at different times may find more suitable 
conditions and thus perpetuate the population.  Maintaining those segments of the winter-run 
population that exhibit different life history behavioral traits is central to the long-term viability 
of the population.  Based on the data generated from the acoustic tracking studies of Perry and 
Skalski (2008) and Burau et al. (2007), NMFS has estimated that losses to the winter-run 
population associated with the operations of the DCC range from 6 to 20 percent of the winter-
run population entering the Delta.  These estimates used the percentage of fish entering the Delta 
interior through either the DCC or Georgiana Slough channels (based on acoustic tracking data 
of Chinook salmon smolts: 28 percent when DCC open, 18 percent when closed), the survival 
estimates within those channels (35 percent survival base case, 10 percent survival when high 
losses occur, 75 percent survival when losses are low), the monthly position of the DCC gates, 
and the percentage of the winter-run population entering the Delta from the Sacramento River 
each month from table 6-26. 
 
Spring-run Chinook salmon – The DCC gates are open during the period when yearling spring-
run are emigrating into the Delta from their upstream natal tributaries.  Like the early migrating 
winter-run juveniles, the yearling spring-run life history strategy represents an important 
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component of the overall spring-run life history.  Yearling fish are larger than young of the year 
emigrants, having spent additional time growing in their natal streams over the summer before 
emigrating downstream.  They have a higher success rate at transitioning to the ocean 
environment than the smaller YOY.  They also represent a mechanism to spread out the risk to 
an individual brood year’s population by going out later than the more common first spring 
emigration life history strategy expressed by the young of the year emigrants.  By having more 
opportunities to enter the ocean at different times, the probability of finding suitable conditions 
increases.  This in turn increases the likelihood that the population will endure.  Maintaining 
those segments of the spring-run population that exhibit different life history behavioral traits is 
central to the long-term viability of the population.  Based on the data generated from the 
acoustic tracking studies of Perry and Skalski (2008) and Burau et al. (2007), NMFS has 
estimated that losses to the spring-run population associated with the operations of the DCC and 
fish entering the Delta interior range from approximately 5 to 17 percent of the spring-run 
population entering the Delta.  These estimates used the percentage of fish entering the Delta 
interior through either the DCC or Georgiana Slough channels (based on acoustic tracking data 
of Chinook salmon smolts: 28 percent when DCC open, 18 percent when closed), the survival 
estimates within those channels (35 percent survival base case, 10 percent survival when high 
losses occur, 75 percent survival when losses are low), the monthly position of the DCC gates, 
and the percentage of the spring-run population entering the Delta from the Sacramento River 
each month from table 6-26. 
 
Central Valley steelhead – As discussed for the winter-run and spring-run populations, diversity 
of life history strategies represents a mechanism by which the population can take advantage of 
variability in the natural environment and spread its risks across a larger temporal period.  By 
encountering many different environmental conditions, the probability of finding an environment 
with suitable conditions increases.  Although only a small proportion of the Sacramento Valley 
steelhead are emigrating during the period when the gates are open in late fall and early winter, 
they represent an important component of the life history strategy of the CV steelhead.  These 
early migrants are vulnerable to the open gates and the expected high loss rate in the Delta 
interior would remove an important component of the steelhead life history strategy from the 
population.  Based on the data generated from the acoustic tracking studies of Perry and Skalski 
(2008) and Burau et al. (2007), NMFS has estimated that losses to the CV steelhead population 
associated with the operations of the DCC ranage from approximately 5 to 17 percent of the CV 
steelhead population entering the Delta from the Sacramento River basin.  These estimates used 
the percentage of fish entering the Delta interior through either the DCC or Georgiana Slough 
channels (based on acoustic tracking data of Chinook salmon smolts: 28 percent when DCC 
open, 18 percent when closed), the survival estimates within those channels (35 percent survival 
base case, 10 percent survival when high losses occur, 75 percent survival when losses are low), 
the monthly position of the DCC gates, and the percentage of the winter-run population entering 
the Delta from the Sacramento River each month from table 6-26. 
 
Green sturgeon – It is unknown what population effects the DCC gate operations will have on 
the green sturgeon population in the Delta.  The behavior of green sturgeon juveniles in relation 
to the gate operations is unknown.  The situation is further complicated by the lack of knowledge 
of migrational timing for juvenile green sturgeon entering the Delta from the Sacramento River 
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and thus the timing of their exposure to the gate operations.  Adult green sturgeon may be 
impacted by the potential for delay behind the closed gates during their upstream migration.  
However, acoustic tagging efforts to date indicate that tagged fish move upriver through the 
mainstem of the Sacramento River in the Delta and not within the interior delta waters adjacent 
to the downstream channel of the DCC.  Only those fish that entered the downstream sections of 
the Mokelumne River system and continued upstream in this system would be subject to 
migrational delays below the DCC gates during their spawning runs.  This may change as more 
fish are tagged and a greater knowledge of adult fish movement is gained. 
 
6.6.5.5  Effects of the Action on Designated and Proposed Critical Habitat in the Delta 
Division 
 
For both the winter-run and spring-run, designated critical habitat lies adjacent to the location of 
the DCC gates.  In the case of designated critical habitat for the winter-run (58 FR 33212) the 
DCC is specifically not included because the biological opinions issued by NMFS in 1992 and 
1993 concerning winter-run included measures on the operations of the gates that were designed 
to exclude winter-run from the channel and the waters of the Central Delta.  For the spring-run, 
designated critical habitat (70 FR 52488) includes the DCC from its point of origin on the 
Sacramento River to its terminus at Snodgrass Slough, including the location of the gates.  
Designated critical habitat for CV steelhead includes most of the Delta and its waterways; 
however, the DCC waterway was not included in the text or maps of the Federal Register notice 
as being part of the Delta waters designated as critical habitat.  Nevertheless, actions of the DCC 
gates affect the critical habitat PCEs designated for the spring-run and CV steelhead populations 
as well as the essential fish habitat functions for winter-run Chinook salmon.  Primarily, DCC 
gate operations interfere with the performance of the Sacramento River as a migratory corridor 
for spring-run and CV steelhead and as essential habitat for winter-run by preventing access 
downstream from the spawning grounds to San Francisco Bay and the Pacific Ocean.  Fish 
entrained into the DCC and the Mokelumne River systems are at a greater risk of mortality than 
their counterparts who have remained in the mainstem of the Sacramento River.  The operations 
of the gates permit fish to enter habitat and waterways they would not normally have access to 
with substantially higher predation risks than the migratory corridor available in the Sacramento 
River channel.  Operations of the gates have a direct effect on the entrainment rate and hence the 
functioning of the Sacramento River as a migratory corridor. 
 
6.6.6  Contra Costa Water District Diversions 
 
6.6.6.1  Deconstruct the Action 
 
CCWD currently operates three facilities to divert water from the Delta for irrigation and 
Municipal and Industrial (M&I) uses.  These are the facilities at Mallard Slough on the lower 
San Joaquin River near Chipps Island, on Rock Slough near Oakley, and on Old River near the 
Highway 4 Bridge.  The fourth diversion to be added to those facilities operated by CCWD is the 
“Alternative Intake Project” on Victoria Slough in the South Delta.  Reclamation owns the 
Contra Costa Canal and shortcut pipeline, as well as the Rock Slough Intake and pumps.  The 
CCWD operates and maintains these facilities under contract to Reclamation.  CCWD owns 
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Mallard Intake, Old River Intake and Los Vaqueros Reservoir, and the proposed Alternative 
Intake on Victoria Canal.  Separate Opinions have been issued for these structures. 
 
The Rock Slough Intake is an unscreened diversion owned by Reclamation and one of three 
operated in the Delta by CCWD.  Pumping Plant 1, located several miles downstream from the 
canal’s headworks on Rock Slough, has the capacity to pump 350 cfs into the concrete lined 
portion of the Contra Costa Canal.  The Rock Slough intake currently accounts for 
approximately 17 percent of the total water diverted by the CCWD in the Delta.  Pursuant to the 
USFWS’ (1993) Opinion for the Los Vaqueros Project, the positively screened Old River 
Facility is now the primary diversion point for CCWD, accounting for approximately 80 percent 
of the annual water supply diverted by CCWD.  In the future, when the positively screened 
Alternative Intake comes on line, the share of CCWD water diverted from the Old River and 
Victoria Canal intakes will account for approximately 88 percent of the annual water diversions 
for the CCWD, while the Rock Slough intake will be reduced to approximately 10 percent of the 
annual diversions.  All three current intakes are operated as an integrated system to minimize 
impacts to listed fish species.  CCWD diverts approximately 127 TAF per year in total, of which 
approximately 110 TAF is CVP contract supply.  In winter and spring months when the Delta is 
relatively fresh (generally January through July), demand is supplied by direct diversion from the 
Delta.  In addition, when salinity is low enough, Los Vaqueros Reservoir is filled at a rate of up 
to 200 cfs from the Old River Intake.  However, the biological opinions for the Los Vaqueros 
Project and the Alternative Intake Project, CCWD’s memorandum of understanding with the 
CDFG, and SWRCB D-1629 of the State Water Resources Control Board, include fisheries 
protection measures consisting of a 75-day period during which CCWD does not fill Los 
Vaqueros Reservoir and a concurrent 30-day period during which CCWD halts all diversions 
from the Delta, provided that Los Vaqueros Reservoir storage is above emergency levels.  The 
default dates for the no-fill and no-diversion periods are March 15 through May 31 and April 1 
through April 30, respectively.   
 
6.6.6.2  Assess Species Exposure 
 
At least one of the listed species are present in the south Delta waterways adjacent to the CCWD 
diversion intakes in all months of the year.  Winter-run are present from approximately 
December through June based on salvage records from the CVP/SWP fish collection facilities.  
The peak occurrence of winter-run in the south Delta is from January through March.  Juvenile 
spring-run are present in the South Delta in the vicinity of the CCWD diversions from January 
through June with peak occurrence from March through May.  Central Valley steelhead may be 
present in the waters of the South Delta from October through July, but have peak occurrence 
from January through March.  Both juvenile and sub-adult green sturgeon are expected to be 
present year round in the South Delta as indicated by the salvage record.  Adult green sturgeon 
have been caught by sport fisherman in the mainstem of the San Joaquin River from Sherman 
Island to the Port of Stockton in most months of the year based on the draft 2007 sturgeon report 
card  (CDFG 2008).  Presence in the South Delta is assumed for the same period.  During the 75 
day pumping reduction from March 15 to May 31 and the 30 day no pumping period (April 1 to 
April 30), the effects of the CCWD action is significantly reduced or eliminated. 
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6.6.6.3  Assess Species Response to the Proposed Action  
 
In the 1993 winter-run Opinion, NMFS required monitoring for winter-run.  Based on the CDFG 
sampling during the period from 1994 through 1996, mortality from entrainment in the Rock 
Slough Intake occurred from January to June.  Annual numbers captured in a sieve-net 
downstream of the pump plant for the years 1994-1996 were 2 to 6 winter-run, 25 to 54 spring-
run, and 10 to 14 steelhead (Morinaka 2003).  Additional losses (8 to 30 percent) due to 
predation in the canal and fish being killed passing through the intake also were determined to 
occur.  Extrapolated numbers of juvenile Chinook salmon (all races) entrained at Rock Slough 
between 1994 and 1996 ranged from 262 to 646 fish per year.  
 
Since that time, most of CCWD water diversions have shifted to newer, screened facilities on 
Old River near Highway 4.  These screens are designed to exceed NMFS’ juvenile salmon 
screening criteria since they also must be protective of juvenile and larval delta smelt which co-
occur in the same waters.  In addition, the current pumping rates at Rock Slough have been 
reduced in the winter months compared to the historical conditions (CVP/SWP operations BA 
Appendix E).  Before 1998, the Rock Slough Intake was CCWD’s primary diversion point.  It 
has been used less since 1998 when Los Vaqueros Reservoir and the Old River Pumping Plant 
began operating.  The diversion at the headworks structure is currently sampled with a sieve net 
three times per week from January through June and twice per week from July through 
December.  A plankton net is fished at the headworks structure twice per week during times 
larval delta smelt could be present in the area (generally March through June).  A sieve net is 
fished at Pumping Plant #1 two times per week from the time the first winter-run is collected at 
the CVP and SWP (generally January or February) through June.  Since 1998, the expanded fish 
monitoring has only recovered 1 winter-run sized Chinook salmon, 14 spring-run sized Chinook 
salmon, 6 unclipped steelhead, 8 clipped steelhead, and one steelhead of indeterminate origin.  
During the same period of time, 19 wild fall-run and 2 clipped fall-run have been recovered 
(table 6-35) at the Rock Slough Headworks and Pumping Plant 1.  NMFS previously estimated 
that annual take of listed fish at the Rock Slough Intake will be 50 spring-run, 50 winter-run, and 
20 steelhead.  In all of the years of fish monitoring, no green sturgeon has ever been recovered in 
the seines or plankton nets. 
 
Table 6-35.  Summary of listed fish captured at the Rock Slough Headworks and Pumping Plant 1 and 
amount of water diverted each year, 1998 – 2008. 



Summary of Sieve Net and Plankton Net Monitoring Conducted at the Rock Slough Headworks
 and Pumping Plant 1 (PP1) from August 1998 through March 2008.

Year 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 Totals
Months 
Monitoring 
Occurred

Aug-Dec Mar-Dec Mar-Dec Jan-Aug Jan-Dec Jan-Dec Jan-Dec Jan-Dec Jan-Dec Jan-Dec Jan-Mar

Amount of 
Water 
Diverted at 
Rock  Slough 
Acre Feet

68,683 43,037 51,421 26,749 35,904 27,302 31,283 35,686 43,273 39,366 5,848 408,552

Number of 
Headworks 
&PP1 Sieve 
Net Surveys

Unknown Unknown Unknown Unknown Unknown 35 102 131 133 107 54 562

Number of 
Headworks 
Plankton Net 
Surveys

Unknown Unknown Unknown Unknown 10 0 34 26 15 23 10 118
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Apr=5

Mar=2 Jan=1
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Mar=2 Apr=2
Apr=3 May=6

Green 
sturgeon

0 0 0 0 0 0 0 0 0 0 0 0
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0 1Longfin 
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0 0

0 0 0
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0
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Future entrainment is expected to be reduced with the addition of CCWD’s Alternative Intake 
Project.  As previously stated, the percentage of water diverted from the Delta via the Rock 
Slough Intake will fall from 17 percent to approximately 10 percent of the annual CCWD 
diversions when the Alternative Intake Project comes on line.  Furthermore, the use of the Rock 
Slough Intake will move into the summer months, when listed salmonids will be less likely to be 
present in the waters adjacent to the intake.  The two other intakes on Old River and Victoria 
Canal will both be positively screened.  Approach velocities and sweeping velocities for these 
two facilities will exceed NMFS’ criteria for screening since they are designed to also meet Delta 
smelt criteria (see NMFS 2007).  Estimates of future losses of spring-run and winter-run at the 
Rock Slough Intake with the Alternative Intake Project in service have been made assuming 
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future CCWD demands of 188,000 af/year.  Based on average densities of the salmon in 
channels (from monitoring programs over the past 10 years), losses were estimated at about 5 
winter-run and 16 spring-run juveniles per year. 
 
6.6.6.4  Assess Risk to Individuals 
 
Individual salmonids are likely to be present in the waters of the South Delta near the Old River 
Intake and the future Alternative Intake site on Victoria Canal during the winter and spring 
periods.  Since the fish screens of the Old River Intake and the future Alternative Intake have 
been designed to meet Delta smelt standards, NMFS does not expect any salmonids to be 
entrained by these facilities, as the Delta smelt screening criteria are more stringent than those 
required for the protection of salmon fry or juveniles.  The past several years of monitoring at the 
Old River Intake Facility has not recovered any listed fish from behind the screens, indicating 
that they are effective for salmonids.  Individual fish may become impinged on the outside of the 
screens and incur some level of injury from the contact with the screens or become susceptible to 
localized predation adjacent to the screens while holding position in front of the screens.  
Experiments by Swanson et al. (2004) exposed juvenile Chinook salmon to a simulated fish 
screen in a large annular flume.  Juvenile Chinook salmon tended to exhibit positive rheotaxis, 
swimming against the resultant current at all times.  The incidence of impingement was very low 
(< 1 percent) in experimental fish.  However, juvenile Chinook salmon experienced frequent 
temporary contacts with the screen surface, particularly with their tails (80 percent of contacts).  
The rate of morbidity was very low following the incidental contacts with the screen in these 
experiments.  However, this could be a reflection of the benign environmental conditions under 
which the experiments took place.  There were no predators, and the post-experiment 
observation period only lasted 48 hours.  In the field, screens may have debris and other 
anomalies on their surface, which could produce abrasions to the skin of the fish.  These wounds 
to the skin of the juvenile salmonid would create an opening for pathogens to colonize, and 
possibly cause morbidity or mortality in the affected fish later on.  In addition, predators may 
seize the opportunity to mount attacks on juvenile salmonids that are dazed by the contact with 
the screen, or otherwise concentrated around the surface of the screen while holding position 
against the current.  NMFS assumes a 5 percent loss for fish exposed to the screens (95 percent 
effective) due to these various effects. 
 
NMFS does not anticipate that the screens will have any demonstrable effect on green sturgeon 
juvenile and sub-adults.  The size of the sturgeon present in the south Delta would preclude them 
from being entrained through the small perforations in the screen.  Green sturgeon rearing in the 
south Delta are considerably larger than the small perforations in the screen.  Salvaged green 
sturgeons are bigger than 125 mm and average 330 mm.  Studies with pallid and shortnose 
sturgeon (Kynard and Horgan 2001) previously mentioned had nearly 100 percent efficiency 
with louver arrays with considerably larger gaps in the screen than present at the CCWD’s intake 
facilities.  NMFS does not anticipate that there will be any significant loss of green sturgeon 
related to the operation of the positive barrier screens. 
 
Entrainment at the Rock Slough diversion is expected to be minimal based on the past several 
years of monitoring data at this facility.  Although the diversion is not screened, current 
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operations which minimize water diversions from this facility have substantially reduced the 
number of listed salmonids entrained.  Future plans to further reduce exports to only the summer 
months will have additional benefits as listed salmonids will be less likely to be present in the 
regional waters.  Risk to individual fish will remain, but overall risk will be reduced since 
pumping is minimized during periods when fish are present in the system, and the likelihood of 
entrainment within the flow to the Rock Slough intake is reduced due to its lower volume.  No 
green sturgeon have ever been recovered during the 10 years of monitoring the Rock Slough 
canal and NMFS does not expect this to change.  Risk to individual sturgeon is considered to be 
very low to nonexistent. 
 
Increased flows in the future could affect OMR flows in the region.  This could lead to increased 
impacts on individual fish moving in the region’s waterways by increasing their vulnerability to 
the CVP/SWP export facilities. 
 
Based on the efficiency of the positive barrier screens in the Old River and Alternative Intake 
facilities, the risks to the populations of winter-run and spring-run, CV steelhead, and green 
sturgeon present in the South Delta during the year are believed to be minimal.  As mentioned in 
the above section, NMFS assumes that the screens are 95 percent efficient and are likely much 
better than this in reality.  Although individual fish my suffer mortality or morbidity, it is not 
anticipated that this will occur at a scale that would have population level ramifications.  
Likewise, given the very low numbers of listed salmonids and the complete absence of green 
sturgeon from the monitoring records over the past 10 years at the Rock Slough facility, its 
operation is believed to have negligible effects on the populations of listed salmonids or green 
sturgeon present in the South Delta.  The combined diversions from all three intakes however, 
may affect the OMR flows in the region and could make them more negative.  This would create 
additional stresses on the hydrodynamics in the South Delta, which can translate into greater 
impacts on fish movements in the region and a greater likelihood of encountering the flow fields 
around the CVP/SWP export facilities.  
 
6.6.6.5  Effects of the Action on Designated and Proposed Critical Habitat in the Delta 
Division 
 
The effects of the CCWD on the designated critical habitat of CV steelhead and proposed critical 
habitat for Southern DPS green sturgeon in the South Delta is anticipated to be minimal by 
themselves.  The current and future levels of exports are substantially below those envisioned for 
the CVP and SWP facilities.  Nevertheless, the exports from the CCWD intakes do contribute to 
the additive net negative flow in Old and Middle Rivers and thus, in combination with the much 
larger CVP and SWP exports, negatively impact the hydrodynamics of the South Delta.  This 
affects the value of the South Delta waterways as migratory corridors for steelhead and green 
sturgeon. 
 
6.6.7  North Bay Aqueduct at Barker Slough Intake 
 
6.6.7.1  Deconstruct the Action 
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DWR operates the North Bay Aqueduct (NBA) intake in the North Delta through the operation 
of the Barker Slough Pumping Plant.  The NBA delivers water to Solano and Napa Counties.  
The plant’s exports currently range from 30 to 140 cfs.  Current pumping capacity is limited to 
140 cfs due to capacity of the existing pumps at the facility.  An additional pump is required to 
reach the pipeline design capacity of 175 cfs.  The Barker Slough Pumping Plant facility is 
equipped with a positive barrier fish screen designed and constructed to meet NMFS’ fish 
screening criteria.  The Barker Slough Pumping facility entrains water from Barker Slough and 
surrounding waterbodies including Campbell Lake, Calhoun Cut, and Lindsey Slough.  It is 
approximately 7 to 10 miles upstream of the confluence of Lindsey Slough with Cache Slough.  
Due to the entrainment of water from the surrounding sloughs, the intake has the potential to 
entrain migrating salmonids and green sturgeon that may be present in the Cache Slough 
complex of channels, including waters from the Yolo Bypass and Miners Slough.   
 
6.6.7.2  Assess Species Exposure 
 
Listed salmonids may be present in the waterways adjacent to the Barker Slough Pumping Plant, 
however several years of monitoring have failed to consistently capture any salmonids during the 
winter Delta smelt surveys (1996 to 2004) in Lindsey Slough or Barker Slough.  Captures of 
Chinook salmon have usually occurred in the months of February and March and typically are 
only a single fish per net haul (http://www.delta.dfg.ca.goc/data/nba).  Most Chinook salmon 
captured have come from Miners Slough, which is a direct distributary from the Sacramento 
River via Steamboat and Sutter Sloughs.  No steelhead have been captured in the monitoring 
surveys between 1996 to 2004, the dates available on the DFG website.  Green sturgeon are 
assumed to occur in the waters of Cache Slough and the Sacramento ship channel as green 
sturgeon have been caught in these waters by sport fisherman. 
 
6.6.7.3  Assess Species Response to the Proposed Action 
 
Seasonal pumping rates during the years 2005 to 2007 were 109 cfs in summer (June to August), 
94 cfs in fall (September through November), 39 cfs in winter (December through February), and 
36 cfs in spring (March through May).  The recent historical data indicates that actual pumping 
levels are substantially less than those predicted in the CALSIM II current conditions scenario 
(Study 7.0) during the winter and spring months.  For instance, the month of December has an 
average historical export rate of 52 cfs for the years 2005 through 2007.  The estimated export 
rate for December from Study 7.0 is 116 cfs.  The historical rate is only 44 percent of the 
modeled export rate.  Similarly, the historical export rate for the month of April (2005 through 
2007) is 31 cfs, while the estimate from Study 7.0 is 133 cfs.  The historical export rate is only 
23 percent of the modeled export rate.  Therefore under the current historical conditions, 
relatively little exports are diverted from the Barker Slough Pumping Plant.  In the modeled 
export scenario representing current conditions (Study 7.0), pumping is increased nearly two fold 
over historical conditions and increases even more during the near future and future conditions 
modeled for the action.  This would increase the potential for entrainment over the current 
historical conditions observed at the pumping plant. 
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During the summer, seasonal pumping rates for the modeled studies 7.0 and 7.1 are not 
substantially different from each other (average rates were 115 cfs and 107 cfs, respectively) but 
both were lower than the future condition modeled in Study 8.0 (135 cfs), a difference of 15 to 
20 percent.  The historical value for the summer season (2005 to 2007) is 109 cfs, relatively 
similar to the modeled current conditions.  NBA diversions are lower in fall, averaging 101 cfs in 
study 7.0, 99 cfs in study 7.1, and 123 cfs in study 8.0.  The historical pumping rate during the 
fall (2005 to 2007) was 94 cfs, which is similar to Study 7.0 which modeled the current 
conditions.  Modeled NBA diversions are highest during the winter months.  There was very 
little difference between Studies 7.0 and 7.1 during the winter.  However, study 8.0 differed from 
the other two studies, being greater in December (142 cfs versus 116cfs and 112 cfs) and lower 
in January (112 cfs versus 157 cfs and 155 cfs) and February (126 cfs versus 155 cfs and 154 
cfs).  All of the modeled pumping estimates are significantly greater than the historical average 
of 39 cfs for the period between December and February (2005 to 2007).  This represents a 
substantial increase between historical conditions and the modeled conditions.  Modeling 
estimates for the spring period also were substantially greater than the historical values from 
2005 to 2007.  The estimates for Study 8.0 export rates also were also greater than those for 
Studies 7.0 and 7.1.  For April, Study 8.0 had a diversion rate of 145 cfs while study 7.0 (133 
cfs) and Study 7.1 (128 cfs), a difference of approximately 10 percent.  For May, Study 8.0 also 
had a diversion rate of 145 cfs, which is approximately 25 percent higher than the estimated rates 
for Studies 7.0 and 7.1 (both 116 cfs).  Study 8.0 estimated an export rate of 148 cfs for June, 
approximately 18 percent higher than the estimates for Study 7.0 (126 cfs), and Study 7.1 (123 
cfs).  The historical export rate for the spring period between 2005 and 2007 was 36 cfs.  Again 
the modeled rates are substantially greater than the historical pumping rates.   
 
Overall, the modeled exports represent a significant increase in export levels and thus a greater 
risk to salmonids and green sturgeon in the waters adjacent to the pumping facility compared to 
their historical vulnerability.  The increased export rates increase the potential exposure of fish to 
the fish screen over the historical conditions.  However, the screens, which were designed to 
protect juvenile salmonids per NMFS criteria, should prevent entrainment and greatly minimize 
any impingement of fish against the screen itself.  Furthermore, the location of the pumping plant 
on Barker Slough is substantially removed from the expected migrational corridors utilized by 
emigrating Chinook salmon and steelhead smolts in the North Delta system.  Green sturgeon 
may be present in the waters of Lindsey and Barker sloughs since they are present in Cache 
Slough and the Sacramento Ship Channel.  Green sturgeon are expected to be fully screened by 
the positive barrier fish screen in place at the pumping facility. 
 
6.6.7.4  Assess Risks to Individuals 
 
Based on the increases in modeled pumping rates over the historical export rates between 2005 
and 2007, individual fish would be at a greater risk of exposure to the screens in response to the 
proposed action’s greater export rates.  However, the presence of salmonids in the waters of 
Barker Slough does not appear to be likely based on the monitoring data available.  If the fish are 
not present in the vicinity of the export pumps, then there is no increase in the encounter rates 
with the screens.  NMFS does not expect to see a demonstrable increase in the take of salmonids 
from the increased exports of the Barker Slough pumps for this reason. 
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The presence of green sturgeon is possible at the Barker Slough Pumping facility, but the 
entrainment risks presented by the pumps are minimized by the design of the screens.  NMFS 
does not expect that individual green sturgeon will be harmed by the screens. 
 
There is no discernable effect to the populations of winter-run or spring-run due to the operations 
of the Barker Slough Pumping Facility.  The infrequent presence of Chinook salmon in the 
monitoring surveys indicates that Chinook salmon are at low risk of entrainment.  Density 
appears to be quite low, and those Chinook salmon that have been captured in the monitoring 
surveys have tended to be in Miners Slough, a waterway to the east of Barker Slough.  If 
Chinook salmon were to be pulled into the vicinity of the screened pumps by the increased 
exports, the screens are designed to effectively prevent the entrainment of these fish. 
 
No steelhead have been recovered during the monitoring surveys conducted for the NBA at any 
of the monitoring sites sampled in the region.  Therefore, it would appear that steelhead are rare 
in these waters and very few would have the potential to be affected by the screened export 
pumps.  The take of very few fish would not be sufficient to have a population effect on Central 
Valley steelhead. 
 
6.6.7.5  Effects of the Action on Designated and Proposed Critical Habitat in the Delta 
Division 
 
The location of the Barker Slough Pumping Plant lies within the regional waterways designated 
as critical habitat for both spring-run and CV steelhead.  The Federal Register (September 2, 
2005, 70 FR 52488) identifies the upstream tidal limits of Cache Slough and Prospect Slough, as 
well as Miners Slough and the Yolo Bypass within the Sacramento Delta Hydrologic Unit 5510 
as critical habitat.  Barker Slough and Lindsey Slough are interconnected with the Cache Slough 
complex of waterways and were not specifically excluded as critical habitat as was the 
Sacramento DWSC.  The proposed critical habitat for Southern DPS of green sturgeon includes 
the Yolo bypass as well as waters of the legal Delta.  Designated critical habitat for winter-run is 
more ambiguous, as only the Sacramento River was named as critical habitat (58 FR 33212) and 
not any of the tributaries or side channels and sloughs associated with the north Delta system. 
 
The footprint of the Barker Slough Pumping Plant is relatively small and located approximately 
7 to 10 miles upstream from Cache Slough on Barker Slough.  Barker Slough is a dead-end 
Slough without any significant sources of inflow.  It does not physically block a migratory 
corridor, nor does it occur in habitat that appears to be utilized extensively by Chinook salmon, 
steelhead, or green sturgeon based on the monitoring surveys mentioned previously.  The 
primary effects of the NBA and the Barker Slough Pumping Plant are related to the entrainment 
of water from the Cache Slough complex of waterways.  The entrainment of water from these 
waterways can redirect or delay listed salmonids present in those waterways.  This can affect the 
PCE concerned with the preservation of the functionality of the migratory corridors for listed 
salmonids or green sturgeon.  However the effect the Barker Slough Pumping on this PCE is 
believed to be negligible due to the relatively small magnitude of the diversion, even with the 
predicted increases in exports in the near future and future conditions.   
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6.6.8  Vernalis Adaptive Management Plan 
 
6.6.8.1  Deconstruct the Action 
 
The VAMP is an experimental study that provides for a steady 31-day pulse flow of water (target 
flow) at the Vernalis gage on the San Joaquin River during the months of April and May.  The 
target flow is calculated from a formula which takes into account the existing flows in the San 
Joaquin River and the current and past 2 year’s hydrology, based on the San Joaquin River Basin 
60-20-2017 water year classification scheme.  In addition to the target flow, there are 
corresponding restrictions in the export levels of the CVP and SWP pumping facilities as well as 
the installation of the fish barrier at the Head of Old River.  Both Reclamation and DWR are 
signatories to the SJRA and have agreed to pay 4 million dollars per year ($4,000,000) to the 
SJRGA to cover the authorities’ contribution of water to the plan from their respective water 
supplies.  Reclamation’s share of this payment is $3,000,000 per year, and DWR, as part of its 
CVPIA cost share obligations, will furnish the remaining $1,000,000.  This funding agreement is 
set to terminate on December 31, 2009, while the SJRA sunsets in 2012 unless it is extended. 
 
During the early discussions regarding modeling assumptions, Reclamation and DWR 
committed to providing a VAMP-like river flow in the San Joaquin River and export reductions 
during the VAMP operational period, should the agreement not be extended into the future 
(project description, pages 76-77).  The VAMP target flows and export rates are contained in 
table 6-36, below.  For the purposes of the combined CVP/SWP operations forecasts, the VAMP 
target flows are simply assumed to exist at the Vernalis gage compliance point.  Currently, 
supplemental volumes of water needed to reach the annual target flow are released on each of the 
three east side tributaries, i.e. the Stanislaus River, the Tuolumne River, and the Merced River, in 
a coordinated fashion to provide pulse flows down each river channel while maintaining the 
target flow at the Vernalis gage.  These pulse flows are believed to stimulate outmigration of 
fall-run (the target species for the VAMP experiments) downstream towards the Delta.  
However, it also is acknowledged that other species of fish, including the CV steelhead, benefit 
from these pulses.  NMFS believes that these pulse flows are critical cues for the listed steelhead 
in these tributaries to initiate their downstream emigration to the ocean (see SJRGA annual 
reports 2001-2008). 
 

 
1760-20-20, also known as the San Joaquin Valley’s water year type index, equals 0.6 * Current Apr-Jul Runoff + 

0.2 * Current Oct-Mar Runoff + 0.2 * Previous Year's Index, where runoff is the sum of unimpaired flow in MAF 
at: Stanislaus River below Goodwin Reservoir (aka inflow to New Melones Res.), Tuolumne River below La 
Grange (aka inflow to New Don Pedro Reservoir), Merced River below Merced Falls (aka inflow to Lake 
McClure), and San Joaquin River inflow to Millerton Lake, and the previous year’s index is a maximum of 4.5 
(http://cdec.water.ca.gov/cgi-progs/iodir/wsi). 
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Table 6-36.  Scheduled VAMP target flows and export reductions required under the San Joaquin River 
Agreement. 

VAMP Vernalis Flow and Delta Export Targets 
Forecasted Existing Flow 

(cfs) 
Vamp Target Flow (cfs) Delta Export Target Rates 

(cfs) 
0 to 1,999 2,000  

2,00 to 3,199 3,200 1,500 
3,200 to 4,449 4,450 1,500 
4,450 to 5,699 5,700 2,250 
5,700 to 7,000 7,000 1,500 or 3,000 

Greater than 7,000 Provide stable flow to 
extent possible 

1,500, 2,250, or 3,000 

 
Reclamation and DWR did not provide further resolution of their future operations other than to 
provide VAMP-like flows at Vernalis.  NMFS has considerable interest in how the flows in the 
two other tributaries, besides the Stanislaus River, will be affected by the future CVP/SWP 
operations.  As mentioned above, the Tuolumne River and Merced River release a portion of the 
total supplemental water required to meet the targeted flows required under the VAMP 
experiment each year.  These flows are integral to stimulating outmigration of both the 
threatened CV steelhead, and fall-run, a species of concern under the ESA, from the Tuolumne 
River and Merced River.  Furthermore, decreases in the pulse flows on these rivers would be an 
adverse modification of critical habitat designated for CV steelhead in regards to flow related 
decreases in rearing area suitability and physical and flow related obstructions in the migration 
corridors from the rearing areas below the dams, downstream to Vernalis on the San Joaquin 
River where the Stanislaus River enters.   
 
6.6.8.2  Assess Species Exposure 
 
VAMP actions will primarily affect CV steelhead originating in the San Joaquin River basin.  
Under historical and current conditions, pulse flows in the tributaries will affect steelhead 
originating in the Stanislaus, Tuolumne, and Merced rivers.  These pulse flows are typically 
staggered among the tributaries to maintain the desired target flows at Vernalis, with the 
Stanislaus River generally contributing the greatest volume.  San Joaquin River basin steelhead 
within the mainstem San Joaquin River from the Merced River confluence through the Delta 
benefit from the VAMP pulse flows.   
 
Within the Delta proper, other runs of listed salmonids and the Southern DPS of green sturgeon 
may benefit from the additional water flowing downstream and the export reductions taken as 
part of the experiment.  During the 31 day pulse flow (typically April 15 through May 16), 
spring-run from the Sacramento River basin, steelhead from several watersheds outside of the 
San Joaquin River basin (i.e., the Sacramento River basin, Feather River, American River, 
Mokelumne River and Calaveras River), the tail end of the winter-run outmigration, and rearing 
green sturgeon in the Delta all may benefit from the VAMP operations due to their potential 
presence in the Delta during this time period. 
 



6.6.8.3  Assess Species Response to the Proposed Action 
 
The VAMP experiments were designed to examine the relationships between upstream flows as 
measured at Vernalis, the role of exports, and the eventual survival of fall-run migrating through 
the Delta.  The experiments provided sufficient in-river flows to provide migratory cues in the 
three San Joaquin River tributaries to fall-run and subsequently to test the relationship of flows 
with survival through the lower river reaches of the mainstem San Joaquin River and 
subsequently through the Delta.  CV steelhead co-occurring with fall-run in these tributaries 
were also expected to benefit from these flow manipulations.   
 
Under the future proposed VAMP-like operations, spring pulse flows are only linked to the 
Vernalis standard.  Reclamation and DWR have not elaborated the details of this plan, 
particularly if pulse flows will continue on the Merced and Tuolumne rivers as has occurred 
historically in the VAMP experiment.  Decreased flows on these rivers would create a situation 
in which the downstream water temperatures on the valley floor would become warmer with the 
progressively increasing air temperatures experienced during a typical spring in the Central 
Valley.  As spring progressed, the increasing air temperature would continue to warm the river 
water and create thermal barriers within the downstream reaches of the river channel.  Without a 
suitable pulse of cooler water moving downstream from increased dam releases to breakdown 
this thermal barrier, juvenile salmonids would be unlikely to survive their migration downstream 
to the Delta, dying from excessive thermal exposure en route.  The only recourse is to remain 
within the reaches immediately below the terminal dams and reside in the cool tailwater reaches 
of the river over the summer and emigrate the following fall or winter when air temperatures 
decrease with the onset of winter.  Unfortunately, due to the restricted habitat available below the 
dams with sufficient cool water to maintain suitable habitat requirements for either steelhead or 
fall-run Chinook salmon, density dependent mortality is anticipated to occur.  There is currently 
insufficient space in the tailwater sections of these tributaries to support a large population of 
over summering salmonids under current summertime releases, and this is itself identified by 
NMFS as a limiting factor in steelhead recovery in the San Joaquin River basin.  Forcing 
increased numbers of Chinook salmon and steelhead to compete for the limited over summering 
habitat and their resources (food, holding areas, cover, etc.) due to lack of sufficient outmigration 
spring pulse flows, would place additional stressors on the remaining populations of CV 
steelhead that would “normally” be present in these areas over the summer.  
 
NMFS reviewed several reports in assessing the effects of flow in the San Joaquin River basin on 
the salmonid populations residing in the basin.  Skinner (1958) reported that Central Valley 
populations of Chinook salmon exhibited wide fluctuations in abundance from 1870 onward by 
examining landings of Chinook salmon in California.  The overall trend in abundance was 
negative, but every 30 years or so, particularly large landings occurred.  Skinner (1958) opined 
that the declines in the Chinook salmon fisheries appear to be chronologically associated with 
water development projects in California, and the increase in the ocean troll fishery.  Skinner 
(1958) describes the effects of the construction of Friant Dam on the upper San Joaquin River on 
the extirpated the spring-run population that formerly inhabited that watershed.  Skinner (1958) 
stated:  
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"Friant Dam on the San Joaquin River has had multiple effects on the spring fishery.  In 
the first place the dam has cut off a third or more of the spawning area.  Secondly, flows 
below the dam were inadequate during normal migration periods to assure passage of the 
fish either up or down the river.  Only enough water is permitted to flow down the river 
to fulfill irrigation commitments.  The released water flows to the delta Mendota Pool 
and a small amount reaches the ‘Sack Dam’ at Temple Slough where it is diverted for 
agricultural purposes.  Below this point, the river goes dry except for small amounts of 
water received from its downstream tributaries.  Because of these conditions, salmon 
obviously cannot ascend to the spawning area in the vicinity of Friant Dam."   

 
Skinner (1958) also makes the observation that with the extirpation of the San Joaquin River 
spring run population that the commercial catches of spring run plummeted from 2,290,000 
pounds in the 1946 season to 14,900 pounds in 1953.  Functional extirpation of the San Joaquin 
River spring-run population occurred following the completion of the Madera Canal in 1944, and 
the completion of the Friant-Kern canal in 1949, allowing full use of the distributional system 
under Reclamation's operational plan.  Skinner (1958) concluded that the last successful spawn 
of spring run in the San Joaquin River has not occurred "since the spring of 1946."  This is an 
example of the direct consequences resulting from the alteration and loss of necessary in-stream 
flows to support salmonid populations below dams in the San Joaquin River basin. 
 
Kjelson et al. (1981) described the effects of freshwater inflow on survival, abundance, 
migration, and rearing of Chinook salmon in the upstream (Delta) portions of the Sacramento-
San Joaquin Estuary.  Kjelson et al. (1981) pointed out that additional inflows of freshwater at 
the appropriate time during the winter and spring will increase the numbers of fry and juvenile 
salmon utilizing the estuary and the survival of juveniles in the estuary.  Flow-related concerns 
for salmon in the estuary stem from water development activities in the Central Valley that have 
altered the distribution of flow resulting in impacts on juvenile and adult salmon migrations, as 
well as the lack of comprehensive flow standards on the tributaries and mainstem river reaches 
that are protective of salmon.  The authors further explain that water development projects have 
caused major changes in the flow patterns within the estuary and the amount of flow entering the 
ocean from upstream sources.  The San Joaquin River system has been particularly altered as 
most of the upstream inflow to the basin has been captured and utilized in regions upstream of 
the Delta.  Typical export rates substantially exceed the flow of the San Joaquin River; hence 
most of the San Joaquin River flow goes to the export pumps rather than to the ocean.  The 
authors concluded that the distribution and flow of water through the Delta waterways are 
heavily influenced by the design and operation of the state and federal water projects.  Kjelson et 
al. (1981) report that analysis of data gathered between 1957 and 1973 indicates that the numbers 
of adult Chinook salmon spawners returning to the San Joaquin River system are influenced by 
flows 2.5 years earlier during their rearing and downstream emigration life history phases.  In 
general, higher flows resulted in greater numbers of adults returning to spawn.  Kjelson et al. 
(1981) also implicate the potential adverse effects of the pumps in the reduced survival of fish 
emigrating through the Delta, indicating that as export rates are increased, more downstream 
migrating salmon are drawn to the fish screens.  Kjelson et al. (1981) estimate that the number of 
fish observed at the fish screens is probably only 5 percent of the total downstream migration in 
the system, but that a "much larger fraction probably is drawn out of their normal migration 
path" by the effects of the pumps on water flow in the Delta's channels.  Kjelson et al. (1981) 
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state that the "alteration in flow distribution caused by drafting increased volumes of water 
across the Delta to the pumps apparently increases the mortality of salmon that do not ever reach 
the fish screens."  In support of this statement, Kjelson et al. (1981) point out those mark-
recapture studies in which fish that migrate downstream in waterways that are far removed from 
the effects of the pumps had higher relative survival rates than those released in waterways under 
the influence of the pumps.   
 
Kjelson et al. (1982) reiterate the reduced survival of salmon in the delta due to influences of 
natural and anthropogenic sources.  They found that Chinook salmon smolt survival decreased as 
flow rates decreased and water temperatures increased, particularly in the later portions of the 
outmigration period.  Furthermore, they restated their belief that the influence of the state and 
federal exports negatively impacted the survival of emigrating smolts through the Delta. 
 
In a study assessing the influence of San Joaquin River inflows, state and Federal exports, and 
migration routes, Kjelson et al. (1990) released experimental fish (coded wire tagged hatchery 
Chinook salmon) during the spring of 1989 at Dos Reis on the San Joaquin River below the head 
of Old River, and in Old River itself downstream of the head under conditions with low San 
Joaquin River flow (≈ 2,000 cfs) and high/low export conditions (10,000 cfs and 1,800 cfs).  The 
results of the study were unexpected as the rate of survival was not greater for the low export 
conditions compared to the higher export conditions.  Upon further examination of the data, 
Kjelson et al. (1990) found that survival was comparatively lower for all upstream release groups 
that year compared to other studies conducted in previous years.  In addition, Kjelson et al. 
(1990) surmised that the short period of reduced exports (7 days) was not long enough to allow 
fish to exit the system and move beyond the influence of the exports when higher pumping 
resumed.  Based on the times to recovery at Chipps Island, it was concluded that a sizeable 
proportion of the released fish were still in the Delta when the higher export levels resumed.  
This conclusion is further reinforced by the salvage of fish released at Jersey Point, indicating 
that fish were drawn upstream into the interior of the Delta and towards the pumps from their 
release points in the western Delta.  The study, although having several significant flaws, did 
conclude that survival was higher in the mainstem San Joaquin River compared to Old River and 
that survival in the Delta interior was lower compared to the western Delta (i.e., Jersey Point 
releases).  Kjelson et al. (1990) cautioned about drawing conclusions about export rates and 
survival from the data due to its obvious flaws. 
 
Kjelson and Brandes (1989) reports on the results of ongoing mark-recapture studies conducted 
in the Sacramento-San Joaquin Delta and the effects of river flows, percent diversion of 
Sacramento River water through the DCC, and river temperatures.  The findings of that paper 
also conclude that elevated flows, as measured at Rio Vista on the Sacramento River, increase 
survival of Chinook salmon smolts from the Sacramento River basin through the Delta as 
measured by both ocean recoveries of adults and recaptures of tagged smolts at Chipps Island in 
the mid-water trawls.  Similarly, adult escapement in the San Joaquin River basin also increases 
with spring time flows at Vernalis 2.5 years earlier.  Increasing water temperature was also 
shown to decrease smolt survival through the Delta during the critical April through June 
outmigration period of fall-run. 
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In a more recent report, Mesick et al. (2007) assessed the limiting factors affecting populations 
of fall run and steelhead in the Tuolumne River.  The paper describes potential limiting factors 
which may affect the abundance of fall-run and both resident and anadromous (steelhead) forms 
of rainbow trout in the Tuolumne River.  This information was then synthesized into conceptual 
models to help guide management decisions in regards to steelhead and fall-run.  In general, 
Mesick et al. (2007) found that river flows were the limiting factor with the greatest influence on 
the salmonid populations in the Tuolumne River.  As found in previous studies, there is a strong 
relationship between adult escapement and spring-time river flows during the juvenile/smolt 
outmigration stage.  Flows measured over the period between March 1 and June 15 explained 
over 90 percent of the variation in the escapement data.  However, Mesick et al. (2007) 
identified two critical flow periods for salmon smolts on the Tuolumne River: winter flows 
which affect fry survival to smolt stage, and spring flows which affect the survival of smolts 
migrating from the river through the delta.  Based on results from ongoing VAMP studies, 
Mesick et al. (1990) also noted that increased flows at Vernalis also increased survival of smolts 
emigrating through the Delta.  Water temperature in the river was also identified as a potential 
limiting factor for salmonid survival within the emigration time period.  Flows have a substantial 
role in maintaining suitable water temperatures within the river system, with higher flows 
prolonging and extending the cool water migratory corridor downstream than low flow 
conditions.  Mesick et al. (1990) found that for Tuolumne River fall-run escapement data, that 
exports had little effect on adult production compared to winter and spring flows.  Flows were 
the primary factor, beyond all other factors, in determining adult production from smolts. 
 
NMFS also reviewed the restoration reports for the CVPIA, including the three volumes of 
"Working Paper on Restoration Needs" for the AFRP (USFWS 1995) and the Final Restoration 
Plan for the AFRP (USFWS 2001).  The plan identified the Delta as the highest priority for 
restoration actions (USFWS 2001 page 17), given that it was highly degraded, due in part to 
CVP (and SWP) operations, and that all anadromous fish must pass through the delta as juveniles 
and adults.  In addition, the San Joaquin River mainstem and its tributaries below Mendota Pool 
were assigned a high priority (but lower than the Delta) due to its highly degraded habitat and 
substantially reduced production of fall-run.  Specific actions in each watershed and the Delta 
were identified to address the limiting factors present in those areas and were prioritized as to 
their ability to implement the "doubling goal" for affected fish populations.  In general, actions 
scored a high priority if they promote natural channel and riparian habitat values and natural 
processes, such as those affecting stream flow, water temperature, water quality, and riparian 
areas.  Actions are assigned medium priority if the affect emigration or access to streams, such as 
sites of entrainment into diversions and migration barriers.  Like the previous reports, the AFRP 
Restoration Plan recommended increasing flows within the tributaries and mainstem San Joaquin 
River as a high priority action to increase salmonid production.  Within the Delta, actions which 
would provide protection to juvenile salmonids migrating through the Delta from November 1 
through June 30, equivalent to the protection provided by restricting exports to minimal levels, 
were given high priority.  The specific increases in flow were developed to achieve the targeted 
doubling of fish populations as required under the CVPIA, and are not necessarily the flows 
needed to sustain or protect populations from further decline or achieve population stability.  
Targeted flows are typically much greater than the average or median flows observed in the 
rivers under current conditions.  In addition to flows, maintaining appropriate water temperatures 
in the tributaries for salmonid life history stages were also given a high priority.  The AFRP 
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restoration plan recommended that actions be implemented "to maintain suitable water 
temperatures or minimize length of exposure to unsuitable water temperatures for all life stages 
of Chinook salmon in the San Joaquin River and Delta."  Targeted water temperatures are 56oF 
between October 15 and February 15 and 65oF between April 1 and May 31 for Chinook salmon 
in the mainstem San Joaquin River.  Furthermore, the construction and operation of a barrier at 
the head of Old River to improve conditions for Chinook salmon migration and survival was 
given a high priority so long as its operation had minimal adverse effects on other delta fish 
species. 
 
An additional reference used by NMFS during the evaluation of flow impacts in the San Joaquin 
River Basin is CDFG’s "Final Draft 11-28-05 San Joaquin River Fall-run Chinook salmon 
Population Model," which evaluated various parameters that have been identified as influencing 
abundance of escapement of fall-run into the San Joaquin River.  These parameters included 
such variables as ocean harvest, Delta exports and survival, abundance of spawners, and spring 
flow magnitude, duration, and frequency.  The model was developed in response to the SWRCB 
call for comments and recommendations to the 1995 WQCP San Joaquin River spring Vernalis 
flow objectives in 2005.  CDFG determined that the Vernalis spring flow objectives were not 
adequate for the long-term protection of fall-run beneficial uses in the San Joaquin River basin 
because:  (1) the San Joaquin River salmon population trend continues to be below the 1967 - 
1991 historic average upon which the narrative Doubling Goal was established (CVPIA 
Restoration Plan goals); (2) salmon smolts are not afforded the level of protection as envisioned 
by the 1995 WQCP; (3) the VAMP experiment is not working because it has not been 
implemented as designed; and (4) spring outflow is the primary factor controlling fall-run 
population in the San Joaquin River basin.  CDFG summarized the shortfalls of the 1995 WQCP 
Vernalis flow objectives as being due to:  (1) the diminished magnitude of the Vernalis flow 
objective; (2) the narrowness of the pulse flow protection window; (3) the infrequent occurrence 
of elevated flow objective levels; and (4) the frequent occurrence of reduced flow objective 
levels.  CDFG found in the development of their spreadsheet model that non-flow parameters 
had little or no relationship to fall-run population abundance and that spring-time flow 
magnitude, duration, and frequency were the dominant factors influencing Chinook salmon 
abundance in the basin.  In their analysis of the influence of exports and flow on salmon 
production, CDFG could not find a statistically significant role for exports compared to the 
influence of the spring time flows.  The role of flow always dominated the interaction of exports 
and flow on salmon abundance.  However, it should be noted that exports typically increase 
when San Joaquin River flows increase, thereby making exact relationships difficult to determine 
and that only a narrow range of river flows and exports were tested in the VAMP experiments to 
date.  CDFG summarized the relationship between export, flow, and salmon production to be 
that when the ratio of exports to Vernalis flow decreases both escapement and cohort production 
increases.  The relationships that suggest flow is the dominant factor influencing salmon 
production, rather than exports, are:  (1) when the ratio of spring exports to spring Vernalis flows 
decreases, Vernalis flow greatly increases and San Joaquin River basin production greatly 
increases; (2) when the ratio of spring exports to spring Vernalis flows increases, Vernalis flow 
greatly decreases and San Joaquin River basin salmon production substantially decreases; (3) 
juvenile salmon survival increases when spring Vernalis flows increase; (4) spring export to 
spring Vernalis flow ratio has little influence upon juvenile salmon survival; and (5) as the 
difference between spring Vernalis flow level and spring export flow level increases, escapement 
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increases.  Nevertheless, CDFG recognized that the influence of delta exports upon San Joaquin 
River salmon production was not totally clear but that its influence was not as negative, at least 
compared to flows, as it had previously been thought to be.  Its analysis indicated that 
comparatively, flows were the much more influential variable in determining production levels 
in the basin compared to exports.   
 
The model results indicated that in all scenarios tested, increasing the magnitude of spring 
outflow resulted in increased salmon production for all water year types.  Likewise, in all 
scenarios tested, expanding the window of protection resulted in increased salmon production.  
The greatest increment in salmon production associated with increasing the window of protection 
was from 30 days to 60 days.  Further increases in the window of protection beyond 60 days 
produced smaller incremental gains in salmon production.  The 60-day period roughly 
encompasses the majority of the salmon outmigration window.  When both flow magnitude and 
the window of protection are increased together, the salmon production in the basin increases 
substantially.  Based on the model results, CDFG concluded that the optimal mix of flows and 
window of protection was: (1) wet years=20,000 cfs for 90 days; (2) above normal years=15,000 
cfs and a 75-day window; (3) below normal years = 10,000 cfs for 60 days; (4) dry years = 7,000 
cfs for 45 days; and (5) critical years = 5,000 cfs for 30 days.  The model suggests that these flow 
objectives at Vernalis would accomplish the Doubling Goals of the CVPIA-AFRP, improve the 
fall-run replacement ratio, and would, as compared to other possible flow objective windows 
simulated with the model which met the Doubling Goals; result in the lowest water demand.  
This mixture of flows and protective windows, however, still used approximately 1 million 
additional acre feet of water from the reservoirs, on average, to meet its needs. 
 
Recent papers examining the effects of exports on salmon survival have been unable to prove a 
statistically significant reduction in survival related to exports (Newman 2008).  However 
Newman also caveats these findings by indicating that the data used in his analysis had a very 
low signal to noise ratio and that substantially greater numbers of observations were needed to 
more precisely estimate the effects of exports on salmon survival (Newman and Brandes in 
review).  The final resolution of the impacts of exports on survival is still being assessed and the 
inability of the statistical analysis to detect true impacts is not surprising given the high level of 
environmental variation in the data sets analyzed.  The inability to find a significant relationship 
between exports and salmon survival in a data set with a high noise to signal ratio does not mean 
that a relationship does not exist, but that further work is warranted to reduce the level of noise 
and clarify the relationship between these two factors. 
 
6.6.8.4  Assess Risk to Individuals 
 
The alterations of flow in the future VAMP-like action will affect individual steelhead residing 
in the Tuolumne and Merced rivers, based on the assumption that Reclamation and DWR will 
provide the water necessary for the Vernalis flow standards solely from the Stanislaus River.  
Reduced flows on the Tuolumne and Merced rivers will lead to declines in the suitability of the 
riverine habitats for steelhead, increased intra- and interspecies competition for resources and 
space in the remaining cold water reaches below the terminal dams, and a diminishment in the 
opportunity to emigrate successfully from these basins in the spring.  This may cause individual 
steelhead to residualize in the tailwater sections of the rivers and forego their steelhead life 
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history expression.  Steelhead that are successful in leaving the Tuolumne and Merced River 
basins will encounter conditions similar to the current VAMP operations once they pass 
Vernalis, as the flows are required to be comparable to the historical VAMP conditions at this 
point.  Conditions through the Delta should also be comparable to current conditions, as a 
commitment to continue export reductions has been made by Reclamation and DWR as part of 
the project description.  In light of the results from the recent years of the VAMP experiment, 
steelhead survival through the Delta is expected to be low.  The loss of individually marked 
Chinook salmon between the upstream release points and downstream recapture locations 
remains high, and the survival of steelhead smolts is expected to be similar to these experimental 
fish since they travel through the same migratory corridor at the same time. 
 
The expected changes in the VAMP water releases among the three tributaries is expected to 
decrease the viability of the San Joaquin River basin steelhead population.  The diminishment of 
the steelhead habitat in the Tuolumne and Merced River tailwaters essentially reduces the 
available functioning habitat to only the Stanislaus River.  This increases the risk to the 
population as only the Stanislaus River can be operated to support the basin’s remaining 
population with any certainty.  Risks associated with catastrophic events increase dramatically 
when the population is reduced to only one stream for its survival in the basin and the viability of 
the Southern Sierra steelhead diversity group becomes more tenuous as a result.  This decreases 
the overall viability of the CV steelhead DPS by reducing the survival capacity of one of its 
original diversity groups. 
 
6.6.8.5  Effects of the Action on Designated and Proposed Critical Habitat in the Delta 
Division 
 
The potential changes in the VAMP springtime pulses have the potential to substantially reduce 
the function of the designated critical habitat on the Tuolumne and Merced River for steelhead.  
The reductions in springtime pulses on these tributaries reduce the values of PCEs associated 
with freshwater rearing and freshwater migratory corridors.  As previously explained in the 
effects section for this action, reductions in springtime pulses reduce the cues for steelhead to 
initiate their downstream emigration at an appropriate time.  The pulses help to connect the upper 
tailwater sections of the rivers with the lower valley floor reaches.  Temperatures during spring 
increase on the valley floor and the altered hydrology of the tributaries due to dams prevents 
runoff from spring snowmelt from providing a continuous corridor of appropriately cool water 
between the rearing areas (now below the dams) with the lower valley floor reaches running 
down the middle of the San Joaquin Valley.  This connection must now be made from controlled 
releases from the terminal dams.  Without the releases, the downstream sections of the tributaries 
and valley floor sections of the San Joaquin River are too warm to provide appropriate thermal 
conditions for emigrating steelhead.  Warmer temperatures may prove to be fatal in their own 
right, but are also expected to reduce the condition of the emigrating steelhead and make them 
more susceptible to predators and disease.  Reduced flows are also likely to increase the 
population density of steelhead in the shrinking habitat below the dams as the weather warms.  
The outcomes of this truncated rearing habitat were previously explained in the effects section 
for this action.  Overall survival is expected to decrease with the reduction in the value of the 
freshwater rearing habitat available to the steelhead. 
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6.6.9  Climate Change 
 
The results from Reclamation’s climate modeling show that climate change typically had more 
effect on Delta flows during wetter years than during drier years.  This result seems related to 
how CVP and SWP operations occur with more flexibility during wet years, within the 
constraints of flood control requirements, compared to drier years when the CVP and SWP 
operations may be more frequently constrained to maintain in-stream flows and other 
environmental objectives. 
 

• Head of Old River Flows  
− Remained positive (oceanward) for all scenarios 
− Decreased in winter and spring of wetter years for the drier climate change scenarios 

(studies 9.4 and 9.5) 
− Increased in winter of wetter years for the wetter climate change scenarios (studies 

9.2 and 9.3) 
− Changes were minor during drier years for all climate change scenarios 

• Old and Middle River Flows  
− Flows were typically negative (landward) except for a flow reversal in winter of 

wetter years for the wetter, less warming scenario (study 9.2) 
− Fall and winter flows are the most sensitive to climate change  
− Negative winter flows decreased for the wetter scenarios and increased for the drier 

scenarios 
− Negative fall flows increased for the wetter scenarios and decreased for the drier 

scenarios 

• QWEST Flows (westward flows from the Delta towards the ocean) 
− Magnitude and direction of QWEST is affected by climate change scenario and 

season.   
− Flow direction is 

 typically positive during wetter water years except for summer for the drier 
climate change scenarios 

 always positive in the spring 
 typically negative in the summer of drier years except for the drier, more warming 

scenario 
 positive in the fall of drier years for the drier climate change scenarios and 

negative in fall of drier years for the wetter climate change scenarios 
− Winter flows are the most sensitive to climate change and response varies by scenario 

• Cross Delta Flows  
− Winter flows were the most sensitive to climate change, flows decreased for the drier 

climate scenarios and increased for the wetter climate scenarios 
 
Results show that climate change typically had more effect on Delta velocities during wetter 
years than during drier years.  This result is consistent with the Delta flow results 
 

• Head of Old River Velocities  
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- Are positive (oceanward) for all scenarios 
- Increased in winter and spring of wet years for the wetter climate change scenarios 
- Decreased in winter and spring of wet years for the drier climate change scenarios 
- Changes were typically less than 0.05ft/s during drier years for all climate change 

scenarios 

• Middle River at Middle River Velocities 
- Are negative (landward) for all scenarios except for a slight reverse flow in winter of 

the wetter, less warming scenario 
- During wetter years, negative winter velocities decreased for the wetter climate 

change scenarios and increased for the drier climate change scenarios 
- Changes were typically less than 0.05ft/s for drier climate change scenarios 

• San Joaquin River at Blind Point Velocities 
- Are positive (oceanward) for all scenarios  
- Changes were typically less than 0.05ft/s 

• Cross Delta Velocities (Georgiana Slough) 
- Are positive (oceanward) for all sceanarios 
- Increased in winter for the wetter climate change scenarios and decreased in winter 

for the drier climate change scenarios 
 
The fall and winter periods appear to have the most sensitivity to climate changes.  In general, 
the pattern of study results suggests that OMR flow during January through June becomes more 
negative during dry years in the drier/less warming and drier/more warming scenarios, but with 
some substantial changes that are mostly either increases in negative flow or decreases in 
positive flow compared to the other scenarios.  In other words, in the drier climate change 
scenarios it is expected that fish in the channels surrounding the CVP and SWP projects will be 
exposed to higher entrainment risks during the January through June time frame than under 
projected future conditions without climate change.  Wetter climate patterns appear to present 
less entrainment risk during the January through June period in wet and above normal water year 
types, but elevated risks during the below normal, dry and critically dry water year types.  The 
late fall period (October through December) also had consistently higher risks of entrainment in 
the wetter climate scenarios than the base case modeled in Study 9.0 for the future climate 
change models (see tables 6-37 and 6-38). 
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Table 6-37.  Trends for Average Changes in Flow for Climate Change Scenarios Relative to the Base Case. 
Trends and flow directions are based on 50 percent values.  Trends are rounded to nearest 250 cfs.  No shading (white) indicates locations with positive 
(oceanward) flows. Dark shading (blue) indicates locations with negative (landward) flows.  Light shading (yellow) indicates locations with mixed flow regimes 
(sometimes positive and sometimes negative).  Seasons are defined as winter is Jan-Mar, spring is Apr-Jun, summer is Jul-Sep, and fall is Oct-Dec. Wetter year 
types are those classified as wet or above normal.  Drier year types are those classified as below normal, dry or critically dry. 
 

Wetter, Less Warming Wetter, More Warming Drier, Less Warming Drier, More Warming Name Year 
Type Flow Flow Flow Flow 

Wetter 
Increased by 1750cfs in spring, 1000cfs 
in summer, 250cfs in fall, and 750cfs in 
winter 

Increased by 500cfs in winter, decreased 
by 1500cfs in spring, decreases were less 
than 250cfs in summer and fall 

Decreased by 3500cfs in winter and spring, 
and decreased by 250cfs in summer and 
fall 

Decreased by 2750cfs in winter and 
3000cfs in spring, decreases were less 
than 250cfs in summer and fall 

Head of  
Old River 

Drier Changes were less than 250cfs Changes were less than 250cfs Changes were less than 250cfs Changes were less than 250cfs 

Wetter 

In winter flows changed from negative 
3200cfs (landward) to positive 100cfs 
(oceanward).  The rest of the year, 
negative (landward) flows  decreased by 
750cfs in spring, 250cfs in summer, and 
increased by 500cfs in fall 

Negative (landward) flows decreased by 
2500cfs in winter, 750cfs in spring, and 
250cfs in summer.  Negative flows 
increased by 750cfs in fall. 

Negative (landward) flows increased by 
3250cfs in winter, 500cfs in spring and 
1000cfs in summer.  Negative flows 
decreased by 500cfs in fall. 

Negative (landward) flows increased by 
1250cfs in winter.  Negative flows 
decreased by 250cfs in spring and by 
1750cfs in fall.  Summer flow changes 
were less than 250cfs. 

Old and 
Middle 
River 

Drier 

Negative (landward) flows increased by 
less than 250cfs in winter, 750cfs in 
spring, 1000cfs in summer and 1750cfs 
in fall. 

Negative (landward) flows increased by 
500cfs in winter, spring, fall, and 750cfs 
in summer. 

Changes were less than 250cfs in spring 
and fall.  Negative (landward) flows 
decreased by 750cfs in summer and 
increased by 500cfs in winter. 

Negative (landward) flows decreased by 
250cfs in winter, 500cfs in spring, 
1000cfs in summer and 750cfs in fall 

Wetter 
Increased by 4000cfs in winter, 3000cfs 
in spring, 1500cfs in summer and 500cfs 
in fall 

Increased by 3750cfs in winter, changes 
were less than 250cfs in spring, increased 
by 250cfs in summer, and decreased by 
500cfs in fall 

Positive (oceanward) flows decreased by 
6500cfs in winter, 1750cfs in spring, 
750cfs in summer, and 250cfs in winter. 

Positive (oceanward) flows decreased by 
4250cfs in winter and 1250cfs in spring, 
250cfs in summer. Positive fall flows 
increased by 250cfs. 

QWEST 

Drier 

Negative (landward) winter flows of 0cfs 
changed to positive (oceanward) flows of 
400cfs.  Positive spring flows increased 
by 250cfs.  Summer flow changes were 
less than 250cfs.  Positive flows of 200 
fall flows changed to negative flow of 
300cfs. 

Changes were less than 250cfs 
Flow changes were less than 250cfs in 
winter.  Positive flows increased by 250cfs 
in spring and fall, 750cfs in summer.  

Flow changes were less than 250cfs in 
winter.  Positive (oceanward) flows 
increased by 750cfs in spring, summer, 
and fall. 

Wetter 

Increased by 1000cfs in winter, 
decreased by 250cfs in spring and 
summer, changes were less than 250cfs 
in fall 

Increased by 2000cfs in winter, 750cfs in 
spring, and decreased by 750cfs in 
summer and 500cfs in fall 

Decreased by 1250cfs in winter, 500cfs 
spring and fall, increased by 250cfs in 
summer 

Decreased by 2250cfs in winter, 500cfs in 
spring, 250cfs in summer and 1000cfs in 
fall 

Cross Delta 

Drier 
Increased by 250cfs in winter and 
summer, 750cfs in fall, changes were 
less than 250cfs in spring 

Increased by 500cfs in winter, 250cfs in 
fall, changes were less than 250cfs in 
spring and summer 

Decreased by 250cfs in winter, summer 
and fall, decreased by 500cf in spring 

Decreased by less than 500cfs in winter, 
spring and fall, decreased by 750cfs in 
summer 

 



Table 6-38.  Trends for Average Changes in Delta Velocities for Climate Change Scenarios Relative to the Base Case. 
Trends and velocity directions are based on 50 percent values.  Trends are rounded to nearest 0.05ft/s.  No shading (white) indicates locations with positive 
(oceanward) velocities. Solid shading (blue) indicates locations with negative (landward) velocities.  Lighter shading (yellow) indicates locations with mixed 
velocity regimes (sometimes positive and sometimes negative).  Seasons are defined as winter is Jan-Mar, spring is Apr-Jun, summer is Jul-Sep, and fall is Oct-
Dec. Wetter year types are those classified as wet or above normal.  Drier year types are those classified as below normal, dry or critically dry. 
 

Wetter, Less Warming Wetter, More Warming Drier, Less Warming Drier, More Warming Name Year 
Type Velocity Velocity Velocity Velocity 
Wetter Increased by 0.05ft/s in winter, 0.25-

0.50ft/s in spring and summer, and 
0.15ft/s in fall 

Increased by 0.05ft/f in winter, increased 
by 0.35ft/s in spring, and changes were 
less than 0.05ft/s in summer and fall 

Decreased by 0.70ft/s in winter, 0.9ft/s 
in spring, 0.1ft/s in summer and less 
than 0.15ft/s in fall 

Decreased by 0.5ft/s in winter, 0.75ft/s 
in spring, 0.05ft/s in summer and fall 

Head of  
Old River 

Drier Increased by 0.05ft/s in spring, 
changes were less than 0.05ft/s in 
summer, fall and winter 

Changes were less than 0.05ft/s Decreased by 0.05ft/s in winter, spring 
and summer, decreased by less than 
0.05ft/s in fall 

Decreased by 0.05ft/s in winter and 
changes were less than 0.05ft/s in 
spring, summer and fall 

Wetter Winter velocities changed negative 
(landward) 0.1ft/s to nearly 0ft/s.  
Negative velocity changes were less 
than 0.05ft/s in spring and summer.  
Changes were less than 0.05ft/s in fall 

Negative (landward) velocities 
decreased by 0.05ft/s in winter, changes 
were less than 0.05ft/s in spring, 
summer and fall 

Negative (landward) velocities increased 
by by 0.1ft/s in winter. Velocity changes 
were less than 0.05ft/s in spring, 
summer and fall. 

Negative (landward) velocities increased 
by 0.05ft/s in winter and decreased by 
0.05ft/s in fall.  Velocity changes were 
less than 0.05ft/s in spring and summer. 

Middle 
River at 
Middle 
River 

Drier Negative (landward) velocities 
decreased by 0.05ft/s in fall, changes 
were less than 0.05ft/s in winter, 
spring and summer 

Changes were less than 0.05ft/s Changes were less than 0.05ft/s Changes were less than 0.05ft/s 

Wetter Increased by 0.05ft/s in winter and 
spring, changes were less than 
0.05ft/s in summer and fall 

Increased by 0.05ft/s in winter, changes 
were less than 0.05ft/s in spring, 
summer and fall 

Decreased by 0.05ft/s in winter, changes 
were less than 0.05ft/s in spring, 
summer and fall 

Decreased by 0.05ft/s in winter, changes 
were less than 0.05ft/s in spring, 
summer and fall 

San Joaquin 
River at 
Blind Pt. 

Drier Changes were less than 0.05ft/s Changes were less than 0.05ft/s Changes were less than 0.05ft/s Changes were less than 0.05ft/s 
Wetter Increased by 0.10ft/s in winter, 

0.05ft/s in spring, 0.25ft/s in fall, and 
changes were less than 0.05ft/s in 
summer 

Increased by 0.15ft/s in winter, changes 
were less than 0.05ft/s in spring, 
summer and fall 

Decreased by 0.1ft/s in winter and fall, 
increased by 0.05ft/s in summer and 
changed less than 0.05ft/s in spring 

Decreased by 0.15ft/s in winter, 0.10ft/s 
in spring, 0.05ft/s in summer and fall 

Georgiana 
Slough 

Drier Changes were less than 0.05ft/s Increased by 0.05ft/s in winter, spring 
and fall, and changes were less than 
0.05ft/s in summer 

Decreased by 0.05ft/s in winter, spring 
and summer, changes were less than 
0.05ft/s in fall 

Decreased by 0.05ft/s in winter, summer 
and fall, and 0.1 ft/s in spring  
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6.6.10  Summary of the Delta Effects 
 
The quality of the Delta has been diminished over the past hundred years.  Human activities in 
the surrounding watershed during this period have led to the removal of vast stands of riparian 
forests and severe reductions in the fringing marshland habitat surrounding the Delta waterways, 
creation of armored levees throughout the valley floor watershed, channelization of waterways 
and construction of new channels to aid water conveyance in the interior of the delta (e.g., 
Victoria Canal, Grant Line Canal) and commercial shipping traffic (The Bay Institute 1998, 
Conomos et al. 1985, Nichols et al. 1986, Wright and Phillips 1988, Monroe et al. 1992, Goals 
Project 1999).  Over the past half century, substantial increases in the volume and frequency of 
water diversions by the CVP and SWP have occurred.  The value of the Delta as a rearing habitat 
for juvenile salmonids has been incrementally diminished with each modification to the system.  
Current data indicating that survival is substantially better for those fish that remain in the main 
channel of the Sacramento River rather than dispersing into the side channels and interconnected 
waterways (Brandes and McLain 2001; Vogel 2004, 2008a) indicate that the Delta has lost its 
ecological function for these fish and that human induced conditions, such as exotic introduced 
predators, pollution, and water diversion operations have negated the benefits of these habitats 
for rearing fish during their outmigration to the ocean.  Likewise, fish emigrating from the San 
Joaquin River basin are very unlikely to survive their passage through the Delta to enter the San 
Francisco Bay estuary at Chipps Islands (SJRGA 2001-2008) for many of the same reasons.  As 
described above, substantial reductions in the basin’s salmonid population have occurred as a 
direct result of these anthropogenic actions as well as those occurring upstream in the tributaries.  
Population impacts can be so severe that they may lead to the extirpation of a population as seen 
in the loss of the sizeable spring-run population that once inhabited the San Joaquin River Basin 
(Skinner 1958).  Currently, the San Joaquin River basin’s population of fall-run is decline, and 
the CV steelhead population is comprised of very limited number of fish. 
 
The current suite of projects under consultation for the CVP/SWP operations in the Delta 
includes continued water diversions at the CVP and SWP facilities in the South Delta, which will 
increase under the near term and future conditions over the already substantial level of 
diversions.  Increased water diversions during the periods of listed salmonid outmigrations will 
unquestionably lead to increased loss of listed salmonids from both the Sacramento River and 
San Joaquin River basins at the water diversion facilities, either through direct or indirect means.  
The magnitude of these increases remains uncertain.  For example, the estimates of loss and 
salvage at the fish collection facilities have inherent assumptions that can lead to errors in the 
final calculation of these values.  For instance, the assumption that fish are passed through the 
facility at a consistent level; thereby allowing subsamples to be taken at timed intervals to 
determine overall salvage and loss estimates is likely an inaccurate assumption.  Fish are more 
than likely to come through the facilities in an episodic pattern, with pulses of high numbers of 
fish followed by periods of low to no fish in the samples.  This would be particularly relevant for 
fish that are rare or low in numbers to begin with.  The assumption that a 10 minute or 20 minute 
count every 2 hours would always capture these events needs to be more thoroughly evaluated.  
Furthermore, the variations in louver efficiencies related to bypass flows and the impacts of 
operations such as louver cleaning need to be more adequately addressed in calculating the loss 
and salvage numbers.  Likewise, the uncertainty of the extent of the contribution of indirect or 
interrelated losses related to fish moving across the Delta towards the pumps under the influence 



of the water withdrawals (i.e., net negative flows) to the overall loss estimate continues to remain 
a significant area of concern.  As described earlier in the Delta effects analysis, many of the 
sources of loss associated with moving fish through the Delta, such as predator populations and 
the increased prevalence of non-native aquatic weeds such as Egeria densa, have their own 
interconnections with the operations of the CVP and SWP, and their continued presence is linked 
to maintaining an artificially stable Delta environment conducive to moving freshwater towards 
the pumps. 
 
Given the current fragility of the winter-run, spring-run, and CV steelhead populations, 
additional levels of take will create a disproportionate level of adverse effects upon these groups 
of fish18.  The low numbers of individuals in these populations and the current and future 
disability of their habitats to support spawning and rearing reduce the ability of the fish 
populations to recover from chronic take issues as current reproductive success likely cannot 
compensate for additional losses of individuals.  Historical data indicate that entrainment of fish 
at the CVP and SWP is likely to occur in a more episodic fashion, when pulses of fish move 
through the system under the influence of environmental factors that are not easily captured in 
averaged data.  The proposed Delta operations of the CVP and SWP under CVP/SWP operations 
not only maintain the current trajectory of loss seen today, but increase that trajectory through 
increased pumping rates and greater amounts of water diverted annually.  Therefore, it is 
unlikely that the listed fish populations will experience any form of recovery and/or reduced 
vulnerability to loss resulting from these operations as described. 
 
In addition to these core environmental conditions in the Delta, the future project actions will 
continue to expose fish to the salvage facilities as a consequence of the pumping operations 
resulting in continued losses into the future.  Furthermore, operation of the permanent gates will 
lead to losses associated with predation at the physical structures and the local and farfield 
hydraulic conditions created by the barriers.  Due to the geometry and hydraulic conditions in the 
South Delta, the interactions of the CVP and SWP with populations of salmonids in the San 
Joaquin River basin are exceptionally adverse.  Under current operating conditions, significant 
reductions in the abundance of CV steelhead and fall-run originating in the San Joaquin River 
basin, (as well as the Calaveras River and Mokelumne River basins) are likely to continue to 
occur.  This not only decreases the abundance of the San Joaquin River basin populations as they 
emigrate to the sea, but also reduces the genetic diversity and spatial distribution of the Central 
Valley salmonid populations by placing an inordinate amount of risk in this region of the ESU.  
This violates the “representation and redundancy rule” of having viable populations represented 
in each of the historic geographical regions in which the different populations originally 
occurred. 
  
6.7  Suisun Marsh Facilities 
 
DWR operates several facilities within Suisun Marsh that may affect listed anadromous 
salmonids and threatened green sturgeon.  The SMSCG are operated seasonally to improve water 
quality in Suisun Marsh.  At Roaring River and Morrow Island, DWR operates water distribution 
                                                 
18 The resilience of the Southern DPS of green sturgeon is unknown.  Currently, there are no accurate estimates of 
the standing population of green sturgeon (i.e., abundance) comprising the Southern DPS and therefore estimates of 
the different population parameters are unavailable. 
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systems that serve both public and privately managed wetlands in the marsh.  DWR also operates 
the Goodyear Slough Outfall to provide lower salinity water to wetland managers along 
Goodyear Slough. 
 
6.7.1  Suisun Marsh Salinity Control Gates 
 
Located in the southeastern corner of Suisun Marsh, the SMSCG span the 465-foot width of 
Montezuma Slough.  The facility consists of three radial gates, a boat lock structure, and a 
maintenance channel that is equipped with removable flashboards.  When the SMSCG are in 
operation, the flashboards are installed at the maintenance channel and the gates are operated 
tidally.  Fish migrating through Montezuma Slough must pass through this structure, which 
extends across the full width of Montezuma Slough.  DWR proposes to operate the SMSCG 
periodically for approximately 10 to 20 days per year between October and May; however, the 
facility may operate more frequently in critically dry years and less in wet years.  During the 
period between October and May, listed anadromous salmonids and green sturgeon migrating in 
Montezuma Slough will periodically encounter the SMSCG in operation and fish passage may 
be affected. 
 
Operation of the SMSCG from October through May coincides with the upstream migration of 
adult Central Valley anadromous salmonids and green sturgeon.  The late winter and spring 
downstream migration of Central Valley salmonids also overlaps with the operational period of 
the SMSCG.  As adult Central Valley anadromous salmonids travel between the ocean and their 
natal Central Valley streams, Montezuma Slough provides an alternative route to their primary 
migration corridor through Suisun Bay.  Fisheries sampling conducted by CDFG indicates many 
adult Central Valley salmon migrate upstream through Montezuma Slough (Edwards et al. 1996, 
Tillman et al. 1996), but the proportion of the total run utilizing this route is unknown.  Sub-adult 
green sturgeon can be found in Suisun Marsh year-round (Matern et al. 2002), and adult green 
sturgeon may also use Montezuma Slough as a migration route between the ocean and their natal 
spawning areas in the upper Sacramento River. 
 
To evaluate the potential effects of the SMSCG operations on adult salmonid passage, telemetry 
studies were initiated in 1993 on adult Chinook salmon.  In seven different years (1993, 1994, 
1998, 2001, 2002, 2003, and 2004), migrating adult fall-run were tagged and tracked by 
telemetry in the vicinity of the SMSCG.   These studies showed that the operation of the SMSCG 
delays passage of some adult Chinook salmon.  While other adult salmon never pass through the 
SMSCG and instead swim downstream for approximately 30 miles to Suisun Bay and then 
access their natal Central Valley streams via Honker Bay.  Based on the results of studies 
conducted during the early 1990s, the CDFG recommended modifications to the structure to 
improve passage (Edwards et al. 1996, Tillman et al. 1996). 
 
Telemetry studies conducted in 1998, 1999, 2001, 2002, 2003, and 2004, were designed to 
evaluate adult salmonid passage rates under various SMSCG configurations and operational 
conditions.  In 1998, modifications were made to the flashboards at the SMSCG maintenance 
channel to include two horizontal openings, but telemetry monitoring indicated that the modified 
flashboards did not improve salmon passage (Vincik et al. 2003).  Telemetry studies conducted 
in 2001, 2002, 2003, and 2004, evaluated the use of the existing boat lock as a fish passageway.  
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These results indicated that fish passage improved when the boat lock was opened.  Successful 
passage rates improved by 9, 16, and 20 percent in 2001, 2003, and 2004, respectively, when 
compared to full SMSCG operation with the boat lock closed.  In addition, opening of the boat 
lock reduced mean passage time by 19 hours, 3 hours, and 33 hours in 2001, 2003, and 2004, 
respectively.  The 2002 results did not confirm these findings, but equipment problems at the 
structure during the 2002 season likely confounded the 2002 fish passage studies (Vincik 2004). 
 
DWR proposes to operate the SMSCG as needed from October through May to meet salinity 
standards set by the State Water Resources Control Board and Suisun Marsh Preservation 
Agreement.  In 2006 and 2007, the gates were operated periodically for 10-20 days annually.  
DWR anticipates this level of operational frequency (10-20 days per year) can generally be 
expected to continue in the future except during the most critical hydrological conditions.  When 
the SMSCG are not operated, the gates remain in the open position and fish passage at the 
facility is not impeded. 
 
Full operation of the SMSCG includes the flashboards installed and the gates tidally operated.  
Based on the results of fish passage studies, DWR proposes to hold the boat lock portion of the 
structure in an open position at all times during SMSCG operation to allow opportunities for fish 
passage during all phases of the tidal cycle.  Under this operational plan, NMFS expects that 
between 55 and 70 percent of the adult salmonids arriving at the SMSCG during its 10-20 days 
of annual operation will successfully pass upstream at the structure.  This rate of passage is 
virtually identical to the passage rate when the SMSCG is not operational (DWR and CDFG 
2004).  CDFG telemetry studies indicate 30 to 45 percent of the adult salmonids do not pass the 
structure even when the gates are not operating.  Adult salmonids that do not continue upstream 
past the SMSCG are expected to return downstream by backtracking through Montezuma Slough 
to Suisun Bay, and they likely find the alternative upstream route to their natal Central Valley 
streams through Suisun and Honker Bays. 
 
Little is known about adult green sturgeon upstream passage at the SMSCG.  Acoustic tagging 
results from 2007 indicate adult green sturgeon migrate to the upper Sacramento River via 
Suisun and Honker Bays, not Montezuma Slough (Woodbury 2008); although the NMFS study’s 
sample size was small (six adult sturgeon) and limited to 1 year of results.  The results of the 
2007 acoustic tagging study also suggest that green sturgeon require 4 to 6 weeks to pass 
upstream from San Francisco Bay to the upper Sacramento River, and it was not uncommon for 
sturgeon to interrupt their migration and linger in the vicinity of Rio Vista for up to 2 weeks 
(NMFS unpublished data). 
 
When the gates of the SMSCG are operating, green sturgeon will have an opportunity to pass 
upstream through the boat locks as salmon do or through the open gates during ebb tide.  Based 
on the results of salmon telemetry studies, the operation of the SMSCG may also delay the 
upstream passage of an actively migrating adult green sturgeon by 3 to 4 days.  Fish are likely 
impeded by the flashboards of the SMSCG along the northern shoreline and the tidally-operated 
gates reduce the hydrodynamic effect of flood tides downstream of the structure.  Many species 
of fish are known to synchronize their movements through estuaries with the ebb and flow of the 
tides (Gibson 1992).  Kelly et al. (2007) report sub-adult sturgeon in San Francisco and San 
Pablo Bays typically move in the same direction as the prevailing current.  The results of the 
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2007 acoustic tagging study indicate adult green sturgeon in the upper Delta and lower 
Sacramento River typically move against the prevailing tidal current (NMFS, unpublished data).  
Thus, adult green sturgeon are likely capable of continuing their upstream migration by 
navigating through the SMSCG on an ebb tide or through the continuously open boat lock when 
the SMSCG are being operated. 
 
During the majority of the period between October and May, the SMSCG will not be operated 
and no fish passage delays due to the gates are anticipated.  However, during the annual 10-20 
days of periodic operation, individual adult salmonids and green sturgeon may be delayed in 
their spawning migration from a few hours to several days.  The effect of this delay is not well 
understood.  Winter-run are typically several weeks or months away from spawning and, thus, 
they may be less affected by a migration delay in the estuary.  Steelhead migrate upstream as 
their gonads are sexually maturing and a delay in migration may negatively impact their 
reproductive viability.  Spring-run are typically migrating through the estuary several months 
before spawning, but an extended delay in the estuary may affect their ability to access their 
natal spawning streams.  Spring-run generally utilize high stream flow conditions during the 
spring snowmelt to assist their upstream migration.  Rapid upstream movement may be needed 
to take advantage of a short duration high stream flow event, particular in dry years when high 
flow events may be uncommon.  If the destination of a pre-spawning adult salmon or steelhead is 
among the smaller tributaries of the Central Valley, it may be important for migration to be 
unimpeded, since access to a spawning area could diminish with receding flows.  Green sturgeon 
spawn in the deep turbulent sections of the upper reaches of the Sacramento River, and spring 
stream flows in the mainstem Sacramento River are generally not limiting their upstream 
migration.  It is also common for green sturgeon to linger for several days in the Delta prior to 
initiating their active direction migration to the upper Sacramento River (NMFS unpublished 
data).  However, delays at the SMSCG may affect the time of arrival at the RBDD and 
exacerbate the fish passage problems at RBDD, as discussed above. 
 
Downstream migrating juvenile salmonids and green sturgeon may also be affected by the 
operation of the SMSCG.  The operational season of the SMSCG overlaps with the outmigration 
period of Central Valley salmonid smolts.  As juvenile salmon and steelhead emigrate 
downstream, some fish will pass through Montezuma Slough as they travel towards the ocean.  If 
the SMSCG are in operation, the gates will open and close twice each day with the tides.  On the 
ebb tide, the gates are open and fish will pass downstream into Montezuma Slough without 
restriction.  On the flood tide, the gates are closed and freshwater flow and the passage of 
juvenile fish will be restricted.  Most juvenile listed salmonids in the western Delta entering San 
Francisco Bay are expected to be actively emigrating smolts.  Smolts are likely taking advantage 
of the ebb tide to pass downstream (Vogel 2004), and, thus, the operation of the SMSCG is not 
expected to significantly impede their downstream movement in the estuary.  Juvenile green 
sturgeon are thought to remain in the estuary for several years, feeding and growing before 
beginning their oceanic phase.  These juvenile green sturgeon typically display lengthy periods 
of localized, non-directional movement interspersed with occasional long distance movements 
(Kelly et al. 2007).  This behavior and movement by green sturgeon is not likely to be negatively 
affected by periodic delays of a few hours to several days at the SMSCG. 
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Salmonid smolt predation by striped bass and pikeminnow could be exacerbated by operation of 
the SMSCG.  These predatory fish are known to congregate in areas where prey species can be 
easily ambushed.  Pikeminnow are not typically major predators of juvenile salmonids (Brown 
and Moyle 1981), but both pikeminnow and striped bass are opportunistic predators that will 
take advantage of localized, unnatural circumstances.   The SMSCG provides an enhanced 
opportunity for predation because fish passage is blocked or restricted when the structure is 
operating.  However, DWR proposes to limit the operation of the SMSCG to only periods 
required for compliance with salinity control standards, and this operational frequency is 
expected to be 10-20 days per year.  Therefore, the SMSCG will not provide the stable 
environment which favors the establishment of a local predatory fish population and the facility 
is not expected to support conditions for an unusually large population of striped bass and 
pikeminnow.  In addition, most listed Central Valley salmonid smolts reach the Delta as 
yearlings or older fish.  Since the size and type of prey taken by pikeminnow varies with the size 
and age of the fish (Brown and Moyle 1981), the relatively large body size and strong swimming 
ability of listed salmon and steelhead smolts reduce the likelihood of being preyed upon.  
Juvenile green sturgeon in the estuary are also relatively large and unlikely prey for striped bass 
and pikeminnow. 
 
Montezuma Slough is designated critical habitat for endangered winter-run and proposed for 
designation as critical habitat for the Southern DPS of green sturgeon.  PCEs of designated 
critical habitat for salmon in the action area include water quality and quantity, foraging habitat, 
natural cover including large substrate and aquatic vegetation, and migratory corridors free of 
obstructions.  The specific PCEs of proposed critical habitat for the Southern DPS of green 
sturgeon in estuarine areas include:  food resources, water flow, water quality, migratory 
corridor, water depth, and sediment quality.  As discussed above, fish passage will be affected by 
the operation of the SMSCG.  The tidally-operated gates are also expected to influence water 
currents and tidal circulation periodically during the 10-20 days of annual operation.  However, 
these changes in water flow will be limited to the flood portion of the tidal cycle and will 
generally be limited to a few days during each periodic operational episode.  Overall, the short-
term changes to tidal flow patterns in Montezuma Slough due to operation of the SMSCG are not 
expected to significantly change habitat availability or suitability for rearing of listed 
anadromous salmonids and green sturgeon. 
   
6.7.2  Roaring River Distribution System 
 
The water intake for the Roaring River Distribution System (RRDS) on Montezuma Slough is 
located immediately downstream of the SMSCG.  The eight 60-inch diameter culverts of the 
Roaring River intake are equipped with fish screens and operated to maintain a screen approach 
velocity of 0.2 feet per second.  During high tide, water is diverted through the RRDS intakes to 
raise the water surface elevation within the RRDS.  The low screen velocity at the intake culverts 
combined with a small screen mesh size are expected to successfully prevent listed salmonids 
and green sturgeon from being entrained into the RRDS. 
 
As discussed above, Montezuma Slough is designated critical habitat for endangered winter-run 
and proposed for designation as critical habitat for green sturgeon.  The operation of the RRDS 
may affect some PCEs of designated and proposed critical habitat.  Fish passage and the 
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migration corridor will not be affected, because the RRDS intakes are properly screened.  
However, water withdrawals at RRDS could influence flow, water quality, and food resources.  
The water surface elevation and water circulation at this location on Montezuma Slough is 
dominated by tides.  The diversion is also tidally-operated by filling the intake pond at the RRDS 
during high tide.  Since high tide conditions raise the water surface elevation throughout 
Montezuma Slough, water withdrawals at the RRDS intake do not reduce the quantity of 
available habitat and are not expected to negatively affect the condition of estuarine habitat for 
listed salmonids or green sturgeon in Montezuma Slough 
 
6.7.3  Morrow Island Distribution System 
 
The Morrow Island Distribution System (MIDS) diverts water from Goodyear Slough through 
three 48-inch diameter culverts during high tide.  Although the MIDS intakes do not currently 
have fish screens, it is unlikely a listed salmonid or green sturgeon will be entrained into the 
water distribution system.  Fisheries monitoring performed in 2004-05 and 2005-06 identified 
entrainment of 20 fish species.  However, no listed salmonids or green sturgeon were observed in 
the MIDS entrainment studies.  Two non-listed fall-run fry (39-44 mm) were captured, but this 
was likely due to their small size and poor swimming ability.  Fall-run fry commonly arrive in 
the Delta and estuary at a very small size and they outmigrate as smolts at a very early age 
compared to Central Valley listed anadromous salmonids.  The large size and better swimming 
ability of juvenile listed salmonids in the Delta allow these fish to avoid entrainment at MIDS.  
In addition, the location of the MIDS intake on Goodyear Slough further reduces the risk of 
entrainment.  Goodyear Slough is not a migratory corridor for listed salmonids or green sturgeon. 
 
Goodyear Slough is not designated critical habitat for anadromous salmonids, but is proposed for 
designation as critical habitat for green sturgeon.   The slough is subject to tidal influence and the 
MIDS intake is also tidally-operated.  High tide conditions raise the water surface elevation 
throughout the area and, thus, the withdrawal of water at MIDS during high tide does not reduce 
the volume of aquatic habitat in the marsh.  Low water intake velocities minimize the loss of 
aquatic organisms to entrainment.  Overall, the quality of habitat, foraging of prey organisms by 
juvenile sturgeon, and the other specific PCEs for proposed green sturgeon critical habitat are not 
likely to be negatively affected by the operation of MIDS. 
   
6.7.4  Goodyear Slough Outfall 
 
DWR operates the Goodyear Slough Outfall to improve water circulation in the marsh.  This 
structure consists of four 48-inch diameter culverts with flap gates designed to drain water from 
the southern end of Goodyear Slough into Suisun Bay.  On flood tides, the gates reduce the 
amount of tidal inflow into Goodyear Slough.  Due to its location and design, listed salmonids 
and green sturgeon are not likely to encounter this structure or be negatively affected by its 
operation.  Improved water circulation by the operation of the Goodyear Slough Outfall likely 
benefits juvenile salmonids and sturgeon in Suisun Marsh by improving water quality and 
increasing foraging opportunities.  PCEs of proposed critical habitat for green sturgeon are not 
likely to be negatively affected by the operation of the Goodyear Slough Outfall. 
 
6.8  Effects of the Action on Southern Resident Killer Whales 
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The proposed action has the potential to affect Southern Residents indirectly by reducing 
availability of their preferred prey, Chinook salmon.  Central Valley Chinook salmon stocks are 
available to Southern Residents across their coastal range (based on coded wire tag recoveries, 
Weitkamp 2007); and available in greater magnitude south of Cape Falcon (O’Farrell et al. 
2008).  Any proposed action-related effects that decrease the availability of salmon, and Chinook 
salmon in particular, could adversely affect Southern Residents in their coastal range.   
 
Section 3 of this Opinion defines the proposed action as the continued operation of the CVP and 
SWP, effective through December 31, 2030.  In addition to current day operations, several other 
actions are included in this consultation.  These actions are: (1) an intertie between the CA and 
the DMC; (2) FRWP; (3) the operation of permanent gates, which will replace the temporary 
barriers in the South Delta; (4) changes in the operation of the RBDD; and (5) Alternative Intake 
Project for the Contra Costa Water District.  Additionally, the operation of Nimbus Fish 
Hatchery and production from Trinity River Fish Hatchery are interrelated and interdependent to 
the proposed action (section 1.5.2).  Any changes to these hatchery programs that may be 
required, either as a result of HGMP development and implementation or other long-term 
planning processes will be subject to separate section 7 consultation.  The time lines to 
implement hatchery reform at Nimbus and Trinity are currently unknown.  Therefore, the effects 
of current hatchery practices at Nimbus and Trinity are considered for the term of this Opinion. 
 
Most of the direct effects of the proposed action occur within freshwater and estuarine systems 
of the Sacramento and San Joaquin rivers, the Sacramento-San Joaquin Delta, and San Francisco 
Bay (Section 3.2, Action Area); effects experienced by Southern Residents in their coastal range 
are indirect.  That is, the proposed action affects the abundance of prey for Southern Residents in 
the ocean.  Changes in prey abundance would affect the entire DPS of Southern Resident killer 
whales.  The best available information indicates that salmon are the preferred prey of Southern 
Residents year round (Krahn et al. 2002, 2007), including in coastal waters, and that Southern 
Residents require regular supplies of adult Chinook salmon prey coast-wide, likely including 
stocks from the Sacramento and San Joaquin rivers of California’s Central Valley (Status of the 
Species section).   
 
In this analysis, NMFS considers effects of the proposed action on the Southern Residents by 
evaluating prey reduction caused by the action.  Where appropriate, NMFS also considers prey 
production contributed by hatchery mitigation programs that are interrelated and interdependent 
to the action. 
 
6.8.1 Effects on the Southern Residents’ Prey Base 
 
Our analysis of effects on Southern Residents follows from the salmon analysis on listed 
Chinook salmon in this Opinion, as well as additional information on non-listed Chinook 
salmon.  We evaluate effects on the Southern Residents considering:  (1) NMFS’ effects analysis 
for listed winter-run and spring-run, and (2) effects on non-listed Chinook salmon, also part of 
Southern Residents’ prey base.   
 
6.8.1.1  Prey Reduction of ESA-listed Chinook Salmon ESUs 
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The effects analysis of this Opinion for winter-run and spring-run finds that the proposed action 
is likely to appreciably reduce the likelihood of their survival and recovery.  In other words, thr 
proposed action appreciably increases the risk of extinction of these listed entities of salmon.  
Additionally, NMFS has concluded that the proposed action is likely to reduce the conesrvaton 
value of designated critical habitats of winter-run and spring-run.   
 
NMFS evaluated effects on the Southern Residents qualitatively.  We assessed the likelihood for 
localized depletions, and long-term implications for Southern Residents’ survival and recovery, 
resulting from extirpations of winter-run and spring-run ESUs.  In this way, NMFS can 
determine whether the increased likelihood of extinction of prey species is also likely to  
appreciably reduce the likelihood of survival and recovery of Southern Residents. 
 
A reduction in prey would occur over time as winter-run and spring-run abundance declines.  
Hatchery programs, which account for a portion of the winter- run and spring-run ESUs, may 
provide a short-term buffer, but it is uncertain whether hatchery-only stocks could be sustained 
indefinitely.  Although not currently large in numbers (20-year average adult escapements from 
1986-2007 were 4,066 and 12,889, respectively; CDFG 2008), the loss of these ESUs would also 
preclude the potential for their future recovery to healthy, more substantial numbers.   
 
Differences in adult salmon life histories and locations of their natal streams likely affect the 
distribution of salmon across the Southern Residents’ coastal range.  The continued decline and 
potential extinction of winter-run and spring-run populations, and  consequent interruption in the 
geographic continuity of salmon-bearing watersheds in the Southern Residents’ coastal range, is 
likely to alter the distribution of migrating salmon and increase the likelihood of localized 
depletions in prey, with adverse effects on the Southern Residents’ ability to meet their energy 
needs.  A fundamental change in the prey base originating from California’s Central Valley is 
likely to result in Southern Residents abandoning areas in search of more abundant prey or 
expending substantial effort to find depleted prey resources.   
 
6.8.1.2  Other Effects on Southern Residents’ Prey Base 
 
In addition to effects on winter-run and spring-run, the proposed action will affect non-listed fall-
run and late fall-run in California’s Central Valley, and non-listed spring-run and fall-run in the 
Trinity River watershed.  We quantify the effects of hatchery production and project operations 
on non-listed Chinook salmon prey available to Southern Residents.  The analysis considers 
effects of the proposed action and interrelated and interdependent actions over the effective term 
of this Opinion (through December 31, 2030). 
 
6.8.1.2.1  Effects of Artificial Production 
 
Effects from artificial propagation of non-listed fall-run from the Central Valley (Nimbus Fish 
Hatchery) and for non-listed spring- and fall-run from the Trinity River watershed (Trinity River 
Fish Hatchery) are included in the analysis because Nimbus Fish Hatchery production, and 
Chinook salmon production from Trinity River Fish Hatchery, are interrelated and 
interdependent to the proposed action.  These hatcheries produce Chinook salmon that is 
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available to Southern Residents as prey.  This analysis uses the current levels of funding and 
production, which are proposed to continue over the term of the proposed action (as discussed 
above, any changes to current funding and production as a result of a HGMP or other long-term 
planning processes are beyond the scope of this action, and will be subject to separate section 7 
consultation). 
 
Nimbus Hatchery is one of the five hatchery programs that produce Central Valley fall-run.  In 
total, approximately 90 percent of fall-run returning to the Central Valley are hatchery-origin 
fish, and the remaining 10 percent are natural-origin (± 6 percent; based on Barnett-Johnson et 
al. 2007).  Only a portion of hatchery-origin fall-run available to Southern Residents are 
produced by interrelated or interdependent actions, those of Nimbus Fish Hatchery in the Central 
Valley and the Trinity River Fish Hatchery.  The Nimbus Fish Hatchery program produces an 
average of 13.3 percent of the Central Valley fall-run available to Southern Residents in the near-
term (current and 5- to 10-year horizon) and projected for the long-term (30-year horizon, range: 
12.9 to 15.1 percent; table 6-39).   
 
The Trinity River Fish Hatchery is the sole producer of hatchery-origin spring- and fall-run that 
return to the Trinity River watershed.  The Trinity River Fish Hatchery program produces 57 
percent of the Trinity spring- and fall-run available to Southern Residents (based on the average 
hatchery proportion of Chinook salmon escapements to the watershed from 1991-2006; 
Appendix 3).  Currently, the Trinity River Fish Hatchery’s mitigation goal is to produce 45 
percent of escapement (Hannon 2009a). 
 
Table 6-39.  Percent of Central Valley fall- and late fall-fun annually available to killer whales that are 
produced by the Nimbus Fish Hatchery program over the duration of the proposed action (Appendix 3). 

Time Horizon Average (percent) Rangea (percent) 

Currentb 13.3 12.9 to 14.8 

5- to 10-year projectionc 13.3 12.9 to 15.1 

30-year projectiond 13.3 12.9 to 15.0 
a Range incorporates variability in adult escapement over the past 20 years. 
b Study 7.0 
c Study 7.1 
d Study 8.0 

 
The potential harmful effects of artificial propagation on the long-term fitness of salmon 
populations are discussed previously in this Opinion (section 4.2.4.8, Hatchery Operations and 
Practices).   Specifically, hatcheries can adversely affect population viability by reducing 
abundance, productivity, spatial distribution and/or diversity of natural-origin fish (McElhany et 
al. 2000).  The immediate cause of the recent fall-run decline is most likely a result of ocean 
conditions (Lindley et al. 2009).  However, freshwater impacts, including hatchery programs, 
most likely contributed to the collapse (Lindley et al. 2009).  Continued hatchery funding is not 
likely to change over the term of this Opinion, and time lines for implementing hatchery reform 
at Nimbus and Trinity River fish hatcheries are currently uncertain.  We evaluate potential long-
term effects of current practices at Nimbus and Trinity River fish hatcheries by considering 
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practices that may be detrimental to natural fish and any best management practices in place to 
avoid harmful effects on natural fish (CDFG and NMFS 2001).   
 
Both hatchery programs include current practices that negatively affect natural fish and could 
diminish the productivity, distribution, and diversity of non-listed stocks over the long-term.  
Such effects could make these stocks less resilient to the effects of disease, climate change, and 
stochastic events.  These hatchery programs also include some practices that are designed to 
maintain stock integrity. 
 
At Nimbus Fish Hatchery, fall-run smolts are trucked to San Pablo Bay for release in the western 
Delta.  Trucking smolts before release increases the straying of Nimbus Fish Hatchery fall-run 
escapement to rivers throughout the Central Valley, and causes demographic and genetic risks to 
natural fall-run populations.  Additionally, Nimbus Fish Hatchery transfers Chinook salmon eggs 
to other hatcheries in the Central Valley, which reinforces homogenization of fall-run.  At Trinity 
River Fish Hatchery, current practices for brood stock collection are based on observed 
phenotypic differences between spring and fall races, which is potentially unreliable and may 
contribute to genetic introgression between spring and fall hatchery runs. Nimbus and Trinity 
River fish hatcheries also employ practices that protect the natural fish and genetic diversity, 
including broodstock collection across run-timing for full representation of runs in hatchery 
programs, and marking hatchery smolts at a constant 25 percent rate of all releases (since spring 
of 2007 at Nimbus Fish Hatchery and for at least 10 years at Trinity River Fish Hatchery).  These 
marking practices are parallel to methods under development to standardize data collection and 
increase monitoring programs in the Central Valley (CDFG and NMFS 2001). 
 
6.8.1.2.2  Effects of Project Operations 
 
6.8.1.2.2.1  Central Valley   
 
Project operations in the Central Valley reduce reproductive success of adult and increase 
mortality of early life-stage (egg through smolt) fall- and late fall-run (Appendix 3).  If 
considered alone, project operations would reduce the abundance of adult Chinook salmon in the 
ocean and reduce prey available to Southern Residents.  To determine whether the Chinook 
salmon prey base for Southern Residents is reduced by the proposed action, we compare the 
decrease in the prey base for Southern Residents resulting from project-caused mortality on 
Central Valley fall- and late fall-run to the increase in the prey base resulting from the Nimbus 
Fish Hatchery program production of fall- and late fall-run.  As described above, the Nimbus 
Fish Hatchery program produces an average of 13.3 percent of the Central Valley fall- and late 
fall-run available to Southern Residents.  In the short-term, the proposed action would have to 
cause a greater percent reduction in the Central Valley fall- and late fall-run than this production 
from hatcheries to result in an overall reduction in prey for Southern Residents.  Although we 
consider these net effects of project operations and hatchery production in the short-term, we 
also separately considered the long-term effects of hatchery production on prey available to 
Southern Residents above (section 6.8.1.2.1), and identified that hatchery practices could 
diminish the productivity, distribution and diversity of non-listed stocks over the long term.   
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NMFS quantified freshwater mortality sources for Central Valley fall- and late fall-run to 
evaluate an overall change in freshwater mortality attributed to project operations.  Overall 
mortality from early life-stages was used to estimate the effective reduction in ocean abundance 
of fall and late fall-run and quantify effects on Southern Residents’ prey base (methods described 
in Appendix 3).  Mortality sources quantified include high water temperature and low flow 
upstream, and direct entrainment in the Delta.  Although not quantified, project operations also 
cause mortality from fish stranding, redd dewatering and predation (Appendix 3).   
 
Project operations in the Central Valley reduce the total hatchery and natural fall- and late fall-
run available to Southern Residents by between 1.9 and 2.3 percent annually (average) over the 
project duration (range: 1.1 to -13.5 percent; table 6-40).  Hatchery production interrelated and 
interdependent to the proposed action more than offsets the overall losses of Central Valley fall- 
and late fall-run (compare tables 6-39 and 6-40).  Although fall- and late fall-run mortality does 
not result in a net reduction in the Southern Residents’ prey base, project operations 
disproportionately affect natural-origin fish with potential long-term effects on fall- and late fall-
run stocks, discussed further below.   
 
Table 6-40.  Percent annual reduction in hatchery and natural Central Valley fall- and late fall-run available 
to Southern Residents from project-caused mortality over the duration of the proposed action (Appendix 3). 

Time Horizon Average (percent) Rangea (percent) 

Currentb -1.9 1.1 to -11.8  

5- to 10-year projectionc -2.3 1.1 to -13.9 

30-year projectiond -2.3 1.1 to -13.5 
a Range incorporates variability in adult escapement over the past 20 years. 
b Study 7.0 
c Study 7.1 
d Study 8.0 

 
The project operations disproportionately affect nautral-origin fish because all of the natural-
origin fish are exposed to in-river mortality sources, while the majority of the hatchery smolts, 
post-smolts and yearlings (20,660,000 out of a total Central Valley Chinook salmon hatchery 
release of 34,660,000) are released in San Francisco Bay and are not exposed to in-river 
mortality sources.  As discussed above, natural-origin returns contribute approximately 10 
percent of the available Central Valley fall- and late fall-run, and the remainder is hatchery-
origin fish.  Natural-origin salmon are important to the long-term maintenance of population 
distribution and diversity, both important factors for retaining population viability (McElhany et 
al. 2000) and buffering environmental variation (Lindley et al. 2009).  Therefore, we also 
quantified the prey reduction specific to natural-origin fall and late fall-run.   
 
Project operations in the Central Valley reduce natural-origin fall- and late fall-run by between 
9.8 and 10.7 percent annually (average) over the project duration (range: -0.7 to -41.9 percent, 
table 6-41).  Currently, and in the future, there is a potential for an annual reduction of as much 
as 40 percent from project operations, depending in part on environmental variability.  Up to 40 
percent annual reductions in the natural-origin component of Central Valley fall- and late fall-run 
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could further diminish the 10 percent contribution of natural adults, and potentially compromise 
the retention of diversity in the Central Valley fall- and late fall- run stocks over the long term. 
 
Table 6-41.  Percent annual reduction in natural Central Valley fall- and late fall-run Chinook salmon 
available to Southern Residents from project-caused mortality over the duration of the proposed action 
(Appendix 3). 

Time Horizon Average (percent) Rangea (percent) 

Currentb -9.8 -0.9 to -39.0 

5- to 10-year projectionc -10.7 -0.7 to -41.9 

30-year projectiond -10.7 -0.7 to -40.6 
a Range incorporates variability in adult escapement over the past 20 years. 
b Study 7.0 
c Study 7.1 
d Study 8.0 

 
6.8.1.2.2.2  Trinity River Watershed 
 
Project operations in the Trinity River affect Chinook salmon populations in the Klamath/Trinity 
River watershed.  The implementation of the Trinity River Restoration Program has provided 
increased flows from the Trinity River and stream habitat improvements.  These actions should 
positively affect Chinook salmon production in the Klamath/Trinity River watershed (CVP/SWP 
operations BA, DOI 2000).  Therefore, project operations in the Trinity River will have no 
adverse effects on ocean abundance of Chinook salmon and Southern Residents’ prey base.  As 
stated above, production from the Trinity River Fish Hatchery program is interrelated and 
interdependent to the proposed action.  The Trinity River Fish Hatchery produces between 45 
and 57 percent of the Trinity River spring- and fall-run available to Southern Residents (based on 
hatchery returns in the recent past and current mitigation goals).  In the short-term, these 
components of the interrelated and interdependent action increase prey available to Southern 
Residents from the Trinity River watershed.  Long-term concerns about the effects of hatchery 
practices on availability of Southern Resident prey resources were addressed above.  
 
6.8.1.2.3  Effects of Climate Change 
 
We also considered the sensitivity of project operations and system conditions with future 
climate change over the term of the Opinion, using a worst case scenario represented by drier, 
warmer conditions (Appendix 3).  The scenario was based on changes in system hydrology and 
upstream survival of early life-stage Chinook salmon under drier, warmer climate conditions.  
We cannot directly compare the climate change scenario to previous analysis of project 
operations projected for the term of the Opinion, because the climate scenario evaluated includes 
different assumptions about system hydrology that complicates our ability to separate out project 
vs. non-project related effects.  The climate scenario does indicate that drier, warmer conditions 
would cause greater reductions in natural Central Valley fall- and late-fall run (compare table 6-
41 with table 6-42), even though overall returns and hatchery returns are affected similarly with 
or without the change in climate regime (compare tables 6-39 and 6-40 with table 6-42).   
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Table 6-42.  Percent annual change in Central Valley fall- and late fall-run Chinook available to Southern 
Residents under a drier, warmer climate scenario (based on Study 9.5, Appendix 3). 

Change in Adult Returns Average (percent) Rangea (percent) 

Overall returns -3.0 0.6 to -14.9 

Hatchery-origin returns 13.4 13.0 to 15.3 

Natural-origin returns -16.7 -4.4 to -51.7 
a Range incorporates variability in adult escapement over the past 20 years. 

 
7.0  Interrelated or Interdependent Actions 
 
Regulations that implement section 7(b)(2) of the ESA require biological opinions to evaluate 
the direct and indirect effects of Federal actions and actions that are interrelated with or 
interdependent to the Federal action to determine if it would be reasonable to expect them to 
appreciably reduce listed species' likelihood of surviving and recovering in the wild by reducing 
their reproduction, numbers, or distribution (16 U.S.C. 1536; 50 CFR 402.02). 
 
7.1  Nimbus Fish Hatchery 
 
Nimbus Fish Hatchery is interrelated to the operations of the CVP and SWP, as it was designed 
to mitigate for the loss of fish habitat above Folsom Dam.  The effects of steelhead produced at 
Nimbus Fish Hatchery is a major stressor to the survival and recovery of CV steelhead in the 
lower American River.  Therefore, the effects of Nimbus Fish Hatchery steelhead on American 
River steelhead are addressed in section 6.4.3.4. 
 
 
8.0  CUMULATIVE EFFECTS 
 
Cumulative effects include the effects of future State, tribal, local, or private actions that are 
reasonably certain to occur in the action area considered in this Opinion (50 CFR 402.02).  
Future Federal actions that are unrelated to the proposed action are not considered in this section 
because they require separate consultation pursuant to section 7 of the ESA.   
 
8.1  Water Diversions 
 
Water diversions for irrigated agriculture, municipal and industrial use, and managed wetlands 
are found throughout the Central Valley.  Thousands of small and medium-size water diversions 
exist along the Sacramento River, San Joaquin River, their tributaries, and the Delta, and many 
of them remain unscreened.  Depending on the size, location, and season of operation, these 
unscreened diversions entrain and kill many life stages of aquatic species, including juvenile 
listed anadromous species.  For example, as of 1997, 98.5 percent of the 3,356 diversions 
included in a Central Valley database were either unscreened or screened insufficiently to 
prevent fish entrainment (Herren and Kawasaki 2001).  Most of the 370 water diversions 
operating in Suisun Marsh are unscreened (Herren and Kawasaki 2001). 
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8.2  Agricultural Practices 
 
Agricultural practices may negatively affect riparian and wetland habitats through upland 
modifications that lead to increased siltation or reductions in water flow in stream channels 
flowing into the action area, including the Sacramento River and Delta.  Grazing activities from 
dairy and cattle operations can degrade or reduce suitable critical habitat for listed salmonids by 
increasing erosion and sedimentation, as well as introducing nitrogen, ammonia, and other 
nutrients into the watershed, which then flow into receiving waters.  Stormwater and irrigation 
discharges related to both agricultural and urban activities contain numerous pesticides and 
herbicides that may negatively affect salmonid reproductive success and survival rates 
(Dubrovsky et al. 1998, 2000; Daughton 2003). 
 
8.3  Increased Urbanization 
 
The Delta, East Bay, and Sacramento regions, which include portions of Contra Costa, Alameda, 
Sacramento, San Joaquin, Solano, Stanislaus, and Yolo counties, are expected to increase in 
population by nearly 3 million people by the year 2020 (California Commercial, Industrial, and 
Residential Real Estate Services Directory 2002).  Increases in urbanization and housing 
developments can impact habitat by altering watershed characteristics, and changing both water 
use and stormwater runoff patterns.  For example, the General Plans for the cities of Stockton, 
Brentwood, Lathrop, Tracy and Manteca and their surrounding communities anticipate rapid 
growth for several decades to come.  City of Manteca (2007) anticipates 21 percent annual 
growth through 2010 reaching a population of approximately 70,000 people.  City of Lathrop 
(2007) expects to double its population by 2012, from 14,600 to approximately 30,000 residents.  
The anticipated growth will occur along both the I-5 and US-99 transit corridors in the east and 
Highway 205/120 in the south and west.  Increased growth will place additional burdens on 
resource allocations, including natural gas, electricity, and water, as well as on infrastructure 
such as wastewater sanitation plants, roads and highways, and public utilities.  Some of these 
actions, particularly those which are situated away from waterbodies, will not require Federal 
permits, and thus will not undergo review through the section 7 consultation process with NMFS. 
 
Increased urbanization also is expected to result in increased recreational activities in the region.  
Among the activities expected to increase in volume and frequency is recreational boating.  
Boating activities typically result in increased wave action and propeller wash in waterways.  
This potentially will degrade riparian and wetland habitat by eroding channel banks and mid-
channel islands, thereby causing an increase in siltation and turbidity.  Wakes and propeller wash 
also churn up benthic sediments thereby potentially resuspending contaminated sediments and 
degrading areas of submerged vegetation.  This, in turn, would reduce habitat quality for the 
invertebrate forage base required for the survival of juvenile salmonids and green sturgeon 
moving through the system.  Increased recreational boat operation in the Delta is anticipated to 
result in more contamination from the operation of gasoline and diesel powered engines on 
watercraft entering the water bodies of the Delta. 
 
8.4  Activities within the Nearshore Pacific Ocean 
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Future tribal, state and local government actions will likely be in the form of legislation, 
administrative rules, or policy initiatives and fishing permits.  Activities are primarily those 
conducted under state, tribal or Federal government management.  These actions may include 
changes in ocean policy and increases and decreases in the types of activities that currently 
occur, including changes in the types of fishing activities, resource extraction, or designation of 
marine protected areas, any of which could impact listed species or their habitat.  Government 
actions are subject to political, legislative and fiscal uncertainties.  These realities, added to the 
geographic scope, which encompasses several government entities exercising various authorities, 
and the changing economies of the region, make analysis of cumulative effects speculative.   
 
A Final Recovery Plan for Southern Resident killer whales was published in 2008 (NMFS 
2008a).  Although state, tribal and local governments have developed plans and initiatives to 
benefit marine fish species, ESA-listed salmonids, green sturgeon, and Southern Residents, they 
must be applied and sustained in a comprehensive way before NMFS can consider them 
“reasonably certain to occur” in its analysis of cumulative effects. 
 
Private activities are primarily associated with commercial and sport fisheries, 
construction, and marine pollution.  These potential factors are ongoing and expected to 
continue in the future, and the level of their impact is uncertain.  For these reasons, it is 
not possible to predict beyond what is included in the subsections pertaining to cumulative 
effects, above whether future non-Federal actions will lead to an increase or decrease in prey 
available to Southern Resident, or have other effects on their survival and recovery. 
 
 
9.0   INTEGRATION AND SYNTHESIS OF THE EFFECTS 
 
The Integration and Synthesis section is the final step of NMFS’ assessment of the risk posed to 
species and critical habitat as a result of implementation of the proposed action through year 
2030.  In this section, we integrate effects within a year and across the 21 years of operations, 
and then add these effects to the baseline (section 5.0) and cumulative effects (section 8.0) to 
assess whether it is reasonable to expect that the proposed action is not likely to:  (1) result in 
appreciable reductions in the likelihood of both survival and recovery of the species in the wild 
by reducing its numbers, reproduction, or distribution, or (2) reduce the value of designated or 
proposed critical habitat for the conservation of the species.  These assessments are made in full 
consideration of the status of the species and critical habitat (section 4.0).  The Analytical 
Approach (section 2) described the analyses and tools we have used to complete our 
assessments. 
 
This section is organized by species such that we integrate and synthesize the effects to the 
species survival and recovery first, and the effects to that species’ critical habitat second.  For 
species with multiple populations, such as spring-run and steelhead, populations are organized by 
diversity groups.  The information for the survival and recovery analysis is presented in the 
following stepwise order:  (1) Status of the Species; (2) Future Environmental Baseline to which 
we will add the effects of the action; (3) Summary of Effects to Individuals; (4) Risk to the 
Population; and (5) Risk to the ESU.  This same general order was used to present the critical 
habitat analysis, with the exceptions that steps (1) and (2) are combined into one step titled, the 
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Status of Critical Habitat; and steps (3) and (4) are accomplished in one step titled, Project 
Effects on Critical Habitat.  The last step was used to assess the risk to critical habitat as 
designated or proposed. 
 
Anderson et al. (2009) stated the following: 

• NMFS addressed a long list of stressors, but it is not evident which ones NMFS has 
determined are most important; 

• The jeopardy decision tables need to be filled out with key lines of evidence; 
• There needs to be a connection between the most important stressors, the determination 

of jeopardy, and the RPA actions that address those key stressors; and 
• Risk needs to be consistently conveyed through examining the range of information 

regarding a particular stressor or response, and whether the effect is high, medim, or low. 
 
For each CVP-controlled stream, NMFS compiled a table that summarized the stressors and their 
responses for each population of fish, by species, while following their life cycle in the 
freshwater environment.  For each response, NMFS assigned a relative magnitude of effect 
(high, medium, or low), which was a qualitative assessment of the likelihood of a fitness 
consequence occurring.  The categories to assign magnitude of risk of stressors that were 
analyzed were defined as follows: 

• High – lethal effect due to stressor that had a broad effect on population at significant 
frequency 

• Medium – between high and low 
• Low – generally, sublethal effect, or lethal effect on a very small percentage of one 

population at a very infrequent interval 
 
NMFS then determined the weight of evidence (high, medium, or low) that it had for the effect.   
The weight of evidence was based on the best available scientific information, and categorized as 
follows: 

• High certainty – multiple scientific and technical publications, especially if conducted on 
the species within the area of effect, quantitative data, and/or modeled results; generally 
from the BA. 

• Medium certainty – between high and low 
• Low – one study, or unpublished data, or scientific hypotheses that had been articulated 

but not tested. 
 
High magnitude of effect coupled with high weight of evidence for that effect indicated a greater 
likelihood of a fitness consequence, whereas a high magnitude of effect with a low weight of 
evidence provided little certainty of a fitness consequence.  The fitness consequences, by life 
history stage, were considered in context of the status of the species and future environmental 
baseline, in order to evaluate the effect of the action at the population scale.  The summary tables 
were used to evaluate the effects of the action in the context of the viability parameters of 
abundance, growth rate, spatial structure, and diversity. 
 
9.1  Sacramento River Winter-Run Chinook Salmon 
 
9.1.1  Status of Sacramento River Winter-Run Chinook Salmon 
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Historically, independent winter-run populations existed in Battle Creek, and in the Pit, 
McCloud, and Little Sacramento rivers in the Upper Sacramento River.  One-hundred percent of 
historic winter-run spawning habitat in the upper Sacramento River has been blocked by Shasta 
and Keswick Dams, resulting in one remaining population, limited to the mainstem Sacramento 
River.  Winter-run no longer inhabit Battle Creek as a self-sustaining population, probably 
because hydropower operations make conditions for eggs and fry unsuitable (NMFS 1997). 
 
Historical winter-run population estimates, which included males and females, were as high as 
near 100,000 fish in the 1960s, but declined to under 200 fish in the 1990s (Good et al. 2005).  In 
recent years, the carcass survey population estimates of winter-run included a high of 17,205 
(table 4-2) in 2006, followed by a precipitous decline to about 2,500 cfs in 2007 and about 2,800 
fish in 2008.   
 
We used the cohort replacement rate, and also a 5-year running average of the cohort 
replacement rate, as a representation of population growth rate.  When the cohort replacement 
rate is 1.0, the population is stable and replacing itself.  Table 4-2 provides cohort replacement 
rates since 1986.  As shown, the cohort replacement rates from 1995 through 2006 were stable or 
increasing, indicating a positive growth rate trend.  However, in the last 2 spawning seasons, the 
cohort replacement rate was less than one, which means a short-term decline in population 
growth rate.   
 
In the most recent status assessment of winter-run, Lindley et al. (2007) determined that the 
winter-run population is at a moderate extinction risk according to PVA, and at a low risk 
according to other criteria (i.e., population size, population decline, the risk of wide ranging 
catastrophe, hatchery influence).  However, hatchery-origin winter-run from LSNFH have made 
up more than 5 percent of the natural spawning run in recent years and in 2005, their contribution 
exceeded 18 percent of the in-river escapement.  Lindley et al. (2007) recommended that if 
hatchery-origin fish continued to contribute more than 15 percent of the returning spawners, then 
the population would be reclassified from low to moderate extinction risk.  In addition, data used 
for Lindley et al. (2007) did not include the significant decline in escapement numbers in 2007 
and 2008, which are reflected in the population size and population decline, nor the current 
drought conditions. 
 
Lindley et al. (2007) also states that the winter-run ESU fails the “representation and redundancy 
rule” because it has only one population, and that population spawns outside of the ecoregion in 
which it evolved.  An ESU represented by only one spawning population at moderate risk of 
extinction is at a high risk of extinction (Lindley et al. 2007).  A single catastrophe could 
extirpate the entire Sacramento River winter-run Chinook salmon ESU, if its effects persisted for 
four or more years.  The entire stretch of the Sacramento River used by winter-run is within the 
zone of influence of Mt. Lassen, an active volcano, which last erupted in 1915.  Some other 
possible catastrophes include a prolonged drought that depletes the cold water storage of Shasta 
Reservoir or some related failure to manage cold water storage, a spill of toxic materials with 
effects that persist for four years, or a disease outbreak (Lindley et al. 2007). 
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NMFS concludes that the winter-run ESU remains at a high risk of extinction.  Key factors upon 
which this conclusion is based include: (1) the ESU is composed of only one population, which 
has been blocked from all of its historic spawning habitat; (2) the ESU has a risk associated with 
catastrophes, especially considering the remaining population’s proximity to Mt. Lassen and its 
dependency on the coldwater management of Shasta Reservoir; and (3) the population has a 
“high” hatchery influence (Lindley et al. 2007).   
 
9.1.2  Future Baseline of Winter-Run Chinook Salmon Excluding CVP/SWP Effects 
 
This section describes the environmental baseline upon which we will add the effects of the 
proposed action in order to help assess the response and risk to the species.  The general baseline 
stress regime for Chinook salmon in the freshwater, estuarine, and marine environment is 
depicted in figure 9-1. 
 

 
Figure 9-1.  Chinook salmon stressors excluding CVP/SWP-related effects (i.e., the figure represents the 
general baseline stress regime).  Chinook salmon are in freshwater during their adult immigration and 
holding, spawning, egg incubation, alevin, fry, and fingerling life stages.  They are in the Bay/Delta as smolts 
and in the ocean as sub-adults and adults.  Although not depicted in the figure, climate change is a baseline 
stressor expected to exacerbate many of the depicted conditions for anadromous salmonids throughout their 
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life cycle, particularly with respect to water temperature in all environments, inland hydrology, and ocean 
productivity (e.g., upwelling). 
 
A key aspect of the baseline stress regime that warrants discussion here is climate change.  
Lindley et al. (2007) summarized several studies (Hayhoe et al. 2004, Dettinger et al. 2004, 
Dettinger 2005, VanRheenen et al. 2004, Knowles and Cayan 2002) on how anthropogenic 
climate change is expected to alter the Central Valley, and based on these studies, described the 
possible effects to anadromous salmonids.  Climate models for the Central Valley are broadly 
consistent in that temperatures in the future will warm significantly, total precipitation may 
decline, the variation in precipitation may substantially increase (i.e., more frequent flood flows 
and critically dry years), and snowfall will decline significantly (Lindley et al. 2007).  Not 
surprisingly, temperature increases are expected to further limit the amount of suitable habitat 
available to anadromous salmonids.  The potential for more frequent flood flows might be 
expected to reduce the abundance of populations, as egg scour becomes a more common 
occurrence.  The increase in the occurrence of critically dry years also would be expected to 
reduce abundance, as, in the Central Valley, low flows during juvenile rearing and outmigration 
are associated with poor survival (Kjelson and Brandes 1989, Baker and Morhardt 2001, 
Newman and Rice 2002).  In addition to habitat effects, climate change may also impact Central 
Valley salmonids through community effects.  For example, warmer water temperatures would 
likely increase the metabolism of predators, reducing the survival of juvenile salmonids (Vigg 
and Burley 1991).  Peterson and Kitchell (2001) showed that on the Columbia River, 
pikeminnow predation on juvenile salmon during the warmest year was 96 percent higher than 
during the coldest.  In summary, climate change is expected to exacerbate existing stressors and 
pose new threats to Central Valley salmonids by reducing the quantity and quality of inland 
habitat (Lindley et al. 2007).   
 
9.1.3  Summary of Proposed Action Effects on Winter-Run Chinook Salmon 
 
Proposed action-related effects to winter-run are summarized in table 9-1.  Detailed descriptions 
regarding the exposure, response, and risk of winter-run to these stressors are presented in 
section 6. 
 
As shown in table 9-1, proposed action-related stressors reduce the fitness of individuals in all 
inland life stages.  The cumulative effect of these stressors throughout the life cycle likely has 
important consequences for the viability of the population, as Naiman and Turner (2000) 
demonstrated that it is possible to drive a Pacific salmon population to extinction (or to increase 
population size), by only slight changes in survivorship at each life history stage (see figure 2-3).  
It is important to recognize that the proposed action directly or indirectly affects the survivorship 
of each life stage, including fish that do not survive in the ocean because they do not enter the 
ocean in “top form.”  In addition, as discussed below, other factors beyond abundance govern the 
viability of a species and its extinction risk. 
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Table 9-1.  Summary of proposed action-related effects on winter-run.  

# 
Life Stage/ 
Location 

Life 
Stage 

Timing Stressor Response/Rationale for Magnitude of Effect 

Magnitude of 
Effect (High, 

Medium, 
Low) 

Weight of 
Evidence (High, 
Medium, Low) 

Probable 
Fitness 

Reduction 
1 Adult 

Immigration 
 
Delta  

Dec.-
Apr. 

DCC gate 
closures 

Winter-run could be delayed in the Delta 
resulting in greater exposure to both the in-river 
sport fishery and contaminants (reduced egg 
fertility or reduced viability and motility of 
spermatocytes during spawning).   

Low Low - based on 
limited 
supporting data  

Reduced 
survival and 
reduced 
reproductive 
success 

2 Adult 
Immigration 
 
RBDD 

May – 
Jul. 

RBDD gate 
closures from 
May 15 - Sept 
15 every year 
until 2019 

~15 % of adults delayed in spawning, more 
energy consumed, greater pre-spawn mortality, 
less fecundity; continues every year until 2019  

High High - based on 
TCCA (2008) and 
CVP/SWP 
operations BA, 
including many 
historical cited 
studies 

Reduced 
survival and 
reduced 
reproductive 
success 

3 Adult 
Immigration 
 
RBDD 

May – 
Jul. 

RBDD 
emergency 10 
day gate 
closures prior 
to May 15 

Greater proportion of run blocked or delayed; sub 
lethal effects on eggs in fish and energy loss. 
 
These emergency gate closures have occurred 
twice in the past 10 years and the frequency of 
occurrence may increase with climate change. 

High  High - based on 
TCCA (2008) and 
CVP/SWP 
operations BA 

Reduced 
survival and 
reduced 
reproductive 
success 

4 Spawning 
 
 
Primarily 
upstream of 
RBDD 

Apr. – 
Aug. 

Reduced 
spawning area 
from moving 
TCP upstream 
in almost 
every year 
from April 15 
to Sept 30 

Introgression or hybridization with spring/fall 
run/late-fall Chinook salmon; loss of genetic 
integrity and expression of life history 

High Low Reduced 
reproductive 
success 



# 
Life Stage/ 
Location 

Life 
Stage 

Timing Stressor Response/Rationale for Magnitude of Effect 

Magnitude of 
Effect (High, 

Medium, 
Low) 

Weight of 
Evidence (High, 
Medium, Low) 

Probable 
Fitness 

Reduction 
4 Spawning 

 
 
Primarily 
upstream of 
RBDD 

Apr. – 
Aug. 

Reduced 
spawning area 
from moving 
TCP upstream 
in almost 
every year 
from April 15 
to Sept 30 

Density dependency - aggressive behavior among 
spawning fish could cause higher prespawn 
mortality, increased fighting for suitable 
spawning sites, adults forced downstream into 
unsuitable areas 

Medium - may 
increase as 
abundance 
increases  

Medium Reduced 
survival and 
reduced 
reproductive 
success 

4 Spawning 
 
 
Primarily 
upstream of 
RBDD 

Apr. – 
Aug. 

Reduced 
spawning area 
from moving 
TCP upstream 
in almost 
every year 
from April 15 
to Sept 30 

Redd superimposition - spawning on top of other 
redds, destroys eggs 

Medium - may 
increase as 
abundance 
increases 

Low Reduced egg 
survival and 
reduced 
reproductive 
success  

5 Spawning 
 
 
Primarily 
upstream of 
RBDD 

Apr. – 
Aug. 

Water 
temperatures 
warmer than 
life history 
stage 
requirements 
below TCP, 
every year 
April 15 -Sept 
30) 

Prespawn mortality; reduced fecundity High High - based on 
CVP/SWP 
operations BA 
models and 
laboratory and 
hatchery evidence 
of temperature 
tolerances 

Reduced 
survival and 
reduced 
reproductive 
success 
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# 
Life Stage/ 
Location 

Life 
Stage 

Timing Stressor Response/Rationale for Magnitude of Effect 

Magnitude of 
Effect (High, 

Medium, 
Low) 

Weight of 
Evidence (High, 
Medium, Low) 

Probable 
Fitness 

Reduction 
6 Embryo 

Incubation 
 
Primarily 
upstream of 
RBDD 

Apr. – 
Oct. 

Water 
temperatures 
warmer than 
life history 
stage 
requirements, 
every year 
from April 15 
- Sept 30.  (No 
carry-over 
storage target 
designed for 
fish protection 
is included in 
the proposed 
action.  
Without such a 
target, the risk 
of running out 
of coldwater in 
Shasta 
Reservoir 
increases.) 

Egg mortality - 16% in critically dry years and 
increases to 65% in critically dry years with 
climate change.  On average, for all water year 
types, mortality is 5-12% with climate change 
and 2-3% without. 
 
56ºF is exceeded at Balls Ferry in 30% of the 
years in August and 55% of the years in 
September 
 
Sub-lethal effects, such as developmental 
instability and related structural asymmetry have 
been reported to occur to salmonids incubated at 
warm water temperatures (Turner et al. 2007, 
Myrick and Cech 2001, Campbell et al. 1998).  
These sub-lethal effects decrease the chance of 
winter-run to survive during subsequent life 
stages (Campbell et al. 1998).  Campbell et al. 
(1998) concluded that chronic thermal stress 
produced both selectively lethal and sub-lethal 
effects that increased structural asymmetry and 
directly decreased salmon fitness. 

High High - based on 
water temperature 
and salmon 
mortality 
modeling 
presented in the 
CVP/SWP 
operations BA 
and on scientific 
literature.  
Significance of 
sub-lethal effects 
cited in Deas et 
al. (2008) 

Reduced 
survival 

7 Embryo 
Incubation 
 
Primarily 
upstream of 
RBDD 

Apr. – 
Oct. 

Flow 
fluctuations 
caused by 
ACID dam 
installation, 2 
x /year, every 
year in April -
November 

Redd dewatering and stranding; loss of a portion, 
or all eggs in redd 

Low High - based on 
hydrology, but 
low based on redd 
surveys and low 
rate of redd 
dewatering 
historically 
observed 

Reduced 
reproductive 
success 
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# 
Life Stage/ 
Location 

Life 
Stage 

Timing Stressor Response/Rationale for Magnitude of Effect 

Magnitude of 
Effect (High, 

Medium, 
Low) 

Weight of 
Evidence (High, 
Medium, Low) 

Probable 
Fitness 

Reduction 
8 Juvenile 

rearing 
 
Upstream of 
and 
including 
RBDD 

Jul. – 
Mar. 

Water 
temperatures 
warmer than 
life stage 
requirements 

Increased susceptibility to predation and disease Medium High - based on 
modeled water 
temps presented 
in CVP/SWP 
operations BA 
and scientific 
literature 
regarding 
temperature 
tolerances (EPA 
2001; Myrick and 
Cech 2001, 2004) 

Reduced 
survival 

9 Juvenile 
rearing 
 
Upstream of 
and 
including 
RBDD 

Jul. – 
Mar. 

RBDD 
passage 
downstream 
through dam 
gates May15 - 
Sept 15 

Mortality as juveniles pass through Lake Red 
Bluff and RBDD reportedly ranges from 5 to 
50%; delayed emigration. 
 
Based on passage estimates of when juveniles are 
present at RBDD (USFWS 1997-2007), 
approximately 10% of winter-run would be 
exposed to higher concentrations of predators 
when the gates are in (TCCA 2008). 

High High - based on 
mortality  studies 
at RBDD and 
timing of 
emigration 
(Vogel et al. 
1988; Tucker 
1998; TCCA 
2008) 

Reduced 
survival 

10 Juvenile 
rearing 
 
Upstream of 
and 
including 
RBDD 

Jul. – 
Mar. 

Lake Red 
Bluff, river 
impounded 
May15 - Sept 
15 

Delayed juvenile emigration, increased 
predation; change in riparian habitat, change in 
river conditions, change in food supply, every 
year since 1967. 

High High - based on 
number of river 
miles affected by 
the formation of 
Lake Red Bluff  

Reduced 
survival and 
reduced 
growth 
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# 
Life Stage/ 
Location 

Life 
Stage 

Timing Stressor Response/Rationale for Magnitude of Effect 

Magnitude of 
Effect (High, 

Medium, 
Low) 

Weight of 
Evidence (High, 
Medium, Low) 

Probable 
Fitness 

Reduction 
11 Juvenile 

rearing 
 
Upstream of 
and 
including 
RBDD 

Jul. – 
Mar. 

Flow 
fluctuations 
caused by 
ACID dam 
removal in 
November 

Fry standing and juvenile isolation; juveniles 
killed or subjected to predation and higher temps 
in side channels. 
 
Flow fluctuations from the dam removal occur 
over a short time period, limiting the exposure to 
potential fry stranding and juvenile isolation.   

Low  High - based on 
real-time 
management of 
dam removal 

Reduced 
reproductive 
success 

12 Juvenile 
rearing 
 
Upstream of 
and 
including 
RBDD 

Jul. – 
Mar. 

Screened CVP 
diversions 
including 
continuing 
operation of 
the RBDD 
Research 
Pumping Plant 

Mortality from contact with fish screen, diversion 
pumps, and bypasses; sub lethal effects from 
going through pumps, loss of scales, 
disorientation. 
 
All screens were designed to meet NMFS fish 
screen criteria (e.g., 95% efficiency) 

Low  High - based on 
annual 
monitoring of fish 
screens 

Reduced 
survival 

13 Juvenile 
rearing/smolt 
emigration 
 
RBDD to 
Colusa 

Sep. – 
Nov. 

Unscreened 
CVP 
diversions 
between Red 
Bluff and the 
Delta 

Entrainment High High - based on 
CVP/SWP 
operations BA  

Reduced 
survival 
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# 
Life Stage/ 
Location 

Life 
Stage 

Timing Stressor Response/Rationale for Magnitude of Effect 

Magnitude of 
Effect (High, 

Medium, 
Low) 

Weight of 
Evidence (High, 
Medium, Low) 

Probable 
Fitness 

Reduction 
14 Juveniles 

and smolts 
 
RBDD to 
Colusa 

Sep. – 
Nov. 

Lack of 
channel 
forming flows 
and reversed 
natural flow 
pattern (high 
flows in 
summer, low 
flows in fall), 
modifies 
critical habitat, 
including 
impaired 
geomorphic 
process  
 
  

Flow regulation (proposed Project stressor) and 
levee construction and maintenance (baseline 
stressor) alter ecological processes that generate 
and maintain the natural, dynamic ecosystem.  
This loss of natural river function has reduced the 
quality and quantity of rearing and migratory 
habitats (Stillwater Sciences 2007), thereby 
reducing juvenile growth and survival. 
 

High High - based on 
Co-manager 
review draft of 
Central Valley 
Salmon Recovery 
Plan and 
CALFED funded 
Ecological Flow 
Tool model (Sac 
EFT) 

Reduced 
survival and 
reduced 
growth 

15 Juveniles 
and smolts 
 
Colusa to 
Sacramento 

Sep. – 
Nov. 

Low fall flows Yearling emigration delayed, higher predation; 
fewer smolts survive to the Delta. 
 
Few winter-run are expected to be in this area 
during the fall. 

Low Low - based on 
lack of 
monitoring 

Reduced 
survival 
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# 
Life Stage/ 
Location 

Life 
Stage 

Timing Stressor Response/Rationale for Magnitude of Effect 

Magnitude of 
Effect (High, 

Medium, 
Low) 

Weight of 
Evidence (High, 
Medium, Low) 

Probable 
Fitness 

Reduction 
16a-e Juvenile/ 

Smolt 
emigration 
 
Delta 

Nov. - 
May 

Cumulative 
direct and 
indirect loss 
associated 
with export 
operations 
(DCC 
operations, 
loss in Delta 
interior, loss at 
export 
facilities, 
creation of 
artificial 
freshwater 
system, altered 
hydrodynamic
s) 

During dry and critical years in December and 
January, modeling estimates of monthly 
mortality of up to approximately 15% of the total 
winter-run population entering the Delta at 
Freeport is associated with exports (Greene 
2008).   
 
Of those winter-run entering the interior of the 
Delta (through DCC or Georgiana Slough), 
mortality is estimated to be approximately 66% 
(range of 35-90% mortality).  This equates to 
approximately 5-20% of the total population 
entering the Delta at Freeport. 
 
Anticipated delays in migration due to export 
operations. 

High  Low to High (see 
below)  
 
15% mortality 
estimates are 
from DWR PTM 
modeling (Greene 
2008) 
 
Delta interior 
mortality 
estimated from 
acoustic tagging 
studies (Vogel 
2003; Horn and 
Blake 2004; Perry 
and Skalski 2008; 
Vogel 2008a) 

Reduced 
survival 

16a Juvenile/ 
Smolt 
emigration 
 
Delta 

Nov. - 
May 

DCC 
operations - 
open gate 
configurations 
from 
November 
through 
January 

Increased vulnerability of entrainment into the 
Delta interior where survival is considerably 
lower than within the Sacramento River 
mainstem.  Mandatory gate closure from Feb 1 
through end of May prevents entrainment into the 
DCC.  
 
Open gate configuration in December and 
January exposes approximately 45% of the 
winter-run population estimated at Knights 
Landing to risk of diversion into the interior 
Delta 

High  High – Numerous 
studies i.e., Delta 
Action 8, DCC, 
and Delta Interior 
experiments 
confirm low 
survival of fish 
entrained into the 
delta interior.  
Acoustic tagging 
studies provide 
similar 
conclusions for 
survival within 
the Delta interior 

Reduced 
survival 
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# 
Life Stage/ 
Location 

Life 
Stage 

Timing Stressor Response/Rationale for Magnitude of Effect 

Magnitude of 
Effect (High, 

Medium, 
Low) 

Weight of 
Evidence (High, 
Medium, Low) 

Probable 
Fitness 

Reduction 
16b Juvenile/ 

Smolt 
emigration 
 
Delta 

Nov. - 
May 

Loss in Delta 
interior 

Diversion of emigrating fish into the delta 
interior exposes fish to increased loss.  Lower 
survival rates to the western Delta (Chipps 
Island) are observed for fish migrating through 
the Delta interior. 
 
Loss of up to 15% of winter-run population 
entering the Delta 

High High – numerous 
studies find 
similar high loss 
rates for fish 
relased in the 
Delta interior. 

Reduced 
survival 

16c Juvenile/ 
Smolt 
emigration 
 
Delta 

Nov. -
May 

Loss at export 
facilities 

Entrainment of fish at the CVP results in loss of 
approximately two thirds of the exposed fish.  
Entrainment of fish at the SWP results in the loss 
of approximately 85% of the exposed fish.  The 
percentage of the population exposed is variable, 
typically less than 2-3%, and frequently is much 
lower (0.5%) based on salvage recovery 
estimates. 
 
Percentage of population actually arriving at the 
export facilities and entering the salvage process 
is low. 

Low  High- numerous 
studies have 
evaluated 
screening 
efficiency, 
predation, and 
overall salvage 
operations 
survival  

Reduced 
survival 

16d Juvenile/ 
Smolt 
emigration 
 
Delta 

Nov. - 
May 

Project 
operations 
create a 
stabilized 
freshwater 
ecosystem in 
Delta all year, 
every year, 
instead of 
allowing for 
salinity 
variability. 

Stabilized freshwater environment is conducive 
to the propagation of non-native species such as 
large mouth bass and other centrarchids, water 
hyacinth, Egeria densa, and asian clams.  Direct 
predation on salmon as well as shifts in useable 
habitat and food resources occur due to non-
native species presence. 
 
Non-native species have altered the balance of 
the ecosystem and have  increased the level of 
loss for fish emigrating through the Delta 

High  Low to Medium.  
Invasion of non-
native species 
into delta is well 
documented, 
interaction with 
salmonid 
populations less 
well documented 

Reducted 
survival, 
Reduced 
growth 
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# 
Life Stage/ 
Location 

Life 
Stage 

Timing Stressor Response/Rationale for Magnitude of Effect 

Magnitude of 
Effect (High, 

Medium, 
Low) 

Weight of 
Evidence (High, 
Medium, Low) 

Probable 
Fitness 

Reduction 
16e Juvenile/ 

Smolt 
emigration 
 
Delta 

Nov. - 
May 

Altered Delta 
hydrodynamic
s 

Creation of reverse flows within Central and 
Southern Delta waterways, reduced primary and 
secondary productivity due to export of food web 
base, delay in migration through Delta due to 
altered hydrodynamics and loss of migratory 
cues.  Delays increase exposure to sources of 
mortality and morbidity (predation, poor water 
quality, contaminants, etc.). 
 
Affects a large fraction of the Central and 
Southern Delta. 

High  Low to High.  
Delta 
hydrodynamics 
well studied.  
Effects of Delta 
hydrodynamics 
on organisms 
relatively 
unstudied 

Reduced 
survival, 
reduced 
growth 
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9.1.4  Assess Risk to the Population 
 
Population viability is determined by four parameters: spatial structure, diversity, abundance, and 
productivity (growth rate).  Both population spatial structure and diversity (behavioral and 
genetic) provide the foundation for populations to achieve abundance levels at or near potential 
carrying capacity and to achieve stable or increasing growth rates.  Spatial structure on a 
watershed scale is determined by the availability, diversity, and utilization of properly 
functioning conditions (habitats) and the connections between such habitats (McElhany et al. 
(2000).  Properly functioning condition defines the inland habitat conditions necessary for the 
long-term survival of Pacific salmon populations (McElhany et al. (2000).  As described in 
section 6, habitat conditions in the Sacramento River and Delta are adversely affected by the 
proposed action in a number of ways, including, but not limited to:  (1) delaying adult 
immigration through RBDD operations; (2) moving the TCP upstream during spawning and 
embryo incubation; (3) creating conditions favorable for predators as juveniles migrate 
downstream of RBDD during the gates in period; (4) pulling more water and juvenile salmon 
into the Central and South Delta; and (5) changing the Delta from a variable salinity system to 
one that is predominantly freshwater.  In these ways, the proposed action reduces the 
population’s current spatial structure (by reducing habitat quantity and quality), which increases 
the risk of extinction of the winter-run population, and consequently the ESU.   
 
The diversity of winter-run continues to be limited as a result of the proposed action.  The release 
of cold water to accommodate adult winter-run migration, holding, spawning, and egg incubation 
is predictable, beginning and ending on specific dates, leaving little room for variability in both 
the run and spawn timing within the species, both of which have been identified as key diversity 
traits (McElhany et al. 2000).   
 
In addition, the diversity of winter-run is reduced by proposed operations due to effects which 
truncate the timing of particular life stages.  RBDD (gates down) delays up to approximately 15 
percent of the adults, some of which suffer pre-spawn mortality or have reduced spawning 
success.  This delay at RBDD effectively reduces the numbers of potentially fit spawners from 
the tail end of the spawning population, thereby reducing genetic and life history diversity.  In 
addition, while the gates are still down, RBDD results in the increased mortality of the first 10 
percent of the juveniles outmigrating, thereby truncating the first part of the outmigration period.  
Furthermore, a portion of winter-run smolts are expected to be entrained into the Central and 
South Delta through the DCC when the gates are open during the November 1 through January 
3119 time frame.  Our analysis in section 6.6, above, shows that the survival of winter-run 
juveniles is considerably lower through the Central and South Delta than if the juveniles stayed 
within the mainstem Sacramento River.  The lower survival rates of the juveniles through the 
Central and South Delta are attributable to the direct and indirect effects of the Federal and State 
pumps.  Because the DCC is open during the beginning of the winter-run smolt outmigration 
period, entrainment of juveniles through the DCC again truncates the first part of the 
outmigration period of smolts.  The near term and future operations would likely result in more 
of the Sacramento River being diverted to the Central and South Delta through the DCC, thereby 
resulting in increased entrainment (and subsequent mortality) of winter-run smolts during the 
early part of their outmigration period.  Thus, the combined effects of RBDD gates down and 

 
19 D-1641 provides for a 45-day discretionary closure of the DCC gates from November 1 though January 31. 



DCC gates open result in constricting the period of survival of winter-run during their inland 
residency (figure 9-2). 
 
 

 
Figure 9-2.  General depiction of proposed action-related effects on the temporal distribution of adult and 
juvenile winter-run during their inland residency.  Winter-run adults delayed or blocked by RBDD during 
the late portion of their spawning run effectively reduces their occurrence on the spawning grounds, which 
reduces overall production during this time period.  This has a negative impact on the spawning success of 
winter-run that have not migrated upstream of RBDD after the gates are down, which consequently limits the 
potential for juvenile production during the late part of this life stage period.  Juvenile production also is 
limited during the early part of this life stage period by RBDD- and DCC-related effects.   
 
The timing of winter-run smolt ocean entry, coupled with the timing, location, and magnitude of 
ocean upwelling and related prey availability, is critical to the growth and survival of these fish.  
Research suggests that juvenile Chinook salmon that migrate from natal rearing areas during the 
early part of this life stage period enter the ocean earlier than juveniles that leave during the later 
part of the life stage period (MacFarlane and Norton 2002, MacFarlane et al. 2008).  Put another 
way, Chinook salmon that are spawned first, are generally the ones that hatch, emerge, rear, and 
migrate to the ocean first.  As the timing of winter-run ocean entry is constricted by the proposed 
action, the probability that smolts will enter an ocean environment with favorable conditions for 
growth and survival decreases because ocean productivity often varies considerably within one 
season (Lenarz et al. 1995).  A wider temporal distribution of ocean entry increases the chance 
that at least some smolts will enter a productive ocean.  As described in Lindley et al. (2009), the 
proximate cause of a recent collapse in fall-run was that the 2004 and 2005 brood years entered 
the ocean during a period of low ocean productivity20.  One recommendation by those authors to 
improve the resiliency of fall-run is to increase the stock’s diversity by evaluating hatchery 
practices that increase the variation in timing of ocean entry.   
 
In addition to impacts to the spatial structure and diversity, the proposed action is expected to 
result in substantial mortality to winter-run as a combined result of:  (1) delays at RBDD during 
adult immigration resulting in prespawn mortality; (2) moving the TCP upstream during embryo 
incubation, thereby exposing eggs that were incubating downstream of the adjusted TCP at water 
temperatures at or below the upper limit for optimal survival (i.e., 56° F) to water temperatures 
associated with higher egg mortality; (3) increasing predation of juveniles when the RBDD gates 
are down; (4) entraining juveniles into the Central and South Delta (figure 9-3); (5) entraining 

                                                 
20 Lindley et al. (2009) state that the rapid and likely temporary deterioration in ocean conditions is acting on top of 

a long-term, steady degradation of the freshwater and estuarine environment. 
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and impinging juveniles at the pumps (both direct and indirect loss); and (6) loss associated with 
the CHTR program.   

 
Figure 9-3.  Relative magnitude and location of juvenile salmonid survival throughout the Delta. 
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The cumulative effect of proposed action-related mortality at multiple life stages every year, 
continues to increase the extinction risk of the winter-run population.  Furthermore, most of this 
mortality is expected to occur during the juvenile and smolt life stages prior to ocean entry – a 
key transition in the life cycle that has been shown to be most limiting to salmon production in 
the Central Valley (Bartholow 2003) and in other systems (Wilson 2003).  Results from a recent 
study indicate that about 80 to 90 percent of Chinook salmon juveniles die when migrating from 
the mainstem Sacramento River near Battle Creek through the San Francisco Estuary (Delta, 
Suisun, San Pablo, and San Francisco bays; MacFarlane et al. 2008).  This range was derived 
from an acoustic tagging study of hatchery-produced late fall-run released as smolts.  Mortality 
of naturally-produced winter-run, which must avoid predators immediately upon emerging from 
spawning gravels as fry, is most likely higher than that reported for the late fall-run smolts 
because of size-related differences in vulnerability to predation (i.e., fry are more vulnerable to 
predation than smolts). 
 
All of the above factors which reduce the spatial structure, diversity, and abundance of winter-
run, further compromise the capacity of this population to respond and adapt to environmental 
changes.  Future projections over the duration of the proposed action (i.e., through 2030), 
considering both increasing water demands and climate change, exacerbate risks associated with 
the proposed action, further increasing the risk to the population. 
 
In the Sacramento River, comparing climate change scenarios (Study 9.0 base vs Study 9.5 drier, 
more warming) shows that average winter-run mortality increases from 15 percent to 25 percent.  
EOS carryover storage at Shasta is less than 1.9 MAF during average dry years (1928 to 1934) in 
all scenarios except Study 9.2 wetter, less warming (CVP/SWP operations BA table 9-23).  
Under these conditions, winter-run would experience a loss of spawning habitat, as water 
temperatures below dams becomes harder to control and the cold water pool in Shasta 
diminishes.   
 
At the population level, the added impacts of the proposed action with climate change in the 
future baseline decreases adult abundance for all listed fish species.  Crozier et al. (2008) 
predicted the probability of quasi-extinction in 4 populations of Snake River spring/summer 
Chinook salmon using a life-cycle model for the 2040 timeframe.  They found that mean 
Chinook salmon population size decreased from 20-37 percent in the more moderate climate 
scenarios (1.77oC rise in average temperature) to 37-50 percent in the hottest and driest scenarios 
(2.6oC warming).  Lower flows in October and higher temperatures caused parr-to-smolt survival 
to decline from 18-19 percent in the more moderate scenario to 34-35 percent in the drier 
scenario.  Although density-dependent processes compensated for declines in par-to-smolt 
survival, the probability of extinction still fell below the critical thresholds.  Population growth 
rate (lamda) declined under all climate change scenarios.  The risk of dropping below the lowest 
historical level of abundance shifted from a range of 6-36 percent in the current climate to 54-86 
percent in the drier hotter climate.  Maintaining habitat diversity could potentially help buffer 
against the impacts of climate change (Lindley et al. 2009). 
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9.1.5  Assess Risk to the Sacramento River Winter-Run Chinook Salmon ESU 
 
Because winter-run is solely composed of one population, the risks to this population described 
in the previous section represent the risks to the ESU.  As previously stated, the winter-run ESU 
is currently at a high risk of extinction in large part because:  (1) the ESU is composed of only 
one population, which has been blocked from all of its historic spawning habitat; (2) the ESU has 
a risk associated with catastrophes, especially considering the remaining population’s proximity 
to Mt. Lassen and its dependency on the coldwater management of Shasta Reservoir; and (3) the 
population has a “high” hatchery influence (Lindley et al. 2007).  The proposed action does not 
improve any of these factors; it increases the population’s extinction risk by adding numerous 
stressors on top of to the species’ baseline stress regime, as is generally depicted in figure 9-4.   
With implementation of the proposed action, winter-run will have to cope with these additional 
stressors, which will adversely affect each life stage throughout the species’ life cycle every year 
for the next 21 years.  NMFS expects that the adverse affects will increase as the proposed action 
advances to full build out.   Most winter-run exhibit a 3-year life cycle, indicating that seven 
generations of winter-run will be affected by the proposed action. 
 
Given the evidence of the reduction in numbers, reproduction and/or distribution of the species, 
NMFS concludes that Reclamation has not ensured that the proposed action is not likely to 
appreciably reduce the likelihood of viability, and therefore the likelihood of both the survival 
and recovery of the Sacramento River winter-run Chinook salmon ESU (table 9-2).   
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Figure 9-4.  Chinook salmon stressors, both baseline and those that will result from the proposed action.  
Chinook salmon are in freshwater during their adult immigration and holding, spawning, egg incubation, 
alevin, fry, and fingerling life stages.  They are in the Bay/Delta as smolts and in the ocean as sub-adults and 
adults.  Although not depicted in the figure, climate change is a baseline stressor expected to exacerbate the 
depicted conditions for anadromous salmonids throughout their life cycle, particularly with respect to water 
temperature in all environments, inland hydrology, and ocean productivity (e.g., upwelling). 
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Table 9-2.  Reasoning and Decision-Making Steps for Analyzing the Proposed Action’s Effects on the 
Sacramento River Winter-Run Chinook Salmon ESU.  Application of Key Evidence is Provided in Italics.  
Each selected decision is shaded in gray.  Acronyms and Abbreviations in the Action Column Refer to Not 
Likely to Adversely Affect (NLAA) and Not Likely/Likely to Jeopardize (NLJ/LJ).   
Step Apply the Available Evidence to Determine if… True/False Action 

True End 

A 

The proposed action is not likely to produce stressors that have direct or 
indirect adverse consequences on the environment.   
Key Evidence:  Proposed action-related stressors adversely affecting the 
environment include: (1) RBDD operations (i.e., impeding fish passage upstream, 
degrading rearing and migratory habitat through the formation of Lake Red Bluff, 
and creating favorable conditions for predators); (2) Sacramento River flow 
regulation disrupting natural river function and morphology; (3) warm water 
temperatures in the mainstem Sacramento River;; and (4) modified Delta hydrology 
associated with export operations (e.g., pulling water towards the Federal and State 
pumping plants). 

False Go to 
B 

True NLAA 

B 

Winter-run are not likely to be exposed to one or more of those stressors or one 
or more of the direct or indirect consequences of the proposed action. 
Key Evidence:  (1) Each year through 2019, RBDD operations are expected to delay 
~15% of winter-run adults migrating upstream; ~10% of winter-run juveniles 
emigrating past RBDD would be exposed to greater predation.  (2) All freshwater 
life stages of winter-run will be exposed to regulated Sacramento River flows and 
their effects on river processes and morphology every year through 2030.  (3) Each 
year through 2030, winter-run are expected to be exposed to water temperatures 
warmer than life stage requirements during spawning, egg incubation, and juvenile 
rearing and outmigration.  (4) As water is moved from the north Delta to the export 
facilities in the south Delta, each year through 2030, winter-run juveniles will have 
increased exposure  to an abundant predator community, an aquatic environment 
degraded by pesticides and contaminants, and direct entrainment at the Federal and 
State pumping plants. 

False Go to 
C 

True NLAA 

C 

Listed individuals are not likely to respond upon being exposed to one or more 
of the stressors produced by the proposed action. 
Key Evidence:  (1) Delayed upstream migration at RBDD causes individual adults to 
consume more energy, which limits the amount of energy available for reproduction, 
resulting in the deposition of fewer and/or less viable eggs.  Mortality of juvenile 
salmon migrating downstream past RBDD reportedly ranges from 5 to 50%.  (2) 
Loss of natural river function resulting from flow regulation has reduced the quality 
and quantity of rearing and migratory habitats, thereby reducing the growth and 
survival of individual winter-run juveniles.  (3) Egg mortality resulting from 
exposure to warm water temperatures is expected to range up to 65% in critically 
dry years with climate change.  Individuals are expected to experience sub-lethal 
effects due to warm water temperatures during the spawning, embryo incubation, 
and juvenile rearing life stages. (4) Mortality of winter-run juveniles that enter the 
Delta interior is expected to range from 35 to 90 %, resulting in the loss of  
approximately 5-20 percent of the entire ESU.   

False Go to 
D 

D 
Any responses are not likely to constitute “take” or reduce the fitness of the 
individuals that have been exposed. 
Key Evidence: (1) The reduction in energy available for egg production associated 

True NLAA 
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 with delayed upstream migration at RBDD reduces the fitness of individuals by 
reducing their reproductive capacity.  (2)“Take”of winter-run individuals in the 
form of reduced growth and survival is expected due to the loss of natural river 
function associated with flow regulation.  (3) and (4)  As described in step C, “take” 
of winter-run individuals, in the form of mortality, is expected particularly during 
the egg incubation (water temperature effects) and juvenile rearing/smolt emigration 
(predation and entrainment in the Delta) life stages.   

False Go to 
E 

True NLJ 

E 

Any reductions in individual fitness are not likely to reduce the viability of the 
populations those individuals represent. 
Key Evidence:  The cumulative effects of RBDD operations, flow regulation, warm 
water temperatures, project-related impacts in the Delta, and other project-related 
stressors (see table 9-1) are expected to sufficiently reduce the survival and/or 
reproductive success of winter-run individuals at multiple life stages every year 
through 2030 such that key population parameters (i.e., spatial structure, diversity, 
and abundance) will be appreciably reduced (see section 9.1.4 Assess Risk to the 
Population).  Reductions in these parameters over the next 21 years will likely 
reduce the viability of the population.   

False Go to 
F 

True NLJ 

F 

Any reductions in the viability of the exposed populations are not likely to 
reduce the viability of the species. 
Key evidence:  The winter-run ESU is solely composed of the Sacramento River 
population.  Therefore, because the viability of this population is expected to be 
reduced by stressors related to the proposed Action, the viability of the species also 
is expected to be reduced. 

False LJ 

 
9.2  Sacramento River Winter-Run Chinook Salmon Critical Habitat 
 
9.2.1  Status of Sacramento River Winter-Run Chinook Salmon Critical Habitat 
 
As described in section 4.2.1.2.4.3, winter-run critical habitat is composed of seven physical and 
biological features that are essential for the conservation of winter-run.  All of those physical and 
biological features can be characterized as suitable and necessary habitat features that provide for 
successful spawning, rearing, and migration.  Therefore, we will be evaluating the effect of the 
proposed action in terms of its effect on spawning and rearing habitat and migratory corridors. 
 
Currently, many of the physical and biological features that are essential for the conservation of 
winter-run are impaired, and provide limited conservation value.  For example, when the gates 
are in, RBDD reduced the value of the migratory corridor for upstream and downstream 
migration.  Unscreened diversions throughout the mainstem Sacramento River, and the DCC 
when the gates are open during winter-run outmigration, do not provide a safe migratory corridor 
to San Francisco Bay and the Pacific Ocean. 
 
In addition, the annual change in TCP has annually degraded the conservation value of spawning 
habitat by reducing the amount of spawning habitat based on preferred spawning water 
temperature (56°F).  The current condition of riparian habitat for winter-run rearing is degraded 
by the channelized, leveed, and riprapped river reaches and sloughs that are common in the 
Sacramento River system.  However, some complex, productive habitats with floodplains remain 
in the system (e.g., Sacramento River reaches with setback levees (i.e., primarily located 
upstream of the City of Colusa) and flood bypasses (i.e., Yolo and Sutter bypasses).   
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Based on the impediments caused by RBDD (gates in), unscreened diversions, DCC (gates open 
during the winter-run outmigration period), and the degraded condition of spawning habitat and 
riparian habitat, the current condition of winter-run critical habitat is degraded, and does not 
provide the conservation value necessary for the recovery of the species.   
 
9.2.2  Project Effects on Sacramento River Winter-Run Chinook Salmon Critical Habitat 
 
Critical habitat for winter-run is comprised of physical and biological features that are essential 
for the conservation of winter-run, including freshwater spawning sites, rearing sites, and 
migration corridors to support one or more life stages of winter-run.  As summarized below, the 
conservation value of critical habitat throughout the Sacramento River from Keswick Dam to the 
Delta (302 miles) will be degraded by the proposed action. 
 
9.2.2.1  Spawning Habitat 
 
As future water demands increase, and in consideration of climate change scenarios, potential 
spawning habitat will be consistently reduced by temperature control to smaller and smaller 
areas below Keswick Dam as Reclamation’s ability to provide spawning habitat necessary for 
the conservation of the species will be reduced.  The value of spawning habitat is also reduced by 
flow fluctuations twice a year every year to install and remove the ACID diversion dam.  These 
sudden drops in flow degrade successful spawning, incubation, and larval development by 
reducing and dewatering some of the available habitat. 
 
9.2.2.2  Rearing Habitat 
 
The value of rearing habitat will continue to be degraded as hydrologic conditions resulting from 
operations favor the proliferation of introduced non-native warm water predators of juvenile 
salmonids. 
 
Reclamation will continue to operate RBDD (modification of 6 miles of free-flowing riverine 
habitat to lake-like habitat) and the ACID diversion dam (modification of 3 miles of free-flowing 
riverine habitat to lake-like habitat) for 4 to 6 months of every year.  Food supply, shelter, and 
cover will continue to be reduced during the 4 months that the gates are in.  In the future full 
build out scenario, the value of rearing habitat will improve when the gates are out for up to 10 
months of each year.  However, stranding and isolation in sloughs adjacent to the lake would still 
occur, and riparian habitat will not likely establish. 
 
9.2.2.3  Migratory Corridors 
 
The value of upstream and downstream migratory corridors will continue to be degraded as a 
result of the continued operation of RBDD and the ACID diversion dam, which preclude 
unobstructed passage.  The creation of Lake Red Bluff results in the reduction in value of rearing 
habitat and degradation of 15 miles of shoreline that slows down flows, inundates riparian areas, 
and increases habitat for warm water predators.  The value of the migratory corridor will also 
continue to be degraded when the RBDD gates come out in September and cause stranding and 
isolation in sloughs adjacent to the lake.  In the future full build out scenario (2030, which we 
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assume the effects will be realized starting in year 2019), the 10-month gates out and 2-month 
(which is really 2½ months) gates in scenario will improve the value of the migratory corridor by 
providing unobstructed passage. 
 
During outmigration, the DCC, when the gates are open, continues to degrade the value of the 
mainstem Sacramento River as a migratory corridor by entraining a portion of the outmigrating 
juveniles into the Central Delta, where survival and successful outmigration to the Pacific Ocean 
is lower than if the juveniles remained in the main migratory corridor of the Sacramento River.  
The proposed action exacerbates this problem by altering water movement through the 
Sacramento River and Delta such that water in the north part of the Delta (e.g., immediately 
upstream of the DCC) is pulled southward towards the Federal and State pumping plants through 
the DCC and/or Georgiana Slough. 
 
9.2.3  Assess Risk to the Winter-Run Chinook Salmon Critical Habitat 
 
Many of the physical and biological features that are essential for the conservation of winter-run 
are currently degraded.  As a result of implementing the proposed action, some of those physical 
and biological features will likely remain the same, which will keep their conservation value low.  
However, the conservation value of many of the physical and biological features will likely be 
further degraded.  For example, the proposed action will further degrade the value of spawning, 
rearing, and migratory habitat.  Reoperation of RBDD in the future full build out scenario, so 
that the gates are down for 2½ months instead of the 4-month near-future (i.e., 2009-2019) 
scenario, will slightly improve the value of rearing and migratory habitat.  However, the 
conservation value of these habitats will remain degraded by other stressors related to both the 
proposed action and the baseline (see figure 9-4). 
 
The effects of the proposed action under climate change scenarios would likely further degrade 
the value of spawning and rearing habitat by increasing water temperatures.  Cold water in 
Shasta Reservoir will run out sooner in the summer, degrading winter-run spawning habitat, and 
the value of rearing habitat would likely be further degraded by juveniles emigrating earlier, 
encountering thermal barriers sooner, and be subjected to predators for longer periods of time.  
Juveniles that do not emigrate earlier will likely congregate in areas of cold water refugia, like in 
the few miles below dams where competition for food, space, and cover would be intense. 
 
Based on the analysis of available evidence, NMFS concludes that the proposed action is likely 
to reduce the conservation value of the critical habitat, as designated, for the conservation of 
Sacramento River winter-run Chinook salmon (table 9-3).   
 
Table 9-3.  Reasoning and Decision-Making Steps for Analyzing the Proposed Action’s Effects on Sacramento 
River Winter-Run Chinook Salmon Designated Critical Habitat.  Application of Key Evidence is Provided in 
Italics.  Each selected decision is shaded in gray.  Acronyms and Abbreviations in the Action Column Refer to 
Not Likely to Adversely Affect (NLAA) and Adverse Modification of Critical Habitat (AD MOD). 
Step Apply the Available Evidence to Determine if… True/False Action 

A 
The proposed action is not likely to produce stressors that have direct of 
indirect adverse consequences on the environment. 
Key Evidence:  Proposed action-related stressors adversely affecting the 

True End 
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 environment include: (1) RBDD operations (i.e., impeding fish passage upstream, 
degrading rearing and migratory habitat through the formation of Lake Red Bluff, 
and creating favorable conditions for predators); (2) Sacramento River flow 
regulation disrupting natural river function and morphology; (3) warm water 
temperatures in the mainstem Sacramento River; and (4) modified Delta hydrology 
associated with export operations (e.g., pulling water towards the Federal and 
State pumping plants). 

False Go to B 

True NLAA 

B 

Areas of designated critical habitat are not likely to be exposed to one or more 
of those stressors or one or more of the direct or indirect consequences of the 
proposed action. 
Key Evidence:  (1) Each year through 2019, the migratory corridor for winter-run 
adult immigration and juvenile emigration is expected to be affected by RBDD 
operations; rearing habitat will be affected by the formation of Lake Red Bluff.  (2) 
Holding, spawning, rearing, and migratory habitats in the Sacramento River will be 
exposed to regulated flows and their effects on river processes and morphology 
every year through 2030. (3) Each year through 2030, winter-run spawning, egg 
incubation, and juvenile rearing habitats are expected to be affected by water 
temperatures warmer than life stage-specific requirements.  (4) Each year through 
2030, as water is moved from the north Delta through the DCC towards the 
pumping plants in the south Delta, a portion of outmigrating winter-run juveniles 
will be entrained into the central Delta, where survival and successful outmigration 
to the Pacific Ocean is expected to be lower than if the juveniles remained in the 
main migratory corridor of the Sacramento River. 

False Go to C 

True NLAA 

C 

The quantity, quality, or availability of all constituent elements of critical 
habitat are not likely to be reduced upon being exposed to one or more of the 
stressors produced by the proposed action. 
Key Evidence:  (1) Each year through 2019, RBDD operations will reduce the 
quality of habitat for winter-run adult immigration and juvenile emigration, as well 
as the quality and quantity of rearing habitat through the formation of Lake Red 
Bluff.  (2) Loss of natural river function resulting from flow regulation has reduced 
the quality and quantity of rearing and migratory habitats. (3) Each year through 
2030, the provision of water temperatures warmer than life stage-specific 
requirements will reduce the quantity and quality of winter-run spawning, egg 
incubation, and juvenile rearing habitats.  (4) Each year through 2030, the quality 
of migratory habitats is reduced by entraining juvenile winter-run into low quality 
rearing/migratory habitat in the central Delta.   

False Go to D 

True NLAA 

D 

Any reductions in the quantity, quality, or availability of one or more 
constituent elements of critical habitat are not likely to reduce the conservation 
value of the exposed area. 
Key Evidence:  Reductions in the conservation value of migratory, spawning, and 
rearing habitats are expected due to reductions in the quantity, quality, or 
availability of critical habitat constituent elements resulting from RBDD 
operations, flow regulation, the provision of water temperatures in the Sacramento 
River warmer than life stage-specific requirements, and the movement of water 
towards the Federal and State pumping plants. 

False Go to E 

True No AD 
MOD 

E 

Any reductions in the conservation value of the exposed area of critical habitat 
are not likely to reduce the conservation value of the critical habitat 
designation. 
Key Evidence:  Because the conservation value of all inland habitat types 
(migratory, spawning, and rearing) necessary to complete the salmon life cycle are 
expected to be reduced with implementation of the proposed Action, it is likely that 
the conservation value of the critical habitat designation will also be reduced. 

False AD 
MOD 

 
9.3  Central Valley Spring-Run Chinook Salmon ESU 
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In this section, we describe how the proposed action is expected to affect the likelihood of 
survival and recovery of the Central Valley spring-run Chinook salmon ESU by summarizing 
how project operations will affect each extant spring-run population.  We will first summarize 
the status of the Central Valley spring-run Chinook salmon ESU.  Next, within each diversity 
group, the risk to each population will be assessed by considering its status, baseline stress 
regime, and how the proposed action is expected to affect individuals of the population 
throughout their life cycle.   
 
The risk to the species will be assessed by considering the risk of the various diversity groups 
and populations.  As stated in the Analytical Approach, if appreciable reductions in any 
population’s viability are expected to result from implementation of the proposed action, then 
this would be expected to appreciably reduce the likelihood of both the survival and recovery of 
the diversity group the population belongs to, as well as the listed ESU/DPS.  This assumption is 
based on the recommendation from the TRT that every extant population is necessary for the 
recovery of the species (Lindley et al. 2007).  NMFS interprets this assumption to indicate that 
an increase in the extinction risk of one or more of the populations increases the extinction risk 
of the species. 
 
9.3.1  Status of Central Valley Spring-Run Chinook Salmon ESU 
 
Lindley et al. (2007) stated that perhaps 15 of the 19 historical (independent) populations of 
spring-run are extinct, with their entire historical spawning habitats behind various impassable 
dams.  Those authors only considered Butte, Deer, and Mill creeks as watersheds with persistent 
populations of Chinook salmon confirmed to be spring-run, although they recognized that 
Chinook salmon exhibiting spring-run characteristics persist within the Feather River Hatchery 
population spawning in the Feather River21 below Oroville Dam and in the Yuba River below 
Englebright Dam.  The populations in butte, Deer, and Mill creeks and in the Feather and Yuba 
rivers fall within the Northern Sierra Nevada diversity group.  Butte and Deer creek spring-run 
populations are at low risk of extinction, and the Mill Creek population is at either a moderate of 
low risk (Lindley et al. 2007).  Other spring-run populations seem to persist in this diversity 
group in Antelope and Big Chico creeks, albeit at an annual population size in the tens or 
hundreds of fish, with no returning spawners in some years.   
 
In addition, populations of spring-run may occur in the Basalt and Porous lava diversity group in 
the mainstem Sacramento River22 and in Battle Creek, although, similar to the Antelope and Big 
Chico Creek population, these populations are made up of only tens or hundreds of fish.  These 
populations are presumably dependent on strays from other populations, although the extent of 

                                                 
21 An analysis of the proposed action effects on Feather River spring-run will be covered in a separate Opinion 

related to the relicensing of Oroville Dam. 
22 The presence of Keswick and Shasta dams has resulted in a spatial and temporal overlap of spring-run and fall-

run spawning.  Considerable hybridization between these runs has occurred.  Genetic analyses of early-returning 
Chinook salmon in the mainstem Sacramento River have not been conducted.  Without specific genetic 
information to consider, for the purposes of this Opinion, NMFS assumes that the Chinook salmon exhibiting 
spring-run behavior (e.g., upstream migration during spring and spawning during early fall) in the mainstem 
Sacramento River represent a distinct spring-run population.  This assumption is supported by a recent study of 
Central Valley steelhead genetics, which generally indicated that run timing remains an important factor in 
describing genetic structure in the Central Valley (Garza and Pearse 2008). 
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this dependency is not known.  Lindley et al. (2007) concluded that these populations are 
entirely composed of strays, as those authors stated that the spring-run have been extirpated from 
the entire diversity group. 
 
Ephemeral populations are found in the Northwestern California Diversity Group in Beegum and 
Clear creeks, and salmon have been observed in Thomes Creek during the spring, although 
monitoring in that creek has not been conducted consistently due to poor access and difficult 
terrain.  Returning adult spring-run population sizes in Beegum and Clear creeks have generally 
ranged from tens up to a few hundred fish.  Habitat restoration in Clear Creek has improved 
conditions for spring-run and the population has been responding positively to these 
improvements.   
 
With the exception of Clear Creek, the Sacramento River, and the Feather River, the proposed 
action does not affect spring-run within the above listed tributaries.  However, spring-run 
produced in all of these tributaries are affected by the proposed action as they migrate, hold, or 
rear within the Sacramento River and Delta. 
 
Historically, the majority of spring-run in the Central Valley were produced in the Southern 
Sierra Nevada Diversity Group, which contains the San Joaquin River and its tributaries.  All 
spring-run populations in this diversity group have been extirpated (Lindley et al. 2007). 
 
With demonstrably viable populations in only one of four diversity groups that historically 
contained them, spring-run fail the representation and redundancy rule for ESU viability 
(Lindley et al. 2007).  The current distribution of viable populations makes spring-run vulnerable 
to catastrophic disturbance.  All three extant independent populations are in basins whose 
headwaters occur within the debris and pyroclastic flow radii of Mt. Lassen, an active volcano 
that the USGS views as highly dangerous (Hoblitt et al. 1987).  The current ESU structure is, not 
surprisingly, also vulnerable to drought.  Even wildfires, which are of much smaller scale than 
droughts or large volcanic eruptions, pose a significant threat to the ESU in its current 
configuration.  A fire with a maximum diameter of 30 km, big enough to burn the headwaters of 
Mill, Deer and Butte creeks simultaneously, has roughly a 10 percent chance of occurring 
somewhere in the Central Valley each year (Lindley et al. 2007). 
 
9.3.2  Future Baseline of Central Valley Spring-Run Chinook Salmon Excluding CVP/SWP 
Effects 
 
This section describes the environmental baseline upon which we will add the effects of the 
proposed action in order to help assess the response and risk to the species.  Habitat elimination 
and degradation has been a primary factor causing the threatened status of spring-run in the 
Central Valley.  Physical habitat modifications (e.g., dam construction and river straightening 
and associated riprap applications) and other anthropogenic and natural effects in freshwater, 
estuarine, and marine environments have greatly diminished the viability of the ESU, and 
continue to do so.  These baseline stressors are similar to those that affect winter-run (see figure 
9-1) and include harvest, predation, water management, agricultural, urban, and industrial land 
use, competition, and invasive species and associated food web changes. 
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9.3.3  Northwestern California Diversity Group 
 
9.3.3.1  Clear Creek Spring-Run Chinook Salmon 
 
9.3.3.1.1  Status of Clear Creek Spring-Run Chinook Salmon 
 
Spring-run are increasing in abundance in Clear Creek due to habitat restoration funded by 
CALFED and the CVPIA, including the removal of McCormick-Saeltzer Dam, habitat 
restoration, gravel augmentation, temperature control and increased flows.  The spring-run 
population in Clear Creek has gone from zero to about a few hundred adults annually in the last 
12 years.  Most of the spring-run are descendents from introduced Feather River Hatchery stock 
in the 1990s.   
 
Although the abundance of Clear Creek spring-run has been increasing over the last decade, it is 
still at an abundance level that makes the population vulnerable to extirpation from demographic 
stochasticity - seemingly random effects of variation in individual survival or fecundity with 
little or no environmental pressure (Shaffer 1981, Allendorf et al. 1997, McElhany et al. 2000).  
As such, the population would fall into the high risk of extinction category based on abundance, 
as described in Lindley et al. (2007, see table 4-3). 
 
9.3.3.1.2  Future Baseline of Clear Creek Spring-Run Chinook Salmon Excluding 
CVP/SWP Effects 
 
The general baseline stress regime for Clear Creek spring-run in freshwater, estuarine, and the 
marine environment is depicted in figure 9-1.  More specifically, baseline stressors within Clear 
Creek include Whiskeytown Dam blocking access to historic habitat (Yoshiyama et al. 1996), a 
lack of natural recruitment of spawning gravels and a lack of suitable habitat during the summer 
for juvenile rearing and adult holding.  The dam forces spring-run to hold and spawn at a 
relatively low elevation in habitats that were not historically used for those life stages.  The dam 
also limits the availability of spawning gravels, and as such, the availability of spawning habitat.   
 
9.3.3.1.3  Summary of Proposed Action Effects on Clear Creek Spring-Run Chinook 
Salmon 
 
Proposed action-related effects to spring-run within Clear Creek are summarized in table 9-4.  
Detailed descriptions regarding the exposure, response, and risk of spring-run to these stressors 
are presented in section 6.2.   
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Table 9-4.  Summary of proposed action-related effects on Clear Creek spring-run. 

# 
Life Stage/ 
Location 

Life 
Stage 

Timing Stressor Response/Rationale for Magnitude of Effect 

Magnitude of 
Effect (High, 

Medium, 
Low) 

Weight of 
Evidence (High, 
Medium, Low) 

Probable 
Fitness 

Reduction 
1 Adult 

immigration  
 
Delta 

Mar. – 
Sep. 

DCC gate 
closures 

Spring-run could be delayed in the Delta 
resulting in greater exposure to both the in-river 
sport fishery and contaminants (reduced egg 
fertility or reduced viability and motility of 
spermatocytes during spawning).   

Low Low - based on 
limited 
supporting data 

Reduced 
survival and 
reduced 
reproductive 
success 

2 Adult 
immigration  
 
RBDD 

Mar. – 
Sep. 

RBDD gate 
closures from 
May 15 – Sept. 
15 (plus 10 
days in April) 
force fish to 
use inefficient 
ladders 

~72 % of the spring-run that spawn upstream of 
RBDD are delayed by approximately 20 days on 
average, more energy consumed, greater pre-
spawn mortality, less fecundity 

High High - based on 
TCCA EIS/EIR 
on RBDD and 
CVP/SWP 
operations BA, 
including many 
historical cited 
studies 

Reduced 
reproductive 
success 

3 Adult 
immigration  
 
Clear Creek 

Mar. – 
Sep. 

Water 
temperatures 
warmer than 
life history 
stage 
requirements 
during summer 
holding period 

Water temp control to Igo; possibly some pre-
spawn mortality in critically dry years when not 
enough cold water in Whiskeytown Lake 

High High - based on 
temperature data, 
USFWS reports, 
and CVP/SWP 
operations BA 

Reduced 
reproductive 
success 

4 Adult 
immigration  
 
Clear Creek 

Mar. – 
Sep. 

Lack of 
variable flows 
in spring and 
low summer 
flows ( 50 cfs), 
when b2 is 
unavailable 

Limited cues for upstream migration resulting 
from spring flows with little variation.  With low 
summer flows, adults are impeded from 
accessing upstream holding areas. 

High High - based on 
CVP/SWP 
operations BA 
(chpt 4) and 
CALSIM 
modeling runs 

Reduced 
reproductive 
success 



# 
Life Stage/ 
Location 

Life 
Stage 

Timing Stressor Response/Rationale for Magnitude of Effect 

Magnitude of 
Effect (High, 

Medium, 
Low) 

Weight of 
Evidence (High, 
Medium, Low) 

Probable 
Fitness 

Reduction 
5 Spawning 

 
Clear Creek 

Sep. - 
early 
Oct. 

Spawning area 
limited due to 
temperature 
management 
and limited 
spawning 
habitat 
availability 
down to Igo 
Gage 

Density dependency effects & redd 
superimposition; limited carrying capacity of 
stream will dictate population size; possible loss 
of some individuals that spawn below Igo 

Low currently 
- with potential 
to increase if 
gravel 
augmentation 
creates more 
spawnable 
habitat below 
the Igo gage.    

High - based on 
water temperature 
data and the 
CVP/SWP 
operations BA 

Reduced 
reproductive 
success and 
reduce 
survival  

6 Spawning 
 
Clear Creek 

Sep. - 
early 
Oct. 

Low summer 
flows (50 cfs), 
when b(2) is 
unavailable 

Adults spawn further downstream in less suitable 
conditions (i.e., in areas with relatively warm 
water temps.) 

High High - based on 
CVP/SWP 
operations BA 
(chpt 4)  

Reduced 
survival, 
Reduced 
reproductive 
success 

7 Embryo 
incubation 

Sep. – 
Dec. 

Water 
temperatures 
warmer than 
life history 
stage 
requirements 
in September 
only for fish 
that spawn 
below TCP 
(Igo) 

Mortality varies with exceedance rate and 
number of redds; loss of some portion of those 
eggs; reduced chance of survival for fry 

High High - based on 
CVP/SWP 
operations BA 
models and 
laboratory 
evidence of 
temperature 
tolerances 

Reduced 
reproductive 
success 
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# 
Life Stage/ 
Location 

Life 
Stage 

Timing Stressor Response/Rationale for Magnitude of Effect 

Magnitude of 
Effect (High, 

Medium, 
Low) 

Weight of 
Evidence (High, 
Medium, Low) 

Probable 
Fitness 

Reduction 
8 Juvenile 

rearing and 
downstream 
movement 
 
Upstream of 
and 
including 
RBDD 

Year-
round 

RBDD 
passage 
downstream 
through dam 
gates May15 - 
Sept 15, plus 
10 days in 
April during 
emergencies 

Mortality as juveniles pass through Lake Red 
Bluff and RBDD reportedly ranges from 5 to 
50%; delayed emigration. 
 
Based on passage estimates of when juveniles are 
present at RBDD (USFWS 1997-2007), 
approximately 5 % of the spring-run ESU 
spawned above RBDD would be exposed to 
higher concentrations of predators when the gates 
are in (TCCA 2008). 

High High - based on 
mortality  studies 
at RBDD and 
timing of 
emigration from 
Clear Creek  
(Vogel et al. 
1988, Tucker 
1998, TCCA 
2008) 

Reduced 
survival 

9 Juvenile 
rearing and 
downstream 
movement 
 
Upstream of 
and 
including 
RBDD 

Year-
round 

Lake Red 
Bluff, river 
impounded 
May15 - Sept 
15, plus 10 
days in April 
during 
emergencies 

Delayed juvenile emigration, increased 
predation; change in riparian habitat, change in 
river conditions, change in food supply, every 
year since 1967 

High High - based on 
number of river 
miles affected by 
the formation of 
Lake Red Bluff  

Reduced 
survival and 
reduced 
growth 

10 Juvenile 
rearing and 
downstream 
movement 
 
Upstream of 
and 
including 
RBDD 

Year-
round 

Screened CVP 
diversions 
including 
continuing 
operation of 
the RBDD 
Research 
Pumping Plant 

Mortality from contact with fish screen, diversion 
pumps, and bypasses; sub lethal effects from 
going through pumps, loss of scales, 
disorientation. 
 
All screens were designed to meet NMFS fish 
screen criteria (e.g., 95% efficiency). 

Low  High - based on 
annual 
monitoring of fish 
screens 

Reduced 
survival 
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# 
Life Stage/ 
Location 

Life 
Stage 

Timing Stressor Response/Rationale for Magnitude of Effect 

Magnitude of 
Effect (High, 

Medium, 
Low) 

Weight of 
Evidence (High, 
Medium, Low) 

Probable 
Fitness 

Reduction 
11 Juvenile 

rearing/smolt 
emigration 
 
RBDD to 
Colusa 

Year-
round 

Unscreened 
CVP 
diversions 
between Red 
Bluff and the 
Delta 

Entrainment High High - based on 
CVP/SWP 
operations BA  

Reduced 
survival 

12 Juvenile 
rearing/smolt 
emigration 
 
RBDD to 
Colusa 

Year-
round 

Lack of 
channel 
forming flows 
and reversed 
natural flow 
pattern (high 
flows in 
summer, low 
flows in fall), 
modifies 
critical habitat, 
including 
impaired 
geomorphic 
process  
  

Flow regulation (proposed Project stressor) and 
levee construction and maintenance (baseline 
stressor) alter ecological processes that generate 
and maintain the natural, dynamic ecosystem.  
This loss of natural river function has reduced the 
quality and quantity of rearing and migratory 
habitats (Stillwater Sciences 2007), thereby 
reducing juvenile growth and survival. 

High High - based on 
Co-manager 
review draft of 
Central Salmon 
Recovery Plan 
and CALFED 
funded Ecological 
Flow Tool model 
(Sac EFT) 

Reduced 
survival and 
reduced 
growth 

13 Juvenile 
rearing/smolt 
emigration 
 
Colusa to 
Sacramento 

Year-
round 

Low fall flows Yearling emigration delayed, higher predation; 
fewer smolts survive to the Delta. 
 
Few spring-run are expected to be in this area 
during the fall. 

Low  Low - based on 
lack of 
monitoring 

Reduced 
survival 
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# 
Life Stage/ 
Location 

Life 
Stage 

Timing Stressor Response/Rationale for Magnitude of Effect 

Magnitude of 
Effect (High, 

Medium, 
Low) 

Weight of 
Evidence (High, 
Medium, Low) 

Probable 
Fitness 

Reduction 
14a-e Juvenile 

rearing/smolt 
emigration 
 
Delta 

Nov-
June 

Cumulative 
direct and 
indirect loss 
associated 
with export 
operations 
(DCC 
operations, 
loss in Delta 
interior, loss at 
export 
facilities, 
creation of 
artificial 
freshwater 
system, altered 
hydrodynamic
s) 

Project-related mortality is significant 
 (figure 9-3). 
 
Of the spring-run entering the interior of the 
Delta (through DCC or Georgiana Slough), 
mortality is estimated to be approximately 66% 
(range of 35-90% mortality) (Brandes and 
McClain 2001, Newman 2008, Perry and Skalski 
2008).   
 

High for 
yearlings 
 
Low for YOY  
 
 

Low to High (see 
below)  

Reduced 
survival 
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# 
Life Stage/ 
Location 

Life 
Stage 

Timing Stressor Response/Rationale for Magnitude of Effect 

Magnitude of 
Effect (High, 

Medium, 
Low) 

Weight of 
Evidence (High, 
Medium, Low) 

Probable 
Fitness 

Reduction 
14a Juvenile 

rearing/smolt 
emigration 
 
Delta 

Nov. - 
Jun. 

DCC 
operations - 
open gate 
configurations 
from 
November 
through 
January 

Increased vulnerability of entrainment into the 
Delta interior where survival is considerably 
lower than within the Sacramento River 
mainstem.  Mandatory gate closure from Feb 1 
through end of May prevents entrainment into the 
DCC.  Yearling spring-run more vulnerable to 
effects of open DCC gates than YOY spring-run. 
 
Open gate configuration in December and 
January exposes approximately 3 % of the total 
spring-run ESU to entrainment into the DCC, but 
exposes a high proportion of yearling emigrants 
during this period (DWR 2005).  Yearlings have 
a higher likelihood of survival to adults and are 
more important to the population.  Hence a small 
loss can have a greater magnitude of effect.   

High for 
yearlings 
 
Low for YOY  
  

High – Numerous 
studies i.e., Delta 
Action 8, Delta 
Cross channel, 
and Delta Interior 
experiments 
confirm low 
survival of fish 
entrained into the 
delta interior.  
Acoustic tagging 
studies provide 
similar 
conclusions for 
survival within 
the delta interior.  

Reduced 
survival 
Reduced life 
history 
diversity 
 

14b Juvenile 
rearing/smolt 
emigration 
 
Delta 

Nov. - 
Jun. 

Loss in interior 
Delta 

Diversion of emigrating fish into the Delta 
interior exposes fish to increased loss.  Lower 
survival rates to the western Delta (Chipps 
Isalnd) are observed for fish migrating through 
the Delta interior. 
 
Loss of up to 15 % of spring-run ESU entering 
the Delta based on modeling 

Medium  High – numerous 
studies find 
similar high loss 
rates for fish 
relased in the 
Delta interior. 

Reduced 
survival 
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# 
Life Stage/ 
Location 

Life 
Stage 

Timing Stressor Response/Rationale for Magnitude of Effect 

Magnitude of 
Effect (High, 

Medium, 
Low) 

Weight of 
Evidence (High, 
Medium, Low) 

Probable 
Fitness 

Reduction 
14c Juvenile 

rearing/smolt 
emigration 
 
Delta 

Nov. - 
Jun. 

Loss at export 
facilities 

Entrainment of fish at the CVP results in loss of 
approximately 66 % of the exposed fish.  
Entrainment of fish at the SWP results in the loss 
of approximately 85 % of the exposed fish.  The 
percentage of the ESU exposed is variable, 
typically less than 2-3 %, and frequently is much 
lower (0.5 %) based on salvage recovery 
estimates. 
 
Percentage of ESU actually arriving at the export 
facilities and entering the salvage process is low. 

Low  High - numerous 
studies have 
evaluated 
screening 
efficiency, 
predation, and 
overall salvage 
operations 
survival  

Reduced 
survival 

14e Juvenile 
rearing/smolt 
emigration 
 
Delta 

Nov. - 
Jun. 

Project 
operations 
create a 
stabilized 
freshwater 
ecosystem in 
Delta all year, 
every year, 
instead of 
allowing for 
salinity 
variability. 

Stabilized freshwater environment is conducive 
to the propagation of non-native species such as 
large mouth bass and other centrarchids, water 
hyacinth, Egeria densa, and asian clams.  Direct 
predation on salmon as well as shifts in useable 
habitat and food resources occur due to non-
native species presence. 
 
Non-native species have altered the balance of 
the ecosystem and have  increased the level of 
loss for fish emigrating through the Delta. 

High  Low to medium.  
Invasion of non-
native species 
into delta is well 
documented, 
interaction with 
salmonid 
populations is not 
as well 
documented 

Reducted 
survival, 
Reduced 
growth 

 481 



# 
Life Stage/ 
Location 

Life 
Stage 

Timing Stressor Response/Rationale for Magnitude of Effect 

Magnitude of 
Effect (High, 

Medium, 
Low) 

Weight of 
Evidence (High, 
Medium, Low) 

Probable 
Fitness 

Reduction 
14f Juvenile 

rearing/smolt 
emigration 
 
Delta 

Nov. - 
Jun. 

Altered Delta 
hydrodynamic
s 

Creation of reverse flows within Central and 
Southern Delta waterways, reduced primary and 
secondary productivity due to export of food web 
base, delay in migration through Delta due to 
altered hydrodynamics and loss of migratory 
cues.  Delays increase exposure to sources of 
mortality and morbidity (predation, poor water 
quality, contaminants, etc.). 
 
Affects a large fraction of the Central and 
Southern Delta. 

High  Low to High.  
Delta 
hydrodynamics 
well studied.  
Effects of Delta 
hydrodynamics 
on organisms is 
not as well 
understood. 

Reduced 
survival, 
reduced 
growth 

 

 482 



 483 

 
9.3.3.1.4  Assess Risk to Clear Creek Spring-Run Chinook Salmon 
 
The risk to Clear Creek spring-run is determined by effects to the population’s spatial structure 
(habitat), diversity, and abundance, and productivity.  As described in section 6, habitat 
conditions in Clear Creek, the Sacramento River, and the Delta are adversely affected by the 
proposed action in a number of ways, including, but not limited to:  (1) delaying adult 
immigration resulting from DCC and RBDD operations; (2) providing flows and water 
temperatures within Clear Creek under dry hydrologic conditions that are stressful to spring-run; 
(3) entraining juveniles into the Central and South Delta; and (4) entraining and impinging 
juveniles at the Jones and Banks pumping plants.  In these ways, the proposed action reduces the 
population’s current spatial structure (by reducing habitat quantity and quality), which increases 
the risk of extinction of the spring-run population.   
 
The spring-run population in Clear Creek (200 adults in 2008) represents a small, but important, 
part of the west side diversity group of the ESU.  However, of all the west side tributaries, Clear 
Creek has the highest abundance.  A loss of this population would significantly reduce the 
diversity of the entire spring-run population.  Under the proposed operations, the spring-run 
population is near the maximum capacity that can be maintained on Clear Creek, since spawning 
locations are limited in the upper reaches (i.e., 8 of 18 miles are confined to a narrow canyon).  
Therefore, even if flows were to be increased the amount of spawning habitat available to spring-
run would not increase significantly, unless gravel can be added.  The behavioral and genetic 
diversity of the spring-run population is expected to be negatively affected by the proposed 
action.  Spring-run that spawn further downstream where the channel is mostly alluvial are 
exposed to unsuitable over summer holding and spawning temperatures.  They are also more 
likely to hybridize with early returning fall-run.   
 
The population is likely to persist in most years, but experience higher mortality as it expands 
downstream due to the limited amount of suitable spawning and rearing habitat, thus reducing 
the likelihood of recovery.  High water temperatures in the lower reaches and continuation of a 
static flow pattern (i.e., 200 cfs throughout most the year) as proposed action will substantially 
limit the quantity and quality of habitat, thereby limiting the spatial structure of the spring-run 
population in Clear Creek.  Uncertainty in how b(2) water is applied and how Trinity River 
diversions will impact flows on Clear Creek increase the risk of extinction to this population.  An 
extended drought period lasting more than 3 years would compromise the spring-run 
population’s ability to persist, unless hatchery strays recolonizing the area below the dam.  Based 
on CALSIM modeling, there are 2 periods when drought conditions persist for up to 6 years.  In 
the future, due to climate change, drought conditions will likely occur more often and of greater 
severity 
 
Operation of the CVP/SWP negatively affects the diversity of Clear Creek spring-run and the 
proposed action is expected to continue these effects.  The operation of RBDD affects the 
temporal distribution of adult spring-run on their spawning migration to Clear Creek holding and 
spawning grounds.  Spawning run timing is considered a key diversity trait for salmon species 
(McElhany et al. 2000).  Based on recent population estimates (CVP/SWP operations BA page 
6-22), the abundance of spring-run spawners attempting to migrate upstream of RBDD accounts 



for about 10 percent of the entire run in the Sacramento River basin.  Of this 10 percent, 
approximately 70 percent attempt to migrate past RBDD after the gates are down, and therefore 
are delayed for an average of 21 days until they locate and navigate the fish ladders.  During low 
flow conditions, spring-run passage to upstream holding and spawning habitats in the tributaries 
may be impeded at falls, critical riffles and man-made segregation weirs intended to separate 
spring-run from fall-run, presumably forcing these fish to either back track and hold and spawn 
within the mainstem Sacramento River or remain in unsuitable lower tributary habitats.  Spring-
run that are delayed at RBDD and cannot access Clear Creek holding and spawning habitats as a 
result of low flows or the erection of a segregation weir may end up spawning with spring-run 
and fall-run originating from the mainstem Sacramento River.   
 
In addition to impacts to the spatial structure and diversity, the proposed action is expected to 
result in substantial mortality to spring-run juveniles, including those from Clear Creek.  Results 
from a recent study indicate that about 80 to 90 percent of Chinook salmon smolts die when 
migrating from the mainstem Sacramento River near Battle Creek through the San Francisco 
Estuary (Delta, Suisun, San Pablo, and San Francisco bays; MacFarlane et al. 2008).  This range 
was derived from an acoustic tagging study of hatchery-produced late fall-run released in the 
Sacramento River as smolts.  Mortality of Clear Creek spring-run migrating downstream through 
the system is most likely even higher than that which is reported for the late fall-run smolts 
because: (1) spring-run emigrate from Clear Creek as post-emergent fry and are generally less 
robust and more vulnerable to predation smolts; and (2) studies suggest that there is a positive 
relationship between juvenile salmon mortality and emigration distance (Anderson et al. 2005, 
MacFarlane et al. 2008).  Fish leaving Clear Creek must travel about 18 miles further in the 
Sacramento River, than the fish in the MacFarlane et al. (2008) study, which were released near 
the mouth of Battle Creek (and at 2 other downstream locations).   
 
Although the survival data presented in MacFarlane et al. (2008) includes natural and 
anthropogenic sources of mortality, much of this mortality is believed to be attributed to 
proposed action-related effects.  For example, as described in section 6.6, project-related 
entrainment into the Central and South Delta greatly increases the risk of mortality from direct 
(entrainment and impingement at the pumps) and indirect (predation) effects (figure 9-3).   
 
In addition, proposed action-related loss of juveniles passing RBDD may be an important source 
of mortality to Clear Creek spring-run.  Spring-run emigrate from Clear Creek primarily as post 
emergent fry during December and January and if those emigrants continued moving 
downstream without rearing in the mainstem Sacramento River for an extended period of time 
they would encounter RBDD when the gates are out, and thus would not be subject to higher 
mortality.  However, if the post-emergent fry leaving Clear Creek rear over the winter and spring 
in the mainstem Sacramento River above RBDD and emigrate from May through September, 
they would encounter RBDD when the gates are in, in which case, they would be more 
susceptible to predation.    
 
In the year 2019, modifications to RBDD operations will be implemented such that the gates will 
be in for about 2½ months per year, instead of the current practice of about 4 months per year.  
Although this modification will lessen the adverse effects of RBDD on spring-run populations 
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which occur above the dam, such as Clear Creek, the dam will likely remain to function as a 
stressor to these fish on their upstream and/or downstream migrations.     
 
Due to habitat restoration efforts in Clear Creek, the spring-run population has been growing 
over the past 15 years from essentially zero fish in the early 1990s up to nearly 200 in 2007.  It is 
uncertain how long this population will continue on its current positive trajectory.  However, the 
proposed Project’s effects on the habitat conditions, diversity, and abundance of Clear Creek 
spring-run are expected to reduce or limit the population’s growth rate over the next 21 years.  
NMFS expects that the adverse affects will increase as the proposed action advances to full build 
out.    
 
All of the above factors which reduce the spatial structure, diversity, abundance, and productivity 
of Clear Creek spring-run, compromise the capacity for this population to respond and adapt to 
environmental changes.  Future projections over the duration of the proposed action (i.e., through 
2030), considering both increasing water demands and climate change, exacerbate risks 
associated with continuation of the proposed action, further increasing the risk to the population.   
 
9.3.3.2  Cottonwood/Beegum and Thomes Creek Spring-Run Chinook Salmon  
 
Returning adult spring-run population size in Beegum Creek has generally ranged from tens up 
to a few hundred fish and even fewer spring-run return to Thomes Creek.  Clearly, both of these 
populations fall into the high risk of extinction category based on abundance (see table 4-3).   
 
The general baseline stress regime for Chinook salmon in the freshwater, estuarine, and marine 
environment is depicted in figure 9-1.  More specifically, baseline stressors to spring-run in 
Thomes Creek include high water temperatures, low flows, water diversions and associated 
seasonal diversion dams, gravel mining, and other habitat alterations such as levee construction 
and bank protection actions (i.e., rip rapping).  In the Cottonwood/Beegum watershed, baseline 
stressors include high water temperatures, low flows, diversions, and gravel mining.   
 
The proposed action will affect Beegum Creek and Thomes Creek spring-run every year through 
2030 when these fish are migrating upstream through the Delta and Sacramento River as adults 
and as juveniles migrating downstream through these areas.  The proposed action stressors for 
these life stages and locations for spring-run from Beegum and Thomes creeks are similar to the 
stressors described for Clear Creek spring-run in table 9-4 (except spring-run in Thomes Creek 
are not exposed to the stressors of RBDD, as Thomes Creek enters the Sacramento River 
downstream of the Sacramento River).  Specifically, the DCC affects the adult immigration life 
stage and RBDD delays adult spring-run for an average of 21 days during the middle portion of 
their upstream migration.  These delays decrease the probability that spring-run returning to 
tributaries above RBDD will encounter potentially critical riffles when spring run-off flows are 
high enough for salmon to successfully pass them.  Also, the survival of juvenile spring-run 
migrating downstream from Beegum and Thomes creeks is expected to be reduced by proposed 
action-related factors in the Delta, as well as by RBDD, depending on whether outmigrants 
encounter the dam while the gates are in.  Considering the extremely small spring-run population 
sizes in these creeks, and the 21 year duration of the proposed Project, proposed project actions 
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(i.e., DCC, RBDD, and direct and indirect loss in the Delta) will likely have population-level 
consequences for both of these populations.   
 
9.3.4  Basalt and Porous Lava Diversity Group 
 
9.3.4.1  Mainstem Sacramento River Spring-Run Chinook Salmon 
 
9.3.4.1.1  Status of Mainstem Sacramento River Spring-Run Chinook Salmon 
 
There are few data available to describe the population size of spring-run spawning in the 
mainstem of the Sacramento River.  Counts of spring-run passing upstream of RBDD have been 
made since 1969, but these fish may have spawned in one of several systems which support 
spring-run populations, including Clear Creek, Cottonwood/Beegum Creek, Battle Creek, or the 
mainstem Sacramento River.  As such, the abundance of adults returning to spawn in the 
mainstem Sacramento River cannot be estimated from monitoring at RBDD.   
 
General information on the abundance of adult spring-run spawning in the mainstem Sacramento 
River may be inferred from redd survey monitoring.  Since 1995, Chinook salmon redd survey 
data from the mainstem Sacramento River have been collected by CDFG.  These data, although 
not collected with consistent sampling methods from year to year, do provide some indication of 
the number of spring-run redds constructed in the mainstem Sacramento River.  In general, 
newly constructed salmon redds observed in September have been classified as spring-run, 
whereas August redds are classified as winter-run and October redds are classified as fall-run.  
Redd-based spawning population estimates generally require information on the number of redds 
counted, the number of redds per female, and the ratio of males per female in the river.  The 
number of putative spring-run redds has ranged from 11 to 105 since 1995, with a median value 
of about 30 redds (unpublished data from CDFG).  Chinook salmon females reportedly utilize 
one redd, increasing the size of the redd in an upstream direction as the spawning season 
progresses (Healey 1991).  McReynolds et al. (2007) reported a female-to-male sex ratio of 
about 3 to 1 for spring-run spawning in Butte Creek.  Similarly, the sex ratio of winter-run 
spawners is generally 3 females for every male.  Applying these redd per female and sex ratio 
observations to the range of mainstem Sacramento River spring-run redds that have been 
observed, results in a rough approximation of abundance ranging from 15 to 140 fish.  Spawner 
abundance estimates at these levels places the mainstem Sacramento River spring-run population 
at high risk of extinction based on the population size criteria described in Lindley et al. (2007). 
 
9.3.4.1.2  Future Baseline of Mainstem Sacramento River Spring-Run Chinook Salmon 
Excluding CVP/SWP Effects 
 
The general baseline stress regime for mainstem Sacramento River spring-run in the freshwater, 
estuarine, and marine environment is depicted in figure 9-1.  More specifically, baseline stressors 
to spring-run within the mainstem Sacramento River include a loss of spatial separation from 
fall-run resulting from the presence of Keswick and Shasta dams.  Historically, spring-run 
spawned at higher elevations than fall-run.  This inability to migrate to higher elevation holding 
and spawning habitat, coupled with an overlap in the temporal distribution of spring-run and fall-
run spawning, has led to introgression between these runs.  In addition, because spring-run and 
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fall-run now must use the same spawning habitat, spring-run likely have suffered greater 
mortality at the embryo incubation life stage.  The spring-run spawning period begins earlier 
than that of fall-run.  Thus, embryos incubating in spring-run redds are vulnerable to disturbance 
when the fall-run returns to the spawning grounds and begins moving gravels around for redd 
construction.  Incubating embryos are sensitive to physical disturbance, particularly during the 
early part of incubation. 
 
9.3.4.2  Summary of Proposed Action Effects on Mainstem Sacramento River Spring-Run 
Chinook Salmon 
 
Proposed action-related effects to spring-run within the mainstem Sacramento River are 
summarized in table 9-5.  Detailed descriptions regarding the exposure, response, and risk of 
spring-run to these stressors are presented in section 6. 
  
9.3.4.1.4  Assess Risk to Mainstem Sacramento River Spring-Run Chinook Salmon 
 
Population viability is determined by four parameters: spatial structure, diversity, abundance, and 
productivity (growth rate).  Both population spatial structure and diversity (behavioral and 
genetic) provide the foundation for populations to achieve abundance levels at or near potential 
carrying capacity and to achieve stable or increasing growth rates.  Spatial structure on a 
watershed scale is determined by the availability, diversity, and utilization of properly 
functioning conditions (habitats) and the connections between such habitats.  Properly 
functioning condition defines the inland habitat conditions necessary for the long-term survival 
of Pacific salmon populations.  As described in section 6, habitat conditions in the Sacramento 
River and the Delta are negatively affected by the proposed action in a number of ways, 
including, but not limited to:  (1) delaying adult immigration through the DCC and RBDD 
operations; (2) providing water temperatures that are stressful to spring-run; (3) entraining 
juveniles into the Central and South Delta; and (4) changing the Delta from a natural, variabale 
salinity system to an unnatural freshwater system with a more abundant predator community.  In 
these ways, the proposed action reduces the population’s current spatial structure (by reducing 
habitat quantity and quality), which increases the risk of extinction of the mainstem Sacramento 
River spring-run population.   
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Table 9-5.  Summary of proposed action-related effects on mainstem Sacramento River spring-run. 

# 
Life Stage/ 
Location 

Life 
Stage 

Timing Stressor Response/Rationale for Magnitude of Effect 

Magnitude of 
Effect (High, 

Medium, 
Low) 

Weight of 
Evidence (High, 
Medium, Low) 

Probable 
Fitness 

Reduction 
1 Adult 

immigration  
 
Delta 

Mar. – 
Sep. 

DCC gate 
closures 

Spring-run could be delayed in the Delta 
resulting in greater exposure to both the in-river 
sport fishery and contaminants (reduced egg 
fertility or reduced viability and motility of 
spermatocytes during spawning).   

Low Low based on 
limited 
supporting data 

Reduced 
survival and 
reduced 
reproductive 
success 

2 Adult 
immigration 
 
RBDD 

Mar. – 
Sep. 

RBDD gate 
closures from 
May 15 – Sept. 
15 (plus 10 
days in April) 
force fish to 
use inefficient 
ladders 

~72% of the spring-run that spawn upstream of 
RBDD are delayed by approximately 20 days on 
average, more energy consumed, greater pre-
spawn mortality, less fecundity 

High High based on 
TCCA EIS/EIR 
on RBDD and 
CVP/SWP 
operations BA, 
including many 
historical cited 
studies 

Reduced 
reproductive 
success 

3 Spawning 
 
Sacramento 
River 

Sep. – 
Oct. 

No temporal 
separation 
between 
spring-run and 
fall-run 
spawning due 
to delays at 
RBDD (no 
spatial 
separation due 
to Keswick 
and Shasta 
dams) 

Introgression -Hybridization with fall run and 
competition for habitat  

High High based on 
RBDD genetics 
report (USFWS 
2008b) 

loss of genetic 
integrity and 
expression of 
life history 



# 
Life Stage/ 
Location 

Life 
Stage 

Timing Stressor Response/Rationale for Magnitude of Effect 

Magnitude of 
Effect (High, 

Medium, 
Low) 

Weight of 
Evidence (High, 
Medium, Low) 

Probable 
Fitness 

Reduction 
4 Embryo 

incubation 
Sep. – 
Dec.  

Water 
temperatures 
warmer than 
life history 
stage 
requirements, 
during 
September and 
October 

Under near-term operations (Study 7.1) mortality 
is expected to range from approximately 9% in 
wet years up to approximately 66 % in critically 
dry years, with an average of approximately 21 
% over all water year types; under modeled 
climate change projections, average egg 
mortality over all water year types is expected to 
be 50 % and during the driest 15 % of years is 
expected to be 95 %.  Sub-lethal effects, such as 
developmental instability and related structural 
asymmetry have been reported to occur to 
salmonids incubated at warm water temperatures 
(Turner et al. 2007, Myrick and Cech 2001, 
Campbell et al. 1998).  These sub-lethal effects 
decrease the chance of spring-run to survive 
during subsequent life stages (Campbell et al. 
1998).  Campbell et al. (1998) concluded that 
chronic thermal stress produced both selectively 
lethal and sub-lethal effects that increased 
structural asymmetry and directly decreased 
salmon fitness. 

High High based on 
past exceedances 
of temp. criteria 
(see figure 6-14 
in CVP/SWP 
operations BO)  

Reduced 
survival  

5 Juvenile 
rearing and 
downstream 
movement 
 
Upstream of 
and 
including 
RBDD 

Year-
round 

RBDD 
passage 
downstream 
through dam 
gates May15 - 
Sept 15, plus 
10 days in 
April during 
emergencies 

Mortality as juveniles pass through Lake Red 
Bluff and RBDD reportedly ranges from 5 to 
50%; delayed emigration. 
 
Based on passage estimates of when juveniles are 
present at RBDD (USFWS 1997-2007), 
approximately 5 percent of the spring-run ESU 
that is spawned above RBDD would be exposed 
to higher concentrations of predators when the 
gates are in (TCCA 2008). 

High High - based on 
mortality  studies 
at RBDD and 
timing of 
emigration from 
Clear Creek  
(Vogel et al. 
1988; Tucker 
1998; TCCA 
2008) 

Reduced 
survival 
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# 
Life Stage/ 
Location 

Life 
Stage 

Timing Stressor Response/Rationale for Magnitude of Effect 

Magnitude of 
Effect (High, 

Medium, 
Low) 

Weight of 
Evidence (High, 
Medium, Low) 

Probable 
Fitness 

Reduction 
6 Juvenile 

rearing and 
downstream 
movement 
 
Upstream of 
and 
including 
RBDD 

Year-
round 

Lake Red 
Bluff, river 
impounded 
May15 - Sept 
15, plus 10 
days in April 
during 
emergencies 

Delayed juvenile emigration, increased 
predation; change in riparian habitat, change in 
river conditions, change in food supply, every 
year since 1967 

High High - based on 
number of river 
miles affected by 
the formation of 
Lake Red Bluff  

Reduced 
survival and 
reduced 
growth 

7 Juvenile 
rearing and 
downstream 
movement 
 
Upstream of 
and 
including 
RBDD 

Year-
round 

Screened CVP 
diversions 
including 
continuing 
operation of 
the RBDD 
Research 
Pumping Plant 

Mortality from contact with fish screen, diversion 
pumps, and bypasses; sub lethal effects from 
going through pumps, loss of scales, 
disorientation. 
 
All screens were designed to meet NMFS fish 
screen criteria (e.g., 95% efficiency). 

Low  High - based on 
annual 
monitoring of fish 
screens 

Reduced 
survival 

8 Juvenile 
rearing/smolt 
emigration 
 
RBDD to 
Colusa 

Year-
round 

Unscreened 
CVP 
diversions 
between Red 
Bluff and the 
Delta 

Entrainment High High - based on 
CVP/SWP 
operations BA  

Reduced 
survival 
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# 
Life Stage/ 
Location 

Life 
Stage 

Timing Stressor Response/Rationale for Magnitude of Effect 

Magnitude of 
Effect (High, 

Medium, 
Low) 

Weight of 
Evidence (High, 
Medium, Low) 

Probable 
Fitness 

Reduction 
9 Juvenile 

rearing/smolt 
emigration 
 
RBDD to 
Colusa 

Year-
round 

Lack of 
channel 
forming flows 
and reversed 
natural flow 
pattern (high 
flows in 
summer, low 
flows in fall), 
modifies 
critical habitat, 
including 
impaired 
geomorphic 
process  
  

Flow regulation (proposed Project stressor) and 
levee construction and maintenance (baseline 
stressor) alter ecological processes that generate 
and maintain the natural, dynamic ecosystem.  
This loss of natural river function has reduced the 
quality and quantity of rearing and migratory 
habitats (Stillwater Sciences 2007), thereby 
reducing juvenile growth and survival. 
 

High High - based on 
Co-manager 
review draft of 
Central Valley 
Salmon Recovery 
Plan and 
CALFED funded 
Ecological Flow 
Tool model (Sac 
EFT) 

Reduced 
survival and 
reduced 
growth 

10 Juvenile 
rearing/smolt 
emigration 
 
Colusa to 
Sacramento 

Year-
round 

Low fall flows Yearling emigration delayed, higher predation; 
fewer smolts survive to the Delta. 
 
Few spring-run are expected to be in this area 
during the fall. 

Low  Low - based on 
lack of 
monitoring 

Reduced 
survival 
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# 
Life Stage/ 
Location 

Life 
Stage 

Timing Stressor Response/Rationale for Magnitude of Effect 

Magnitude of 
Effect (High, 

Medium, 
Low) 

Weight of 
Evidence (High, 
Medium, Low) 

Probable 
Fitness 

Reduction 
11a-e Juvenile 

rearing/smolt 
emigration 
 
Delta 

Nov - 
Jun. 

Cumulative 
direct and 
indirect loss 
associated 
with export 
operations 
(DCC 
operations, 
loss in Delta 
interior, loss at 
export 
facilities, 
creation of 
artificial 
freshwater 
system, altered 
hydrodynamic
s) 

Project-related mortality is significant. 
Of the spring-run entering the interior of the 
Delta (through DCC or Georgiana Slough), 
mortality is estimated to be approximately 66 % 
(range of 35-90 % mortality) (Brandes and 
McClain 2001; Newman 2008; Perry and Skalski 
2008). 

High  Low to High (see 
below)  
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# 
Life Stage/ 
Location 

Life 
Stage 

Timing Stressor Response/Rationale for Magnitude of Effect 

Magnitude of 
Effect (High, 

Medium, 
Low) 

Weight of 
Evidence (High, 
Medium, Low) 

Probable 
Fitness 

Reduction 
11a Juvenile 

rearing/smolt 
emigration 
 
Delta 

Nov - 
Jun. 

DCC 
operations - 
open gate 
configurations 
from 
November 
through 
January 

Increased vulnerability of entrainment into the 
Delta interior where survival is considerably 
lower than within the Sacramento River 
mainstem.  Mandatory gate closure from Feb 1 
through end of May prevents entrainment into the 
DCC.  Yearling spring-run are more vulnerable 
to the effects of open DCC gate than YOY 
spring-run. 
 
Open gate configuration in December and 
January exposes approximately 3 % of spring-run 
ESU to entrainment into the DCC, but exposes a 
high proportion of yearling emigrants during this 
period. 

Low High – Numerous 
studies i.e., Delta 
Action 8, Delta 
Cross channel, 
and Delta Interior 
experiments 
confirm low 
survival of fish 
entrained into the 
delta interior.  
Acoustic tagging 
studies provide 
similar 
conclusions for 
survival within 
the delta interior 

Reduced 
survival 
Reduced life 
history 
diversity 
 

11b Juvenile 
rearing/smolt 
emigration 
 
Delta 

Nov - 
Jun. 

Loss in interior 
Delta 

Diversion of emigrating fish into the delta 
interior exposes fish to increased loss.  Lower 
survival rates to the western Delta (Chipps 
Isalnd) are observed for fish migrating through 
the Delta interior. 
 
Loss of up to 15 % of spring-run ESU entering 
the Delta based on modeling 

Medium  High – numerous 
studies find 
similar high loss 
rates for fish 
relased in the 
Delta interior. 

Reduced 
survival 
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# 
Life Stage/ 
Location 

Life 
Stage 

Timing Stressor Response/Rationale for Magnitude of Effect 

Magnitude of 
Effect (High, 

Medium, 
Low) 

Weight of 
Evidence (High, 
Medium, Low) 

Probable 
Fitness 

Reduction 
11c Juvenile 

rearing/smolt 
emigration 
 
Delta 

Nov - 
Jun. 

Loss at export 
facilities 

Entrainment of fish at the CVP results in loss of 
approximately two thirds of the exposed fish.  
Entrainment of fish at the SWP results in the loss 
of approximately 85 % of the exposed fish.  The 
percentage of the population exposed is variable, 
typically less than 2-3 %, and frequently is much 
lower (0.5 %) based on salvage recovery 
estimates. 
 
Percentage of population actually arriving at the 
export facilities and entering the salvage process 
is low. 

Low  High- numerous 
studies have 
evaluated 
screening 
efficiency, 
predation, and 
overall salvage 
operations 
survival  

Reduced 
survival 

11d Juvenile 
rearing/smolt 
emigration 
 
Delta 

Nov - 
Jun. 

Project 
operations 
create a 
stabilized 
freshwater 
ecosystem in 
Delta all year, 
every year, 
instead of 
allowing for 
salinity 
variability. 

Stabilized freshwater environment is conducive 
to the propagation of non-native species such as 
large mouth bass and other centrarchids, water 
hyacinth, Egeria densa, and asian clams.  Direct 
predation on salmon as well as shifts in useable 
habitat and food resources occur due to non-
native species presence. 
 
Non-native species have altered the balance of 
the ecosystem and have increased the level of 
loss for fish emigrating through the Delta. 

High  Low to medium.  
Invasion of non-
native species 
into delta is well 
documented, 
interaction with 
salmonid 
populations is not 
as well 
understood 

Reducted 
survival, 
Reduced 
growth 
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# 
Life Stage/ 
Location 

Life 
Stage 

Timing Stressor Response/Rationale for Magnitude of Effect 

Magnitude of 
Effect (High, 

Medium, 
Low) 

Weight of 
Evidence (High, 
Medium, Low) 

Probable 
Fitness 

Reduction 
11e Juvenile 

rearing/smolt 
emigration 
 
Delta 

Nov - 
Jun. 

Altered Delta 
hydrodynamic
s 

Creation of reverse flows within Central and 
Southern Delta waterways, reduced primary and 
secondary productivity due to export of food web 
base, delay in migration through Delta due to 
altered hydrodynamics and loss of migratory 
cues.  Delays increase exposure to sources of 
mortality and morbidity (predation, poor water 
quality, contaminants, etc.). 
 
Affects a large fraction of the Central and 
Southern Delta. 

High  Low to High.  
Delta 
hydrodynamics 
well studied.  
Effects of Delta 
hydrodynamics 
on organisms not 
as well studied. 

Reduced 
survival, 
reduced 
growth 

12 All stages Not 
applica
ble 

Nimbus 
Hatchery fall-
run production 
straying to 
mainstem 
Sacramento 
River 

Competition for habitat and hybridization with 
hatchery fall-run 

Low Low because 
Nimbus fall-run 
have historically 
not been marked, 
so the degree of 
straying to 
spring-run 
habitats is not 
well understood 

Reduced 
fitness of wild 
fish 
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Operation of the CVP and SWP negatively affects the diversity of spring-run in the mainstem 
Sacramento River, and the proposed action is expected to continue these effects.  The operation 
of the DCC and RBDD affects the temporal distribution of adult spring-run on their spawning 
migration to mainstem Sacramento River spawning grounds.  Spawning run timing is considered 
a key diversity trait for salmon species (McElhany et al. 2000).  Based on recent population 
estimates (CVP/SWP operations BA page 6-22), the abundance of spring-run spawners 
attempting to migrate to the mainstem Sacramento River spawning grounds and to tributaries 
(e.g., Cottonwood/Beegum, Clear, and Battle creeks) upstream of RBDD accounts for about 10 
percent of the entire run in the Sacramento River.  Of this 10 percent, approximately 70 percent 
attempt to migrate past RBDD after the gates are down, and therefore are likely delayed until 
they locate and navigate the fish ladders.  During low flow conditions, spring-run passage to 
upstream holding and spawning habitats in the tributaries may be impeded at falls or critical 
riffles, presumably forcing these fish to either back track and hold and spawn within the 
mainstem Sacramento River or remain in highly unsuitable habitats in the tributaries.  Spring-run 
that are delayed at RBDD and cannot access tributary spawning habitats as a result of low flows 
may end up spawning with spring-run and fall-run originating from the mainstem Sacramento 
River, which continues the pattern of genetic introgression and hybridization that has occurred 
since RBDD was built in the late 1960s (CDFG 1988, NMFS 2004b, TCCA 2008).   
 
In addition to impacts to the spatial structure and diversity, the proposed action is expected to 
result in substantial mortality to spring-run juveniles, including those produced in the mainstem 
Sacramento River.  Results from a recent study indicate that about 80 to 90 percent of Chinook 
salmon smolts die when migrating from the mainstem Sacramento River near Battle Creek 
through the San Francisco Estuary (Delta, Suisun, San Pablo, and San Francisco bays; 
MacFarlane et al. 2008).  Mortality of spring-run that are naturally-produced within the 
Sacramento River, which must avoid predators immediately upon emerging from spawning 
gravels as fry, is most likely higher than the mortality reported for the late fall-run smolts based 
on size-related differences in vulnerability to predation (i.e., fry are more vulnerable to predation 
than smolts).  Although the survival data presented in MacFarlane et al. (2008) includes natural 
and anthropogenic sources of mortality, much of this mortality is believed to be attributed to 
proposed action-related effects.  For example, Project-related entrainment into the Central and 
South Delta greatly increase the risk of mortality from direct (entrainment and impingement at 
the pumps) and indirect (predation) effects (figure 9-3).  
 
All of the above factors which reduce the spatial structure, diversity, and abundance of mainstem 
Sacramento River spring-run, compromise the capacity for this population to respond and adapt 
to environmental changes.  Future projections over the duration of the proposed action (i.e., 
through 2030), considering both increasing water demands and climate change, exacerbate risks 
associated with continuation of the proposed action, further increasing the risk of the population. 
 
In the Sacramento River, comparing climate change scenarios (Study 9.0 base vs Study 9.5 drier, 
more warming) shows that average spring-run mortality increases from 20 percent to 55 percent 
(figure 6-20).  EOS carryover storage at Shasta is less than 1.9 MAF during average dry years 
(1928 to 1934) in all scenarios except Study 9.2 wetter, less warming (CVP/SWP operations BA 
table 9-23).  Under these conditions, spring-run would experience a loss of spawning habitat, as 



water temperatures below dams becomes harder to control and the cold water pool in Shasta 
diminishes.   
 
9.3.4.3  Battle Creek Spring-Run Chinook Salmon 
 
Returning adult spring-run population size in Battle Creek has generally ranged from tens up to a 
few hundred fish, placing the population at a high risk of extinction based on abundance (see 
table 4-3).   
 
The general baseline stress regime for Chinook salmon in the freshwater, estuarine, and marine 
environment is depicted in figure 9-1.   
 
The proposed action affects Battle Creek spring-run when these fish are migrating upstream 
through the Delta and Sacramento River as adults and as juveniles migrating downstream 
through these areas.  The proposed action stressors for these life stages and locations for spring-
run from Battle Creek are the same stressors described above for mainstem Sacramento River 
spring-run in table 9-5.  That is, the DCC and RBDD adversely affect adult immigration and 
proposed action-related factors in the Delta decrease juvenile/smolt survival.  RBDD delays 
adult spring-run during the middle portion of their upstream migration for about 21 days.  This 
delay exposes spring-run to thermally stressful conditions, which may result in prespawn 
mortality, reduce overall fecundity, or reduce egg viability (EPA 2001).  Considering the 
extremely small spring-run population sizes in Battle Creek, along with the effect of the DCC 
and RBDD on upstream migration and the magnitude of proposed action-related loss of juvenile 
Chinook salmon migrating through the Delta (figure 9-3), it is likely that the proposed action 
also has population-level effects for this population.   
 
9.3.5  Northern Sierra Nevada Diversity Group 
 
9.3.5.1  Antelope, Mill, Deer, Big Chico, and Butte Creeks and Yuba River Spring-Run 
Chinook Salmon 
 
Antelope, Mill, Deer, Big Chico, and Butte creeks and the Yuba River enter the Sacramento 
River below RBDD and thus, spring-run returning to those watersheds are not affected by the 
dam.  The baseline stress regime for these spring-run populations includes all non-CVP/SWP 
stressors that were previously described (see figure 9-1) as well as stressors within each 
watershed, such as high water temperatures and agricultural diversions that diminish instream 
flows, act as passage impediments for adult immigration, and entrain juveniles as they rear and 
migrate downstream.  The spring-run produced in these watersheds are also expected to be 
adversely affected by the effects of the proposed action in the Delta, as they are migrating 
upstream as adults or downstream as juveniles.  Given that these watersheds do not contain any 
CVP or SWP facilities, hatcheries, or other direct effects from the proposed action, it is less 
likely that the proposed action will have population-level effects as compared to watersheds 
above RBDD (e.g., Battle, Beegum and Clear Creeks).  Nevertheless, the abundance of every 
spring-run population within the Northern Sierra Nevada diversity group is expected to be 
reduced by proposed action-related factors in the Delta. 
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9.3.6  Assess Risk to the Central Valley Spring-Run Chinook Salmon ESU 
 
As previously stated, the spring-run ESU is currently likely to become endangered within the 
foreseeable future in large part because:  (1) the ESU is currently composed of only one diversity 
group containing extant independent populations; (2) habitat elimination and modification 
throughout the Central Valley have drastically altered the ESU’s spatial structure and diversity; 
and (3) the ESU has a risk associated with catastrophes, especially considering the remaining 
independent populations’ proximity to Mt. Lassen and the probability of a large scale wild fire 
occurring in those watersheds (Lindley et al. 2007).  In addition, population growth rate (lamda) 
declined under all climate change scenarios considered by Crozier et al. (2008).  The risk of 
dropping below the lowest historical level of abundance shifted from a range of 6-36 percent in 
the current climate to 54-86 percent in the drier hotter climate (Crozier et al. 2008).  Maintaining 
habitat diversity could potentially help buffer against the impacts of climate change (Lindley et 
al. 2009).  The proposed action does not improve any of these factors.  Our VSP analysis at the 
population and diversity group scales show that the proposed action reduces the viability of 
every extant spring-run population and diversity group.  Thereefore, the viability of the ESU is 
expected to be significantly reduced with implementation of the proposed action.   
 
Given the evidence of the reduction in numbers, reproduction and/or distribution of the species, 
NMFS concludes that Reclamation has not ensured that the proposed action is not likely to 
appreciably reduce the likelihood of viability, and therefore the likelihood of both the survival 
and recovery of the Central Valley spring-run Chinook salmon ESU (table 9-6). 
 
Table 9-6.  Reasoning and Decision-Making Steps for Analyzing the Proposed Action’s Effects on the Central 
Valley Spring-Run Chinook Salmon ESU.  Application of Key Evidence is Provided in Italics.  Each selected 
decision is shaded in gray.  Acronyms and Abbreviations in the Action Column Refer to Not Likely to 
Adversely Affect (NLAA) and Not Likely/Likely to Jeopardize (NLJ/LJ).   
Step Apply the Available Evidence to Determine if… True/False Action 

True End 

A 

The proposed action is not likely to produce stressors that have direct or 
indirect adverse consequences on the environment. 
Key Evidence:  Proposed action-related stressors adversely affecting the 
environment include: (1) RBDD operations (i.e., impeding fish passage upstream, 
degrading rearing and migratory habitat through the formation of Lake Red Bluff, 
and creating favorable conditions for predators); (2) Sacramento River and Clear 
Creek flow regulation disrupting natural river function and morphology;  (3) warm 
water temperatures in the mainstem Sacramento River and Clear Creek; and (4) 
modified Delta hydrology associated with export operations (e.g., pulling water 
towards the Federal and State pumping plants). 

False Go to 
B 

B 

CV spring-run are not likely to be exposed to one or more of those stressors or 
one or more of the direct or indirect consequences of the proposed action. 
Key Evidence:  (1) Each year through 2019, RBDD operations are expected to delay 
~70% of the spring-run adults that spawn upstream of RBDD (i.e., approximately 
10% of the total run size returning to the Sacramento River) and ~5% of spring-run 
juveniles emigrating past RBDD would be exposed to greater predation.  (2) All 

True NLAA 
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 freshwater life stages of Sacramento River and Clear Creek spring-run will be 
exposed to regulated flows and their effects on river processes and morphology 
every year through 2030.  (3) Each year through 2030, Clear Creek and mainstem 
Sacramento River spring-run are expected to be exposed to water temperatures 
warmer than life stage requirements during egg incubation.  (4) As water is moved 
from the north Delta to the export facilities in the south Delta, each year through 
2030, spring-run juveniles will have increased exposure to an abundant predator 
community, an aquatic environment degraded by pesticides and contaminants, and 
direct entrainment at the Federal and State pumping plants. 

False Go to 
C 

True NLAA 

C 

CV spring-run are not likely to respond upon being exposed to one or more of 
the stressors produced by the proposed action. 
Key Evidence:  (1) Delayed upstream migration at RBDD causes individual adults to 
consume more energy, which limits the amount of energy available for reproduction, 
resulting in the deposition of fewer and/or less viable eggs.  Mortality of juvenile 
salmon migrating downstream past RBDD reportedly ranges from 5 to 50 %.  (2) 
Loss of natural river function resulting from flow regulation in the Sacramento River 
and in Clear Creek has reduced the quality and quantity of rearing and migratory 
habitats, thereby reducing the growth and survival of individual spring-run juveniles 
in those systems.  (3) .Under near-term operations (Study 7.1) spring-run egg 
mortality from exposure to warm water temperatures in the mainstem Sacramento 
River is expected to range from approximately 9% in wet years up to approximately 
66% in critically dry years, with an average of approximately 21% over all water 
year types; under modeled climate change projections, average egg mortality over 
all water year types is expected to be approximately 50 % and during the driest 15 
% of years is expected to be approximately 95%.  In addition to mortality, individual 
spring-run from the mainstem Sacramento River are expected to experience sub-
lethal effects during the egg incubation life stage resulting from exposure to warm 
water temperatures.  Individual Clear Creek spring-run are expected to experience 
lethal and sub-lethal effects due to warm water temperatures during the adult 
immigration and holding, and egg incubation life stages. (4) Mortality of spring-run 
juveniles that enter the Delta interior is expected to range from 35 to 90%, resulting 
in the loss of approximately 5-16 percent of the entire ESU.   

False Go to 
D 

True NLAA 

D 

Any responses are not likely to constitute “take” or reduce the fitness of CV 
spring-run that have been exposed. 
Key Evidence: (1) The reduction in energy available for egg production associated 
with delayed upstream migration at RBDD reduces the fitness of individuals by 
reducing their reproductive capacity; RBDD operations are expected to increase 
“take” of spring-run juveniles migrating downstream.  (2) “Take”of spring-run 
individuals in the form of reduced growth and survival is expected due to the loss of 
natural river function associated with flow regulation in the Sacramento River and 
in Clear Creek.  (3) and (4)  As described in step C, “take” of spring-run 
individuals, in the form of mortality and sub-lethal effects, is expected particularly 
during the egg incubation (water temperature effects) and juvenile rearing/smolt 
emigration (predation and entrainment in the Delta) life stages. 
 

False Go to 
E 

True NLJ 

E 

Any reductions in individual fitness are not likely to reduce the viability of the 
populations those individuals represent. 
Key Evidence:  The cumulative effects of RBDD operations, flow regulation, warm 
water temperatures, project-related impacts in the Delta, and other project-related 
stressors (see tablse 9-4 and 9-5) are expected to sufficiently reduce the survival 
and/or reproductive success of spring-run individuals at multiple life stages every 
year through 2030 such that key population parameters (i.e. spatial structure, 
diversity, and abundance) are appreciably reduced for all extant spring-run 
populations.  Reductions in these parameters over the next 21 years will likely 
reduce the viability of every extant spring-run population.   

False Go to 
F 
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True NLJ 

F 

Any reductions in the viability of the exposed populations are not likely to 
reduce the viability of CV spring-run. 
Key Evidence: Considering the greatly diminished status of the CV spring-run ESU, 
NMFS assumes that if a population-level effect on any of the populations within the 
ESU is expected from implementation of the proposed action, then a species-level 
effect will be expected as well.  The proposed action reduces the viability of every 
extant spring-run diversity group and population.  Therefore, the viability of the 
ESU is expected to be significantly reduced with implementation of the proposed 
action. 

False LJ 

 
9.4  Central Valley Spring-Run Chinook Salmon Critical Habitat 
 
9.4.1  Status of Central Valley Spring-Run Chinook Salmon Critical Habitat 
 
Critical habitat for spring-run is composed of primary constituent elements that are essential for 
the conservation of the species including, but not limited to, spawning habitat, rearing habitat, 
migratory corridors, and estuarine areas.  Most of the historic spawning and rearing habitat for 
spring-run is above impassable dams23 as is the case for the Sacramento, Feather, Yuba, 
American, Mokelumne, Stanislaus, Tuolumne, Merced, and San Joaquin rivers.  Due to this 
habitat elimination, current spring-run spawning habitat largely occurs in areas that historically 
functioned as either rearing habitat or migratory corridors for spring-run, or spawning habitat for 
fall-run.  The quality of spawning habitat used by spring-run in the Central Valley is diminished 
when fall-run, which spawn later than but still during spring-run spawning, arrive at the 
spawning grounds and physically disturb spring-run redds during their redd construction.  This 
competition for spawning habitat between spring-run and fall-run, which was created by dam 
construction, occurs on several Central Valley rivers, including the mainstem Sacramento River.  
Spawning habitat for spring-run in the mainstem Sacramento River is often negatively affected 
by operation of the CVP through warm water releases from Shasta Reservoir.  Additionally, the 
status of spring-run critical habitat is degraded by CVP operations and infrastructure such as the 
DCC and RBDD. 
 
Substantial habitat degradation and alteration also has affected the rearing, migratory, and 
estuarine areas used by spring-run.  Some general examples of how spring-run critical habitat has 
been degraded include the loss of natural river function and floodplain connectivity through 
levee construction, direct loss of floodplain and riparian habitat, and effects to water quality 
associated with agricultural, urban, and industrial land use.  One specific example of degradation 
to estuarine habitats used by spring-run is that human activities in the San Francisco Bay-Delta 
Estuary have caused the loss or conversion of more than 500,000 acres of tidal wetlands and 
thousands of acres of shoreline and stream habitat 
(http://sfep.abag.ca.gov/pdfs/fact_sheets/SF_Bay_Delta_Estuary.pdf).  Perhaps the most striking 
indication that the status of estuarine habitats used by spring-run has been degraded is the 
collapse of the pelagic community in the Delta that has been observed in recent years (Sommer 
et al. 2007).  It is not immediately clear how the changes in the Delta ecosystem affect spring-
run, but it is certain that substantial changes to spring-run estuarine habitat are occurring.  It 
should be noted that the area in which the pelagic organism collapse is occurring does overlap 

                                                 
23 All critical habitat for spring-run occurs below impassable barriers.   
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with spring-run critical habitat in the Delta, but the area of collapse also occurs in areas of the 
Delta that are not designated as spring-run critical habitat.   
 
Due to past and present day effects to spring-run habitat, the current condition of spring-run 
critical habitat is considered to be highly degraded, and does not provide the conservation value 
necessary for the survival and recovery of the species.    
 
9.4.2  Northwestern California Diversity Group 

 
9.4.2.1  Spring-Run Chinook Salmon Critical Habitat in Clear Creek 
 
9.4.2.1.1  Status of Spring-Run Chinook Salmon Critical Habitat in Clear Creek 
 
Whiskeytown Dam at RM 18.1 is an impassable barrier to adult anadromous salmonids and 
marks the upstream extent of potential spring-run habitat.  Prior to 2000, the McCormick-
Saeltzer Dam presented a barrier to upstream migration for anadromous salmonids.  Following 
removal of the Dam in 2000, access to approximately 12 miles of coldwater habitat upstream to 
Whiskeytown Dam was restored.  The construction of Whiskeytown Dam, gold mining, and 
significant gravel mining in the Clear Creek watershed has diminished the availability and 
recruitment of suitable spawning gravels.  Gravel injection projects are conducted to make up for 
this loss of spawning gravel recruitment, but limited spawning habitat availability is a problem in 
Clear Creek.   
 
Currently the release schedule from Whiskeytown Dam calls for flows of 200 cfs from October 1 
to June 1 and 150 cfs, or less, from July through September in order to maintain water 
temperatures below 60°F.  Under dry and warm climate conditions, water temperatures above 
60° F occur in Clear Creek.  Lindley et al. (2004) suggested that Clear Creek appears to offer 
habitat of marginal suitability to spring-run, having limited area at higher elevations and being 
highly dependent on rainfall. 
 
9.4.2.1.2  Project Effects on Spring-Run Chinook Salmon Critical Habitat in Clear Creek 
 
The proposed action adversely affects Clear Creek spring-run critical habitat in a few ways.  As 
shown in table 9-4 above, the proposed action is expected to produce stressors to habitats within 
Clear Creek used for spring-run adult immigration and holding, spawning, and egg incubation.  
Those stressors include warm water temperatures, and low summer flows.  Under dry and warm 
climate conditions, the proposed action is expected to provide water temperatures warmer than is 
required for successful holding, spawning and egg incubation.   
 
9.4.2.1.3  Assess Risk to Spring-Run Chinook Salmon Critical Habitat in Clear Creek 
 
At least six factors, when considered concurrently, suggest that implementation of the proposed 
action is expected to place critical habitat for Clear Creek spring-run at considerable risk.  First, 
Clear Creek habitat below Whiskeytown Dam is believed to be of marginal suitability for spring-
run (Lindley et al. 2004).  Records reviewed by Yoshiyama et al. (1996) do not suggest that 
spring-run were historically abundant in Clear Creek indicating limitations to the quantity and/or 
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quality of habitat even before the construction of Whiskeytown Dam (Lindley et al. 2004).  
Third, climate change is expected to further degrade the suitability of habitats in the Central 
Valley through increased temperatures, increased frequency of drought, increased frequency of 
flood flows, and overall drier conditions (Lindley et al. 2007).  Fifth, under current usage 
practices, human population growth will place an increasing demand on limited water supplies, 
potentially exacerbating adverse effects to spawning, rearing, migratory, and estuarine habitats.  
Lastly, the proposed action is expected to produce stressors every year for the next 21 years that 
will decrease the conservation value of these habitats (see table 9-4). 
 
9.4.2.2  Spring-Run Chinook Salmon Critical Habitat in Cottonwood/Beegum and Thomes 
Creeks 
 
Like Clear Creek, Cottonwood/Beegum and Thomes creeks appear to offer habitat of marginal 
suitability to spring-run Chinook salmon, having limited area at higher elevations and being 
highly dependent on rainfall, instead of snowmelt like the Sierra watersheds (Lindley et al. 
2004).  It is also worth noting that Cottonwood/Beegum, Thomes, and Clear creeks are on the 
east side of the coast range and, thus, lie in that mountain range’s rain shadow (Lindley et al. 
2004).  Unlike Clear Creek, Cottonwood/Beegum and Thomes creeks do not have a large 
reservoir constructed on them, and thus are characterized by a more natural hydrograph.  Water 
temperatures are generally warmer and flows are generally lower on these creeks than on Clear 
Creek.  Spring-run critical habitat in Thomes Creek is degraded by high water temperatures, low 
flows, water diversions and associated seasonal diversion dams, gravel mining, and other habitat 
alterations such as levee construction and bank protection actions (i.e., rip rapping).  In the 
Cottonwood/Beegum watershed, critical habitat is degraded by high water temperatures, low 
flows, diversions, and gravel mining. 
 
9.4.3  Basalt and Porous Lava Diversity Group 

 
9.4.3.1  Spring-Run Chinook Salmon Critical Habitat in the Mainstem Sacramento River 
 
9.4.3.1.1  Status of Spring-Run Chinook Salmon Critical Habitat in the Mainstem 
Sacramento River 
 
Within the range of the spring-run ESU, biological features of the designated critical habitat that 
are considered vital for spring-run include freshwater spawning sites, freshwater rearing sites, 
freshwater migration corridors, and estuarine areas.  As generally described above in section 
9.4.1, the status of critical habitat in each of these biological features is considered to be highly 
degraded, particularly with respect to habitats within the mainstem Sacramento River.  The 
quality of spawning habitat used by spring-run in the mainstem Sacramento River is diminished 
when fall-run, which commence spawning slightly later in the season than spring-run, arrive at 
the spawning grounds, move gravels around for redd construction, and physically disturb spring-
run redds during that process.  Spawning and egg incubation habitat for spring-run in the 
mainstem Sacramento River is often adversely affected by operation of the CVP through warm 
water releases from Shasta Reservoir.  Freshwater rearing and migration habitats have been 
degraded by RBDD operations which delay upstream migration, reduce the availability of 
quality rearing habitat through the related seasonal creation of Lake Red Bluff, and create 
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improved feeding opportunities for predators such as pikeminnow and striped bass.  Additional 
adverse effects to rearing and migration habitats within the Sacramento River include loss of 
natural river function and floodplain connectivity through flow regulation,levee construction, 
direct loss of floodplain and riparian habitat, and effects to water quality associated with 
agricultural, urban, and industrial land use.   
 
9.4.3.1.2  Project Effects on Spring-Run Chinook Salmon Critical Habitat in the Mainstem 
Sacramento River 
 
The proposed action negatively affects mainstem Sacramento River critical habitat in several 
ways.  As shown in table 9-5 above, the proposed action produces stressors to spawning, rearing, 
and migratory habitats in the mainstem Sacramento River.  Those stressors include operation of 
RBDD, limited spawning habitat availability resulting from water temperature management, 
exposure to warm water temperatures during egg incubation and juvenile rearing, and loss of 
natural river function and morphology, affecting all habitat types and rearing habitat quanity and 
quality in particular.   
 
9.4.3.1.3  Assess Risk to Spring-Run Chinook Salmon Critical Habitat in the Mainstem 
Sacramento River 
 
At least four factors, when considered together, suggest that implementation of the proposed 
action is expected to place spring-run critical habitat in the mainstem Sacramento River at 
considerable risk.  First, spawning, rearing, and migratory habitats within the mainstem 
Sacramento River are believed to be substantially degraded and generally would be considered 
as not properly functioning (McElhany et al. 2000, NMFS 1996b).  Second, climate change is 
expected to further degrade the suitability of habitats in the Central Valley through increased 
temperatures, increased frequency of drought, increased frequency of flood flows, and overall 
drier conditions (Lindley et al. 2007).  Third, under current usage practices, human population 
growth will place an increasing demand on limited water supplies, potentially exacerbating 
adverse effects to spawning, rearing, and migratory habitats.  Lastly, the proposed action is 
expected to produce stressors every year for the next 21 years that will further compromise the 
conservation value of each of these habitats (see table 9-5). 
 
9.4.3.2  Spring-Run Chinook Salmon Critical Habitat in Battle Creek 
 
Spring-run habitat on Battle Creek is generally considered to be suitable largely due to many 
cold springs which feed the creek and the fact that the watershed receives a considerable amount 
of snowmelt during the spring and early summer.  However, Battle Creek habitat is affected by 
several PG&E owned and operated diversion facilities on the North and South Forks.  These 
facilities allow PG&E to control the majority of the flows in the anadromous fish reaches of the 
Battle Creek watershed.  Because these facilities limit the availability of suitable anadromous 
salmonid habitat within the watershed, a cooperative partnership among Federal, State, and local 
entities was formed to develop and implement the Battle Creek Salmon and Steelhead 
Restoration Project.  Specific restoration components, include improved instream flow releases, 
selected decommissioning of dams at key locations in the watershed, dedication of water 
diversion rights for instream purposes at decommissioned sites, construction of tailrace 
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connectors, and installation of Fail-Safe Fish Screens and Fish Ladders 
(http://www.usbr.gov/mp/battlecreek/pdf/main/MOU.pdf).  This restoration project has not yet 
been implemented, but is expected to be in the near future. 
 
9.4.4  Northern Sierra Nevada Diversity Group 
 
The proposed action does not affect spring-run critical habitat within any of the watersheds in the 
Northern Sierra Nevada Diversity Group with the exception of the Feather River.  The effects to 
Feather River spring-run critical habitat are being evaluated in a separate Opinion related to the 
FERC relicensing of Oroville Dam.   
 
9.4.5  Assess Risk to Central Valley Spring-Run Chinook Salmon Critical Habitat 
 
At least five factors, when considered concurrently, suggest that implementation of the proposed 
action is expected to place spring-run critical habitat at considerable risk.  First, the status of 
spring-run critical habitat is one characterized by severe degradation, including factors such as 
warm water temperatures and low flows, loss of natural river function and floodplain 
connectivity through flow regulation and levee construction, direct loss of floodplain and 
riparian habitat, loss of tidal wetland habitat, a collapsed pelagic community in the Delta, and 
poor water quality associated with agricultural, urban, and industrial land use.  In general, much 
of the spawning, rearing, migratory, and estuarine habitat would be considered as not properly 
functioning (NMFS 1996b).  For example, NMFS (1996b) suggests that floodplain connectivity 
would be considered not properly functioning if the following description applied: “severe 
reduction in hydrologic connectivity between off-channel, wetland, floodplain and riparian 
areas; wetland extent drastically reduced and riparian vegetation/succession altered 
significantly.”  That descriptor certainly fits the Central Valley situation where only about 5 
percent of Delta wetlands remain available due to levee construction and conversion to 
agricultural land (Williams 2006).  Second, climate change is expected to further degrade the 
suitability of habitats in the Central Valley through increased temperatures, increased frequency 
of drought, increased frequency of flood flows, overall drier conditions (Lindley et al. 2007), and 
altered estuarine habitats through changes in hydrology and sea level rise.  Third, under current 
practices, human population growth will place an increasing demand for limited water supplies, 
potentially exacerbating adverse effects to spawning, rearing, migratory, and estuarine habitats.  
Lastly, the proposed action is expected to produce stressors every year for the next 21 years that 
will continue to compromise the conservation value of spring-run spawning and rearing habitats 
in Clear Creek and the mainstem Sacramento River, and compromise the conservation value of 
migratory and estuarine habitats for all extant spring-run populations.   
 
Based on the analysis of available evidence, NMFS concludes that the proposed action is likely 
to reduce the conservation value of the critical habitat, as designated, for the conservation of 
Central Valley spring-run Chinook salmon (table 9-7).   
 
Table 9-7.  Reasoning and Decision-Making Steps for Analyzing the Proposed Action’s Effects on Central 
Valley Spring-Run Chinook Salmon Designated Critical Habitat.  Application of Key Evidence is Provided in 
Italics.  Each selected decision is shaded in gray.  Acronyms and Abbreviations in the Action Column Refer to 
Not Likely to Adversely Affect (NLAA) and Adverse Modification of Critical Habitat (AD MOD). 
Step Apply the Available Evidence to Determine if… True/False Action 
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True End 

A 

The proposed action is not likely to produce stressors that have direct or 
indirect adverse consequences on the environment. 
Key Evidence:  Proposed action-related stressors adversely affecting the 
environment include: (1) RBDD operations (i.e., impeding fish passage upstream, 
degrading rearing and migratory habitat through the formation of Lake Red Bluff, 
and creating favorable conditions for predators); (2) Sacramento River and Clear 
Creek flow regulation disrupting natural river function and morphology; (3) warm 
water temperatures in the mainstem Sacramento River and Clear Creek; and (4) 
modified Delta hydrology associated with export operations (e.g., pulling water 
towards the Federal and State pumping plants). 

False Go to B 

True NLAA 

B 

Areas of designated critical habitat for CV spring-run are not likely to be 
exposed to one or more of those stressors or one or more of the direct or 
indirect consequences of the proposed action. 
Key Evidence:  (1) Each year through 2019, the migratory corridor for spring-run 
adult immigration and juvenile emigration is expected to be affected by RBDD 
operations; rearing habitat will be affected by the formation of Lake Red Bluff.  (2) 
Holding, spawning, rearing, and migratory habitats in the Sacramento River and 
Clear Creek will be exposed to regulated flows and their effects on river processes 
and morphology every year through 2030.  (3)Each year through 2030, spring-run 
egg incubation habitats are expected to be affected by water temperatures warmer 
than life stage-specific requirements.  (4) Each year through 2030, as water is 
moved from the north Delta through the DCC towards the pumping plants in the 
south Delta, a portion of outmigrating spring-run juveniles will be entrained into 
the central Delta, where survival and successful outmigration to the Pacific Ocean 
is expected to be lower than if the juveniles remained in the main migratory 
corridor of the Sacramento River. 

False Go to C 

True NLAA 

C 

The quantity, quality, or availability of all constituent elements of CV spring-
run critical habitat are not likely to be reduced upon being exposed to one or 
more of the stressors produced by the proposed action. 
Key Evidence:  (1) Each year through 2019, RBDD operations will reduce the 
quality of habitat for spring-run adult immigration and juvenile emigration, as well 
as the quality and quantity of rearing habitat through the formation of Lake Red 
Bluff.  (2) Loss of natural river function resulting from flow regulation has reduced 
the quality and quantity of rearing and migratory habitats in the Sacramento River 
and in Clear Creek.  (3)Each year through 2030, the provision of water 
temperatures warmer than life stage-specific requirements will reduce the quantity 
and quality of spring-run egg incubation habitats in the mainstem Sacramento 
River; and adult immigration and holding and egg incubation habitats in Clear 
Creek.  (4) Each year through 2030, the quality of migratory habitats is reduced by 
entraining juvenile spring-run into low quality rearing/migratory habitat in the 
central Delta. 

False Go to D 

True - 

D 

Any reductions in the quantity, quality, or availability of one or more 
constituent elements of spring-run critical habitat are not likely to reduce the 
conservation value of the exposed area. 
Key Evidence:  Reductions in the conservation value of migratory, egg incubation, 
and rearing habitats are expected due to reductions in the quantity, quality, or 
availability of critical habitat constituent elements resulting from RBDD 
operations, flow regulation in the Sacramento River and Clear Creek, the provision 
of water temperatures in the Sacramento River and Clear Creek warmer than life 
stage-specific requirements, and the movement of water towards the Federal and 
State pumping plants. 

False Go to E 

E 

Any reductions in the conservation value of the exposed area of spring-run 
critical habitat are not likely to reduce the conservation value of the critical 
habitat designation. 
Key Evidence:  Because the conservation value of all inland habitat types 

True No AD 
MOD 
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(migratory, spawning/egg incubation, and rearing) necessary to complete the 
salmon life cycle are expected to be reduced with implementation of the proposed 
action, it is likely that the conservation value of the critical habitat designation will 
also be reduced. 

False AD 
MOD 

 

 
9.5  Central Valley Steelhead 
 
In this section, we describe how the proposed action is expected to affect the likelihood of 
survival and recovery of the CV steelhead DPS by summarizing how Project operations will 
affect steelhead from Clear Creek, the mainstem Sacramento River, the American River, and the 
Stanislaus River.  We will focus on these four populations for a few reasons.  First, they are the 
only populations that are affected by the proposed action within their respective watersheds as 
well as in the migratory corridors (i.e., mainstem Sacramento River, mainstem San Joaquin 
River, and Delta).  Second, these four populations are from each of the four diversity groups 
(biogeographical regions) that are composed of extant steelhead populations, and thus proposed 
action effects that are common to every extant steelhead population in the migratory corridors 
(including the Delta) will be described as these four populations are described in turn.  To 
illustrate this, consider the Calaveras and Stanislaus rivers, both from the Southern Sierra 
Nevada Diversity Group.  Steelhead from the Calaveras River are only affected by the proposed 
action when they occur in the Delta, and although the effects will not be discussed as they relate 
to the Calaveras River steelhead population, Delta effects to steelhead from the southern Sierra 
Nevada Diversity Group are described in the Stanislaus River analysis.  Lastly, as described in 
Lindley et al. (2007), there are almost no data with which to assess the status of any of the extant 
steelhead populations in the Central Valley.  As such, it did not make sense to attempt to assess 
whether stressors to individuals from populations that are only affected in the migratory 
corridors would constitute population-level effects.  However, it does seem reasonable to assess 
whether effects to individual steelhead from Clear Creek, the mainstem Sacramento River, the 
American River, and the Stanislaus River add up to population-level consequences, as some 
status information for each of these steelhead populations is available and the individuals from 
these four populations are affected by the proposed action throughout their inland life cycle.   
 
This section will first summarize the status of CV steelhead.  Next, within each diversity group, 
the risk to one of the four populations identified above will be assessed by considering its status, 
baseline stress regime, and how the proposed action is expected to affect individuals from that 
population throughout their life cycle.  These effects and associated risk to individuals are 
considered concurrently with the population status and baseline, to reason whether or not the 
proposed action is expected to have a population-level effect.   Finally, the risk to the species 
will be assessed by considering the risk to the various populations associated with 
implementation of the 21-year long proposed action.  As stated in the Analytical Approach, if a 
population-level effect on any of the populations within the ESU is expected from 
implementation of the proposed action, then a species-level effect will be expected as well, based 
on the recommendation from the TRT that every extant population is necessary for the recovery 
of the species.  NMFS interprets this to indicate that an increase in the extinction risk of one or 
more of the populations increases the extinction risk of the species. 
 
9.5.1  Status of the Central Valley Steelhead DPS 
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CV steelhead were listed as threatened on March 19, 1998.  Their classification was retained 
following a status review on January 5, 2006 (71 FR 834).  This DPS consists of steelhead 
populations in the Sacramento and San Joaquin River (inclusive of and downstream of the 
Merced River) basins in California’s Central Valley.  Steelhead historically were well distributed 
throughout the Sacramento and San Joaquin Rivers (Busby et al. 1996).  Steelhead were found 
from the upper Sacramento and Pit River systems (now inaccessible due to Shasta and Keswick 
dams), south to the Kings and possibly the Kern River systems (now inaccessible due to 
extensive alteration from water diversion projects), and in both east- and west-side Sacramento 
River tributaries (Yoshiyama et al. 1996).  The present distribution has been greatly reduced 
(McEwan and Jackson 1996), with nearly all historic spawning habitat blocked behind 
impassable dams in many major tributaries, including in the Northwestern California (Clear 
Creek), the Basalt and Porous Lava (Sacramento, Pit, and McCloud rivers), the northern Sierra 
Nevada (Feather, Yuba, American Rivers, and Mokelumne rivers), and the southern Sierra 
Nevada (Stanislaus, Tuolumne, Merced, Calaveras, and San Joaquin rivers) diversity groups 
(Lindley et al. 2007).   
 
Historic CV steelhead run size is difficult to estimate given limited data, but may have 
approached one to two million adults annually (McEwan 2001).  By the early 1960s, the 
steelhead run size had declined to about 40,000 adults (McEwan 2001).  Over the past 30 years, 
the naturally spawned steelhead populations in the upper Sacramento River have declined 
substantially.  Hallock et al. (1961) estimated an average of 20,540 adult steelhead in the 
Sacramento River, upstream of the Feather River, through the 1960s.  Steelhead counts at RBDD 
declined from an average of 11,187 for the period of 1967 to 1977, to an average of 
approximately 2,000 through the early 1990s, with an estimated total annual run size for the 
entire Sacramento-San Joaquin system, based on RBDD counts, to be no more than 10,000 
adults (McEwan and Jackson 1996; McEwan 2001).  Steelhead escapement surveys at RBDD 
ended in 1993 due to changes in dam operations. 
 
The only consistent data available on steelhead numbers in the San Joaquin River basin come 
from CDFG mid-water trawling samples collected on the lower San Joaquin River at Mossdale. 
These data indicate a decline in steelhead numbers in the early 1990s, which have remained low 
through 2002 (CDFG 2003).  In 2004, a total of 12 steelhead smolts were collected at Mossdale 
(CDFG unpublished data). 
 
Existing wild steelhead stocks in the Central Valley are mostly confined to the upper Sacramento 
River and its tributaries, including Antelope, Deer, and Mill creeks and the Yuba River. 
Populations may exist in Big Chico and Butte creeks.  A few wild steelhead are produced in the 
American and Feather Rivers (McEwan and Jackson 1996).  Snorkel surveys from 1999 to 2002 
indicate that steelhead are present in Clear Creek (J. Newton, FWS, pers. comm. 2002, op. cit. 
Good et al. 2006).  Because of the large resident O. mykiss population in Clear Creek, steelhead 
spawner abundance has not been estimated.  Until recently, steelhead were thought to be 
extirpated from the San Joaquin River system.  Recent monitoring has detected small self-
sustaining populations of steelhead in the Stanislaus, Mokelumne, Calaveras, and other streams 
previously thought to be void of steelhead (McEwan 2001).  On the Stanislaus River, steelhead 
smolts have been captured in rotary screw traps at Caswell State Park and Oakdale each year 
since 1995 (Demko and Cramer 2000).  It is possible that naturally spawning populations exist in 
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many other streams.  However, these populations are undetected due to lack of monitoring 
programs (IEPSPWT 1999). 
 
The majority (66 percent) of BRT votes was for “in danger of extinction,” and the remainder was 
for “likely to become endangered.”  Abundance, productivity, and spatial structure were of 
highest concern.  Diversity considerations were of significant concern.  The BRT was concerned 
with what little new information was available and indicated that the monotonic decline in total 
abundance and in the proportion of wild fish in the CV steelhead DPS was continuing. 
 
9.5.2  Baseline Stress Regime for the Central Valley Steelhead DPS 
 
Extensive habitat elimination and degradation has been a primary factor causing the threatened 
status of CV steelhead.  Physical habitat modifications (e.g., dam construction and river 
straightening and associated riprap applications) and many other anthropogenic effects on habitat 
have greatly diminished the viability of the DPS.  The general future baseline for steelhead in the 
freshwater, estuarine, and marine environment is similar to that of winter-run (figure 9-1), with 
an exception that there is no targeted ocean fishery for steelhead.  Detailed descriptions of 
baseline stressors to CV steelhead are provided in section 4.2.4, Factors Responsible for the 
Current Status of Winter-Run, Spring-Run, CV Steelhead, and the Southern DPS of Green 
Sturgeon.  Future baseline stressors on CV steelhead are similar to those that affect winter-run, 
spring-run, and the Southern DPS of green sturgeon. 
 
9.5.3  Northwestern California Diversity Group 
 
9.5.3.1  Clear Creek Steelhead 
 
9.5.3.1.1  Status of Clear Creek Steelhead 
 
An abundant resident O. mykiss population in Clear Creek has prohibited obtaining estimates of 
steelhead abundance.  However, snorkel surveys conducted from 1999 to 2002 suggest that 
anadromous steelhead are present in Clear Creek (Newton 2002 op. cit. Good et al. 2005).  
Although the overall status of this population is largely unknown, the observation that steelhead 
are present in Clear Creek is important to the spatial structure and overall viability of the DPS.   
 
9.5.3.1.2  Future Baseline of Clear Creek Steelhead Excluding CVP/SWP Effects 
 
The general baseline stress regime for steelhead in the freshwater, estuarine, and marine 
environment is depicted in figure 9-124.  Within Clear Creek, specific stressors include warm 
water temperatures in the lower reaches and a lack of natural gravel recruitment resulting in 
limited spawning habitat availability.  Lindley et al. (2004) suggested that Clear Creek appears to 
offer habitat of marginal suitability to steelhead, having limited area at higher elevations and 
being highly dependent on rainfall. 
 
                                                 
24 The stressor identified in figure 9-1 generally apply to all Central Valley anadromous salmonids with the 
exception that ocean harvest would not be considered an important stressor for steelhead as there is no targeted 
ocean fishery for that species. 
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9.5.3.1.3  Proposed Action Effects on Clear Creek Steelhead 
 
Proposed action-related effects to steelhead within Clear Creek are summarized in table 9-8.  
Detailed descriptions regarding the exposure, response, and risk of steelhead to these stressors 
are presented in section 6.   
 
9.5.3.1.4  Assess Risk to Clear Creek Steelhead 
 
As described in section 6, habitat conditions in Clear Creek, the Sacramento River, and the Delta 
are adversely affected by the proposed action in a number of ways, including, but not limited to: 
(1)regulating flows in a way that impairs natural river processed; (2) providing flows and water 
temperatures in the lower reaches of Clear Creek that are stressful to steelhead; (3) delaying the 
upstream migration of adult steelhead through RBDD operations; (4) reducing the availability of 
quality rearing habitat through the seasonal creation of Lake Red Bluff; (5) creating improved 
feeding opportunities at RBDD for predators such as pikeminnow and striped bass; and (6) 
entraining juveniles into poor quality habitats in the Central and South Delta.  In these ways, the 
proposed action reduces the population’s current spatial structure (by reducing habitat quantity 
and quality), which increases the risk of extinction of the Clear Creek steelhead population. 
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Table 9-8.  Summary of proposed action-related effects on Clear Creek steelhead. 

# 
Life Stage/ 
Location 

Life 
Stage 

Timing Stressor Response/Rationale for Magnitude of Effect 

Magnitude of 
Effect (High, 

Medium, 
Low) 

Weight of 
Evidence (High, 
Medium, Low) 

Probable 
Fitness 

Reduction 
1 Adult 

immigration 
and holding 
 
Clear Creek 

Aug. – 
Mar. 

Water 
temperatures 
warmer than 
life history 
stage 
requirement 
for migration 
possible in 
lower reach 
near 
confluence 
with 
Sacramento 
River during 
August and 
September 

Some adults may not enter mouth of Clear 
Creek, (1) delayed run timing, (2) seek other 
tributaries, (3) spawn in mainstem Sac. R.; 
reduced in vivo egg viability 

Low- except 
for critically 
dry years 

Medium - based 
on modeled water 
temps. 

Reduced 
reproductive 
success 

2 Adult 
immigration 
 
RBDD 

Aug. – 
Mar. 

RBDD gate 
closures from 
May15 – Sept. 
15 force adults 
to use 
inefficient fish 
ladders 

17% of those that spawn above RBDD, delayed 
in spawning, more energy consumed, greater 
pre-spawn mortality, less fecundity 

High Medium - based 
on run timing and 
ability to hold 
until spawning 

Reduced 
reproductive 
success 

3 Spawning 
 
Clear Creek 

Dec. – 
Mar. 

Reduction in 
frequency and 
magnitude of 
peak flows due 
to the 
operation of 
Whiskeytown 
Dam 

Less habitat diversity, limited spawning habitat 
availability; reduced production of eggs and fry, 
possible crowding and competition from late-fall 
Chinook salmon  

Medium to 
High 

High - based on 
spawning surveys  

Reduced 
reproductive 
success 



# 
Life Stage/ 
Location 

Life 
Stage 

Timing Stressor Response/Rationale for Magnitude of Effect 

Magnitude of 
Effect (High, 

Medium, 
Low) 

Weight of 
Evidence (High, 
Medium, Low) 

Probable 
Fitness 

Reduction 
4 Egg 

incubation 
 
Clear Creek 

Dec. - 
May 

Water 
temperatures 
warmer than 
life history 
stage 
requirements 

In critically dry years, higher egg mortality and 
sub-lethal effects for eggs spawned in March 

Low High - based on 
temperature 
modeling, 
scientific 
literature on life 
stage 
requirements 
(e.g., EPA 2001, 
Myrick and Cech 
2001), and 
observed 
spawning surveys 

Reduced 
survival 

5 Juvenile 
rearing 
 
Clear Creek 

May – 
Sep. 

Low summer 
flows (50 cfs), 
when b(2) is 
unavailable 

Limited rearing habitat availability; less food, 
reduced growth,  increased predation risk 

High High - based on 
modeled flows 
(CVP/SWP 
operations BA), 
uncertain 
availability of 
b(2), and 
historical data  
(http://cdec.water.
ca.gov/) 

Reduced 
survival 

6 Juvenile 
rearing 
 
Clear Creek 

May – 
Sep. 

Water 
temperatures 
warmer than 
life history 
stage 
requirements 

Limited over-summering habitat, reduced 
growth, increased susceptibility to disease and 
predation 

High High - based on 
modeled water 
temperature 
(CVP/SWP 
operations BA), 
uncertain 
availability of 
b(2), and 
historical data  
(http://cdec.water.
ca.gov/) 

Reduced 
survival 
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# 
Life Stage/ 
Location 

Life 
Stage 

Timing Stressor Response/Rationale for Magnitude of Effect 

Magnitude of 
Effect (High, 

Medium, 
Low) 

Weight of 
Evidence (High, 
Medium, Low) 

Probable 
Fitness 

Reduction 
7 Juvenile 

rearing/smolt 
emigration 
 
Upstream of 
and 
including 
RBDD 

Year-
round 

RBDD 
passage 
downstream 
through dam 
gates May15 - 
Sept 15, plus 
10 days in 
April during 
emergencies 

Mortality as juveniles pass through Lake Red 
Bluff and RBDD reportedly ranges from 5 to 
50%; delayed emigration 
 
Based on passage estimates of when juveniles 
are present at RBDD (USFWS 1997-2007), 
approximately 1% of the steelhead DPS that is 
spawned above RBDD would be exposed to 
higher concentrations of predators when the 
gates are in (TCCA 2008). 

Low  High - based on 
tagging studies for 
juveniles passing 
RBDD  (Vogel et 
al. 1988; Tucker 
1998) and timing 
of steelhead 
emigration 
(TCCA 2008) 

Reduced 
survival 

8 Juvenile 
rearing/smolt 
emigration 
 
Upstream of 
and 
including 
RBDD 

Year-
round 

Lake Red 
Bluff, river 
impounded 
May15 - Sept 
15, plus 10 
days in April 
during 
emergencies 

Reduction in rearing habitat quality and quantity; 
delayed juvenile emigration, increased predation; 
change in riparian habitat, change in river 
conditions, change in food supply, every year 
since 1967 

High High - based on 
number of river 
miles affected by 
the formation of 
Lake Red Bluff  

Reduced 
survival and 
reduced 
growth 

9 Juvenile 
rearing/smolt 
emigration 
 
Upstream of 
and 
including 
RBDD 

Year-
round 

Screened CVP 
diversions 
including 
continuing 
operation of 
the RBDD 
Research 
Pumping Plant 

Mortality from contact with fish screen, 
diversion pumps, and bypasses; sub lethal effects 
from going through pumps, loss of scales, 
disorientation. 
 
All screens were designed to meet NMFS fish 
screen criteria (e.g., 95% efficiency). 

Low  High - based on 
annual monitoring 
of fish screens 

Reduced 
survival 

10 Juvenile 
rearing/smolt 
emigration 
 
RBDD to 
Colusa 

Year-
round 

Unscreened 
CVP 
diversions 
between Red 
Bluff and the 
Delta 

Entrainment High High - based on 
CVP/SWP 
operations BA  

Reduced 
survival 
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# 
Life Stage/ 
Location 

Life 
Stage 

Timing Stressor Response/Rationale for Magnitude of Effect 

Magnitude of 
Effect (High, 

Medium, 
Low) 

Weight of 
Evidence (High, 
Medium, Low) 

Probable 
Fitness 

Reduction 
11 Juvenile 

rearing/smolt 
emigration 
 
RBDD to 
Colusa 

Year-
round 

Lack of 
channel 
forming flows 
and reversed 
natural flow 
pattern (high 
flows in 
summer, low 
flows in late 
fall/winter), 
modifies 
critical habitat, 
including 
impaired 
geomorphic 
process  

Flow regulation (proposed Project stressor) and 
levee construction and maintenance (baseline 
stressor) alter ecological processes that generate 
and maintain the natural, dynamic ecosystem.  
This loss of natural river function has reduced 
the quality and quantity of rearing and migratory 
habitats (Stillwater Sciences 2007), thereby 
reducing juvenile growth and survival. 

High High - based on 
Co-manager 
review draft of 
Central Salmon 
Recovery Plan 
and CALFED 
funded Ecological 
Flow Tool model 
(Sac EFT) 

Reduced 
survival and 
reduced 
growth 

12 Juvenile 
rearing/smolt 
emigration 
 
Colusa to 
Sacramento 

Year-
round 

Low fall flows Yearling emigration delayed, higher predation; 
fewer smolts survive to the Delta. 
 
Few steelhead are expected to be in this area 
during the fall. 

Low  Low - based on 
lack of monitoring 

Reduced 
survival 
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# 
Life Stage/ 
Location 

Life 
Stage 

Timing Stressor Response/Rationale for Magnitude of Effect 

Magnitude of 
Effect (High, 

Medium, 
Low) 

Weight of 
Evidence (High, 
Medium, Low) 

Probable 
Fitness 

Reduction 
13a-e Juvenile 

rearing/smolt 
emigration 
 
Delta 

Oct. - 
Jul. 

Cumulative 
direct and 
indirect loss 
associated 
with export 
operations 
(DCC 
operations, 
loss in Delta 
interior, loss at 
export 
facilities, 
creation of 
artificial 
freshwater 
system, altered 
hydrodynamic
s) 

Substantial mortality related to the proposed 
action (figure 9-2). 
 
 

High  Low to High (see 
below)  

Reduced 
survival 

13a Juvenile 
rearing/smolt 
emigration 
 
Delta 

Oct. - 
Jul. 

DCC 
operations 

Open gate configurations from late May through 
January increases vulnerability of steelhead 
entrainment into the Delta interior where 
survival is considerably lower than within the 
Sacramento River mainstem.  Mandatory gate 
closure from Feb 1 through end of May prevents 
entrainment into the DCC.   
 
Open gate configuration exposes less than 10 % 
of steelhead smolt population to entrainment into 
the DCC. 

Low Medium– 
numerous studies 
with Chinook 
salmon indicate 
poor survival in 
Delta interior.  
Steelhead 
predation studies 
in CCF indicate 
steelhead and 
Chinook 
vulnerabilities are 
similar to 
predation  

Reduced 
survival 
Reduced life 
history 
diversity 
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# 
Life Stage/ 
Location 

Life 
Stage 

Timing Stressor Response/Rationale for Magnitude of Effect 

Magnitude of 
Effect (High, 

Medium, 
Low) 

Weight of 
Evidence (High, 
Medium, Low) 

Probable 
Fitness 

Reduction 
13b Juvenile 

rearing/smolt 
emigration 
 
Delta 

Oct. - 
Jul. 

Loss in interior 
Delta 

Diversion of emigrating fish into the delta 
interior exposes fish to increased loss.  Lower 
survival rates to the western Delta (Chipps 
Island) are observed for fish migrating through 
the Delta interior. 
 
Most Clear Creek steelhead should remain in the 
Sacramento River past the DCC because it is 
closed from Feb. – June, but there is risk of 
diversion through Georgiana Slough. 
 
Mortality of juvenile steelhead entering CCF 
ranging from approximately 74 to 85% (DWR 
2008). 
 
 

Medium   Medium– 
numerous studies 
find high loss 
rates for Chinook 
salmon relased in 
the Delta interior.  
CCF predation 
reports indicate 
that steelhead and 
Chinook salmon 
have similar 
predation 
vulnerabilities 

Reduced 
survival 

13c Juvenile 
rearing/smolt 
emigration 
 
Delta 

Oct. - 
Jul. 

Loss at export 
facilities 

Entrainment of fish at the CVP results in loss of 
approximately two thirds of the exposed fish.  
Entrainment of fish at the SWP results in the loss 
of approximately 85 % of the exposed fish.   
 
Plus an additional loss of approximately 10 % of 
all species released in the CHTR program.  In 
January – March, when steelhead are present, 
loss ranges up to 100 % (DWR 2009). 
 
Percentage of steelhead produced in the 
Sacramento River and its tributaries actually 
arriving at the export facilities and entering the 
salvage process is expected to be low. 

Low  Medium to High- 
numerous studies 
have evaluated 
screening 
efficiency, 
predation, and 
overall salvage 
operations for 
Chinook salmon 
survival.  Recent 
steelhead 
predation studies 
completed 

Reduced 
survival 
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# 
Life Stage/ 
Location 

Life 
Stage 

Timing Stressor Response/Rationale for Magnitude of Effect 

Magnitude of 
Effect (High, 

Medium, 
Low) 

Weight of 
Evidence (High, 
Medium, Low) 

Probable 
Fitness 

Reduction 
13d Juvenile 

rearing/smolt 
emigration 
 
Delta 

Oct. - 
Jul. 

Project 
operations 
create a 
stabilized 
freshwater 
ecosystem in 
Delta all year, 
every year, 
instead of 
allowing for 
salinity 
variability. 

Stabilized freshwater environment is conducive 
to the propagation of non-native species such as 
large mouth bass and other centrarchids, water 
hyacinth, Egeria densa, and asian clams.  Direct 
predation on steelhead as well as shifts in 
useable habitat and food resources occur due to 
non-native species presence. 
 
Non-native species have altered the balance of 
the ecosystem and have increased the level of 
loss for fish emigrating through the Delta. 

High  Low to medium.  
Invasion of non-
native species into 
delta is well 
documented, 
interaction with 
steelhead 
populations is not 
well documented 

Reducted 
survival, 
Reduced 
growth 

13e Juvenile 
rearing/smolt 
emigration 
 
Delta 

Oct. - 
Jul. 

Altered Delta 
hydrodynamic
s 

Creation of reverse flows within Central and 
Southern Delta waterways, reduced primary and 
secondary productivity due to export of food 
web base, delay in migration through Delta due 
to altered hydrodynamics and loss of migratory 
cues.  Delays increase exposure to sources of 
mortality and morbidity (predation, poor water 
quality, contaminants, etc.). 
 
Affects a large fraction of the Central and 
Southern Delta. 

High  Low to High.  
Delta 
hydrodynamics 
well studied.  
Effects of Delta 
hydrodynamics on 
organisms is not 
as well 
understood. 

Reduced 
survival, 
reduced 
growth 
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Recent redd surveys indicate a small, self-sustaining population (~300 adults) is increasing in 
abundance.  This is most likely a result of intensive restoration efforts combined with increased 
flows, dam removal, and water temperature control.  As CV steelhead expand throughout the 18 
miles of stream they are likely to be impacted more often by low flows and high temperatures 
during the summer rearing period.  Recent surveys (USFWS 2008) show a shift in spawning 
distribution downstream to between 4 and 6 miles above the confluence where over summer 
temperatures exceed the 60°F temperature compliance location set at Igo (RM 14.1).  This shift 
in spawning is most likely a result of gravel augmentation and restoration efforts in key areas 
downstream.  In 2008, 94 of 148 steelhead redds (63 percent) were observed downstream of the 
TCP.  Since most juveniles stay within close proximity to where they are born during the first 
year this shift would expose a majority of the Clear Creek steelhead population to unsuitable 
habitat conditions.  Exposure to stressful water temperatures during spawning, embryo 
incubation, juvenile rearing, and smolt emigration is likely to reduce the spatial structure and 
growth rate, thus adding to the risk of extinction. 
 
The diversity of Clear Creek steelhead also may be affected by the proposed action.  Water 
releases from Whiskeytown Dam has changed the thermal regime and likely the food web 
structure of Clear Creek (Lieberman et al. 2001) such that a resident life history strategy may 
have fitness advantages over anadromous forms (Lindley et al. 2006).  Little is known about the 
relationship of resident and anadromous forms of O. mykiss.  Without knowing the role that 
resident O. mykiss play in population maintenance and persistence of anadromous O. mykiss, it is 
difficult to assess whether the current conditions on Clear Creek, which may favor residency, are 
detrimental to the anadromous population in Clear Creek or not (Lindley et al. 2007).  
Zimmerman et al. (2008) did demonstrate that resident rainbow trout can produce anadromous 
smolts and anadromous steelhead can produce resident rainbow trout in the Central Valley.  
However, the study indicated that the proportion of resident rainbow trout to anadromous 
steelhead in the Central Valley is largely in favor of the resident form with 740 of 964 O. mykiss 
examined being the progeny of resident rainbow trout.   
 
In addition to impacts to the spatial structure and possibly life history diversity, the proposed 
action is expected to result in direct mortality to steelhead.  Proposed action-related sources of 
steelhead mortality include: (1) increasing predation of juveniles when the RBDD gates are 
down; (2) entraining juveniles into the Central and South Delta (figure 9-3); (3) entraining and 
impinging juveniles at the pumps (both direct and indirect loss); and (4) loss associated with the 
CHTR program.   
 
In the driest 4 percent of years, steelhead abundance and productivity will be reduced due to less 
habitat available and sublethal water temperatures.  With climate change, warmer conditions 
would reduce the rearing habitat in all water years, therefore fewer steelhead would likely be 
produced.   
 
All of the above factors, which reduce the spatial structure, diversity, and abundance of Clear 
Creek steelhead, compromise the capacity for this population to respond and adapt to 
environmental changes.  Future projections over the duration of the proposed action (i.e., through 



2030), considering both increasing water demands and climate change, exacerbate risks 
associated with continuation of the proposed action, further increasing the risk of the population. 
 
9.5.4  Basalt and Porous Lava Diversity Group 
 
9.5.4.1  Mainstem Sacramento River Steelhead 
 
9.5.4.1.1  Status of Mainstem Sacramento River Steelhead 
 
The status of the CV steelhead on the mainstem Sacramento River is mainly unknown since 
there is no direct monitoring.  However, we know that historically the population that spawns 
above RBDD is decreasing based on dam counts at RBDD and 3 of the major tributaries (i.e., 
Battle Creek, Clear Creek, and Cottonwood Creek).  Since the RBDD gates started operation in 
1967, the CV steelhead abundance in the upper Sacramento River has declined from 20,000 to 
less than 1,200 adults.  The current abundance is less than 10 percent of the CVPIA doubling 
goal of 13,000 adults in the upper Sacramento River.  Redd surveys for winter-run indicate that 
resident O. mykiss do spawn in the mainstem in May.  A significant tailwater trout population 
supports a thriving recreational fishery due to the cold water releases for winter-run.  This 
resident trout population can cross with anadromous forms of O. mykiss (common in some San 
Joaquin River tributaries).  Rotary screw trap data at RBDD indicate that most juvenile steelhead 
observed there are resident forms based on timing and size.  Zimmerman et al. (2008), found that 
the vast majority of O. mykiss collected from the Sacramento River exhibited a resident life 
history strategy.   
 
9.5.4.1.2  Future Baseline of Mainstem Sacramento River Steelhead Excluding CVP/SWP 
Effects 
 
The stressors that CV steelhead experience in the mainstem are the same as previously 
mentioned for winter-run with the addition of the following; no access to high elevation 
spawning and over summer habitat, lack of LWD and Shaded Riparian Habitat, increase in warm 
water predator populations, exposure to pesticides and herbicides in agricultural return water, 
urbanization, fragmentation-loss of core populations, loss of anadromous life history, 
competition from resident forms of O. mykiss, competition from introduced fish species more 
suited to regulated rivers, lack of small stream habitat, lack of smaller size gravel for spawning, 
fishing pressure, climate change, and the lack of policies aimed at changing the current regime 
(i.e., water for fish second). 
 
9.5.4.1.3  Proposed Action Effects on Mainstem Sacramento River Steelhead 
 
Proposed action-related effects to steelhead within the Sacramento River are summarized in table 
9-9.  Detailed descriptions regarding the exposure, response, and risk of steelhead to these 
stressors are presented in section 6.   
 
9.5.4.1.4  Assess Risk to Mainstem Sacramento River Steelhead 
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As described in section 6 and summarized in table 9-9, habitat conditions in the mainstem 
Sacramento River and the Delta are adversely affected by the proposed action in a number of 
ways, including, but not limited to:  (1) delaying the upstream migration of adult steelhead 
through RBDD operations; (2) reducing the availability of quality rearing habitat through the 
seasonal creation of Lake Red Bluff; (3) creating improved feeding opportunities at RBDD for 
predators such as pikeminnow and striped bass; and (4) entraining juveniles into poor quality 
habitats in the Central and South Delta.  In these ways, the proposed action reduces the 
population’s current spatial structure (by reducing habitat quantity and quality), which increases 
the risk of extinction of the mainstem Sacramento River steelhead population. 
 
The diversity of mainstem Sacramento River steelhead also may be affected by the proposed 
action.  Water releases from Shasta Dam has changed the thermal regime and the food web 
structure of the Sacramento River (Lieberman et al. 2001) such that a resident life history 
strategy may have fitness advantages over anadromous forms (Lindley et al. 2006, McEwan 
2001).  Little is known about the relationship of resident and anadromous forms of O. mykiss.  
Without knowing the role that resident O. mykiss play in population maintenance and persistence 
of anadromous O. mykiss, it is difficult to assess whether the current conditions on the 
Sacramento River, which may favor residency, are detrimental to the anadromous population in 
the Sacramento River or not (Lindley et al. 2007).  Zimmerman et al. (2008) did demonstrate 
that resident rainbow trout can produce anadromous smolts and anadromous steelhead can 
produce resident rainbow trout in the Central Valley.  However, the study indicated that the 
proportion of resident rainbow trout to anadromous steelhead in the Central Valley is largely in 
favor of the resident form with 740 of 964 O. mykiss examined being the progeny of resident 
rainbow trout.  This proportional imbalance is even more prominent in the Sacramento River 
River where about 92 percent (142 out of 154) of O. mykiss sampled were offspring of resident 
adults (Zimmerman et al. 2008).  Only 1 out of the 154 O. mykiss sampled showed an 
anadromous migratory history, although the sampling was not intended to be selective for adults, 
so some fish sampled may not yet have made their downstream migration to the ocean. 
 
In addition to impacts to the spatial structure and possibly life history diversity, the proposed 
action is expected to result in direct mortality to steelhead.  Proposed action-related sources of 
steelhead mortality include: (1) increasing predation of juveniles when the RBDD gates are 
down; (2) entraining juveniles into the Central and South Delta (figure 9-3); (3) entraining and 
impinging juveniles at the pumps (both direct and indirect loss); and (4) loss associated with the 
CHTR program.   
 
All of the above factors, which reduce the spatial structure, diversity, and abundance of 
mainstem Sacramento River steelhead, compromise the capacity for this population to respond 
and adapt to environmental changes.  Future projections over the duration of the proposed action 
(i.e., through 2030), considering both increasing water demands and climate change, exacerbate 
risks associated with continuation of the proposed action, further increasing the risk of the 
population. 
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Table 9-9.  Summary of proposed action-related effects on mainstem Sacramento River steelhead. 
# 

Life Stage/ 
Location 

Life 
Stage 
Timin

g Stressor Response/Rationale for Magnitude of Effect 

Magnitude of 
Effect (High, 

Medium, 
Low) 

Weight of 
Evidence (High, 
Medium, Low) 

Probable 
Fitness 

Reduction 
1 Adult 

immigration 
 
RBDD 

Aug. – 
Mar. 

RBDD gate 
closures from 
May15 – Sept. 
15 force adults 
to use 
inefficient fish 
ladders 

17% of those that spawn above RBDD, delayed 
in spawning, more energy consumed, greater 
pre-spawn mortality, less fecundity 

High Medium - based 
on run timing and 
ability to hold 
until spawning 

Reduced 
reproductive 
success 

2 Spawning  
 
Sacramento 
River 

Dec. – 
Mar. 

Straying of 
Nimbus 
Hatchery 
steelhead to 
mainstem 
Sacramento 
River 
spawning 
habitats 

Reduced genetic fitness of Sacramento River 
steelhead through the spread of Eel River genes 
and potentially hatchery rainbow trout genes to 
many below-barrier sites in the Central Valley 
(Garza and Pearse 2008).   

High High – based on 
the genetic 
structure of CV 
steelhead 
described in 
Garza and Pearse 
(2008) 

Reduced 
genetic fitness 

3 Egg 
incubation 
 
Sacramento 
River 

Dec. - 
May 

Water 
temperatures 
warmer than 
life history 
stage 
requirements 

Sub-lethal effects - reduced early life stage 
viability; direct mortality in critically dry years; 
restriction of life history diversity (i.e., 
directional selection against eggs deposited in 
Mar.).   

Medium High - based on 
temperature 
modeling, 
scientific 
literature on life 
stage 
requirements 
(e.g., EPA 2001, 
Myrick and Cech 
2001), and 
observed 
spawning surveys 

Reduced 
survival 



# 

Life Stage/ 
Location 

Life 
Stage 
Timin

g Stressor Response/Rationale for Magnitude of Effect 

Magnitude of 
Effect (High, 

Medium, 
Low) 

Weight of 
Evidence (High, 
Medium, Low) 

Probable 
Fitness 

Reduction 
4 Juvenile 

rearing/smolt 
emigration 
 
Upstream of 
and 
including 
RBDD 

Year-
round 

Lake Red 
Bluff, river 
impounded 
May15 - Sept 
15, plus 10 
days in April 
during 
emergencies 

Reduction in rearing habitat quality and quantity; 
delayed juvenile emigration, increased 
predation; change in riparian habitat, change in 
river conditions, change in food supply, every 
year since 1967 

High High - based on 
number of river 
miles affected by 
the formation of 
Lake Red Bluff  

Reduced 
survival and 
reduced 
growth 

5 Juvenile 
rearing/smolt 
emigration 
 
Upstream of 
and 
including 
RBDD 

Year-
round 

RBDD 
passage 
downstream 
through dam 
gates May15 - 
Sept 15, plus 
10 days in 
April during 
emergencies 

Mortality as juveniles pass through Lake Red 
Bluff and RBDD reportedly ranges from 5 to 
50%; delayed emigration.   
 
Based on passage estimates of when juveniles 
are present at RBDD (USFWS 1997-2007), 
approximately 1 % of the steelhead DPS that is 
spawned above RBDD would be exposed to 
higher concentrations of predators when the 
gates are in (TCCA 2008). 

Low  High - based on 
tagging studies for 
juveniles passing 
RBDD  (Vogel et 
al. 1988; Tucker 
1998) and timing 
of steelhead 
emigration 
(TCCA 2008) 

Reduced 
survival 

6 Juvenile 
rearing/smolt 
emigration 
 
Upstream of 
and 
including 
RBDD 

Year-
round 

Screened CVP 
diversions 
including 
continuing 
operation of 
the RBDD 
Research 
Pumping Plant 

Mortality from contact with fish screen, 
diversion pumps, and bypasses; sub lethal effects 
from going through pumps, loss of scales, 
disorientation. 
 
All screens were designed to meet NMFS fish 
screen criteria (e.g., 95% efficiency). 

Low  High - based on 
annual monitoring 
of fish screens 

Reduced 
survival 
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# 

Life Stage/ 
Location 

Life 
Stage 
Timin

g Stressor Response/Rationale for Magnitude of Effect 

Magnitude of 
Effect (High, 

Medium, 
Low) 

Weight of 
Evidence (High, 
Medium, Low) 

Probable 
Fitness 

Reduction 
7 Juvenile 

rearing/smol
t emigration 
 
Upstream of 
and 
including 
RBDD 

Year-
round 

Provision of 
higher flows 
and cooler 
water temps 
during the 
summer than 
occurred prior 
to the 
construction of 
Shasta Dam 

Potential fitness advantage for resident O.mykiss 
over the anadromous form, which would drive 
an evolutionary (i.e., genetic) change if life 
history strategy is heritable (Lindley et al. 2007).   

High Medium to High 
 
Medium because 
the degree to 
which life history 
strategy is 
controlled by 
genetics is not 
clear. 
 
High because 
resident O. mykiss 
are the dominant 
form in the 
Sacramento 
River, as 
indicated in a 
recent study 
which reported 
that 
approximately 92 
% (142 out of 
154) of O. mykiss 
sampled from the 
Sacramento River 
were offspring of 
resident adults 
(Zimmerman et 
al. 2008).  

Reduced 
reproductive 
success 
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# 

Life Stage/ 
Location 

Life 
Stage 
Timin

g Stressor Response/Rationale for Magnitude of Effect 

Magnitude of 
Effect (High, 

Medium, 
Low) 

Weight of 
Evidence (High, 
Medium, Low) 

Probable 
Fitness 

Reduction 
8 Juvenile 

rearing/smolt 
emigration 
 
RBDD to 
Colusa 

Year-
round 

Unscreened 
CVP 
diversions 
between Red 
Bluff and the 
Delta 

Entrainment High High - based on 
CVP/SWP 
operations BA  

Reduced 
survival 

9 Juvenile 
rearing/smolt 
emigration 
 
RBDD to 
Colusa 

Year-
round 

Lack of 
channel 
forming flows 
and reversed 
natural flow 
pattern (high 
flows in 
summer, low 
flows in late 
fall/winter), 
modifies 
critical habitat, 
including 
impaired 
geomorphic 
process  

Flow regulation (proposed Project stressor) and 
levee construction and maintenance (baseline 
stressor) alter ecological processes that generate 
and maintain the natural, dynamic ecosystem.  
This loss of natural river function has reduced 
the quality and quantity of rearing and migratory 
habitats (Stillwater Sciences 2007), thereby 
reducing juvenile growth and survival. 
 

High High - based on 
Co-manager 
review draft of 
Central Valley 
Salmon Recovery 
Plan and 
CALFED funded 
Ecological Flow 
Tool model (Sac 
EFT) 

Reduced 
survival and 
reduced 
growth 

10 Juvenile 
rearing/smolt 
emigration 
 
Colusa to 
Sacramento 

Year-
round 

Low fall flows Yearling emigration delayed, higher predation; 
fewer smolts survive to the Delta.  However, few 
steelhead are expected to be in this area during 
the fall. 

Low  Low - based on 
lack of monitoring 

Reduced 
survival 
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# 

Life Stage/ 
Location 

Life 
Stage 
Timin

g Stressor Response/Rationale for Magnitude of Effect 

Magnitude of 
Effect (High, 

Medium, 
Low) 

Weight of 
Evidence (High, 
Medium, Low) 

Probable 
Fitness 

Reduction 
11a-e Juvenile 

rearing/smol
t emigration 
 
Delta 

Oct. - 
Jul. 

Cumulative 
direct and 
indirect loss 
associated 
with export 
operations 
(DCC 
operations, 
loss in Delta 
interior, loss at 
export 
facilities, 
creation of 
artificial 
freshwater 
system, altered 
hydrodynamic
s) 

Substantial mortality related to the proposed 
action (figure 9-2) 

High  Low to High (see 
below)  

Reduced 
survival 

11a Juvenile 
rearing/smol
t emigration 
 
Delta 

Oct. - 
Jul. 

DCC 
operations 

Open gate configurations from late May through 
January increases vulnerability of steelhead 
entrainment into the Delta interior where 
survival is considerably lower than within the 
Sacramento River mainstem.  Mandatory gate 
closure from Feb 1 through end of May prevents 
entrainment into the DCC.   
 
Open gate configuration exposes less than 10 % 
of the steelhead that are produced in the 
Sacramento River and its tributaries to 
entrainment into the DCC. 

Low Medium– 
Numerous studies 
with Chinook 
salmon indicate 
poor survival in 
Delta interior.  
Steelhead 
predation studies 
in CCF indicate 
steelhead and 
Chinook 
vulnerabilities are 
similar to 
predation  

Reduced 
survival 
Reduced life 
history 
diversity 
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# 

Life Stage/ 
Location 

Life 
Stage 
Timin

g Stressor Response/Rationale for Magnitude of Effect 

Magnitude of 
Effect (High, 

Medium, 
Low) 

Weight of 
Evidence (High, 
Medium, Low) 

Probable 
Fitness 

Reduction 
11b Juvenile 

rearing/smol
t emigration 
 
Delta 

Oct. - 
Jul. 

Loss in 
interior Delta 

Diversion of emigrating fish into the delta 
interior exposes fish to increased loss.  Lower 
survival rates to the western Delta (Chipps 
Isalnd) are observed for fish migrating through 
the Delta interior. 
 
Most Sacramento steelhead should remain in the 
Sacramento River as the open gate configuration 
of DCC exposes less than 10 % of the steelhead 
that are produced in the Sacramento River and 
its tributaries. 

Medium   Medium– 
numerous studies 
find high loss 
rates for Chinook 
salmon relased in 
the Delta interior.  
CCF predation 
reports indicate 
that steelhead and 
Chinook salmon 
have similar 
predation 
vulnerabilities 

Reduced 
survival 

11c Juvenile 
rearing/smol
t emigration 
 
Delta 

Oct. - 
Jul. 

Loss at export 
facilities 

Entrainment of fish at the CVP results in loss of 
approximately two thirds of the exposed fish.  
Entrainment of fish at the SWP results in the 
loss of approximately 85 % of the exposed fish.   
 
Percentage of Sacramento River steelhead 
population actually arriving at the export 
facilities and entering the salvage proccess is 
expected to be low. 

Low   Medium to High- 
numerous studies 
have evaluated 
screening 
efficiency, 
predation, and 
overall salvage 
operations for 
Chinook salmon 
survival.  Recent 
steelhead 
predation studies 
completed 

Reduced 
survival 
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# 

Life Stage/ 
Location 

Life 
Stage 
Timin

g Stressor Response/Rationale for Magnitude of Effect 

Magnitude of 
Effect (High, 

Medium, 
Low) 

Weight of 
Evidence (High, 
Medium, Low) 

Probable 
Fitness 

Reduction 
11d Juvenile 

rearing/smol
t emigration 
 
Delta 

Oct. - 
Jul. 

Project 
operations 
create a 
stabilized 
freshwater 
ecosystem in 
Delta all year, 
every year, 
instead of 
allowing for 
salinity 
variability. 

Stabilized freshwater environment is conducive 
to the propagation of non-native species such as 
large mouth bass and other centrarchids, water 
hyacinth, Egeria densa, and asian clams.  Direct 
predation on steelhead as well as shifts in 
useable habitat and food resources occur due to 
non-native species presence. 
 
Non-native species have altered the balance of 
the ecosystem and have increased the level of 
loss for fish emigrating through the Delta. 

High   Low to medium.  
Invasion of non-
native species into 
delta is well 
documented, 
interaction with 
steelhead 
populations is not 
as well 
documented 

Reducted 
survival, 
Reduced 
growth 

11e Juvenile 
rearing/smol
t emigration 
 
Delta 

Oct. - 
Jul. 

Altered Delta 
hydrodynamic
s 

Creation of reverse flows within Central and 
Southern Delta waterways, reduced primary and 
secondary productivity due to export of food 
web base, delay in migration through Delta due 
to altered hydrodynamics and loss of migratory 
cues.  Delays increase exposure to sources of 
mortality and morbidity (predation, poor water 
quality, contaminants, etc.) 
 
Affects a large fraction of the Central and 
Southern Delta. 

High  Low to High.  
Delta 
hydrodynamics 
well studied.  
Effects of Delta 
hydrodynamics 
on organisms is 
not as well 
studied. 

Reduced 
survival, 
reduced 
growth 
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Reclamation’s mortality model was not run for CV steelhead to determine the effects of different 
climate change scenarios because steelhead have a shorter incubation period than salmon, and 
the model would have to be changed.  However, late-fall salmon can be used as a surrogate for 
CV steelhead since they spawn at similar times in the winter.  Late fall-run mortality increases in 
Study 9.5 (drier, more warming) and Study 9.3 (wetter, more warming) under all water year 
types on average 4 percent over the future full build out scenario (Study 9.0).  EOS carryover 
storage at Shasta is less than 1.9 MAF during average dry years (1928 to 1934) in all scenarios 
except Study 9.2 wetter, less warming (CVP/SWP operations BA table 9-23). 
 
9.5.5  Northern Sierra Nevada Diversity Group 
 
9.5.5.1  American River Steelhead 
 
9.5.5.1  Status of American River Steelhead 
 
Historically, the American River supported three separate runs of steelhead corresponding to the 
summer, fall, and winter seasons.  Mining activities and dam construction during the late 1800s 
and early 1900s drastically degraded and eliminated anadromous salmonid habitat.  By 1955, 
summer-run steelhead (and spring-run Chinook salmon) were completely extirpated and only 
remnant runs of fall- and winter-run steelhead persisted in the American River (Gerstung 1971).  
Stressors, including the construction of the American River Division facilities of the CVP, 
contributed to the subsequent extirpation of fall-run steelhead.  The current population size of 
about a few hundred in-river spawning steelhead (Hannon and Deason 2008) is much lower than 
estimates from the 1970s (Staley 1975), and is primarily composed of fish originating from 
Nimbus Hatchery.  This means that the listed population (i.e., naturally-produced fish) in the 
lower American River is at an abundance level lower than the estimates provided by Hannon and 
Deason (2008) and is likely on the order of tens.   
  
In addition to small population size, other major factors influencing the status of naturally 
spawning steelhead in the American River include:  (1) a 100 percent loss of historic spawning 
habitat resulting from the construction of Nimbus and Folsom Dams (Lindley et al. 2007), which 
has obvious and extreme implications for the spatial structure of the population; and (2) the 
operation of Nimbus Fish Hatchery, which has completely altered the diversity of the population.   
 
Lindley et al. (2007) classifies the natural population of American River steelhead at a high risk 
of extinction because this population is reportedly mostly composed of steelhead originating 
from Nimbus Fish Hatchery.  The small population size and complete loss of historic spawning 
habitat and genetic composition further support this classification. 
 
9.5.5.1.2  Future Baseline of American River Steelhead Excluding CVP/SWP Effects 
 
Excluding stressors resulting from American River Division operations, baseline stressors to 
American River steelhead include the presence of Folsom and Nimbus dam, loss of natural 
riverine function and morphology, predation, and water quality.  A detailed description of how 
these stressors affect steelhead in the American River is provided in section 5.4.3. 
 



9.5.5.1.3  Proposed Action Effects on American River Steelhead 
 
Proposed action-related effects to steelhead within the American River are summarized in table 
9-10.  Detailed descriptions regarding the exposure, response, and risk of steelhead to these 
stressors are presented in section 6.  Additionally, an analysis related to potential climate change 
effects on American River steelhead is presented in that section. 
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Table 9-10.  Summary of proposed action-related effects on American River steelhead. 

# 
Life Stage/ 
Location 

Life 
Stage 

Timing Stressor Response/Rationale for Magnitude of Effect 

Magnitude of 
Effect (High, 

Medium, 
Low) 

Weight of 
Evidence (High, 
Medium, Low) 

Probable 
Fitness 

Reduction 
1 Spawning  

 
Primarily 
upstream of 
Watt Ave. 
area 

Late-
Dec. - 
early 
Apr. 

Folsom/Nimbu
s releases – 
flow 
fluctuations  

Redd dewatering and isolation prohibiting 
successful completion of spawning 

Medium Medium Reduced 
reproductive 
success 

2 Spawning  
 
Primarily 
upstream of 
Watt Ave. 
area 

Late-
Dec. - 
early 
Apr. 

Nimbus Fish 
Hatchery – 
hatchery O. 
mykiss 
spawning with 
natural-origin 
steelhead  

Reduced genetic diversity.  Garza and Pearse 
(2008) showed that genetic samples from the 
population spawning in the river and the 
hatchery population were “extremely similar”.  

High High – based on 
Garza and Pearse 
(2008)  

Reduced 
reproductive 
success 

3 Embryo 
incubation  
 
Primarily 
upstream of 
Watt Ave. 
area  

Late-
Dec. - 
May 

Water 
temperatures 
warmer than 
life stage 
requirements 

Sub-lethal effects - reduced early life stage 
viability; direct mortality; restriction of life 
history diversity (i.e., directional selection 
against eggs deposited in Mar. and Apr.) 

Medium High – based on 
past water 
temperature data, 
CVP/SWP 
operations BA 
water temp. 
modeling, 
published 
literature 
regarding the 
thermal tolerance 
of steelhead eggs 

Reduced 
survival 



# 
Life Stage/ 
Location 

Life 
Stage 

Timing Stressor Response/Rationale for Magnitude of Effect 

Magnitude of 
Effect (High, 

Medium, 
Low) 

Weight of 
Evidence (High, 
Medium, Low) 

Probable 
Fitness 

Reduction 
4 Embryo 

incubation  
 
Primarily 
upstream of 
Watt Ave. 
area  

Late-
Dec. - 
May 

Folsom/Nimbu
s releases – 
high instream 
flows resulting 
in redd scour 

Egg and alevin mortality.  Spawning substrate 
mobilization in the American River reportedly 
begins to occur at flows of 30,000 -50,000 cfs 
(Ayres Associates 2001).  Flood frequency 
analysis for the American River at the Fair Oaks 
gauge shows that, on average, flows will reach 
30,000 cfs approximately once every 4 years and 
50,000 cfs approximately once every 5 years  
(CVP/SWP operations BA). 

Medium High – based on 
evidence of the 
flow magnitude 
required to 
mobilize 
spawning 
substrate (Ayres 
Associates 2001) 
and the frequency 
of such flows 
(CVP/SWP 
operations BA, 
USFWS 2003) 

Reduced 
survival 

5 Embryo 
incubation  
 
Primarily 
upstream of 
Watt Ave. 
area  

Late-
Dec. - 
May 

Folsom/Nimbu
s releases – 
flow 
fluctuations 

Redd dewatering and isolation.  Hannon et al. 
(2003) reported that 5 steelhead redds were 
dewatered and 10 steelhead redds were isolated 
at the lower Sunrise side channel when Nimbus 
Dam releases were decreased on February 27, 
2003.  When releases were decreased on March 
17, 2003, seven steelhead redds were dewatered 
and five additional redds were isolated from 
flowing water at the lower Sunrise side channel.  
In April 2004 at the lower Sunrise side channel, 
five steelhead redds were dewatered and “many” 
redds were isolated (Water Forum 2005a).  Redd 
dewatering at Sailor Bar and Nimbus Basin 
occurred in 2006 (Hannon and Deason 2008).  

High High – based on 
Hannon et al. 
(2003), Water 
Forum (2005a), 
and Hannon and 
Deason (2008). 

Reduced 
survival 
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# 
Life Stage/ 
Location 

Life 
Stage 

Timing Stressor Response/Rationale for Magnitude of Effect 

Magnitude of 
Effect (High, 

Medium, 
Low) 

Weight of 
Evidence (High, 
Medium, Low) 

Probable 
Fitness 

Reduction 
6 Juvenile 

rearing  
 
Primarily 
upstream of 
Watt Ave. 
area  

Year-
round  

Folsom/Nimbu
s releases – 
flow 
fluctuations; 
low flows 

Fry stranding and juvenile isolation - 
observations of juvenile steelhead isolation in 
the American River were made in both 2003 and 
2004 (Water Forum 2005a).  Low flows limiting 
the availability of quality rearing habitat 
including predator refuge habitat 

High High – based on 
past studies 
(CDFG 2001; 
Water Forum 
2005a) 

Reduced 
survival 

7 Juvenile 
rearing  
Primarily 
upstream of 
Watt Ave. 
area  

Year-
round  

Water 
temperatures 
warmer than 
life stage 
requirements 

Physiological effects - increased susceptibility to 
disease (e.g., anal vent inflammation) and 
predation.  Visible symptoms of thermal stress in 
juvenile steelhead are associated with exposure 
to daily mean water temperatures above 65°F 
(Water Forum 2005a).  With the exception of 
2005, from 1999 through 2007, daily mean water 
temperatures at Watt Avenue from August 
through September were warmer than 65°F for 
approximately 81 percent of the days, and during 
2001, 2002, 2004, 2006, and 2007, water 
temperatures were often over 68°F (figure 30a).  
Under a drier and warmer climate change 
scenario (Study 9.5), modeled water 
temperatures at Watt Avenue from June through 
September under full build out of the proposed 
Project range from 65°F to 82°F (Reclamation 
2009).  Even if no regional climate change is 
assumed (Study 9.1), water temperatures at this 
location during this time period are expected to 
range from 63°F to 79°F.  

High High – based on 
actual (cdec data) 
and modeled 
water temps, 
published 
literature 
regarding the 
thermal tolerance 
of steelhead 
juveniles (e.g., 
EPA 2001; 
Myrick and Cech 
2001), and past 
studies (Water 
Forum 2005a). 

Reduced 
growth; 
Reduced 
survival 

8 Smolt 
emigration  
 
Throughout 
entire river  

Jan. – 
Jun. 

Water 
temperatures 
warmer than 
life stage 
requirements 

Physiological effects – reduced ability to 
successfully complete the smoltification process, 
increased susceptibility to predation 

Medium Medium  Reduced 
growth; 
Reduced 
survival 
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# 
Life Stage/ 
Location 

Life 
Stage 

Timing Stressor Response/Rationale for Magnitude of Effect 

Magnitude of 
Effect (High, 

Medium, 
Low) 

Weight of 
Evidence (High, 
Medium, Low) 

Probable 
Fitness 

Reduction 
9a-e Smolt 

emigration 
 
Delta 

Jan. – 
Jun. 

Cumulative 
direct and 
indirect loss 
associated 
with export 
operations 
(DCC 
operations, 
loss in Delta 
interior, loss at 
export 
facilities, 
creation of 
artificial 
freshwater 
system, altered 
hydrodynamic
s) 

Substantial mortality related to the proposed 
action (figure 9-3) 

High Low to High (see 
below)  

Reduced 
survival 

9a Smolt 
emigration 
 
Delta 

Oct. - 
Jul. 

DCC 
operations 

Open gate configurations from late May through 
January increases vulnerability of steelhead 
entrainment into the Delta interior where 
survival is considerably lower than within the 
Sacramento River mainstem.  Mandatory gate 
closure from Feb 1 through end of May prevents 
entrainment into the DCC.   
 
Open gate configuration exposes less than 10 % 
of the steelhead that are produced in the 
Sacramento River and its tributaries to 
entrainment into the DCC. 

Low  Medium– 
Numerous studies 
with Chinook 
salmon indicate 
poor survival in 
Delta interior.  
Steelhead 
predation studies 
in CCF indicate 
steelhead and 
Chinook 
vulnerabilities are 
similar to 
predation  

Reduced 
survival 
Reduced life 
history 
diversity 
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# 
Life Stage/ 
Location 

Life 
Stage 

Timing Stressor Response/Rationale for Magnitude of Effect 

Magnitude of 
Effect (High, 

Medium, 
Low) 

Weight of 
Evidence (High, 
Medium, Low) 

Probable 
Fitness 

Reduction 
9b Smolt 

emigration 
 
Delta 

Oct. - 
Jul. 

Loss in interior 
Delta 

Diversion of emigrating fish into the delta 
interior exposes fish to increased loss.  Lower 
survival rates to the western Delta (Chipps 
Isalnd) are observed for fish migrating through 
the Delta interior. 
 
Most American River steelhead should remain in 
the Sacramento River as the open gate 
configuration of DCC exposes less than 10 % of 
the steelhead that are produced in the 
Sacramento River and its tributaries. 

Medium Medium– 
numerous studies 
find high loss 
rates for Chinook 
salmon relased in 
the Delta interior.  
CCF predation 
reports indicate 
that steelhead and 
Chinook salmon 
have similar 
predation 
vulnerabilities 

Reduced 
survival 

9c Smolt 
emigration 
 
Delta 

Oct. - 
Jul. 

Loss at export 
facilities 

Entrainment of fish at the CVP results in loss of 
approximately two thirds of the exposed fish.  
Entrainment of fish at the SWP results in the loss 
of approximately 85% of the exposed fish.   
 
Percentage of American River steelhead 
population actually arriving at the export 
facilities is expected to be low. 

Low Medium to High- 
numerous studies 
have evaluated 
screening 
efficiency, 
predation, and 
overall salvage 
operations for 
Chinook salmon 
survival.  Recent 
steelhead 
predation studies 
completed 

Reduced 
survival 
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# 
Life Stage/ 
Location 

Life 
Stage 

Timing Stressor Response/Rationale for Magnitude of Effect 

Magnitude of 
Effect (High, 

Medium, 
Low) 

Weight of 
Evidence (High, 
Medium, Low) 

Probable 
Fitness 

Reduction 
9d Smolt 

emigration 
 
Delta 

Oct. - 
Jul. 

Project 
operations 
create a 
stabilized 
freshwater 
ecosystem in 
Delta all year, 
every year, 
instead of 
allowing for 
salinity 
variability. 

Stabilized freshwater environment is conducive 
to the propagation of non-native species such as 
large mouth bass and other centrarchids, water 
hyacinth, Egeria densa, and asian clams.  Direct 
predation on steelhead as well as shifts in 
useable habitat and food resources occur due to 
non-native species presence. 
 
Non-native species have altered the balance of 
the ecosystem and have  increased the level of 
loss for fish emigrating through the Delta 

High Low to medium.  
Invasion of non-
native species into 
delta is well 
documented, 
interaction with 
steelhead 
populations is not 
as well 
documented 

Reducted 
survival, 
Reduced 
growth 

9e Smolt 
emigration 
 
Delta 

Oct. - 
Jul. 

Altered Delta 
hydrodynamic
s 

Creation of reverse flows within Central and 
Southern Delta waterways, reduced primary and 
secondary productivity due to export of food 
web base, delay in migration through Delta due 
to altered hydrodynamics and loss of migratory 
cues.  Delays increase exposure to sources of 
mortality and morbidity (predation, poor water 
quality, contaminants, etc.). 
 
Affects a large fraction of the Central and 
Southern Delta. 

High  Low to High.  
Delta 
hydrodynamics is 
well studied.  
Effects of Delta 
hydrodynamics on 
organisms are not 
as well 
understood. 

Reduced 
survival, 
reduced 
growth 
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9.5.5.1.4  Assess Risk to American River Steelhead 
 
Population viability is determined by four parameters: spatial structure, diversity, abundance, and 
productivity (growth rate).  Both population spatial structure and diversity (behavioral and 
genetic) provide the foundation for populations to achieve abundance levels at or near potential 
carrying capacity and to achieve stable or increasing growth rates.  Spatial structure on a 
watershed scale is determined by the availability, diversity, and utilization of properly 
functioning conditions (habitats), as defined in McElhany et al. (2000), and the connections 
between such habitats.  NMFS defines properly functioning condition as the freshwater habitat 
conditions necessary for the long-term survival of Pacific salmon populations (McElhany et al. 
2000).  As described above, habitat conditions in the lower American River are adversely 
affected by the proposed action to such a degree that the survival, growth, and reproductive 
success of multiple steelhead life stages is reduced.  For example, American River steelhead are 
exposed to stressful water temperatures during spawning, embryo incubation, juvenile rearing, 
and smolt emigration.  Based on the entire effects analysis, it is apparent that the water 
temperatures and flows expected with implementation of the proposed action will continue to 
substantially limit the quantity and quality of habitat, thereby limiting the spatial structure of 
American River steelhead.  These limitations to the spatial structure of a population which have 
already been blocked off from all of its historic spawning habitat certainly adds to its risk of 
extinction.   
 
The behavioral and genetic diversity of American River steelhead also is expected to be 
negatively affected by the proposed action.  Warm water temperatures in the American River 
under the proposed action are expected to result in higher fitness for steelhead spawned early 
(e.g., January) in the spawning season, as eggs spawned later (e.g., March) would be exposed to 
water temperatures above their thermal requirements (see Assess Species Response, section 6.4.3, 
above).  This selective pressure towards earlier spawning and incubation would truncate the 
temporal distribution of spawning, resulting in a decrease in population diversity.  Additionally, 
the genetic diversity of steelhead in the river has been completely altered by Nimbus Fish 
Hatchery operations, relative to the historic diversity. 
 
In addition to the negative effects on the spatial structure and diversity, the proposed action is 
expected to reduce the abundance of American River steelhead.  Direct mortality (e.g., redd 
scour, redd dewatering, and potential water temperature-related egg mortality) associated with 
proposed operations has been documented at both the egg and juvenile life stages.  The fitness 
consequences from water temperature-related anal vent inflammation of the juveniles (e.g., 
compromised immune system, resulting in increased predation, reduced energy for growth) also 
would be expected to negatively affect the population growth rate.   
 
The combined effects of the proposed action on the spawning, embryo incubation, juvenile 
rearing, and smolt emigration life stages of steelhead in the American River, reduces the viability 
of the population and places the population, which was already at high risk of extinction (see 
section 9.5.5.1.,1 Status of American River Steelhead), at even greater risk.  This notion is 
especially supported considering that Naiman and Turner (2000) demonstrated how even slight 
reductions in survival from one life stage to the next at each and every life stage can have serious 



consequences for the persistence of a population, and the proposed action reduces the survival of 
each and every steelhead life stage, including the life stage transition from smolt to adult-sized 
fish in the ocean.  Although the proposed action does not directly affect steelhead in the ocean, it 
indirectly lowers their ocean survival because they are entering it in a weakened state. 
 
Future projections over the duration of the proposed action (i.e., through 2030), considering both 
increasing water demands and climate change, exacerbate risks associated with continuation of 
current American River Division operations, further increasing the risk of extinction of naturally-
spawned American River steelhead.  For example, comparing annual water deliveries from the 
American River Division in recent years (e.g., about 300 TAF in 2006) to annual demands that 
were modeled in the CVP/SWP operations BA for full build out of the proposed action (i.e., 800 
TAF in 2030), suggests that annual demands by 2030 are expected to be about three to four times 
higher than current levels.  This increased water demand is expected to result in considerable 
challenges to flow and water temperature management for American River aquatic resources 
below Nimbus Dam, and will likely exacerbate the adverse habitat conditions already occurring 
in the river under present day water demands.  In addition to increasing water demands, climate 
change is expected to further degrade the suitability of habitats in the Central Valley through 
increased temperatures, increased frequency of drought, increased frequency of flood flows, and 
overall drier conditions (Lindley et al. 2007).   
 
9.5.6  Southern Sierra Nevada Diversity Group 
 
9.5.6.1  Stanislaus River Steelhead 
 
9.5.6.1.1  Status of Stanislaus River Steelhead 
 
Studies have documented the occurrence of CV steelhead in the Stanislaus River based on 
incidental observations obtained from fall-run sampling (Anderson et al. 2007; S.P. Crammer 
and Associates Inc. 2000, 2001) as well as from otolith microchemistry analyses (Zimmerman et 
al. 2008).  However, information regarding the abundance of Stanislaus River steelhead is very 
limited.  In the 2006-7 season, 12 steelhead were observed passing through a Stanislaus River 
counting weir (Anderson et al. 2007).  One of the steelhead observed at the weir had an adipose 
fin clip, indicating some opportunity for genetic introgression from hatchery operations on other 
Central Valley rivers.  Steelhead smolts also have been captured in the Stanislaus River in rotary 
screw traps at Caswell State Park and Oakdale each year since 1995 (S.P. Cramer and Associates 
Inc. 2000, 2001), but the numbers are very low, ranging from 10 to 30 annually.  Most of the 
steelhead smolts are captured from January to mid-April, are 175 to 300 mm fork length, and 
display morphological characteristics associated with smoltification, indicating these fish are 
exhibiting an anadromous life form.  These fish are physiologically prepared to leave the river at 
a time well after the scheduled VAMP pulse flows, but not later than when historical unimpaired 
rain-on-snow events would have provided out migration flows.   
 
9.5.6.1.2  Future Baseline of Stanislaus River Steelhead Excluding CVP/SWP Effects 
 
Excluding stressors resulting from proposed action operations, baseline stressors to Stanislaus 
River steelhead include the presence of Goodwin, Tulloch and New Melones dams, loss of 
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natural riverine function and morphology, agricultural and urban land uses, gravel mining, 
predation, and water quality, particularly temperature, contaminants and suspended sediment.  A 
detailed description of how these stressors affect steelhead in the Stanislaus River is provided in 
section 5.5.3.  
  
9.5.6.1.3  Proposed Action Effects on Stanislaus River Steelhead 
 
Proposed action-related effects to Stanislaus River steelhead are summarized in table 9-11.  
Detailed descriptions regarding the exposure, response, and risk of steelhead to these stressors 
are presented in section 6.  Additionally, an analysis related to potential climate change effects 
on Stanislaus River steelhead is presented in that section. 
 
9.5.6.1.4  Assess Risk to Stanislaus River Steelhead 
 
Population viability is determined by Spatial structure, diversity, abundance, and productivity 
(growth rate).  Both population spatial structure and diversity (behavioral and genetic) provide 
the foundation for populations to achieve abundance levels at or near potential carrying capacity 
and to achieve stable or increasing growth rates.  Spatial structure on a watershed scale is 
determined by the availability, diversity, and utilization of properly functioning conditions 
(habitats), as defined in McElhany et al. (2000).  Thus, reductions in the quantity or quality of 
available habitat are assumed to reduce a population’s spatial structure. 
 
Habitat conditions in the Stanislaus River and Delta are negatively affected by the proposed 
action to such a degree that the survival, growth, and/or reproductive success of all inland life 
stages of steelhead is reduced (see table 9-11).  For example, Stanislaus River steelhead are 
exposed to stressful water temperatures during adult immigration, embryo incubation, juvenile 
rearing, and smolt emigration.  In addition, flow-dependent habitat availability is limited, 
particularly for the spawning, juvenile rearing, and smolt emigration life stages.  Based on the 
effects analysis throughout the steelhead life cycle, it is apparent that the proposed action has 
substantial negative effects on the habitat, and therefore spatial structure, in the Stanislaus River 
and Delta.  A further reduction to the spatial structure of a population which has already been 
blocked off from its historic spawning habitat certainly adds to its risk of extinction.   
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Table 9-11.  Summary of proposed action-related effects on Stanislaus River steelhead. 
 

# 
Life Stage/ 
Location 

Life 
Stage 

Timing Stressor Response/Rationale for Magnitude of Effect 

Magnitude of 
Effect (High, 

Medium, 
Low) 

Weight of 
Evidence (High, 
Medium, Low) 

Probable 
Fitness 

Reduction 
1 Adult 

Immigration 
 
Delta to 
Riverbank 

Oct-
Dec 

Water 
temperatures 
warmer than 
life history 
stage 
requirements 

Delayed entry into river (CDFG 2007a); pre-
spawn mortality; reduced condition factor. 

Medium Medium – based 
on CDFG (2007a) 

Reduced 
reproductive 
success; 
Reduced 
survival to 
spawn 

2 Spawning 
 
Stanislaus 
River 

Dec-
Feb 

Unsuitable 
flows restrict 
spawnable 
habitat and 
dewater redds 

Limited spawning habitat availability according 
to Aceituno (1993).   
 
Instream flows typically drop in January from 
higher December levels when San Joaquin River 
water quality objectives are met.  This increases 
the risk for redd dewatering and direct egg 
mortality. 

High Low-  populations 
so low that direct 
observation is 
difficult 

Reduced 
reproductive 
success 

3 Spawning 
 
Stanislaus 
River 

Dec-
Feb 

Excessive 
fines in 
spawning 
gravel 
resulting from 
lack of 
overbank flow 
 
 

Reduced suitable spawning habitat; For 
individual: increased energy cost to attempt to 
"clean" excess fine material from spawning site 
 
Fine material deposited in gravel beds because of 
lack of overbank flow to inundate floodplain and 
deposit fine material on floodplain, instead of in 
river (Kondolf et al. 2001). 

High Medium- 
deposition 
documented by 
Kondolf et al. 
(2001) and 
reduced 
permeability in 
spawning beds 
measured by 
Mesick (2001); 
energetic effects 
not documented 
for steelhead. 

Reduced 
reproductive 
success 



4 Egg 
incubation 
and 
emergence 
 
Stanislaus 
River 

Dec-
May 

Excessive 
fines in 
spawning 
gravel 
resulting from 
lack of 
overbank flow 
 

Egg mortality from lack of interstitial flow; egg 
mortality from smothering by nest-building 
activities of other steelhead or fall-run; 
suppressed growth rates. 

High High – based on 
reduced 
permeability in 
spawning beds 
measured by 
Mesick (2001); 
and geomorphic 
assessment 
(Kondolf et al. 
(2001) 

Reduced 
survival 

5 Egg 
incubation 
and 
emergence 
 
Stanislaus 
River 

Dec-
May 

Water 
temperatures 
warmer than 
life history 
stage 
requirements 

Egg mortality, especially for eggs spawned in or 
after March; Embryonic deformities (Deas et al. 
2008)  
 
Temperatures may be operationally managed, 
depending on year type 

Medium High – based on 
actual (CDEC) 
data and modeled 
(CVP/SWP 
operations BA) 
water 
temperatures, 
published 
literature 
regarding the 
thermal tolerance 
of steelhead 
juveniles (e.g., 
EPA 2003a; 
Myrick and Cech 
2001) 

Reduced 
survival 

6 Juvenile 
rearing 
 
Stanislaus 
River 

Year 
round 

Contaminants 
(particularly 
dormant 
sprays) 

Reduced food supply; suppressed growth rates; 
smaller size at time of emigration, starvation; 
indirect: loss to predation; poor energetics; 
indirect stress effects. 

Low Low – limited 
information for 
Stanislaus River 
fish 

Reduced 
growth rates; 
Reduced 
survival 
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7 Juvenile 
rearing 
 
Stanislaus 
River 

Year 
round 

Operations can 
create usable 
habitat 
conditions 
below dam 
equivalent to 
50% of 
historic linear 
stream access 
and only in 
reaches that 
were 
historically 
seasonably 
unsuitable for 
rearing. 

Reduced food supply; suppressed growth rates; 
smaller size at time of emigration, starvation. 

High Medium to High – 
based on Lindley 
et al. (2007) 

Reduced 
growth rates; 
Reduced 
survival 

8 Juvenile 
rearing 
 
Stanislaus 
River 

Year 
round 

Lack of 
overbank flow 
to inundate 
rearing habitat 

Reduced food supply; suppressed growth rates; 
starvation; loss to predation; poor energetics; 
indirect stress effects, smaller size at time of 
emigration. 

High High – based on 
geomorphic 
studies (Kondolf 
et al. 2001), and 
floodplain habitat 
literature 
(Sommer et al. 
2001a, 2001b, 
2005; Jeffres et al. 
2008; Heady and 
Merz 2007)   

Reduced 
growth rates; 
Reduced 
survival 
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9 Juvenile 
rearing 
 
Stanislaus 
River 

Year 
round 

Reduction in 
rearing habitat 
complexity 
due to 
reduction in 
channel 
forming flows 

Reduced food supply; suppressed growth rates; 
starvation; loss to predation; poor energetics; 
indirect stress effects, smaller size at time of 
emigration. 

High  High – based on 
geomorphic 
studies (Kondolf 
et al. 2001), and 
floodplain habitat 
literature 
(Sommer et al. 
2001a, 2001b, 
2005; Jeffres et al. 
2008; Heady and 
Merz 2007)   

Reduced 
growth rates; 
Reduced 
survival 

10 Juvenile 
rearing 
 
Stanislaus 
River 

Year 
round 

Unsuitable 
flows for 
maintaining 
juvenile 
habitat 

Crowding and density dependent effects relating 
to reduced habitat availability. Metabolic stress; 
starvation; loss to predation;  indirect stress 
effects, poor growth. 

High High – based on 
IFIM analysis 
(Aceituno 1993) 

Reduced 
growth rates; 
Reduced 
survival 

11 Juvenile 
rearing and 
out-
migration 
Stanislaus 
River 
 

All 
year 
with 
increas
e Feb-
May 
during 
out-
migrati
on 

Predation by 
non-native fish 
predators 
because 
rearing habitat 
is lacking 

Juvenile mortality; Reduced juvenile production. High  High – based on 
geomorphic 
studies (Kondolf 
et al. 2001), and 
predation analyses 
on Stanislaus and 
Tuolumne Rivers 
(Demko et 
al.1999, Stillwater 
Sciences 2000) 

Reduced 
survival 

12 Juvenile 
rearing 
Stanislaus 
River 
 

Year 
round 
Jan-
April 
(14 
months
) 

End of 
summer water 
temperatures 
warmer than 
life history 
stage   

Metabolic stress; starvation; loss to predation; 
indirect stress effects, poor growth. 

High High – based on 
actual (CDEC) 
data and modeled 
(CVP/SWP 
operations BA) 
water 
temperatures.   

Reduced 
growth rates; 
Reduced 
survival 
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13 Smoltificatio
n and 
emigration 
 
Stanislaus 
River at 
mouth 

Jan. - 
Jun. 

Water 
temperatures 
warmer than 
life history 
stage  (Mar - 
June) 

Missing triggers to elect anadromous life history; 
failure to escape river before temperatures rise at 
lower river reaches and in Delta; thermal stress. 

High High – based on 
actual (CDEC) 
data and modeled 
(CVP/SWP 
operations BA) 
water 
temperatures 

Reduced 
diversity. 

14 Smolt 
emigration 
 
Stanislaus 
River 

Jan. – 
Jun. 

Suboptimal 
flow               
(March – June) 

Failure to escape river before temperatures rise 
at lower river reaches and in Delta; thermal 
stress; misdirection through Delta leading to 
increased residence time and higher risk of 
predation. 

High High – based on 
actual (CDEC-
temperature, 
smolted steelhead 
occurrence at 
Oakdale/Caswell 
rotary screw-
traps) data and 
modeled 
(CVP/SWP 
operations BA) 
water 
temperatures 

Reduced 
survival; 
Reduced 
diversity 

15a-d Smolt 
emigration 
 
Delta 

Jan. – 
Jun. 

Cumulative 
direct and 
indirect loss 
associated 
with export 
operations 
(Loss in 
Southern 
Delta, loss at 
export 
facilities, 
creation of 
artificial 
freshwater 
system, altered 
hydrodynamic
s) 

Substantial mortality to steelhead from the 
southern Sierra Nevada diversity group. 
 
Based on VAMP studies of fall-run, mortality 
ranges from 90 – 99 % from San Joaquin River 
release points to Chipps Island (SJRGA 2006).  
Similar results are assumed for steelhead, as 
shown through the CCF studies showing similar 
loss rates between steelhead and Chinook 
salmon (DWR 2008). 

High Low – based on 
lack of steelhead-
specific data 
 
High – based on 
studies of 
Chinook salmon 
mortality using 
acoustic tags, 
PTM modeling 
(CVP/SWP 
operations BA), 
and supplemental 
PTM model runs. 

Reduced 
survival 
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15a Smolt 
emigration 
Delta 

Jan-
Jun. 

Loss in 
Southern Delta 

Exports increase residence time of emigrating 
fish by diverting juveniles into the channels of 
the South Delta.  This exposes steelhead to 
increased losses to predation and contaminants.  
Vulnerability to entrainment into the channels of 
the South Delta is elevated during high export 
operations.  Lack of HORB increases 
entrainment into Old River (SJRGA 2006). 
 
 Lower survival rates to the western Delta 
(Chipps Island) are observed for fish migrating 
through the South Delta interior (USFWS 2006).   

High–  Medium– 
numerous studies 
find high loss 
rates for Chinook 
salmon released in 
the Delta interior.  
CCF predation 
reports indicate 
that steelhead and 
Chinook salmon 
have similar 
predation 
vulnerabilities.   
 
Supplemental 
PTM model runs 
indicate a high 
rate of 
entrainment of 
particles to the 
pumps. 

Reduced 
survival 

15b Smolt 
emigration 
Delta 

Jan-
Jun. 

Loss at export 
facilities 

Percentage of the southern Sierra Nevada 
steelhead diversity group exposed to salvage 
process is considered high due to high rate of 
diversion of flows and particles to the export 
facilities.    
 
Entrainment of fish at the CVP results in loss of 
approximately 66 % of the exposed fish.  
Entrainment of fish at the SWP results in the loss 
of approximately 85 % of the exposed fish (see 
table 6-28). 
 
 

High  Medium to High- 
numerous studies 
have evaluated 
screening 
efficiency, 
predation, and 
overall salvage 
operations for 
Chinook salmon 
survival.  Recent 
steelhead 
predation studies 
completed (DWR 
2008). 

Reduced 
survival 
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15c Smolt 
emigration 
Delta 

Jan-
Jun. 

Project 
operations 
create a 
stabilized 
freshwater 
ecosystem in 
Delta all year, 
every year, 
instead of 
allowing for 
salinity 
variability. 

Stabilized freshwater environment is conducive 
to the propagation of non-native species such as 
large mouth bass and other centrarchids, water 
hyacinth, Egeria densa, and asian clams.  
Predation on steelhead as well as shifts in 
useable habitat and food resources occur due to 
non-native species presence. 
 
Non-native species have altered the balance of 
the ecosystem and have increased the level of 
loss for fish emigrating through the Delta. 

High  Low to medium.  
Invasion of non-
native species into 
Delta is well 
documented 
(Cohen and 
Moyle 2004; 
Brown and 
Michniuk 2007; 
Ford and Brown 
2001) interaction 
with steelhead 
populations is not 
as well 
documented 

Reduced 
survival, 
Reduced 
growth 

15d Smolt 
emigration 
Delta 

Jan-
Jun. 

Altered Delta 
hydrodynamic
s 

Creation of reverse flows within Central and 
Southern Delta waterways, reduced primary and 
secondary productivity due to export of food 
web base, delay in migration through Delta due 
to altered hydrodynamics and loss of migratory 
cues.  Delays increase exposure to sources of 
mortality and morbidity (poor water quality, 
contaminants, etc.). 
 
Affects a large fraction of the Central and 
Southern Delta which encompasses the 
migratory route of southern Sierra Nevada 
diversity group steelhead. 

High  Low to High.  
Delta 
hydrodynamics is 
well studied (IEP 
2008; Herbold 
and Moyle 1989) 
Effects of Delta 
hydrodynamics on 
organisms are not 
as well 
understood. 

Reduced 
survival, 
reduced growth 
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Of equal importance to spatial structure in determining population viability is the presence of 
sufficient behavioral and genetic diversity within the population to allow it to be flexible and 
adapt to changing environmental conditions through utilization of a wide range of habitats.  
Some evidence indicates that the life history diversity of steelhead may be affected by CVP 
operations.  For example, water releases from Shasta Dam have changed the thermal regime and 
the food web structure of the Sacramento River (Lieberman et al. 2001) such that a resident life 
history strategy may have fitness advantages over anadromous forms (Lindley et al. 2006).  A 
similar situation likely applies to the Stanislaus River, which also has a hydrograph and thermal 
regime much different than what steelhead in that river evolved with.  Little is known about the 
relationship of resident and anadromous forms of O. mykiss.  Without knowing the role that 
resident O. mykiss play in population maintenance and persistence of anadromous O. mykiss, it is 
difficult to assess whether the current conditions on the Stanislaus River, which may favor 
residency, are detrimental to the anadromous population or not (Lindley et al. 2007).  
Zimmerman et al. (2008) demonstrated that resident rainbow trout can produce anadromous 
smolts and anadromous steelhead can produce resident rainbow trout in the Central Valley.  
However, the study indicated that the proportion of resident rainbow trout to anadromous 
steelhead in the Central Valley is largely in favor of the resident form with 740 of 964 O. mykiss 
examined being the progeny of resident rainbow trout.  This proportional imbalance is even more 
prominent in the Stanislaus River where nearly 90 percent (139 out of 157) of O. mykiss sampled 
were offspring of resident adults (Zimmerman et al. 2008).  In addition, the lack of specificity in 
how decisions will be made under real-time operations and by whom can have unpredictable 
effects on steelhead.  The uncertain participation of Merced and Tuolumne River water 
operations in spring pulse flows in the future can affect the diversity and continued existence of 
the Stanislaus River population and of the Southern Sierra diversity group. 
 
In addition to the negative effects on the spatial structure and life history diversity, the proposed 
action is expected to reduce the abundance of Stanislaus River steelhead.  Mortality associated 
with the proposed action is expected through such sources as potential water temperature-related 
pre-spawn adult mortality, redd dewatering, egg suffocation from deposition of fines, and direct 
and indirect losses in the Delta.   
 
The combined effects of the proposed action on the adult immigration, spawning, embryo 
incubation, juvenile rearing, and smolt emigration life stages of steelhead in the Stanislaus River, 
reduces the viability of the population and places the population, which was already at high risk 
of extinction due to extremely low abundance, at even greater risk.  As previously described, 
Naiman and Turner (2000) demonstrated how even slight reductions in survival from one life 
stage to the next at each and every life stage can have serious consequences for the persistence of 
a populations.  Considering that the proposed action reduces the survival of each and every 
steelhead life stage, including the life stage transition from smolt to adult-sized fish in the ocean, 
Stanislaus River steelhead may not persist with implementation of the proposed action.   
 
Future projections over the duration of the proposed action (i.e., through 2030), considering both 
increasing water demands and climate change, exacerbate risks to Stanislaus River steelhead.  
For example, climate change is expected to further degrade the suitability of habitats in the 
Central Valley through increased temperatures, increased frequency of drought, increased 
frequency of flood flows, and overall drier conditions (Lindley et al. 2007).   



 
9.5.7  Assess Risk to the Central Valley Steelhead DPS 
 
The proposed action is expected to expose individual steelhead from Clear Creek, the mainstem 
Sacramento River, the American River, and the Stanislaus River to stressors that have fitness 
consequences for each inland life stage.  Cumulatively, these fitness reductions throughout the 
inland steelhead life cycle, are expected to result in population level consequences for each of the 
four populations, reducing their viability.  For Central Valley ESUs and DPSs, reductions in 
population viability are assumed to also reduce the viability of the diversity group the population 
belongs to as well as the species.  Because the four diversity groups with extant steelhead 
populations are represented by these four populations25, the viability of all four extant steelhead 
diversity groups is expected to be decreased with implementation of the proposed action.  In 
consideration of the status and baseline stress regime of the species, these diversity group- and 
population-level consequences identified above greatly increase the extinction risk of the species.  
Given the evidence of the reduction in numbers, reproduction and/or distribution of the species, 
NMFS concludes that Reclamation has not ensured that the proposed action is not likely to 
appreciably reduce the likelihood of viability, and therefore the likelihood of both the survival 
and recovery of the CV steelhead DPS (table 9-12). 
 
Table 9-12.  Reasoning and Decision-Making Steps for Analyzing the Proposed Action’s Effects on the CV 
steelhead DPS.  Each selected decision is shaded in gray.  Acronyms and Abbreviations in the Action Column 
Refer to Not Likely to Adversely Affect (NLAA) and Not Likely/Likely to Jeopardize (NLJ/LJ).   
Step Apply the Available Evidence to Determine if… True/False Action 

True End 

A 

The proposed action is not likely to produce stressors that have direct or 
indirect adverse consequences on the environment. 
Key Evidence:  Proposed action-related stressors adversely affecting the 
environment include: (1) RBDD operations (i.e., impeding fish passage upstream, 
degrading rearing and migratory habitat through the formation of Lake Red Bluff, 
and creating favorable conditions for predators); (2) Sacramento River, Clear 
Creek, and Stanislaus River flow regulation disrupting natural river function and 
morphology; (3) warm water temperatures in the mainstem Sacramento River, Clear 
Creek, the American River, and the Stanislaus River; (4) low late-summer flows in 
Clear Creek and in the American and Stanislaus rivers; and (5) modified Delta 
hydrology associated with export operations (e.g., pulling water towards the Federal 
and State pumping plants). 

False Go to 
B 

B 

CV steelhead individuals are not likely to be exposed to one or more of those 
stressors or one or more of the direct or indirect consequences of the proposed 
action. 
Key Evidence:  (1) Each year through 2019, RBDD operations are expected to delay 
~17% of the steelhead adults that spawn upstream of RBDD and all of the progeny 
from those adults are faced with reduced rearing habitat quantity and quality 
resulting from the formation of Lake Red Bluff.  (2) All freshwater life stages of 

True NLAA 

                                                 
25 Clear Creek belongs to the Northwestern California diversity group; the mainstem Sacramento River population 
belongs to the Basalt and Porous Lava diversity group; the American River belongs to the Northern Sierra Nevada 
diversity group; and the Stanislaus River belongs to the Southern Sierra Nevada diversity group. 

 546 



 Sacramento River, Clear Creek, and Stanislaus River steelhead will be exposed to 
regulated flows and their effects on river processes and morphology every year 
through 2030.  (3) Each year through 2030, steelhead in Clear Creek, the mainstem 
Sacramento River, the American River, and the Stanislaus River are expected to be 
exposed to water temperatures warmer than life stage-specific requirements during 
multiple life stages, including egg incubation and juvenile rearing.  (4) Steelhead 
rear in their natal stream year-round for 1 to 2 years, and thus are expected to be 
exposed to low late-summer flows in Clear Creek and in the American and 
Stanislaus rivers.  (5) As water is moved from the north Delta and from the San 
Joaquin River to the Federal and State export facilities, each year through 2030, CV 
steelhead juveniles will have increased exposure to an abundant predator 
community, an aquatic environment degraded by pesticides and contaminants, and 
entrainment at the facilities. 

False Go to 
C 

True NLAA 

C 

CV steelhead individuals are not likely to respond upon being exposed to one or 
more of the stressors produced by the proposed action. 
Key Evidence:  (1) Delayed upstream migration at RBDD causes individual adults to 
consume more energy, which limits the amount of energy available for reproduction, 
resulting in the deposition of fewer and/or less viable eggs.  (2) Loss of natural river 
function resulting from flow regulation in the Sacramento River, Clear Creek, and 
the Stanislaus River has reduced the quality and quantity of rearing and migratory 
habitats, thereby reducing the growth and survival of individual steelhead juveniles 
in those systems. (3) Exposure to warm water temperatures in Clear Creek, the 
mainstem Sacramento River, the American River, and the Stanislaus River is 
expected to cause eggs deposited later (i.e., March) in the spawning season to suffer 
increased mortality and structural deformities during incubation, particularly during 
critically dry years.  Thermal stress responses (e.g., reduced immune system 
function) are also expected to occur in individual juvenile steelhead rearing over the 
summer in Clear Creek and the American River. (4) Low late-summer flows limit the 
availability of quality rearing habitat, including predator refuge areas.  Under these 
low flow conditions, juvenile steelhead have an increased susceptibility to predation 
and density dependent related factors (e.g., disease and competition for prey and 
habitat).  (5) Mortality of juvenile steelhead migrating from the San Joaquin River to 
Chipps Island is expected to range from 90 to 99 %, with most of the mortality 
coming from project-related sources.  Mortality of steelhead that enter the Delta 
interior from the Sacramento River is expected to range from 35 to 90 %, resulting 
in the loss of approximately 5-17 percent of the Sacramento River basin population 
of the Central Valley DPS. 

False Go to 
D 

True NLAA 

D 

Any responses are not likely to constitute “take” or reduce the fitness of the CV 
steelhead individuals that have been exposed. 
Key Evidence: (1) The reduction in energy available for egg production associated 
with delayed upstream migration at RBDD reduces the fitness of individuals by 
reducing their reproductive capacity. (2) “Take”of steelhead individuals in the form 
of reduced growth and survival is expected due to the loss of natural river function 
associated with flow regulation in the Sacramento River, Clear Creek, and the 
Stanislaus river.  (3) and (4)  As described in step C, “take” of steelhead individuals, 
in the form of mortality and sub-lethal effects, is expected with exposure to warm 
water temperatures particularly during the egg incubation and juvenile rearing life 
stages, and with exposure to low flows during juvenile rearing. (5) As described in 
step C, “take” of steelhead individuals, in the form of mortality, is expected in the 
Delta during juvenile rearing/smolt emigration. 

False Go to 
E 

E 

Any reductions in individual fitness are not likely to reduce the viability of the 
populations those individuals represent. 
Key Evidence:  The cumulative effects of RBDD operations, flow regulation, warm 
water temperatures, low flows, project-related impacts in the Delta, and other 
project-related stressors (see tables 9-8 through 9-11) are expected to sufficiently 

True NLJ 
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 reduce the survival, growth, and/or reproductive success of steelhead individuals at 
multiple life stages every year through 2030 such that key population parameters 
(i.e. spatial structure, diversity, and abundance) are appreciably reduced for 
steelhead populations in Clear Creek, the mainstem Sacramento River, the American 
River, and the Stanislaus River.  Reductions in these parameters are of sufficient 
magnitude for one to reasonably expect a reduction in the viability of each of the 
four populations.   

False Go to 
F 

True NLJ 

F 

Any reductions in the viability of the exposed populations are not likely to 
reduce the viability of CV steelhead the species. 
Key Evidence: Considering the greatly diminished status of the CV steelhead DPS, 
NMFS assumes that if a population-level effect on any of the populations within the 
DPS is expected from implementation of the proposed action, then a species-level 
effect will be expected as well.  The proposed action is expected to reduce the 
viability of at least four steelhead populations.  Therefore, the viability of the DPS is 
expected to be significantly reduced with implementation of the proposed action. 

False LJ 

 
9.6  Central Valley Steelhead Critical Habitat 
 
Following much of the same logic introducing the integration and synthesis of the CV steelhead 
species analysis presented in section 9.5, the following discussion will not address effects to 
critical habitat for every extant population affected by the proposed action, but will focus on how 
critical habitat for steelhead in Clear Creek, the mainstem Sacramento River, the American 
River, and the Stanislaus River is expected to be affected by the proposed action.  By focusing 
on these four areas, all steelhead critical habitat that is affected by the proposed action is 
evaluated.   
 
9.6.1  Status of Central Valley Steelhead Critical Habitat 
 
It is estimated that 80 percent of the historic spawning and rearing habitat for CV steelhead is 
above impassable dams as is the case for the Sacramento, Feather, Yuba, American, Mokelumne, 
Stanislaus, Tuolumne, Merced, and San Joaquin rivers.  All critical habitat for Central Valley 
steelhead occurs below impassable barriers.  As such, steelhead critical habitat largely occurs in 
areas that historically functioned as either rearing or migratory habitats.   
 
Critical habitat for CV steelhead is composed of PCEs that are essential for the conservation of 
the species including, but not limited to, spawning habitat, rearing habitat, migratory corridors, 
and estuarine areas.  Stressors to CV steelhead PCEs are similar to the stressors described for 
spring-run critical habitat and include water diversions and water management, dams and other 
structures, loss of floodplain connectivity, loss of natural riverine function, bank protection; 
dredging, sediment disposal, gravel mining, invasive aquatic organisms, and agricultural, urban, 
and industrial land use (McEwan 2001).  In addition, unlike spring-run critical habitat which 
excludes much of the Delta, steelhead critical habitat includes the Delta – an ecosystem that has 
had dramatic habitat changes in recent years related to water quality, toxic algae blooms (e.g., 
Microcystis), and invasive species (e.g., the aquatic macrophyte Egeria densa).  Based on the 
host of stressors to spawning, rearing, migratory, and estuarine habitats in the Central Valley, it 
is apparent that the current condition of CV steelhead critical habitat is degraded, and does not 
provide the conservation value necessary for the survival and recovery of the species.   
 
9.6.2  Northwestern California Diversity Group 
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 9.6.2.1  Steelhead Critical Habitat in Clear Creek 
 
9.6.2.1.1  Status of Steelhead Critical Habitat in Clear Creek 
 
Whiskeytown Dam at RM 18.1 is an impassable barrier to adult anadromous salmonids and 
marks the upstream extent of potential steelhead habitat.  Prior to 2000, the McCormick-Saeltzer 
Dam presented a barrier to upstream migration for anadromous salmonids.  Following removal 
of the Dam in 2000, access to approximately 12 miles of coldwater habitat upstream to 
Whiskeytown Dam was restored.  The construction of Whiskeytown Dam, gold mining, and 
significant gravel mining in the Clear Creek watershed has diminished the availability and 
recruitment of suitable spawning gravels.  Gravel injection projects are conducted to make up for 
this loss of spawning gravel recruitment, but limited spawning habitat availability is a problem in 
Clear Creek.   
 
Currently the release schedule from Whiskeytown Dam calls for flows of 200 cfs from October 1 
to June 1 and 150 cfs, or less, from July through September in order to maintain water 
temperatures below 60°F.  Under dry and warm climate conditions, water temperatures above 
60°F occur in Clear Creek.  Lindley et al. (2004) suggested that Clear Creek appears to offer 
habitat of marginal suitability to steelhead, having limited area at higher elevations and being 
highly dependent on rainfall. 
 
9.6.2.1.2  Project Effects on Steelhead Critical Habitat in Clear Creek 
 
The proposed action adversely affects Clear Creek critical habitat for steelhead in a few ways.  
The proposed action produces stressors to steelhead critical habitat in Clear Creek that primarily 
affect  rearing habitat.  Flow regulation impairs natural river processes and decreases habitat 
complexity and variability, which limits the quality and quantity of rearing habitat.  Additionally, 
low flows and warm water temperatures during the summer limit the availability of quality 
rearing habitat.   
 
9.6.2.1.3  Assess Risk to Steelhead Critical Habitat in Clear Creek 
 
At least six factors, when considered together, suggest that implementation of the proposed 
action is expected to place critical habitat for Clear Creek steelhead at considerable risk.  First, 
the habitat within Clear Creek is believed to be of marginal suitability for steelhead (Lindley et 
al. 2004).  Second, rearing and migratory habitats within the Sacramento River are believed to be 
substantially degraded and generally would be considered as not properly functioning (NMFS 
1996b).  Third, climate change is expected to further degrade the suitability of habitats in the 
Central Valley through increased temperatures, increased frequency of drought, increased 
frequency of flood flows, and overall drier conditions (Lindley et al. 2007).  Fourth, estuarine 
habitats have been substantially degraded (e.g., Sommer et al. 2007) and climate change is 
expected to further alter estuarine habitats through sea level rise and hydrological changes.  Fifth, 
under current usage practices, human population growth will place an increasing demand on 
limited water supplies, potentially exacerbating adverse effects to spawning, rearing, migratory, 
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and estuarine habitats.  Lastly, the proposed action is expected to produce stressors every year 
for the next 21 years that will decrease the conservation value of these habitats (table 9-8). 
 
9.6.3  Basalt and Porous Lava Diversity Group 
 
9.6.3.1  Steelhead Critical Habitat in the Mainstem Sacramento River 
 
9.6.3.1.1  Status of Steelhead Critical Habitat in the Mainstem Sacramento River 
 
Within the range of CV steelhead, biological features of the designated critical habitat that are 
considered vital for steelhead include freshwater spawning sites, freshwater rearing sites, 
freshwater migration corridors, and estuarine areas.  As generally described above in section 
9.6.1, the status of critical habitat in each of these biological features is considered to be 
degraded.  Freshwater rearing and migration habitats have been degraded by RBDD operations 
which delay upstream migration, reduce the availability of quality rearing habitat through the 
related seasonal creation of Lake Red Bluff, and create improved feeding opportunities for 
predators such as pikeminnow and striped bass.  Additional adverse effects to rearing and 
migration habitats within the Sacramento River include loss of natural river function and 
floodplain connectivity through levee construction, direct loss of floodplain and riparian habitat, 
and effects to water quality associated with agricultural, urban, and industrial land use.  The 
status of estuarine habitats for steelhead also is considered to be highly degraded as is evident by 
the collapse of pelagic organisms in the Delta (Sommer et al. 2007, IEP 2008).  It is not 
immediately clear how the changes in the Delta ecosystem affect steelhead, but it is certain that 
substantial changes to steelhead estuarine habitat are occurring. 
 
9.6.3.1.2  Project Effects on Steelhead Critical Habitat in the Mainstem Sacramento River 
 
The proposed action negatively affects critical habitat for steelhead from the mainstem 
Sacramento River in several ways.  As shown in table 9-9 above, the proposed action produces 
stressors to rearing (RBDD, Lake Red Bluff), migratory (RBDD), and estuarine (entrainment of 
juveniles into central and south Delta) habitats for mainstem Sacramento River steelhead.     
 
9.6.3.1.3  Assess Risk to Steelhead Critical Habitat in the Mainstem Sacramento River 
 
At least five factors, when considered together, suggest that implementation of the proposed 
action is expected to place critical habitat for mainstem Sacramento River steelhead at 
considerable risk.  First, spawning, rearing, and migratory habitats within the mainstem 
Sacramento River are believed to be substantially degraded and generally would be considered 
as not properly functioning (NMFS 1996b).  Second, climate change is expected to further 
degrade the suitability of habitats in the Central Valley through increased temperatures, 
increased frequency of drought, increased frequency of flood flows, and overall drier conditions 
(Lindley et al. 2007).  Third, estuarine habitats also have been substantially degraded (e.g., 
Sommer et al. 2007) and climate change is expected to further alter these habitats through sea 
level rise and hydrological changes.  Fourth, under current usage practices, human population 
growth will place an increasing demand on limited water supplies, potentially creating or 
exacerbating adverse effects to spawning, rearing, migratory, and estuarine habitats.  Lastly, the 
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proposed action is expected to produce stressors every year for the next 21 years that will further 
compromise the conservation value of rearing, migratory, and estuarine habitats (see table 9-9). 
 
9.6.4  Northern Sierra Nevada Diversity Group 
 
9.6.4.1  Steelhead Critical Habitat in the American River 
 
9.6.4.1.1 Status of Steelhead Critical Habitat in the American River 
 
The PCEs of critical habitat for lower American River steelhead include freshwater spawning, 
freshwater rearing, freshwater migration, and estuarine habitats.  There is a general consensus in 
the available literature suggesting that habitat for steelhead in the American River is impaired 
(CVP/SWP operations BA; Water Forum 2005a,b; SWRI 2001; McEwan and Nelson 1991; 
CDFG 2001).  Of particular concern are warm water temperatures during embryo incubation, 
rearing, and migration, flow fluctuations during embryo incubation and rearing, and limited 
flow-dependent habitat availability during rearing.  All of these concerns are related to water 
management operations of the CVP.   
 
In addition, the status of estuarine habitats for steelhead also is considered to be highly degraded 
as is evident by the collapse of pelagic organisms in the Delta (Sommer et al. 2007, IEP 2008).  
It is not immediately clear how the changes in the Delta ecosystem affect steelhead, but it is 
certain that substantial changes to steelhead estuarine habitat are occurring. 
 
9.6.4.1.2  Project Effects on Steelhead Critical Habitat in the American River 
 
Steelhead spawning (embryo incubation) and rearing PCEs in the American River are expected 
to be negatively affected by flow and water temperature conditions associated with the proposed 
action.  For example, steelhead spawning, egg incubation, and rearing habitat in the lower 
American River is adversely affected by flow fluctuations, which can result in redd dewatering 
and isolation, fry stranding, and juvenile isolation.  Additionally, steelhead egg incubation, 
juvenile rearing, and migratory habitat quality is expected to be reduced by the occurrence of 
warm water temperatures.   
 
9.6.4.1.3  Assess Risk to Steelhead Critical Habitat in the American River 
 
At least five factors, when considered together, suggest that implementation of the proposed 
action is expected to place critical habitat for American River steelhead at considerable risk.  
First, spawning, rearing, and migratory habitats within the American River are believed to be 
substantially degraded and generally would be considered as not properly functioning (NMFS 
1996b).  Second, climate change is expected to further degrade the suitability of habitats in the 
Central Valley through increased temperatures, increased frequency of drought, increased 
frequency of flood flows, and overall drier conditions (Lindley et al. 2007).  Third, estuarine 
habitats also have been substantially degraded (e.g., Sommer et al. 2007) and climate change is 
expected to further alter these habitats through sea level rise and hydrological changes.  Fourth, 
annual water demands by 2030 are expected to be about three to four times higher than current 
levels.  This increased water demand is expected to result in considerable challenges to flow and 
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water temperature management for American River aquatic resources below Nimbus Dam, and 
will likely exacerbate the adverse habitat conditions already occurring in the river under present 
day water demands.  Lastly, the proposed action is expected to produce stressors every year for 
the next 21 years that will further compromise the conservation value of spawning (i.e., embryo 
incubation), rearing, migratory, and estuarine habitats (see table 9-10). 
 
9.6.5  Southern Sierra Nevada Diversity Group 
 
9.6.5.1  Steelhead Critical Habitat in the Stanislaus River 
 
9.6.5.1.1  Status of Steelhead Critical Habitat in the Stanislaus River 
 
Steelhead critical habitat on the Stanislaus River has been designated up to Goodwin Dam.  The 
PCEs of critical habitat for Stanislaus River steelhead include freshwater spawning, freshwater 
rearing, freshwater migration, and estuarine habitats.  Although Stanislaus River water 
temperatures are generally suitable for spawning and rearing, during the smolt emigration life 
stage (January through June), steelhead are exposed to water temperatures that would prohibit 
successfully completing transformation to the smolt stage.  In addition, steelhead spawning and 
rearing habitat on the Stanislaus River is affected by the limited occurrence of flows that are 
sufficient to carry out natural geomorphic processes.  As such, sediment deposition on spawning 
habitats has decreased the availability of suitable spawning areas.  Without strategic releases for 
geomorphic processes to manage fine sediment deposition in spawning gravels, spawning beds 
will be increasingly choked with sediment and unsuitable for spawning.  The relatively low and 
uniform releases in the Stanislaus River adversely affect rearing habitat by reducing habitat 
complexity and decreasing connectivity with flood plains, areas proven to be high quality rearing 
habitats (Sommer et al. 2005).  In addition, the status of estuarine habitats for steelhead also is 
considered to be highly degraded as is evident by the collapse of the pelagic community in the 
Delta.  This collapse is, in part, related to dramatic habitat changes in recent years related to 
water quality, toxic algae blooms (e.g., Microcystis), and invasive species (e.g., the aquatic 
macrophyte Egeria densa).  It is not immediately clear how the changes in the Delta ecosystem 
affect steelhead, but it is certain that substantial alterations to steelhead estuarine habitat are 
occurring. 
 
9.6.5.1.2  Project Effects on Steelhead Critical Habitat in the Stanislaus River 
 
Aside from the effect to estuarine habitats, the factors affecting the current status of critical 
habitat for Stanislaus River steelhead are all related to operations of the East Side Division of the 
CVP.  Because the proposed action is the continued operation of the East Side Division in a 
manner that is presumably26 generally consistent with past operations, it is expected that the 
proposed action will continue to compromise the conservation value of the spawning, freshwater 
rearing, and freshwater migration corridors PCEs of critical habitat within the Stanislaus River.  
In addition, Delta division operations are expected to compromise estuarine habitat for steelhead 
by effects to outflow and water quality.   
 

                                                 
26 Many details of East Side Division operations were not clearly described in the project description. 
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9.6.5.1.3  Assess Risk to Steelhead Critical Habitat in the Stanislaus River 
 
At least five factors, when considered together, suggest that implementation of the proposed 
action is expected to place critical habitat for Stanislaus River steelhead at considerable risk.  
First, spawning, rearing, and migratory habitats within the Stanislaus River are believed to be 
degraded and generally would be considered as not properly functioning (NMFS 1996b).  
Second, climate change is expected to further degrade the suitability of habitats in the Central 
Valley through increased temperatures, increased frequency of drought, increased frequency of 
flood flows, and overall drier conditions (Lindley et al. 2007).  Third, estuarine habitats also 
have been substantially degraded (e.g., Sommer et al. 2007) and climate change is expected to 
further alter these habitats through sea level rise and hydrological changes.  Fourth, under current 
usage practices, human population growth will place an increasing demand on limited water 
supplies, potentially creating or exacerbating adverse effects to spawning, rearing, migratory, 
and estuarine habitats for steelhead from the Stanislaus River.  Lastly, the proposed action is 
expected to produce stressors every year for the next 21 years that will further compromise the 
conservation value of spawning, rearing, migratory, and estuarine habitats (see table 9-11). 
 
9.6.6  Assess Risk to Central Valley Steelhead Critical Habitat 
 
At least five factors, when considered concurrently, suggest that implementation of the proposed 
action is expected to place CV steelhead critical habitat at considerable risk.  First, the status of 
steelhead critical habitat is one characterized by severe degradation including factors such as 
warm water temperatures and low flows, loss of natural river function and floodplain 
connectivity through levee construction, direct loss of floodplain and riparian habitat, loss of 
tidal wetland habitat, a collapsed pelagic community in the Delta, and poor water quality 
associated with agricultural, urban, and industrial land use.  In general, much of the spawning, 
rearing, migratory, and estuarine habitat for steelhead would be considered as not properly 
functioning (NMFS 1996b).  Second, climate change is expected to further degrade the 
suitability of habitats in the Central Valley through increased temperatures, increased frequency 
of drought, increased frequency of flood flows, overall drier conditions (Lindley et al. 2007), and 
altered estuarine habitats through changes in hydrology and sea level rise.  Third, under current 
practices, human population growth will place an increasing demand for limited water supplies, 
potentially exacerbating adverse effects to spawning, rearing, migratory, and estuarine habitats.  
Lastly, the proposed action is expected to produce stressors every year for the next 21 years that 
will further compromise the conservation value of steelhead spawning and rearing habitats in 
Clear Creek, the mainstem Sacramento River, the American River, and the Stanislaus River, and 
further compromise the conservation value of migratory and estuarine habitats for all extant 
steelhead populations.   
 
Based on the analysis of available evidence, NMFS concludes that the proposed action is likely 
to reduce the conservation value of the critical habitat, as designated, for the conservation of CV 
steelhead (table 9-13).   
 
Table 9-13.  Reasoning and Decision-Making Steps for Analyzing the Proposed Action’s Effects on Central 
Valley Steelhead Designated Critical Habitat.  Application of Key Evidence is Provided in Italics.  Each 
selected decision is shaded in gray.  Acronyms and Abbreviations in the Action Column Refer to Not Likely 
to Adversely Affect (NLAA) and Adverse Modification of Critical Habitat (AD MOD). 
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Step Apply the Available Evidence to Determine if… True/False Action 

True End 

A 

The proposed action is not likely to produce stressors that have direct or 
indirect adverse consequences on the environment. 
Key Evidence:  Proposed action-related stressors adversely affecting the 
environment include: (1) RBDD operations (i.e., impeding fish passage upstream, 
degrading rearing and migratory habitat through the formation of Lake Red Bluff, 
and creating favorable conditions for predators); (2) Sacramento River, Clear 
Creek, and Stanislaus River flow regulation disrupting natural river function and 
morphology; (3) warm water temperatures in the mainstem Sacramento River, 
Clear Creek, the American River, and the Stanislaus River; (4) low late-summer 
flows in Clear Creek and in the American and Stanislaus rivers; (5) modified Delta 
hydrology associated with export operations (e.g., pulling water towards the 
Federal and State pumping plants) and (5) construction of the South Delta 
Permanent Gates. 

False Go to B 

True NLAA 

B 

Areas of designated critical habitat for CV steelhead are not likely to be 
exposed to one or more of those stressors or one or more of the direct or 
indirect consequences of the proposed action. 
Key Evidence:  (1) Each year through 2019, RBDD operations are expected to 
delay ~17% of the steelhead adults that spawn upstream of RBDD and all of the 
progeny from those adults are faced with reduced rearing habitat quantity and 
quality resulting from the formation of Lake Red Bluff.  (2) Holding, spawning, 
rearing, and migratory habitats in the Sacramento River, Clear Creek, and the 
Stanislaus River will be exposed to regulated flows and their effects on river 
processes and morphology every year through 2030.  (3) Each year through 2030, 
multiple habitat types including those supporting egg incubation and juvenile 
rearing in Clear Creek, the mainstem Sacramento River, the American River, and 
the Stanislaus River are expected to be exposed to water temperatures warmer than 
life stage-specific requirements.  (4) Each year through 2030, rearing habitats in 
Clear Creek and in the American and Stanislaus rivers will be exposed to low flows 
particularly during the late-summer. (5) As water is moved from the north Delta 
and from the San Joaquin River to the Federal and State export facilities, each year 
through 2030, a large portion of emigrating steelhead will be entrained in low 
quality habitats characterized by an abundant predator community, an aquatic 
environment degraded by pesticides and contaminants, and increased risk of direct 
entrainment at the facilities.  (5) Constructio of South Delta Permanent Gates will 
alter approximately 25 miles of waterways resulting in additional predator 
structure, altered hydrodynamics, and impacted migratory corridors for CV 
steelhead originating in the San Joaquin River basin. 

False Go to C 

C 

The quantity, quality, or availability of all constituent elements of CV 
steelhead critical habitat are not likely to be reduced upon being exposed to 
one or more of the stressors produced by the proposed action. 
Key Evidence:  (1) Each year through 2019, RBDD operations will reduce the 
quality of migratory habitat for steelhead adult immigration, as well as the quality 
and quantity of juvenile rearing habitat through the formation of Lake Red Bluff.  
(2) Loss of natural river function resulting from flow regulation has reduced the 

True NLAA 
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 quality and quantity of rearing and migratory habitats in the Sacramento River, 
Clear Creek, and the Stanislaus River.  (2) Each year through 2030, the provision 
of water temperatures warmer than life stage-specific requirements will reduce the 
quantity and quality of steelhead egg incubation habitats in Clear Creek, the 
mainstem Sacramento River, the American River, and the Stanislaus River; the 
quality of rearing habitats in Clear Creek and the American River also will be 
reduced.  (3) Low late-summer flows limit the availability of quality rearing habitat, 
including predator refuge areas.  (4) Each year through 2030, the quality of 
rearing and migratory habitats is reduced by entraining juvenile steelhead into low 
quality habitats in the central and south Delta.  (5)  Construction of South Delta 
Permanent Gates will increase structure for predators and diminish migratory 
corridor value of the South Delta waterways to CV steelhead originating in the San 
Joaquin River basin. 

False Go to D 

True - 

D 

Any reductions in the quantity, quality, or availability of one or more 
constituent elements of CV steelhead critical habitat are not likely to reduce 
the conservation value of the exposed area. 
Key Evidence:  Reductions in the conservation value of migratory, egg incubation, 
and rearing habitats are expected due to reductions in the quantity, quality, or 
availability of critical habitat constituent elements resulting from (1) RBDD 
operations; (2) flow regulation in the Sacramento River, Clear Creek, and 
Stanislaus River; (3) the provision of water temperatures warmer than life stage-
specific requirements in Clear Creek, the mainstem Sacramento River, the 
American River, and the Stanislaus River; (4) low late-summer flows in Clear 
Creek, and the American and Stanislaus rivers; (5) the movement of water towards 
the Federal and State pumping plants; and (6) Construction of South Delta 
Permanent Gates creates impediments to migration and increased predator habitat. 

False Go to E 

True No AD 
MOD 

E 

Any reductions in the conservation value of the exposed area of CV steelhead 
critical habitat are not likely to reduce the conservation value of the critical 
habitat designation. 
Key Evidence:  Because the conservation value of all inland habitat types 
(migratory, spawning/egg incubation, and rearing) necessary to complete the 
steelhead life cycle are expected to be reduced with implementation of the proposed 
Action, it is likely that the conservation value of the critical habitat designation will 
also be reduced. 

False AD 
MOD 

 
9.7  Southern DPS of North American Green Sturgeon 
 
9.7.1  Status of Southern DPS of Green Sturgeon 
 
Information regarding the migration and habitat use of the Southern DPS of North American 
green sturgeon has recently emerged.  Lindley (2006) presents preliminary results of large-scale 
green sturgeon migration studies.  Lindley’s analysis verified past population structure 
delineations based on genetic work and found frequent large-scale migrations of green sturgeon 
along the Pacific Coast.  It appears North American green sturgeon are migrating considerable 
distances up the Pacific Coast into other estuaries, particularly the Columbia River.  This 
information also agrees with the results of green sturgeon tagging studies completed by CDFG in 
which a total of 233 green sturgeon were tagged in the San Pablo Bay estuary between 1954 and 
2001 (CDFG 2002), and tagged fish were recovered in the Sacramento-San Joaquin Estuary, in 
the Pacific Ocean off of California, from commercial fisheries off of the Oregon and Washington 
coasts, and in the Columbia River estuary (CDFG 2002).   
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Known historic and current spawning occurs in the Sacramento River (Adams et al. 2002, 
Beamesderfer et al. 2004).  Currently, upstream migrations of sturgeon are permanently blocked 
by Keswick and Shasta Dams on the mainstem of the Sacramento River.  Although no historical 
accounts exist for identified green sturgeon spawning occuring above the current dam sites, 
suitable spawning habitat existed based on habitat assessments done for Chinook salmon, and the 
geographic extent of spawning has been reduced due to the impassable barriers constructed on 
the river.  Seasonal operations of the RBDD have blocked various proportions of the adult 
spawning population from the river segments upstream of the RBDD location.  The initial 
operations of the RBDD with gates in all year long precluded any spawning above the dams 
location for green sturgeon.  Subsequent modifications in the RBDD gate closures have allowed 
greater fractions of the population to ascend the Sacramento River and utilize the spawning 
habitat in the upper 53 mile between the RBDD and the ACID Dam.  Today, with gates in from 
May 15 to September 15, approximately half of the adult spawning run of green sturgeon can 
move upriver to spawn prior to the closure of the gates. 
 
Green sturgeon spawning on the Feather River (part of the Southern DPS) is suspected to have 
occurred in the past due to the continued presence of adult green sturgeon in the river below 
Oroville Dam.  This continued presence of adults below the dam suggests that fish are trying to 
migrate to upstream spawning areas now blocked by the dam which was constructed in 1968. 
 
Spawning in the San Joaquin River system has not been recorded historically or observed 
recently, but alterations of the San Joaquin River tributaries (Stanislaus, Tuolumne, and Merced 
Rivers) and its mainstem occurred early in the european settlement of the region.  During the 
latter half of the 1800s impassable barriers were built on these tributaries where the water 
courses left the foothills and entered the valley floor.  Therefore, these low elevation dams have 
blocked potentially suitable spawning habitats located further upstream for approximately a 
century.  Additional destruction of riparian and stream channel habitat by industrialized gold 
dredging further disturbed any valley floor habitat that was still available for sturgeon spawning.  
It is likely that both white and green sturgeon utilized the San Joaquin River basin for spawning 
prior to the onset of European influence, based on past use of the region by populations of 
Central Valley spring-run Chinook salmon and steelhead.  These two populations of salmonids 
have either been extirpated or greatly diminished in their use of the San Joaquin River basin over 
the past two centuries. 
 
Population abundance information concerning the Southern DPS green sturgeon is described in 
the NMFS status reviews (Adams et al. 2002, NMFS 2005a).  Limited population abundance 
information comes from incidental captures of North American green sturgeon from the white 
sturgeon monitoring program by the CDFG sturgeon tagging program (CDFG 2002).  By 
comparing ratios of white sturgeon to green sturgeon captures, CDFG provides estimates of adult 
and sub-adult North American green sturgeon abundance.  Estimated abundance between 1954 
and 2001 ranged from 175 fish to more than 8,000 per year and averaged 1,509 fish per year.  
Unfortunately, there are many biases and errors associated with these data, and CDFG does not 
consider these estimates reliable.  Fish monitoring efforts at RBDD and GCID on the upper 
Sacramento River have captured between 0 and 2,068 juvenile North American green sturgeon 
per year (Adams et al. 2002).  In the past two years, captures of juvenile and larval green 
sturgeon have been very low at the monitoring sites at RBDD and GCID, indicating poor 
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spawning success in those years.  Information regarding changes in the abundance of the 
Southern DPS of green sturgeon includes changes in abundance at the John E. Skinner Fish 
Facility between 1968 and 2001.  The average number of North American green sturgeon 
entrained per year at the State Facility prior to 1986 was 732; from 1986 on, the average per year 
was 47 (70 FR 17386).  For the Harvey O. Banks Pumping Plant, the average number prior to 
1986 was 889; from 1986 to 2001 the average was 32 (70 FR 17386).  In light of the increased 
exports, particularly during the previous 10 years, it is clear that the abundance of the Southern 
DPS of green sturgeon is dropping.  Additional analysis of North American green and white 
sturgeon taken at the Fish Facilities indicates that take of both North American green and white 
sturgeon per acre-foot of water exported has decreased substantially since the 1960s (70 FR 
17386).  Catches of sub-adult and adult North American green sturgeon by the IEP between 1996 
and 2004 ranged from 1 to 212 green sturgeon per year (212 occurred in 2001), however, the 
proportion of the Southern DPS of green sturgeon in the catch is unknown as these captures were 
primarily located in San Pablo Bay which is known to consist of a mixture of Northern and 
Southern DPS green sturgeon.  Recent spawning population estimates using sibling based 
genetics by Israel (2006) indicates a maximum spawning population of 32 spawners in 2002, 64 
in 2003, 44 in 2004, 92 in 2005, and 124 in 2006 above RBDD (with an average of 71).  Based 
on the length and estimated age of post-larvae captured at RBDD (approximately 2 weeks of 
age) and GCID (downstream; approximately 3 weeks of age), it appears the majority of Southern 
DPS of green sturgeon are spawning above RBDD.  Note, there are many assumptions with this 
interpretation (i.e., equal sampling efficiency and distribution of post-larvae across channels) and 
this information should be considered cautiously.  
 
Since green stugeon are iteroparous, each adult is capable of making several spawning runs 
during its lifestime.  Individual year class failures may occur, but do not necessarily indicate an 
eminent decline in the viability of the DPS.  Sustained year class failures over multiple years 
however are cause for concern.  In addtion, rapid declines in the abundance of any one of the life 
history stages would also indicate potential population declines, particularly in the sub-adult or 
adult life stages.  Population modeling by Heppell (2007) indicates that there is a high sensitivity 
to population growth rate to changes in the survival rate of sub-adult and adult fish.  Significant 
increases in the survival of YOY green sturgeon or annual egg production is required to 
compensate for even low levels of mortality in the sub-adult or adult life stages (i.e., mortalities 
associated with RBDD gate operations), since a single female produces between 60,000 and 
140,000 eggs (Moyle et al. 1992, Moyle 2002), and therefore, contributes significantly to the 
population.  In response to these vulnerabilities, sportfishing for green sturgeon has been 
eliminated in the west coast waters of the United States where members of the Southern DPS 
would be vulnerable to harvest.  However, hooking mortality of green stugeon incidently caught 
while fishing for other species (i.e., white stugeon) still remains and significant numbers of green 
sturgeon remain vulnerable to sportfishing in the Delta and Sacramento River regions.  Even low 
levels of hooking mortality can be detrimental to a long-lived species such as green sturgeon.    
Long-lived species like sturgeon can experience several encounters with sportfisherman, and 
each encounter carries a risk of mortal injury from the hooking experience.  As the number of 
encounters increases, the risk of a fatal encounter increases.  Southern DPS of green sturgeon 
become vulnerable to sportfishing when in the Sacramento River and the San Francisco Bay 
estuary during spawning migrations as well as during summer “congregations” in estuaries along 
the west coast of the United States.  This vulnerability is somewhat mitigated by the dominant 

 557 



marine orientation of these fish which, distances them from sportfishing exposure for most of 
their life history.  Another factor that influences green sturgeon adult and sub-adult life stages is 
the bycatch of green sturgeon during the commercial white sturgeon fisheries activities in the 
northwest.  During commercial fishing activities, some green sturgeon are retained as bycatch.  
This represents a source of mortality to the Southern DPS of green sturgeon due to the high 
percentage of Southern DPS of green sturgeon in the Columbia River estuary population. 
 
Southern DPS of green sturgeon remain vulnerable to extirpation due to the one extant 
population in the Sacramento River and the limited region in which they can potentially spawn in 
the river.  No identified spawning activities, let alone separate independent populations, have 
been identified in the large tributaries to the Sacramento River to date and thus the one spawning 
population is vulnerable to catastrophes in the spawning reach surrounding the RBDD (i.e., 
contaminant spills, increasing water temperatures, flow alterations, etc.).  To further complicate 
the determination of the status of the Southern DPS of green sturgeon, no empirical estimates of 
abundance or recruitment exist  for this population. 
 
NMFS concludes that the Southern DPS of North American green sturgeon remains vulnerable 
to becoming endangered in the future.  Key factors upon which this conclusion is based include: 
(1) the DPS is comprised of only one spawning population, which has been blocked from a 
considerable portion of its potenital spawning range by dams; (2) the DPS has a risk associated 
with catastrophies and environmental perturbations (i.e.¸water temperatures from Shasta Dam) 
affecting current spawning areas; (3) mortality rates have significant effects on the adult and sub-
adult life history phases of this long-lived species.  There are both advantages and disadvantages 
to being long lived.  Longevity enables the species to engage in multiple spawning behaviors 
over a long period of time, thus increasing the probability that at least one brood year will be 
successful to carry on the population, among many less successful brood years.  However, long-
lived species tend to be slower in reaching maturity (12 to 20+ years for green sturgeon) and fish 
may be lost to the population before being able to spawn for the first time.  In addition, long-
lived species are at agreater risk of mortality due to exposure to fishing presure and 
contaminants. 
 
9.7.2  Baseline Stress Regime on Southern DPS of Green Sturgeon Excluding CVP/SWP 
Effects 
 
Adult green sturgeon in the Delta would likely experience sublethal effects through their 
exposure to a wide spectrum of contaminants, including originating in urban stormwater runoff 
(which contains petroleum products, heavy metals, and various organic solvents), agricultural 
derived runoff (i.e., pesticides, herbicides, fertilizers, and animal wastes), and wastewater 
treatment plants (metals, pharmaceuticals, personal care products, organic compounds).  The 
duration and level of exposure, as well as the toxicity of the contaminant, will determine the 
physiological response of the exposed organism.  Sublethal effects include a diminishment of 
their reproductive capacity, and incremental increases in the contaminant burden in their body 
tissues.  Reductions in productivity are possible due to the effects of contaminants on the 
different organ systems and metabolic pathways of the exposed organism, which may lead to 
reduced egg fertility or reduced viability and motility of spermatocytes during spawning.  
Furthermore, since sturgeon are long lived (60 to 70+ years) they may make repeated spawning 
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migrations through the Delta and continually ingest contaminated forage prey or be exposed to 
contaminants in the water column that would add to their total body burdens during these 
spawning migrations. 
 
Adult green sturgeon will be exposed to fishing pressure and may experience hooking mortalities 
due to incidental catches by fisherman targeting other species.  Reductions in productivity may 
occur if gravid females abort their spawning runs following capture and returning downstream 
without spawning due to excessive stress from the capture and release process.  The proportion 
of the population that will exhibit this behavior is unknown. 
 
9.7.3  Summary of Proposed Action Effects on Southern DPS of Green Sturgeon 
 
Delays in migration of adult green sturgeon due to the installation and operation of the SDIP 
phase 1 facilities are possible.  Adult green sturgeon that are trapped behind the permanent gates 
could have a reduction in fitness, or eventual mortality of the exposed fish over the course of the 
irrigation season, if this impedance in movement is prolonged due to lower water quality and 
limitations in food resources. 
 
Adult green sturgeon encounter major passage impediments due to the installation of dams in the 
upper Sacramento River.  The ACID dam is installed in early April approximately 5 miles below 
Keswick Dam, effectively blocking utilization of this stretch of river by spawning green 
sturgeon.  Those green sturgeon that pass through the location of the ACID dam prior to its 
closure in April, are trapped behind it until it is removed in October.  The percentage of the green 
sturgeon spawning run that would be able to access the uppermost 5 miles of the Sacramento 
River below Keswick Dam is unknown precisely, but is estimated to represent at a maximum 
only 15 to 20 percent of the spawning run based on fish passage estimates at RBDD 53 miles 
downstream.  It is highly likely that only a small proportion of those fish passing the location of 
the RBDD prior to April would move all the way up to the location of the ACID dam.   
 
The RBDD is currently installed in the Sacramento River on May 15 and effectively blocks adult 
green sturgeon movement upstream of its location until it is removed in mid-September.  This 
schedule also will be implemented during the near future operations as described in the 
CVP/SWP operations BA.  Future operations (beginning in 2019) will modify gate closures to 10 
days in May, open in June, and closed again during the months of July and August.  RBDD 
blocks access to 53 miles of spawning and rearing habitat between the RBDD location and the 
ACID dam.  Under current operations, an estimated 35 to 40 percent of the potential spawning 
population moving upstream on the Sacramento River may be blocked by the closure of the 
RBDD based on run timing.  Fish that have successfully passed upstream of the dam before its 
closure are faced with injury or mortality when they move back downstream following their 
spawning activities.  Such an occurrence was observed in 2007, following the reopening of the 
RBDD gates with only a 6-inch clearance below the gates, when approximately 10 to 12 adult 
green sturgeon were killed due to impingement or physical trauma related to the gates.  Current 
and future gate closures will maintain a minimum of 12 inches of clearance below the gates to 
allow passage of adult sturgeon beneath the gates without impingement.  Closure of the RBDD 
gates also forces green sturgeon to hold below the dam.  These fish may not spawn at all before 
moving back downstream to the Delta and ocean, or are forced to spawn in areas downstream of 
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the RBDD.  Spawning activity has recently been confirmed near the confluence of Antelope 
Creek with the Sacramento River based on observations of spawning behavior and recovery of 
eggs downstream of the site.  However, relative success of these downstream spawning events 
compared to the success of spawning events occurring upstream of RBDD are unknown.  
Conditions may be less favorable downstream of the RBDD location for spawning, however 
ambient water temperature appears to be generally satisfactory (≤17oC or 62oF) in the 
Sacramento River downstream to Hamilton City during the critical egg fertilization and 
incubation period following spawning activities.  Water temperatures in excess of 17oC (62oF) 
cause substantial increases in egg mortality or deformities in the hatching embryos if they 
survive to hatching.  The suitability of spawning areas below the location of the RBDD may be 
further restricted in the future due to increased water temperatures resulting from climate 
warming as modeled under the different climate change scenarios.  NMFS anticipates that the 
closures of the ACID dam and the RBDD will increase the loss of individual fish and reduce the 
abundance of adult fish in the green sturgeon population.   
 
Additional potential adult migration barriers to green sturgeon on the Sacramento River include 
the Sacramento Deep Water Ship Channel Locks, Freemont Weir, Sutter bypass, and the DCC 
gates.  Table 9-14 provides a summary of of proposed action-related effects on the Southern DPS 
of green sturgeon. 
 
9.7.4  Assess Risk to the Population 
 
Events such as the 2007 loss of fish from the gate closures potentially impact a large segment of 
the spawning adult population that may take years to replace (i.e., large mature females with 
correspondingly large egg production and spawning success).  Blocking access to upstream 
spawning areas will likely decrease the productivity and spatial structure of the green sturgeon 
population.  Fish forced to spawn below RBDD are believed to have a lower rate of spawning 
success compared to those fish that spawn above the RBDD.  Furthermore, reductions in genetic 
diversity may occur due to the separation of upstream and downstream populations created 
anthropogenically by the closure of the RBDD on May 15.  The dam closure artificially prevents 
the interchange of genetic material between early arriving fish that move above the dam prior to 
closure and those blocked by the dam after May 15.  It is unknown whether early migratory 
behavior is genetically controlled or is a result of random events in the life history of the fish as 
it migrates from the ocean to the spawning grounds and whether this characteristic is expressed 
each time the individual fish makes a spawning run during its lifetime.  In addition, the 
population level effects will take several years to manifest themselves due to the longevity of the 
species.  Failure to spawn successfully in one particular year can be mitigated for in a following 
spawning cycle, giving rise to strong year classes and weaker year classes.  The trend over 
several generations will dictate the trajectory of the population viability over time. 
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Table 9-14.  Summary of proposed action-related effects on green sturgeon.  

# 
Life Stage/ 
Location 

Life 
Stage 

Timing Stressor Response/Rationale for Magnitude of Effect 

Magnitude of 
Effect (High, 

Medium, 
Low) 

Weight of 
Evidence (High, 
Medium, Low) 

Probable 
Fitness 

Reduction 
1 Adult 

Immigration 
 
Delta  

Feb. – 
Sep. 
(peak 
in 
Apr.) 

DCC gate 
closures & 
Suisun Marsh 
Salinity 
Control gates 

Sturgeon adults could encounter gates closed 
from March to May and may be delayed in the 
Delta resulting in greater exposure to both the in-
river sport fishery and contaminants (reduced 
egg fertility or reduced viability and motility of 
spermatocytes during spawning).   

Low Low - based on 
limited 
supporting data  

Unknown 

2 Adult 
Immigration 
 
Delta 

Feb. – 
Sep. 
(peak 
in 
Apr.) 

Low flows 
during March - 
June 

Adults need large spring flows to trigger 
movement upstream to spawn, low flows may 
delay migration enough that they encounter 
RBDD closed gates and are forced to spawn 
downstream in less suitable habitat 

Medium Low – based on 
new data from 
acoustic tagging 
studies 

Reduced 
survival and 
reduced 
reproductive 
success 

3 Adult 
Immigration 
& emigration 
 
RBDD 

Mar. - 
Dec. 

RBDD gate 
closures from 
May 15 - Sept 
15 (every year 
until 2019).   

Passage blocked, 55 miles of spawning habitat 
made inaccessible upstream of RBDD after May 
15.  Large aggregations (25-30) of spawning 
adults observed below RBDD gates.  Estimate 
35% of run blocked based on run timing. Also, 
mortalities associated with downstream passage 
under gates post-spawn, or after fish move above 
gates. Mortality greater on larger, more fecund 
females that can not fit through 18” opening. 

High High - based on 
run timing and 
recent tagging 
studies. 

Reduced 
survival and 
reduced 
reproductive 
success.   

4 Adult 
Immigration 
 
RBDD 

Apr. – 
May 
15. 

Emergency 10 
day gate 
closures prior 
to May 15 

Greater proportion of run blocked or delayed (40 
-50%) based on run timing; Greater mortalities 
associated with downstream passage under gates 
post spawn, or after moving above gates, sub 
lethal effects on eggs in fish and energy loss. 
Occurred twice in the past 10 years, but the 
frequency of occurrence may increase with 
climate change. 

High  High - based on 
TCCA EIS/EIR 
on RBDD and 
CVP/SWP 
operations BA 

Reduced 
survival and 
reduced 
reproductive 
success. (note: 
12 adults were 
observed killed 
by gates in 
2006) 

5 Adult 
Immigration 
 
ACID 

Apr. – 
May 
15. 

ACID gate 
closure April 
to November 

Passage blocked to 5 miles of spawning habitat 
below Keswick Dam. 

Unknown Low – based on 
unknown use of 
this area and how 
much spawning 
area is needed.   

Reduced habitat 
and reduced 
spawning 
success. 



# 
Life Stage/ 
Location 

Life 
Stage 

Timing Stressor Response/Rationale for Magnitude of Effect 

Magnitude of 
Effect (High, 

Medium, 
Low) 

Weight of 
Evidence (High, 
Medium, Low) 

Probable 
Fitness 

Reduction 
6 Adult  

Holding 
Jun. – 
Dec. 

Water 
temperature 
and low flows 

Some adults may hold for up to 9 months in the 
upper Sacramento River post-spawn waiting for 
an increase in flows to move downstream.  Water 
temperatures in September and October may 
stress individuals after the cold water pool is 
depleted.  Dam controlled releases reduce the 
first pulse flow in the fall that may trigger adults 
to move out, so they stay longer in upstream 
areas. Delayed emigration, reduced fitness, 
longer periods between spawning runs. 

Unknown Low – no studies 
to support 

Reduced 
probability of 
repeat spawning 

7 Spawning 
 
 
 

Apr. – 
Jul. 

RBDD Unnatural spawning site created below RBDD, 
portion of run (only one in CV) spawning in 
water 2 feet deep, channel aggradation below 
hydraulics from gates, eggs suffocate, 
physiological effects, delayed hatch, greater 
predation on eggs due to accumulation of 
predators below RBDD. 

High High – based on 
one year’s data on 
egg and larval 
spawning habitat 
(FWS 2009), 
visual 
observations, & 
underwater 
photography 

Reduced 
reproductive 
success 

8 Spawning 
 
 
 

Apr. – 
Jul. 

Blocked 
access to 
individuals 
above RBDD 

Spawners that migrate upstream after the RBDD 
gates go in are prevented from spawning with the 
portion of the run already above RBDD. 
Reduced genetic variability, may reduce 
fecundity, or size of fish if smaller adults arrive 
first. 

Unknown Low, based on 
theory 

Reduced 
survival and 
reduced 
reproductive 
success 

9 Embryo 
Incubation 

Apr. – 
Aug. 

Water 
temperatures 
warmer than 
life history 
stage 
requirements 
below 
Hamilton City. 

For eggs and fry that are spawned in areas from 
RBDD to Hamilton water quality is less suitable 
than above RBDD where temperatures are 
controlled for winter-run Chinook.  Eggs 
suffocate from less flow, physiological effects, 
delayed hatch, greater predation on eggs due to 
presence of non-native introduced warm-water 
species. 

Medium Low – spawning 
distribution based 
on only one year 
of data. 

Reduced egg 
survival and 
reduced 
reproductive 
success  
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# 
Life Stage/ 
Location 

Life 
Stage 

Timing Stressor Response/Rationale for Magnitude of Effect 

Magnitude of 
Effect (High, 

Medium, 
Low) 

Weight of 
Evidence (High, 
Medium, Low) 

Probable 
Fitness 

Reduction 
10 Juvenile 

rearing to 
Hamilton 
City 
 

Jun. – 
Nov. 

Water 
temperatures 
warmer than 
life history 
stage 
requirements. 

Juveniles move downstream immediately after 
hatching and encounter sub-optimum 
temperatures below Hamilton City due to 
truncated spawning distribution.  May reduce 
growth, feeding, delay emigration, and increase 
predation from warm water species. 

Unknown Low – no studies 
to support this. 

Reduced 
survival 

11 Juvenile 
rearing 
 
Upstream of 
and including 
RBDD 

Jun. – 
Nov. 

Lake Red 
Bluff, river 
impounded 
May15 - Sept 
15 

Reduction in rearing habitat quality and quantity; 
increased predation; change in riparian habitat, 
change in river conditions, change in food 
supply, every year since 1967. 

High High - based on 
number of river 
miles affected by 
the formation of 
Lake Red Bluff  

Reduced 
survival and 
reduced growth 

12 Juvenile 
rearing 
 
Upstream of 
and including 
RBDD 

Jun. – 
Nov. 

RBDD 
passage 
downstream 
through dam 
gates May15 - 
Sept 15 

Based on passage estimates of when juveniles are 
present at RBDD (USFWS 1997-2007), 
approximately 100 % of the green sturgeon DPS 
that is spawned above RBDD would be exposed 
to higher concentrations of predators when the 
gates are in (TCCA 2008).  Approximately 70 % 
of the entire green sturgeon DPS spawns above 
RBDD. 
 
Mortality of juvenile salmon emigrating past 
RBDD when the gates are in ranges from 5 -50 
% (Vogel et al. 1988; Tucker 1998); mortality of 
juvenile green sturgeon emigrating past RBDD 
has not been estimated, but is expected to 
increase when the gates are in. 

High  High - based on 
knowledge of 
predator 
congregations 
forming below 
RBDD when the 
gates are in 
(Vogel et al. 
1988; Tucker 
1998) and timing 
of sturgeon 
emigration 
(TCCA 2008). 

Reduced 
survival 
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# 
Life Stage/ 
Location 

Life 
Stage 

Timing Stressor Response/Rationale for Magnitude of Effect 

Magnitude of 
Effect (High, 

Medium, 
Low) 

Weight of 
Evidence (High, 
Medium, Low) 

Probable 
Fitness 

Reduction 
13 Juvenile 

rearing 
 
RBDD to 
Colusa 

Jul. - 
Nov. 

Lack of 
channel 
forming flows 
and reversed 
natural flow 
pattern (high 
flows in 
summer, low 
flows in fall), 
modifies 
critical habitat, 
including 
impaired 
geomorphic 
process   

Flow regulation (proposed Project stressor) and 
levee construction and maintenance (baseline 
stressor) alter ecological processes that generate 
and maintain the natural, dynamic ecosystem.  
This loss of natural river function has reduced 
the quality and quantity of rearing and migratory 
habitats (Stillwater Sciences 2007), thereby 
reducing juvenile growth and survival. 
 

High High - based on 
CALFED funded 
Ecological Flow 
Tool model (Sac 
EFT) 

Reduced 
survival and 
reduced growth 

14 Juvenile 
rearing 

Jul. – 
Nov. 

Unscreened 
CVP 
diversions 
between Red 
Bluff and the 
Delta 

Entrainment High High based on the 
abundance of 
unscreened 
diversions and on 
Mefford and 
Sutphin (2009) 

Reduced 
survival 

15 Juveniles 
 
Colusa to 
Sacramento 
and enter 
Delta 

Jun. – 
Nov. 

Low fall flows Emigration delayed, higher predation; fewer 
juveniles survive to the Delta 

Unknown Low – no studies 
to support this. 

Reduced 
survival 
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# 
Life Stage/ 
Location 

Life 
Stage 

Timing Stressor Response/Rationale for Magnitude of Effect 

Magnitude of 
Effect (High, 

Medium, 
Low) 

Weight of 
Evidence (High, 
Medium, Low) 

Probable 
Fitness 

Reduction 
16 Juvenile and 

subadult 
 
Clifton Court 
Forebay 

July 
and 
August 

Contaminant 
exposure 

Application of copper based herbicides for 
control of aquatic nuisance weeds and algae in 
Clifton court Forebay.  Copper is a toxicant that 
affects among other things, olfactory response, 
animal behavior, and cellular membrane 
functions at low concentrations.  Expected 
treatment concentrations of dissolved copper, as 
formulated in the herbicide, exceed lethal levels 
for salmonids.  Presence of green sturgeon 
during July and August is confirmed by the 
salvage records of the CVP and SWP facilities 

Unkown - 
Percentage of 
juvenile 
Southern DPS 
population 
within CCF is 
unknown 
during 
treatment 
period 

High 
Copper is a 
known toxicant to 
sturgeon based on 
studies with other 
sturgeon species.  
Sensitivities are 
similar to 
salmonids based 
on previous 
studies.  Exposure 
studies of copper 
herbicide 
Komeen have 
indicated 
potential adverse 
effects on 
exposed 
salmonids  

Reduced 
survival, 
reduced growth, 
impaired 
olfactory 
response.  
Alterations to 
cellular 
membrane 
functions. 

17 Juvenile and 
subadult 
 
Delta 

Year 
round 

Loss at export 
facilitiest 

Entrainment of fish at the CVP and SWP in 
every month of the year.  Louvers function well 
for larger fish but are inefficient for smaller fish.  
Fish behavior may make them susceptible to the 
cleaning practices of louvers. In louver studies, 
fish position themselves in front of the bottom 
edge of the louver along the channel bottom, 
where they held position for prolonged periods of 
time. 

Unknown 
 
Percentage of 
juvenile and 
subadult 
population 
entrained is 
unknown due 
to lack of 
information on 
the abundance 
of these life 
stages. 

Medium 
 
Studies with other 
species of 
sturgeon have 
assessed louver 
efficiency.  No 
studies with green 
sturgeon  

Reduced 
survival 
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# 
Life Stage/ 
Location 

Life 
Stage 

Timing Stressor Response/Rationale for Magnitude of Effect 

Magnitude of 
Effect (High, 

Medium, 
Low) 

Weight of 
Evidence (High, 
Medium, Low) 

Probable 
Fitness 

Reduction 
18 Juvenile and 

subadult 
Delta 

Year 
round 

Impaired 
movements 
through South 
Delta 
waterways due 
to temporary 
barriers or 
permanent 
gates 

Presence of green sturgeon juveniles and 
subadults in the South Delta as confirmed by 
salvage records.  Presence occurs during 
operational season of barriers (April through 
November).  Closure of waterways by temporary 
barriers or permanent gates inhibits movement of 
green sturgeon through these waterways.  Fish 
located upstream of barriers are potentially 
trapped or delayed in their movements 
downstream by structures. 

Unknown 
 
The 
percentage of 
the population 
present in 
South Delta 
waterways is 
unknown.  
Movement 
patterns of 
green sturgeon 
in the Delta is 
unknown. 

Low 
 
Lack of 
abundance data 
for juvenile and 
subadult green 
sturgeon limits 
assessment.  
Increased 
collection of 
green sturgeon 
movements 
within Delta 
waterways from 
acoustic tagging 
is in early phases, 
data is 
preliminary 

Reduced 
survival, 
reduced growth 
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9.7.5  Assess Risk to the Southern DPS of Green Sturgeon 
 
The proposed action is expected to have population level consequences for the single extant population in the mainstem Sacramento 
River.  In consideration of the status and future baseline of the species, these population-level consequences greatly increase the 
extinction risk of the species.  Given the evidence of the reduction in numbers, reproduction and/or distribution of the species, NMFS 
concludes that Reclamation has not ensured that the proposed action is not likely to appreciably reduce the likelihood of the viability, 
and therefore the likelihood of both the survival and recovery of the Southern DPS of North American green sturgeon (table 9-15). 
 
Table 9-15.  Reasoning and Decision-Making Steps for Analyzing the Proposed Action’s Effects on the Southern DPS of North American Green 
Sturgeon.  Each selected decision is shaded in gray.  Acronyms and Abbreviations in the Action Column Refer to Not Likely to Adversely Affect 
(NLAA) and Not Likely/Likely to Jeopardize (NLJ/LJ).   
Step Apply the Available Evidence to Determine if… True/False Action 

True End 

A 

The proposed action is not likely to produce stressors that have direct or indirect adverse consequences on the 
environment 
Key Evidence:  Proposed action-related stressors adversely affecting the environment include: (1) RBDD operations (i.e., 
impeding fish passage upstream, degrading rearing and migratory habitat through the formation of Lake Red Bluff,  creating 
favorable conditions for predators below the RBBDD structure, and creating lethal conditions for passage under the lowered 
gates); (2) warm water temperatures in the mainstem Sacramento River below RBDD that exceed green sturgeon egg 
development criteria; (3) modified Delta hydrology associated with export operations (e.g., pulling water towards the Federal 
and State pumping plants); and (4) impediments to free movement in the channels of the South Delta due to construction of the 
South Delta Permanent Gates. 

False Go to 
B 

True NLAA 

B 

Southern DPS of green sturgeon individuals are not likely to be exposed to one or more of those stressors or one or more 
of the direct or indirect consequences of the proposed action 
Key Evidence:  (1) Each year through 2019, RBDD operations are expected to block ~35 to 40 % Southern DPS green sturgeon 
adults migrating upstream; 100 percent of green sturgeon juveniles spawned above the RBDD would be exposed to greater 
predation and potential injury due to high turbulence when passing through the RBDD gates from May 15 to September15 while 
emigrating downstream; adult mortalities have recently been recorded due to “emergency gate operations;” (2) Each year 
through 2030, green sturgeon are expected to be exposed to water temperatures warmer than life stage requirements during 
spawning, and egg incubation; (3) As water is moved from the north Delta to the export facilities in the south Delta, each year 
through 2030, green sturgeon juveniles will have increased exposure to an abundant predator community, an aquatic 
environment degraded by pesticides and contaminants from domestic and agricultural sources, and direct entrainment at the 
Federal and State pumping plants; and (4) Operations of the Permanent Gates in the South Delta will impede or block free 
movement of green sturgeon within the affected channels of the South Delta. 

False Go to 
C 
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True NLAA 

C 

Southern DPS of green sturgeon individuals are not likely to respond upon being exposed to one or more of the stressors 
produced by the proposed action 
Key evidence.  (1) Operation of the RBDD will block upstream migration of spawning green sturgeon adults, preventing them 
from accessing spawning habitat above the location of RBDD and separating the spawning population into two subgroups – an 
early migrating group and a late migrating group based on the gate closure timing. Juvenile green sturgeon are expected to fall 
prey to predators below the RBDD structure during downstream migrations, adult sturgeon will be vulnerable to impingement or 
injury by the lowered gates as has occurred in the past; (2) Water temperatures below RBDD become progressively warmer, 
limiting the success of egg development following spawning for those fish not ascending above the RBDD location.  Water 
temperatures above approximately 17oC increase the rate of mortality or deformities in the developing embryos and larval 
sturgeon; (3) Operations of the export facilities draw fish into the South Delta and increase their vulnerability to export 
entrainment resulting in increased levels of death or injury; and (4) Operations of South Delta Permanent gates result in loss of 
free movement through the channels of the South Delta and increased exposure to water quality issues such as contaminants and 
high temperatures. 

False Go to 
D 

True NLAA 

D 

Any responses are not likely to constitute “take” or reduce the fitness of the Southern DPS of green sturgeon individuals 
that have been exposed. 
Key evidence.  (1) Separation of spawning adult population into two potential subgroups limits the free flow of genetic materials 
within the spawning population.  Increased susceptibility of juveniles to predation or injury occurs during passage through the 
RBDD structure.  Adults passing under the lowered gates are expected to have an increased risk of injury or mortality;  (2) 
Reduced viability of eggs and increases in larval deformities due to elevated water temperatures reduces the overall success of 
the spawning events; (3) Loss of green sturgeon juveniles occurs through “take” of the fish at the export fish collection facilities, 
leading to death, injury, or loss to the system by passing through the louvers and into the diversion channels during operational 
activities such as cleaning; and (4) Operation of the Permanent Gates delays or hinders free movement of fish within the South 
Delta channels and increases the duration of their exposure to stressors such as contaminants from agricultural drain water 
discharges, wastewater discharges and .low dissolved oxygen. 

False Go to 
E 

True NLJ 

E 

Any reductions in individual fitness are not likely to reduce the viability of the populations those Southern DPS of green 
sturgeon individuals represent. 
Key Evidence:  The cumulative effects of RBDD operations, warm water temperatures (particularly below the RBDD site), 
project-related impacts in the Delta, and other project-related stressors (see table 9-2) are expected to sufficiently reduce the 
survival and/or reproductive success Southern DPS green sturgeon individuals at multiple life stages every year through 2030 
such that key population parameters (i.e. spatial structure, diversity, and abundance) will be appreciably reduced (see section 
9.1.4 Assess Risk to the Population).  Reductions in these parameters over the next 21 years will likely reduce the viability of the 
population. 

False Go to 
F 

True NLJ 
F 

Any reductions in the viability of the exposed populations are not likely to reduce the viability of the species. 
Key evidence:  The Southern DPS of green sturgeon is solely composed of the Sacramento River population.  Therefore, because 
the viability of this population is expected to be reduced by stressors related to the proposed Action, the viability of the species 
also is expected to be reduced. False LJ 
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9.8  Southern DPS of Green Sturgeon Proposed Critical Habitat 
 
9.8.1 Status of Proposed Southern DPS of Green Sturgeon Critical Habitat 
 
As described in section 4.2.3.4, proposed critical habitat for the Southern DPS of green sturgeon 
consists of several physical and biological features occurring in riverine, estuarine, and marine 
habitats that are essential for the conservation of the species.  However, all of those physical and 
biological features can be characterized as suitable and necessary habitat features that provide for 
successful spawning, rearing, and migration.  Therefore, we will be evaluating the effect of the 
proposed action in terms of its effect on spawning and rearing habitat and migratory corridors. 
 
9.8.1.1  For Freshwater Riverine Systems 
 
9.8.1.1.1  Water Quality 
 
Currently, the installation and operation of the RBDD gates blocks access to 53 miles of upper 
river with suitable water quality conditions for green sturgeon spawning and rearing.  Water 
temperature for spawning and egg incubation is near optimal (15oC) from RBDD upriver during 
the spawning season.  Below the RBDD, the water temperature begins to become warmer and 
exceeds the thermal tolerance level for egg incubation at Hamilton City.  The spawning area left 
for green sturgeon between RBDD and Hamilton City after the gates are lowered has the thermal 
regime gradually increase from optimal (15oC/ 59oF) to sub optimal where egg hatching success 
decreases and malformations in embryos increase above 17 oC/62 oF. 
 
9.8.1.1.2  Migratory Corridor 
 
The installation of the RBDD impairs the function of the Sacramento River as a migratory 
corridor for both green sturgeon adults and larvae/juveniles.  With the RBDD gates closed, the 
river no longer has unobstructed access to river habitat above the RBDD and changes the 
function of the river to such an extent that fish survival and viability are compromised.  The 
closed gates block green sturgeon access to approximately 53 river miles above the dam for 
approximately 35 to 40 percent of the spawning population that arrive after May 15.  The closed 
gates also decrease the conservation value of water flow by:  (1) increasing the potential for 
predation on downstream emigrating larvae in the slow moving water upstream of the RBDD 
(Lake Red Bluff), (2) increasing predation below the location of the RBDD due to the turbulent 
boil created below the structure and the concentration of predators located, and (3) creating 
increased potential for adults to be injured which try to pass beneath the gates during the closed 
operations.  The closed gate configuration also has the potential to alter the genetic diversity of 
the population by separating the population into upstream and downstream spawning groups 
based on run timing. 
 
9.8.1.1.3  Water Depth 
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The installation of the RBDD blocks green sturgeon from known holding pools above the 
structure.  Although known holding areas exist below the RBDD, such as the hole just above the 
GCID diversion, the RBDD decreases the number of deep holding pools the adult fish can access 
through its operation.  This affect is a result of blockage of the migratory corridor. 
 
9.8.1.2  For Estuarine Habitats 
 
9.8.1.2.1  Migratory Corridor 
 
The effects of combined exports present an entrainment issue that could delay migration or 
decrease survival or population viability through entrainment into the facilities itself.  These 
effects increase in magnitude the closer to the export facilities the fish are located.  Likewise, the 
installation of the barriers under the TBP enhance the potential to delay movement and migratory 
behavior in the channels of the South Delta.  Juvenile and adult green sturgeon may be trapped 
behind the barriers after installation/ operation for varying periods of time.  The rock barriers of 
the TBP present the greatest obstacle to movement during their installation and operation, but are 
removed from the channels each winter. 
 
9.8.2  Project Effects on Proposed Critical Habitat for Southern DPS of Green Sturgeon 
 
Project effects on proposed critical habitat are very similar to those described above in section 
9.8.1, except that: 
 

1. Reclamation proposes to reoperate RBDD in the future full build out scenario (beginning 
in 2019) so the RBDD gates would be in for approximately 2½ months each year rather 
than the current 4 months.  Beginning in 2019, the conservation value of the migratory 
corridor PCE would improve, however, it will still be degraded, compared to a migratory 
corridor with unimpeded passage opportunities throughout the spawning migration 
season, and 

 
2. The operation of the permanent barriers present differing levels of obstruction, depending 

on the usage of the inflatable barrier gates.  When the gates are up, movement past the 
gates is precluded, and migrational movement is impeded (migratory corridor PCE).  The 
value of the water quality and food resources PCEs would also be reduced. 

 
9.8.3  Assess Risk to the Proposed Southern DPS of Green Sturgeon Critical Habitat 
 
The value of the upstream migration corridor is currently degraded, mainly by the installation of 
the ACID Dam and RBDD.  When the gates are down, RBDD precludes access to 53 miles of 
spawning habitat for 35-40 percent of the spawning population of green sturgeon.  In the near 
term (through 2019), Reclamation proposes to continue to operate RBDD with gates in 4 months 
out of each year, thereby continuing to degrade the value of the migration corridor in two ways.  
First, RBDD has the potential to directly kill adult green sturgeon, thereby not meeting the 
essential feature of safe passage.  Once the RBDD gates are down, it completely blocks upstream 
migration, thereby not meeting the essential feature of unobstructed passage.  Although 
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reoperation of RBDD in the future full build out scenario will improve/increase unobstructed 
passage for adults, they will still experience obstructed passage over half the time. 
 
The conservation value of water quality (in terms of temperature) for successful spawning and 
egg incubation will likely be compromised downstream of RBDD, so that the progeny of green 
sturgeon that spawn downstream of RBDD will likely experience sublethal effects.   
 
The effects of the proposed action under climate change scenarios would likely further degrade 
the water quality PCE.  As climate change scenarios model water temperature increases by 1-
3°F, cold water in Shasta Reservoir will run out sooner in the summer, especially for those green 
sturgeon that do not successfully migrate upstream before the RBDD gates down period. 
 
Based on the analysis of available evidence, NMFS concludes that the proposed action is likely 
to reduce the conservation value of the critical habitat, as designated, for the conservation of the 
Southern DPS of green sturgeon (table 9-16).   
 
Table 9-16.  Reasoning and Decision-Making Steps for Analyzing the Proposed Action’s Effects on Southern 
DPS of Green Sturgeon Proposed Critical Habitat.  Acronyms and Abbreviations in the Action Column Refer 
to Not Likely to Adversely Affect (NLAA) and Adverse Modification of Critical Habitat (AD MOD). 
Step Apply the Available Evidence to Determine if… True/False Action 

True End 

A 

The proposed action is not likely to produce stressors that have direct of 
indirect adverse consequences on the environment 
Key Evidence:  Proposed action-related stressors adversely affecting the 
environment include: (1) RBDD operations (i.e., impeding fish passage upstream to 
spawning areas, degrading rearing and migratory habitat through the formation of 
Lake Red Bluff, creating favorable conditions for predators below the RBDD 
location, creating downstream passage impediments to adult green sturgeon); (2) 
warm water temperatures in the mainstem Sacramento River, particularly below 
the RBDD location,; (3) modified Delta hydrology associated with export 
operations (e.g., pulling water towards  the Federal and State pumping plants); and 
(4) migratory corridor and rearing habitat modification due to the South Delta 
Permanent Gates construction and operation. 

False Go to B 

B 

Areas of designated critical habitat are not likely to be exposed to one or more 
of those stressors or one or more of the direct or indirect consequences of the 
proposed action 
Key Evidence:  (1) Each year through 2019, RBDD operations are expected to 
diminish the availability of spawning areas by blocking ~35 to 40 % of the Southern 
DPS of green sturgeon adults migrating upstream and accessing the spawning 
areas above RBDD; altering the hydraulics of the river for approximately 6 miles 
upstream of RBDD by the creation of Lake Red Bluff affecting flow and potentially 
diminish the quality of substrate for spawning in this reach due to sedimentation,  
increase the risk for 100 percent of green sturgeon juveniles spawned above the 

True NLAA 
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 RBDD passing downstream in their migratory corridor through the RBDD gates 
from May 15 to September15 due to elevated predator densities and extreme 
turbulence associated with the reach immediately below the RBDD structure;  
Degrades the quality of emigration corridors for adult green sturgeon that must 
pass under the closed RBDD gates exposing these fish to potential injury or death; 
(2) Each year through 2030, diminish the functionality of spawning areas, 
particularly those that may occur downstream of the RBDD location, by increasing 
water temperatures above physiological limits for developing eggs; (3) Each year 
through 2030, migratory corridors in the Sacramento-San Joaquin Delta will be 
affected year round by the conveyance of water by the export facilities through the 
waterways of the Delta.  Redirection and delay of fish movement and entrainment of 
fish by the export facilities are anticipated; (4) migratory corridors and water 
quality in the South Delta will be affected by the operations of the South Delta 
Permanent Gates following their construction. 

False Go to C 

True NLAA 

C 

The quantity, quality, or availability of all constituent elements of critical 
habitat are not likely to be reduced upon being exposed to one or more of the 
stressors produced by the proposed action 
Key Evidence:  (1) Each year through 2019, RBDD operations will reduce the 
quantity and quality of spawning habitat for adult Southern DPS green sturgeon by 
blocking access to Sacramento River reaches above RBDD from May 15 to 
September 15.  The quality of the migration corridor for downstream emigration of 
adult green sturgeon spawning above the RBDD is diminished by the closure of the 
RBDD.  The quality of the migration corridor for juvenile green sturgeon is 
negatively affected by the operation of the RBDD.  The quantity and quality of 
water quality and flow which influences rearing habitat is diminished by the 
formation of Lake Red Bluff behind the closed RBDD; (2) Each year through 2030, 
water temperatures warmer than life stage-specific requirements will reduce the 
quantity and quality of habitat necessary for Southern DPS green sturgeon 
spawning and egg incubation; (3) Each year through 2030, the quality of migratory 
corridor habitats is reduced by entraining juvenile green sturgeon into the South 
Delta under the influence of export actions; and (4)  Each year following the 
construction of the Permanent Operable Gates in the South Delta, gate operations 
will impede free movement of green sturgeon in the channels of the South Delta 
affected by the gates. 

False Go to D 

True - 

D 

Any reductions in the quantity, quality, or availability of one or more 
constituent elements of critical habitat are not likely to reduce the conservation 
value of the exposed area 
Key Evidence:  Reductions in the conservation value of migratory, spawning, and 
rearing habitats for Southern DPS of green sturgeon are expected due to reductions 
in the quantity, quality, or availability of critical habitat constituent elements 
resulting from RBDD operations, the provision of water temperatures in the 
Sacramento River warmer than life stage-specific requirements for Southern DPS 
of green sturgeon, and the movement of water towards the Federal and State 
pumping plants. 

False Go to E 

True No AD 
MOD 

E 

Any reductions in the conservation value of the exposed area of critical habitat 
are not likely to reduce the conservation value of the critical habitat 
designation 
Key Evidence:  Because the conservation value of several of the inland habitat 
types (migratory corridor ,water quality suitable for spawning and rearing and 
water flow) necessary to complete the green sturgeon life cycle are expected to be 
reduced with implementation of the proposed Action, it is likely that the 
conservation value of the critical habitat designation will also be reduced. 

False AD 
MOD 
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9.9  Southern Resident Killer Whales 
 
This section discusses the effects of the action in the context of the status of the species, the 
environmental baseline, and cumulative effects, and offers our opinion as to whether the effects 
of the proposed action are likely to jeopardize the continued existence of the Southern Residents. 
 
The Southern Resident killer whale DPS has fewer than 90 members and a variable productivity 
rate.  In NMFS’ opinion, the loss of a single individual, or the decrease in reproductive capacity 
of a single individual, is likely to reduce the likelihood of survival and recovery of the DPS.  
Thus the section 7 analysis must scrutinize even small effects on the fitness of individuals that 
increase the risk of mortality or decrease the chances of successful reproduction. 
 
A reduction in prey or a requirement of increased foraging efficiency may have physiological 
effects on Southern Residents.  In response to fewer or less dense prey patches, Southern 
Residents would need to expend additional energy to locate and capture available prey.  
Increased energy expenditure or insufficient prey may result in poor nutrition, which could lead 
to reproductive or immune effects or, if severe enough, death.  A reduction in prey is also likely 
to work in concert with other threats to produce an adverse effect.  For example, insufficient prey 
could cause whales to rely upon their fat stores, which contain high contaminant levels, 
impairing reproductive success or compromising  immune function. 
 
Based on persuasive scientific information that Southern Residents prefer Chinook salmon in 
inland waters of Washington State and British Columbia, they are likely to also prefer Chinook 
salmon when available in coastal waters of their range, which extends south to Central 
California.  Southern Residents overlap with the occurrence of Central Valley Chinook salmon, 
which are available to Southern Residents across their coastal range, and in greater magnitude 
south of Cape Falcon.  Some of the numerous sightings of Southern Residents in California 
waters have coincided with large runs of salmon, with feeding witnessed in Monterey Bay.  
Additionally, there is genetic and chemical evidence that Chinook salmon from the Central 
Valley are consumed by Southern Residents (i.e., genetic identity confirmed from prey remains, 
and DDT-signature in the whales). 
 
In the long-term, the proposed action increases the risk of extinction of winter-run and spring-run 
ESUs.  Their extinction would reduce prey availability and increase the likelihood for local 
depletions of prey in particular locations and times.  In response, the Southern Residents would 
increase foraging effort or abandon areas in search of more abundant prey.  Fewer populations 
contributing to Southern Residents’ prey base reduces the representation of diversity in life 
histories, resiliency in withstanding stochastic events, and redundancy to ensure there is a margin 
of safety for the salmon and Southern Residents to withstand catastrophic events.  These 
reductions increase the extinction risk of salmon and Southern Residents. 
 
Additionally, the proposed action reduces the abundance of naturally produced CV fall-run, 
while increasing the abundance of hatchery produced fall-run.  Although the proposed hatchery 
production may replace the lost natural production in the short term, over the long term it is 
uncertain whether the lost natural production can be replaced.  There is also no evidence that a 
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population that is predominantly produced in hatcheries can persist over the long term.  
Moreover, some of the current hatchery practices are likely to diminish the productivity, 
distribution and diversity of CV fall-run over the long term.  We have similar concerns regarding 
the effects of current hatchery practices on retention of diversity in Trinity River non-listed 
spring- and fall-runs.  Without retention of natural diversity, these stocks likely will be less 
resilient to the effects of disease, climate change and stochastic events.  The long-term potential 
for these stocks to sustain the same magnitude of ocean abundance currently available to 
Southern Residents is likely to be compromised by a loss of diversity in CV fall- and late fall-
runs and non-listed spring- and fall-runs from the Trinity River watershed.   
 
An increase in the risk of extinction of winter-run and spring-run ESUs, along with loss of 
diversity in fall-run will likely reduce available prey for Southern Residents.  As described 
above, reductions in prey or a resulting requirement of increased foraging efficiency increase the 
likelihood of physiological effects.  The Southern Residents would likely experience nutritional, 
reproductive, or other health effects from reduced prey as a result of the proposed action.  
Because of the small population size, a decrease in reproductive capacity of a single individual 
from prey reductions, is likely to reduce the likelihood of survival and recovery of the DPS. 
 
In summary: 

• Increased risk of extinction of winter-run and spring-run as a long-term consequence of 
the proposed action increases the risk of a permanent reduction in prey available to 
Southern Residents, and increases the likelihood for local depletions of prey in particular 
locations and times.   

• Losing the potential for future recovery of winter-run and spring-run diminishes the 
potential for Southern Residents to recover. 

• Over the long term, project operations disproportionately kill naturally spawning Central 
Valley fall-run.  Although the killed naturally produced fish are replaced by hatchery 
adults in the whales’ forage grounds, over the long term, there is no evidence that 
replacement can be maintained.  Moreover, current hatchery practices funded by the 
proposed action are likely to diminish the productivity, distribution, and diversity of 
Central Valley fall-run.  Current hatchery practices may similarly affect diversity in non-
listed Chinook salmon stocks from the Trinity River watershed.  This loss of natural 
diversity will compromise the ability of these stocks to withstand stochastic events or 
climate effects, and ultimately compromise the availability of fall-run stocks that 
contribute to Southern Residents’ prey base. 

 
 
10.0  CONCLUSIONS 
 
After reviewing the best scientific and commercial information available, the current status of the 
species, the environmental baseline for the action area, the effects of the proposed action, and 
cumulative effects, it is NMFS’ Opinion that the long-term operations of the CVP and SWP, as 
proposed, is not likely adversely affect Central California Coast steelhead and their designated 
critical habitat.   
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However, the long-term operations of the CVP and SWP are likely to jeopardize the continued 
existence of Sacramento River winter-run Chinook salmon, Central Valley spring-run Chinook 
salmon, Central Valley steelhead, Southern DPS of North American green sturgeon, and 
Southern Resident killer whales.  The long-term operations of the CVP and SWP are likely to 
destroy or adversely modify critical habitat for Sacramento River winter-run Chinook salmon, 
Central Valley spring-run Chinook salmon, and Central Valley steelhead. 
 
After reviewing the best scientific and commercial data available, including the current status of 
proposed Southern DPS of North American green sturgeon critical habitat, the environmental 
baseline for the action area, the effects of the proposed action, and the cumulative effects, it is 
NMFS' conference opinion that the long-term operations of the CVP and SWP are likely to 
destroy or adversely modify proposed critical habitat for the Southern DPS of North American 
green sturgeon. 
 
 
11.0  REASONABLE AND PRUDENT ALTERNATIVE 
 
11.1  OVERVIEW 
 
11.1.1  Approach to the RPA 
  
If NMFS finds that a proposed action is likely to jeopardize a listed species or adversely modify 
its critical habitat, the ESA requires NMFS to suggest those reasonable and prudent alternatives 
that it believes would enable the project to go forward in compliance with the ESA.  By 
regulation, a RPA is defined as “alternative actions identified during formal consultation that can 
be implemented in a manner consistent with the intended purpose of the action, that can be 
implemented consistent with the scope of the Federal agency’s legal authority and jurisdiction, 
that is economically and technologically feasible, and that the [NMFS] Director believes would 
avoid the likelihood of jeopardizing the continued existence of listed species or resulting in the 
destruction or adverse modification of critical habitat” (50 CFR 402.02). 
 
Regulations also require that NMFS discuss its findings and any RPAs with the action agency 
and utilize the action agency’s expertise in formulating the RPA, if requested (50 CFR 
402.14(g)(5)).  This RPA was developed through a thoughtful and reasoned analysis of the key 
causes of the jeopardy and adverse modification findings, and a consideration of alternative 
actions within the legal authority of Reclamation and DWR to alleviate those stressors.  NMFS 
has worked closely with Reclamation and DWR staff and greatly appreciates the expertise 
contributed by these agencies. 
 
Because this complex action takes place in a highly altered landscape subject to many 
environmental stresses, it has been difficult to formulate an RPA that is likely to avoid jeopardy 
to all listed species and meets all regulatory requirements.  As detailed in this Opinion, the 
current status of the affected species is precarious, and future activities and conditions not within 
the control of Reclamation or DWR are likely to place substantial stress on the species.  NMFS 
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initially attempted to devise an RPA for each species and its critical habitat solely by modifying 
project operations (e.g., timing/magnitude of releases from dams, closure of operable gates and 
barriers, and reductions in negative flows).  In some cases, however, simply altering project 
operations was not sufficient to ensure that the projects were likely to avoid jeopardizing the 
species or adversely modifying critical habitat. 
 
Consequently, NMFS developed focused actions designed to compensate for a particular 
stressor, considering the full range of authorities that Reclamation and DWR may use to 
implement these actions.  These authorities are substantial.  The CVPIA, in particular, provides 
Reclamation with ample authority to provide benefits for fish and wildlife through measures 
such as purchasing water to augment in-stream flow, implementing habitat restoration projects, 
and taking other beneficial actions (Cummins et al., 2008).  Some RPA actions, therefore, call 
for restoring habitat or providing fish passage above dams, even though the water projects are 
not directly responsible for the impaired habitat or the blocked passage.   
   
NMFS concentrated on actions that have the highest likelihood of alleviating the stressors with 
the most significant effects on the species, rather than attempting to address every project 
stressor for each species or every PCE for critical habitat.  For example, water temperatures 
lethal to incubating eggs often occur when the air is warm and flows are low.  Fish cannot reach 
spawning habitat with colder water at higher elevations if it is above currently impassable dams.  
Accordingly, NMFS’ near-term measures provide suitable water temperatures below dams in a 
higher percentage of years, and long-term measures provide passage to cooler habitat above 
dams as soon as practicable.  Reducing egg mortality from high water temperatures is a critical 
step in slowing or halting the decline of Central Valley salmonids.  
 
The effects analysis in this Opinion explains that the adverse effects of the proposed action on 
listed anadromous fish and their critical habitats are both direct and indirect.  The USFWS stated 
in its biological opinion on effects of the projects on Delta smelt that in addition to direct adverse 
effects such as entrainment at the pumps, the water projects have affected smelt “by creating an 
altered environment in the Delta that has fostered both the establishment of non-indigenous 
species and habitat conditions that exacerbate their adverse influence on delta smelt population 
dynamics.” (USFWS 2008a, p. 189)  Similarly, NMFS concludes that the water projects have 
both directly altered the hydrodynamics of the Sacramento-San Joaquin River basins and have 
interacted with other activities affecting the Delta to create an altered environment that adversely 
influences salmonid and green sturgeon population dynamics.  The altered environment includes 
changes in habitat formation, species composition, and water quality, among others.  
Consequently, NMFS must take a broad view of the ways in which the project agencies can 
improve the ecosystem to ameliorate the effects of their actions. 
 
There are several ways in which water operations adversely affect listed species that are 
addressed in this RPA.  We summarize the most significant here: 
 

1) Water operations result in elevated water temperatures that have lethal and sub-lethal 
effects on egg incubation and juvenile rearing in the upper Sacramento River.  The 
immediate operational cause is lack of sufficient cold water in storage to allow for cold 
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water releases to reduce downstream temperatures at critical times and meet other project 
demands.  This elevated temperature effect is particularly pronounced in the Upper 
Sacramento for winter-run and mainstem spring-run, and in the American River for 
steelhead.  The RPA includes a new year-round storage and temperature management 
program for Shasta Reservoir and the Upper Sacramento River, as well as long-term 
passage prescriptions at Shasta Dam and re-introduction of winter-run into its native 
habitat in the McCloud and/or Upper Sacramento rivers.   

 
2) In Clear Creek, recent project operations have led to increased abundance of Clear Creek 

spring-run, which is an essential population for the short-term and long-term survival of 
the species.  Nonetheless, in the proposed action, continuation of these operations is 
uncertain.  The RPA ensures that essential flows and temperatures for holding, egg 
incubation and juvenile survival will be maintained. 

 
3) Red Bluff Diversion Dam (RBDD) on the Sacramento River impedes both upstream 

migration of adult fish to spawning habitat and downstream migration of juveniles.  
Effects are significant for winter-run and spring-run, but are particularly pronounced for 
green sturgeon and its proposed critical habitat in that a significant portion of the 
population is blocked from its spawning and holding habitat.  The RPA mandates gate 
openings at critical times in the short term while an alternative pumping plant is built, 
and, by 2012, opening of the gates all year. 

 
4) Both project and non-project effects have led to a significant reduction in necessary 

juvenile rearing habitat in the Sacramento River Basin and Delta.  The project’s flood 
control operations result in adverse effects through reduced frequency and magnitude of 
inundation of rearing habitat.  To minimize these effects, the RPA contains both short-
term and long-term actions for improving juvenile rearing habitat in the Lower 
Sacramento River and northern Delta. 

 
5) Another major effect of water operations is diversion of out-migrating juveniles from the 

north Delta tributaries into the interior Delta through the open DCC gates.  Instead of 
migrating directly to the outer estuary and then to sea, these juveniles are caught in the 
interior Delta and subjected to pollution, predators, and altered food webs that cause 
either direct mortality or impaired growth.  The RPA mandates additional gate closures to 
minimize these adverse effects to winter-run, spring-run, and steelhead. 

 
6) Similarly, water pumping causes reverse flows, leading to loss of juveniles migrating out 

from the Sacramento River system in the interior Delta and more juveniles being exposed 
to the State and Federal pumps, where they are salvaged at the facilities.  The RPA 
prescribes Old and Middle River flow levels to reduce the number of juveniles exposed to 
the export facilities and prescribes additional measures at the facilities themselves to 
increase survival of fish.  

 
7) The effects analysis shows that juvenile steelhead migrating out from the San Joaquin 

River Basin have a particularly high rate of loss due to both project and non-project 
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related stressors.  The RPA mandates additional measures to improve survival of San 
Joaquin steelhead smolts, including both increased San Joaquin River flows and export 
curtailments.  Given the uncertainty of the relationship between flow and exports, the 
RPA also prescribes a significant new study of acoustic tagged fish in the San Joaquin 
Basin to evaluate the effectiveness of the RPA and refine it over the lifetime of the 
project.   

 
8) On the American River, project-related effects on steelhead are pronounced due to the 

inability to consistently provide suitable temperatures for various life stages and flow-
related effects caused by operations.  The RPA prescribes a flow management standard, a 
temperature management plan, additional technological fixes to temperature control 
structures, and, in the long term, a passage at Nimbus and Folsom Dams to restore 
steelhead to native habitat.   

 
9) On the Stanislaus River, project operations have led to significant degradation of 

floodplain and rearing habitat for steelhead.  Low flows also distort cues associated with 
out-migration.  The RPA proposes a year-round flow regime necessary to minimize 
project effects to each life-stage of steelhead, including new spring flows that will 
support rearing habitat formation and inundation, and will create pulses that cue out-
migration. 

 
10) Nimbus Fish Hatchery steelhead program contribute to both loss of genetic diversity and 

mixing of wild and hatchery stocks of steelhead, which reduces the viability of wild 
stocks.  The Nimbus and Trinity River Hatchery programs for non-listed fall-run also 
contribute to a loss of genetic diversity, and therefore, viability, for fall-run.  The RPA 
requires development of Hatchery Genetics Management Plans to improve genetic 
diversity of both steelhead and fall-run, an essential prey base of Southern Resident. 

 
This RPA is composed of numerous elements for each of the various project divisions and 
associated stressors and must be implemented in its entirety in order to avoid jeopardy and 
adverse modification.  There are several actions that allow the project agencies options for 
alleviating a particular stressor.  Reclamation and DWR may select the option they deem most 
practical — NMFS cares only that the stressor be sufficiently reduced.  There are several actions 
in which NMFS expressly solicits additional research and suggestions from the project agencies 
for alternative actions to achieve needed results. 
 
NMFS recognizes that the RPA must be an alternative that is likely to avoid jeopardizing listed 
species or adversely modifying their critical habitats, rather than a plan that will achieve 
recovery.  Both the jeopardy and adverse modification standards, however, include consideration 
of effects on an action on listed species’ chances of recovery.  NMFS believes that the RPA does 
not reduce the likelihood of recovery for any of the listed species.  The RPA cannot and does not, 
however, include all steps that would be necessary to achieve recovery.  NMFS is mindful of 
potential social and economic consequences of reducing water deliveries and has carefully 
avoided prescribing measures that are not necessary to meet section 7 requirements.   
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An RPA must avoid jeopardy to listed species in the short term, as well as the long term.   
Essential short-term actions are presented for each division and are summarized for each species 
to ensure that the likelihood of survival and recovery is not appreciably reduced in the short term 
(i.e., one to five years).  In addition, because the proposed action is operation of the CVP/SWP 
until 2030, this consultation also includes long-term actions that are necessary to address project-
related adverse effects on the likelihood of survival and recovery of the species over the next two 
decades.   
 
Some of these long-term actions will require evaluation, planning, permitting, and funding.  
These include: 
 

1) Providing fish passage at Shasta, Nimbus, and Folsom Dams, which ultimately is the only 
means of counteracting the loss of habitat needed for egg incubation and emergence, and 
steelhead over-summering habitat at lower elevations.  This habitat loss has already 
occurred and will be exacerbated by climate change and increased water demands. 

 
2) Providing adequate rearing habitat on the lower Sacramento River and Yolo Bypass 

through alteration of operations, weirs, and restoration projects. 
 
3) Engineering projects to further reduce hydrologic effects and indirect loss of juveniles in 

the interior Delta. 
 
4) Technological modifications to improve temperature management in Folsom Reservoir. 

 
NMFS considered economic and technological feasibility in several ways when developing 
initial actions in this RPA.  The RPA also allows for tailored implementation of many actions in 
consideration of economic and technological feasibility without compromising the RPA’s 
effectiveness in avoiding jeopardy and adverse modification of critical habitat.  Examples 
include: 
 

1) Providing reasonable time to develop technologically feasible alternatives where none are 
“ready to go” – e.g., the Delta engineering action (Action IV.1.3), and lower Sacramento 
River rearing habitat action (Action I.6.1). 

 
2) Calling for a stepped approach to fish passage at dams, including studies and pilot 

projects, prior to a significant commitment of resources to build a ladder or invest in a 
permanent trap and haul program. 

 
3) Providing a health and safety exception for export curtailments. 

 
4) Using monitoring for species presence to initiate actions when most needed.  

 
NMFS examined water supply costs of the RPA as one aspect of considering economic 
feasibility.  While only costs to the action agency are considered in determining whether a RPA 
meets the regulatory requirement of economic feasibility, NMFS is mindful of potential social 
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and economic costs to the people and communities that historically have depended on the Delta 
for their water supply.  Any water supply impact is undesirable.  NMFS made many attempts 
through the iterative consultation process to avoid developing RPA actions that would result in 
high water costs, while still providing for the survival and recovery of listed species. 
 
NMFS estimates the water costs associated with the RPA to be 5-7% of average annual 
combined exports:  5% for CVP, or 130 TAF/year, and 7% for SWP, or 200 TAF/year27.  The 
combined estimated annual average export curtailment is 330 TAF/year.  These estimates are 
over and above export curtailments associated with the USFWS smelt Opinion.  The OMR 
restrictions inn both Opinions tend to result in export curtailments of similar quantities at similar 
times of year.  Therefore, in general, these 330 TAF export curtailments are associated with the 
NMFS San Joaquin River Ratio actions in the RPA.  These water costs can be offset by 
application of b(2) water resources, water conservation, groundwater use, water recycling and 
toher processes currently underway. 
 
The RPA includes collaborative research to enhance scientific understanding of the species and 
ecosystems, and to adapt actions to new scientific knowledge.  This adaptive structure is 
important, given the long-term nature of the consultation and the scientific uncertainty inherent 
in a highly variable system.  Monitoring and adaptive management are both built into many of 
the individual actions and are the subject of an annual program review.  NMFS views both the 
CALFED Science Program and the NMFS Southwest Fisheries Science Center as essential 
partners in ensuring that the best scientific experts are brought together to assess the 
implementation and effectiveness of actions in this RPA.  We will continue to pursue many of 
the long-term recommendations for improving science as recommended by the CALFED and 
CIE peer reviews, and we will seek to incorporate this new science as it becomes available 
through the adaptive management processes embedded in the RPA. 
 
Finally, we note that the project agencies are currently developing and evaluating a plan to 
construct a diversion on the Sacramento River and a canal around the Delta, in the BDCP 
planning effort.  Such a reconfiguration of the water conveyance system would take careful 
planning to avoid jeopardizing Sacramento River and north Delta species, as well as several 
years of environmental review and permitting, and would trigger a re-initiation of this Opinion.  
We expect that the collaborative research that is part of this RPA will inform this planning effort 
as it proceeds. 
 
11.1.2  Organization of the RPA 
 
The specific actions in the RPA are detailed in Section 11.2.  That section begins with 
overarching actions that apply to operations in all geographic divisions of the project, including 
procedures for orderly functioning of the many technical teams that assist with decision making, 
research and adaptive management, and monitoring.  These are followed by actions specific to 
each geographic division of the proposed action:  Sacramento River, American River, East Side 

 
27 The proportion share between the CVP and SWP is attributable to CalLite programming and may not represent 
the true share of export reductions that would be allocated to each facility under actual conditions. 
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(Stanislaus River), and the Delta.  There is a suite of actions for each geographic area.  Section 
11.2 concludes with subsections regarding fish passage at dams and modification of hatchery 
practices. 
 
Section 11.3 is a species-by-species explanation of:  (1) how each measure contributes to 
avoiding jeopardy or adverse modification for that species; and (2) the basis for NMFS’ 
conclusion that the RPA measures as a whole are likely to avoid jeopardizing the species or 
adversely modifying its critical habitat.  The information is presented in both narrative and table 
form.  The narrative provides an overview, while the tables add detail.  This section also address 
the other regulatory criteria necessary for a Reasonable and Prudent Criteria. 
 
11.2  Reasonable and Prudent Alternative – Specific Actions 
 
11.2.1.  Decision-Making Procedures, Monitoring and Adaptive Management Protocols 
 
11.2.1.1  Responsibilities and Procedures of Technical Teams 
 
There are currently four Fisheries and Operations Technical Teams whose function is to make 
recommendations for adjusting operations to meet contractual obligations for water delivery and 
minimize adverse effects on listed anadromous fish species:   
 

• Sacramento River Temperature Task Group (SRTTG) 
• Clear Creek Technical Working Group (CCTWG) 
• American River Group (ARG) 
• San Joaquin River Technical Committee (SJRTC) 

 
This RPA requires the creation of three additional technical teams: 
 

• Delta Operations for Salmon and Sturgeon (DOSS) Group 
• Stanislaus Operations Group (SOG) 
• Interagency Fish Passage Steering Committee 

 
Each group has responsibility to gather and analyze information, and make recommendations, 
regarding adjustments to water operations within the range of flexibility prescribed in the 
implementation procedures for a specific action in their particular geographic area.  Under 
previous operations plans, recommendations for adjustments were made to the Water Operations 
Management Team (WOMT), a management-level group of representatives of Reclamation, 
DWR, CDFG, NMFS, and USFWS.  The WOMT then made recommendations to state and 
regional directors for final action. 
 
The Project Description for the proposed action (Appendix 1 to this Opinion), as revised by this 
RPA, establishes the responsibilities of each technical team.  The RPA establishes the operations 
parameters that are necessary to avoid jeopardizing listed species or adversely modifying their 
critical habitat.  Within those parameters, there is flexibility to adjust actions within a specified 
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range based on current conditions.  The allowed range of flexibility is prescribed in the 
“implementation procedures” portion of the RPA action.  The technical teams and the WOMT 
will work within those implementation procedures to meet discretionary water contract 
obligations to the greatest extent consistent with survival and recovery of listed species.  The 
teams also may recommend changes to the measures in this RPA, as detailed in the Research and 
Adaptive Management section of the RPA.  Recommended changes outside the range of 
flexibility specified in the implementation procedures must receive written review and 
concurrence by NMFS and may trigger re-initiation. 
 
This action prescribes standard operating procedures for decision-making that will apply to all 
teams.   
 

1) Within 90 days of issuance of this Opinion, Reclamation shall send to the WOMT 
members a list of current members of each technical team.  The WOMT representatives 
shall review the membership and make changes, if necessary.  All groups shall include 
members with expertise in fish biology and hydrology.  Each group shall designate a 
group leader to convene meetings and assure that necessary administrative steps are 
taken, such as recording and distributing meeting notes and recommendations. 

 
2) Each group shall establish a regular meeting schedule at the beginning of each year, 

based on the anticipated need for adjustments to operations, and distribute the schedule to 
the members of the group.  The group leader may reschedule a meeting, or call a special 
meeting, with three days notice at his or her discretion, or on request of NMFS or any 
two or more group members. 

 
3) Brief notes of each meeting shall be recorded, including issues considered, 

recommendations made, and key information on which recommendations were based.  
Meeting notes shall be distributed to members within two days of the meeting. 

 
4) Within one day after a technical team advises that an operational action should be 

initiated, changed, suspended, or terminated, consistent with the implementation 
procedures specified for actions in this RPA, the group leader shall provide to NMFS and 
Reclamation written advice and a biological rationale.  The technical teams shall use the 
process described in the applicable RPA implementation procedures to provide a 
framework for their analysis.  NMFS shall determine whether the proposed action is 
consistent with the implementation procedures in this RPA.  If NMFS determines that the 
proposed action is consistent with the implementation procedures, then it avoids jeopardy 
to listed species or adverse modification of critical habitat.  Both the technical team’s 
advice and NMFS’ recommendation shall be presented to the WOMT for discussion and 
concurrence.  In the event that there is not consensus at the workgroup level, the 
workgroup leader shall convey the options and summary of the technical discussion to 
NMFS for consideration.  NMFS will make a recommendation for action within the 
procedural guidelines of this RPA.  NMFS will present its recommendations to the 
WOMT for discussion and concurrence (see #6 below).   
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5) If the recommended action will affect species within the jurisdiction of USFWS as well 
as NMFS, the technical team making the recommendation shall, to the extent that time 
allows, first coordinate with the Smelt Working Group (SWG).  The technical team and 
the SWG, to the extent feasible, shall jointly make a recommendation to USFWS and 
NMFS (the Services), who will jointly determine whether the recommended action is 
consistent with the actions and implementation procedures of this RPA and is, therefore, 
necessary to avoid jeopardy to listed species and adverse modification of critical habitat.  
The Services shall then present their findings and recommendations to the WOMT. 

 
6) The WOMT shall either concur with NMFS’ (or the Services’, as appropriate) 

recommendation or provide a written alternative to the recommendation, with biological 
justification, to NMFS (or the Services) within one calendar day.  NMFS (or the 
Services) shall then make a determination as to whether the action proposed by the 
WOMT is consistent with this Opinion and ESA obligations.   

 
7) Once NMFS (or the Services) makes a final determination that a proposed operational 

action is consistent with ESA obligations, Reclamation and DWR shall implement the 
operational action within two calendar days.  Reclamation and DWR shall submit to 
NMFS (or the Services) data demonstrating the implementation of the action on a weekly 
basis, or post their operations on their website. 

 
8) The action shall remain in effect until NMFS (or the Services), with advice from the 

appropriate technical team(s), determines that it should be modified or terminated as 
inconsistent with the implementation procedures for the RPA.  The action shall be 
modified or terminated within two calendar days of such a determination.  

 
9) These procedures may be modified for a particular team or working group by mutual 

agreement of NMFS and Reclamation.  Modifications to the procedures shall be in 
writing, dated, and promptly distributed to all members of the group.  

 
11.2.1.2.  Research and Adaptive Management 
 
Not later than November 30 of every year, in conjunction with the CALFED Science Program or 
other Science Peer Review process, Reclamation and NMFS shall host a workshop to review the 
prior water years’ operations and to determine whether any measures prescribed in this RPA 
should be altered in light of information learned from prior years’ operations or research.  After 
completion of the annual review, NMFS may initiate a process to amend specific measures in 
this RPA to reflect new information, provided that the amendment is consistent with the 
Opinion’s underlying analysis and conclusions and does not limit the effectiveness of the RPA in 
avoiding jeopardy to listed species or adverse modification of critical habitat.  NMFS will ask the 
appropriate informational and technical teams to assess the need for a particular amendment and 
make recommendations to NMFS, according to the group processes for decision-making set 
forth in this RPA in action 11.2.1.1 above. 
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NMFS and Reclamation will establish a research program in coordination with the CALFED 
Science Program and other agencies to address key research and management questions arising 
from this Opinion.  Prior to the beginning of a new calendar year, Reclamation shall submit to 
NMFS a research plan for the following year, developed in coordination with the above 
programs and agencies.  Reclamation also shall provide NMFS access to all draft and final 
reports associated with this research.  Specific research projects that have been identified as 
important to begin in the first year and complete as soon as possible are: 
 

1) Cooperative development of a salmonid lifecycle model acceptable to NMFS, 
Reclamation, CDFG, and DWR 

 
2) Temperature monitoring and modeling identified in RPA Action I.5 

 
3) Green sturgeon research described in the RBDD actions 

 
4) Rearing habitat evaluation metrics to guide rearing habitat Action 1.6 
 
5) A 6-year acoustic-tagged study of juvenile salmonids out-migration in the San Joaquin 

River and through the southern Delta identified in Action IV.2.2. 
  
11.2.1.3.  Monitoring and Reporting  
 

1) Reclamation and DWR shall participate in the design, implementation, and funding of the 
comprehensive CV steelhead monitoring program, under development through ERP, that 
includes adult and juvenile direct counts, redd surveys, and escapement estimates on 
CVP- and SWP-controlled streams.  This program is necessary to develop better juvenile 
production estimates that form the basis of incidental take limits and will also provide 
necessary information to calculate triggers for operational actions. 

 
2) Reclamation and DWR shall ensure that all monitoring programs regarding the effects of 

CVP and SWP operations and which result in the direct take of winter-run, spring-run, 
CV steelhead, or Southern DPS of green sturgeon, are conducted by a person or entity 
that has been authorized by NMFS.  Reclamation and DWR shall establish a contact 
person to coordinate these activities with NMFS. 

 
3) Reclamation and DWR shall submit weekly reports to the interagency Data Assessment 

Team (DAT) regarding the results of monitoring and incidental take of winter-run, 
spring-run, CV steelhead, and Southern DPS of green sturgeon associated with operations 
of project facilities.  

 
4) Reclamation and DWR shall provide an annual written report to NMFS no later than 

October 1, following the salvage season of approximately October to May.  This report 
shall provide the data gathered and summarize the results of winter-run, spring-run, CV 
steelhead, and Southern DPS of green sturgeon monitoring and incidental take associated 
with the operation of the Delta pumping plants (including the Rock Slough Pumping 
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Plant).  All juvenile mortality must be minimized and reported, including those from 
special studies conducted during salvage operations.  This report should be sent to NMFS 
(Southwest Region, Protected Resources Division, Sacramento Area Office, 650 Capitol 
Mall, Suite 8-300, Sacramento, California 95814-4706).  

 
5) Reclamation and DWR shall continue the real-time monitoring of winter-run, spring-run, 

CV steelhead, and Southern DPS of green sturgeon in the lower Sacramento River, the 
lower San Joaquin River, and the Delta to establish presence and timing to serve as a 
basis for the management of DCC gate operations and CVP and SWP Delta pumping 
operations consistent with actions in this RPA.  Reclamation and DWR shall conduct 
continuous real-time monitoring between October 1 and June 30 of each year, 
commencing in 2009. 

 
6) Reclamation and DWR shall submit weekly DAT reports and an annual written report to 

NMFS describing the results of real-time monitoring of winter-run, spring-run, CV 
steelhead, and Southern DPS of green sturgeon associated with operations of the DCC 
and CVP and SWP Delta pumping facilities, and other Division level operations 
authorized through this RPA.  

 
7) Reclamation shall coordinate with NMFS, the USFWS, and CDFG to continue 

implementation and funding of fisheries monitoring of spring-run and CV steelhead 
(including adult snorkel surveys, population estimates for steelhead, and rotary screw 
trapping) in Clear Creek to aide in determining the benefits and effects of flow and 
temperature management. 

 
8) Monitoring Requirements:  The following (A-E) are necessary to adaptively manage 

project operations and are either directly related to management of releases (e.g., 
temperature and flow), or are a necessary component the Salmon Decision Process used 
to manage Delta operations (e.g., DCC gates and export pumping).  Reclamation and 
DWR shall jointly fund these monitoring locations for the duration of the Opinion 
(through 2030) to ensure compliance with the RPA and assess the performance of the 
RPA actions.  Most of these monitoring stations already exist and are currently being 
funded through a variety of sources (i.e., CDFG, USFWS, Reclamation, DWR, 
CALFED, and Interagency Ecological Program), however, CALFED funding for 
monitoring ends in 2009 and CDFG funding has been reduced due to budget cuts.  

 
a) Upstream:  Adult escapement and juvenile monitoring for spring-run, winter-run, and  

steelhead on the Sacramento River, American River, Feather River, Clear Creek, Mill 
Creek, Deer Creek and Battle Creek.  These may be performed through carcass 
surveys, redd surveys, weir counts, and rotary screw trapping.  

b) RBDD:  Adult counts using the three current fish ladders until the new pumping plant 
is operational.  Rotary screw trapping to determine juvenile Chinook salmon passage 
or abundance year-round before and after pumping plant is operational.  Green 
sturgeon monitoring, to include adult and juvenile estimates of passage, relative 
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abundance, and run timing, in order to determine habitat use and population size with 
respect to management of Shasta Reservoir resources. 

c) Sacramento River new juvenile monitoring station:  The exact location to be 
determined, between RBDD and Knights Landing, in order to give early warning of 
fish movement and determine survival of listed fish species leaving spawning habitat 
in the upper Sacramento River. 

d) Delta:  Continuation of the following monitoring stations that are part of the IEP:  
Chipps Island Trawl, Sacramento Trawl, Knights Landings RST, and beach seining 
program.  Additionally, assist in funding new studies to determine green sturgeon 
relative abundance and habitat use in the Delta. 

e) San Joaquin River monitoring shall include:  Adult escapement and juvenile 
monitoring for steelhead on the Stanislaus River; Mossdale Kodiak Trawling to 
determine steelhead smolt passage; steelhead survival studies associated with VAMP; 
monitoring at HORB to determine steelhead movement in and around the barrier; 
predation studies in front of HORB and at the three agricultural barriers in the South 
Delta; and new studies to include the use of non-lethal fish guidance devices (e.g., 
sound, light, or air bubbles) instead of rock barriers to keep juveniles out of the area 
influenced by export pumping. 
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11.2.2  Actions Listed by Division 
 
 
I.  SACRAMENTO RIVER DIVISION 
 
Introduction to the Sacramento River Division:  Project operations of the Sacramento River 
Division affect winter-run, spring-run, CV steelhead, the Southern DPS of green sturgeon.  In 
addition, project operations affect fall-run, which are not listed.  Fall-run salmon are considered 
in developing the actions as a prey base for Southern Residents.  This Division section of the 
RPA includes actions related to minimizing adverse effects to spring-run and steelhead spawning 
and rearing in Clear Creek and all species in the main stem Sacramento River.  Actions include 
those necessary to reduce the risk to temperature effects to egg incubation in the upper river, 
especially to winter-run and spring-run spawning below Shasta Dam.  Also, the RPA contains 
actions for operation of RBDD – a major impediment to salmonid and green sturgeon migration.  
In addition, the RPA includes an action related to adjusting the antiquated Wilkins Slough 
navigation requirement, mandates the continuation of the fish screening program, and calls for 
restoration of essential rearing habitat in the lower river/northern Delta.  
 
Operations of the Sacramento River Division are interconnected with those of the Trinity River 
Division.  NMFS is in the process of conducting a separate consultation on the effects of the 
Trinity River Division operations on listed coho salmon in the Trinity River.  NMFS is 
committed to ensuring appropriate coordination between the analysis and results of this Opinion 
and the forthcoming coho opinion.  The Sacramento River Division RPA will be analyzed in that 
Opinion, and may be adjusted as necessary to avoid jeopardy to coho salmon and adverse 
modification of critical habitat. 
 
Action Suite I.1.  Clear Creek 
 
Suite Objective:  The proposed action includes a static flow regime (no greater than 200 cfs all 
year) and uncertainty as to the availability of b(2) water in the future pose significant risk to 
these species.  The RPA actions described below were developed based on a careful review of 
past flow studies, current operations, and future climate change scenarios.  Although not all of 
the flow studies have been completed, NMFS believes these actions are necessary to address 
adverse project effects on flow and water temperature that reduce the viability of spring-run and 
CV steelhead in Clear Creek.   
 
Action I.1.1.  Spring Attraction Flows 
 

Objective:  Encourage spring-run movement to upstream Clear Creek habitat for spawning. 
 
Action:  Reclamation shall annually conduct at least two pulse flows in Clear Creek in May 
and June of at least 600 cfs for at least three days for each pulse, to attract adult spring-run 
holding in the Sacramento River main stem.  This may be done in conjunction with channel-
maintenance flows (Action I.1.2). 
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Rationale:  In order to prevent spring-run from hybridizing with fall-run in the Sacramento 
River, it is important to attract early spring-run adults as far upstream in Clear Creek as 
possible, where cooler water temperatures can be maintained over the summer holding period 
through releases from Whiskeytown Dam.  This action will also prevent spring-run adults 
from spawning in the lower reaches of Clear Creek, where water temperatures are inadequate 
to support eggs and pre-emergent fry during September and October. 
 

Action I.1.2.  Channel Maintenance Flows 
 

Objective:  Minimize project effects by enhancing and maintain previously degraded 
spawning habitat for spring-run and CV steelhead 
 
Action:  Reclamation shall re-operate Whiskeytown Glory Hole spills during the winter and 
spring to produce channel maintenance flows of a minimum of 3,250 cfs mean daily spill 
from Whiskeytown for one day, to occur seven times in a ten-year period, unless flood 
control operations provide similar releases.  Re-operation of Whiskeytown Dam should be 
implemented with other project facilities as described in the EWP Pilot Program 
(Reclamation 2008d). 
 
Rationale:  Channel maintenance flows are a necessary element of critical habitat (see 
PCEs) in order to restore proper functioning rivers.  This modified operation allows higher 
flows necessary to move spawning gravels downstream from injection sites, which will 
increase the amount of spawning habitat available to spring-run and steelhead.  Previous 
studies (McBain and Trush 1999) have shown that Clear Creek lacks sufficient gravel for 
spawning habitat.  Both spring-run and steelhead need higher flows to provide the spawning 
and rearing habitat elements essential for survival and recovery. 

 
Action I.1.3.  Spawning Gravel Augmentation 
 

Objective:  Enhance and maintain previously degraded spawning habitat for spring-run and 
CV steelhead. 
 
Action:  Reclamation, in coordination with the Clear Creek Technical team, shall continue 
spawning gravel augmentation efforts.  By December 31 each year, Reclamation shall 
provide a report to NMFS on implementation and effectiveness of the gravel augmentation 
program.   
 
Rationale:  Similar to above for Action I.1.2.  Recent studies (USFWS 2007, 2008) have 
shown steelhead and spring-run utilize gravel injection sites for spawning.  Gravel 
augmentation has increased the steelhead spawning habitat available in the lower reaches of 
Clear Creek and directly relates to higher abundance in recent years.  The gravel 
augmentation program also benefits fall-run and late fall-run spawning.  Including the gravel 
augmentation program in the RPA ensures that it is reasonably certain to occur in the future. 
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Action I.1.4.  Spring Creek Temperature Control Curtain (Note:  This action benefits 
Sacramento River conditions, but is part of Clear Creek operations)  
 

Objective:  Reduce adverse impacts of project operations on water temperature for listed 
salmonids in the Sacramento River. 
 
Action:  Reclamation shall replace the Spring Creek Temperature Control Curtain in 
Whiskeytown Lake by June 2011 . 
 
Rationale:  The Spring Creek Tunnel releases provide cold water to Keswick Reservoir, 
which improves the ability to lower water temperatures during the summer for winter-run 
spawning and incubation.  Recent underwater surveys concluded that the Whiskeytown 
Curtain is in poor condition and needs a major overhaul (Reclamation 2008b).  Six rips in the 
fabric run the full depth of the curtain to 55 feet. 

 
Action I.1.5.  Thermal Stress Reduction  
 

Objective:  To reduce thermal stress to over-summering steelhead and spring-run during 
holding, spawning, and embryo incubation.  
 
Action:  Reclamation shall manage Whiskeytown releases to meet a daily water temperature 
of:  
 

1) 60oF at the Igo gage from June 1 through September 15; and  
 

2) 56oF at the Igo gage from September 15 to October 31.  
 

Reclamation, in coordination with NMFS, will assess improvements to modeling water 
temperatures in Clear Creek and identify a schedule for making improvements. 
 
Rationale:  The water temperature criteria address the critical need for colder water that 
historically was available to salmonids above Whiskeytown Dam.  If the criteria are not met, 
juvenile steelhead rearing habitat is limited, predation is higher, and disease is more 
prevalent.  Spring-run adults need colder water to hold over during the summer until 
September.  If water temperature is too warm, spring-run experience pre-spawn mortality and 
reduced production.  The lower water temperature in September is necessary to reduce 
mortality of spring-run eggs and pre-emergent fry. 

 
Action I.1.6.  Adaptively Manage to Habitat Suitability/IFIM Study Results 
 

Objective:  Decrease risk to Clear Creek spring-run and CV steelhead population through 
improved flow management designed to implement state-of-the-art scientific analysis on 
habitat suitability. 
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Action:  Reclamation shall operate Whiskeytown Reservoir as described in the Project 
Description with the modifications described in Action I.1 until September 30, 2012, or until 
6 months after current Clear Creek salmonids habitat suitability (e.g., IFIM) studies are 
completed, whichever occurs later.    
 
When the salmonid habitat suitability studies are completed, Reclamation will, in 
conjunction with the CCTWG, assess whether Clear Creek flows shall be further adapted to 
reduce adverse impacts on spring-run and CV steelhead, and report their findings and 
proposed operational flows to NMFS within 6 months of completion of the studies.  NMFS 
will review this report and determine whether the proposed operational flows are sufficient to 
avoid jeopardizing spring-run and CV steelhead or adversely modifying their critical habitat. 
 
Reclamation shall implement the flows on receipt of NMFS’ written concurrence.  If NMFS 
does not concur, NMFS will provide notice of the insufficiencies and alternative flow 
recommendations.  Within 30 days of receipt of non-concurrence by NMFS, Reclamation 
shall convene the CCTWG to address NMFS’ concerns.  Reclamation shall implement flows 
deemed sufficient by NMFS in the next calendar year. 
 
Rationale:  Past project operations have reduced spring-run and CV steelhead abundance in 
Clear Creek by creating passage barriers, raising water temperature, and reducing spawning 
gravels in key areas of critical habitat.  Abundance has increased in recent years as a result of 
passage improvements, habitat restoration, and operational changes to improve temperature 
control.  Persistence of the population and maintenance of its critical habitat will require 
continuation of flows adequate for migration and maintenance of spawning gravels and 
suitable water temperatures.   

 
Action Suite I.2.  Shasta Operations  
 
Introduction to Shasta Operations:  Maintaining suitable temperatures for egg incubation, fry 
emergence, and juvenile rearing in the Sacramento River is critically important for survival and 
recovery of the winter-run ESU.  The winter-run ESU has been reduced to a single population, 
which has been blocked from its historical range above Shasta Dam.  Consequently, suitable 
temperatures and habitat for this population must be maintained downstream of Shasta Dam 
through management of the cold water pool behind the dam in the summer.  Maintaining 
optimum conditions for this species below Shasta is crucial until additional populations are 
established in other habitats or this population is restored to its historical range.  Spring-run are 
also affected by temperature management actions from Shasta Reservoir.   
 
The effects analysis in this Opinion highlights the very challenging nature of maintaining an 
adequate cold water pool in critically dry years, extended dry periods, and under future 
conditions, which will be affected by increased downstream water demands and climate change.  
This suite of actions is designed to ensure that Reclamation uses maximum discretion to reduce 
adverse impacts of the projects to winter-run and spring-run in the Sacramento River by 
maintaining sufficient carryover storage and optimizing use of the cold water pool.  In most 



 
 591

years, reservoir releases through the use of the TCD are a necessity in order to maintain the bare 
minimum population levels necessary for survival (Yates et al. 2008, Angilletta et al. 2008). 
 
The effects analysis in this Opinion, and supplemental information provided by Reclamation, 
make it clear that despite Reclamation’s best efforts, severe temperature-related effects cannot be 
avoided in some years.  The RPA includes exception procedures to deal with this reality.  Due to 
these unavoidable adverse effects, the RPA also specifies other actions that Reclamation must 
take, within its existing authority and discretion, to compensate for these periods of unavoidably 
high temperatures.  These actions include restoration of habitat at Battle Creek that may be 
support a second population of winter-run, and a fish passage program at Keswick and Shasta 
dams to partially restore winter-run to their historical cold water habitat. 
 

Objectives:  The following objectives must be achieved to address the avoidable and 
unavoidable adverse effects of Shasta operations on winter-run and spring-run: 

 
1) Ensure a sufficient cold water pool to provide suitable temperatures for winter-run 

spawning between Balls Ferry and Bend Bridge in most years, without sacrificing the 
potential for cold water management in a subsequent year.  Additional actions to 
those in the 2004 CVP/SWP operations Opinion are needed, due to increased 
vulnerability of the population to temperature effects attributable to changes in 
Trinity River ROD operations, projected climate change hydrology, and increased 
water demands in the Sacramento River system.  

 
2) Ensure suitable spring-run temperature regimes, especially in September and October.  

Suitable spring-run temperatures will also partially minimize temperature effects to 
naturally-spawning, non-listed Sacramento River fall-run, an important prey base for 
endangered Southern Residents. 

 
3) Establish a second population of winter-run in Battle Creek as soon as possible, to 

partially compensate for unavoidable project-related effects on the one remaining 
population. 

 
4) Restore passage at Shasta Reservoir with experimental reintroductions of winter-run 

to the upper Sacramento and/or McCloud rivers, to partially compensate for 
unavoidable project-related effects on the remaining population. 
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Action 1.2.1  Performance Measures. 
 

Objective:   To establish and operate to a set of performance measures for temperature 
compliance points and End-of-September (EOS) carryover storage, enabling Reclamation 
and NMFS to assess the effectiveness of this suite of actions over time.  Performance 
measures will help to ensure that the beneficial variability of the system from changes in 
hydrology will be measured and maintained.  

 
Action:  The following long-term performance measures shall be attained.  Reclamation 
shall track performance and report to NMFS at least every 5 years.  If there is significant 
deviation from these performance measures over a 10-year period, measured as a running 
average, which is not explained by hydrological cycle factors (e.g., extended drought), then 
Reclamation shall reinitiate consultation with NMFS. 

 
Performance measures for EOS carryover storage at Shasta Reservoir:  
 

• 87 percent of years:  Minimum EOS storage of 2.2 MAF 
• 82 percent of years:  Minimum EOS storage of 2.2 MAF and end-of-April storage of 

3.8 MAF in following year (to maintain potential to meet Balls Ferry compliance 
point)   

• 40 percent of years:  Minimum EOS storage 3.2 MAF  (to maintain potential to meet 
Jelly’s Ferry compliance point in following year) 

 
Measured as a 10-year running average, performance measures for temperature compliance 
points during summer season shall be: 
 

• Meet Clear Creek Compliance point 95 percent of time 
• Meet Balls Ferry Compliance point 85 percent of time 
• Meet Jelly’s Ferry Compliance point 40 percent of time 
• Meet Bend Bridge Compliance point 15 percent of time 

 
Rationale:  Evaluating long-term operations against a set of performance measures is the 
only way to determine the effectiveness of operations in preserving key aspects of life history 
and run time diversity.  For example, maintaining suitable spawning temperatures down to 
Bend Bridge in years when this is feasible will help to preserve the part of winter-run 
distribution and run timing that relies on this habitat and spawning strategy.  This will help to 
ensure that diversity is preserved when feasible.  The percentages are taken from those 
presented in the CVP/SWP operations BA, effects analysis in the Opinion, and NMFS 
technical memo on historic Shasta operations.   

 
Action I.2.2.  November through February Keswick Release Schedule  (Fall Actions) 
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Objective:  Minimize impacts to listed species and naturally spawning non-listed fall-run 
from high water temperatures by implementing standard procedures for release of cold water 
from Shasta Reservoir. 

 
Action:  Depending on EOS carryover storage and hydrology, Reclamation shall develop and 
implement a Keswick release schedule, and reduce deliveries and exports as detailed below.   

 
Action I.2.2.A Implementation Procedures for EOS Storage at 2.4 MAF and Above 
 
If the EOS storage is at 2.4 MAF or above, by October 15, Reclamation shall convene a 
group including NMFS, USFWS, and CDFG, through B2IT or other comparable process, to 
consider a range of fall actions.  A written monthly average Keswick release schedule shall 
be developed and submitted to NMFS by November 1 of each year, based on the criteria 
below.  The monthly release schedule shall be tracked through the work group.  If there is 
any disagreement in the group, including NMFS technical staff, the issue/action shall be 
elevated to the WOMT for resolution per standard procedures. 
 
The workgroup shall consider and the following criteria in developing a Keswick release 
schedule:  
 
1) Need for flood control space:  A maximum 3.25 MAF end-of-November storage is 

necessary to maintain space in Shasta Reservoir for flood control. 
 

2) Need for stable Sacramento River level/stage to increase habitat for optimal spring-run 
and fall-run redds/egg incubation and minimization of redd dewatering and juvenile 
stranding. 

 
3) Need/recommendation to implement USFWS’ Delta smelt Fall X2 action as determined 

by the Habitat Study Group formed in accordance with the 2008 Delta smelt Opinion.  
NMFS will continue to participate in the Habitat Study Group (HSG) chartered through 
the 2008 Delta smelt biological opinion.  If, through the HSG, a fall flow action is 
recommended that draws down fall storage significantly from historical patterns, then 
NMFS and USFWS will confer and recommend to Reclamation an optimal storage and 
fall flow pattern to address multiple species’ needs. 

 
If there is a disagreement at the workgroup level, actions may be elevated to NMFS 
Sacramento Area Office Supervisor and resolved through the WOMT’s standard operating 
procedures. 

 
Rationale:  2.2 MAF EOS storage is linked to the potential to provide sufficient cold water 
to meet the minimum Balls Ferry Compliance point in the following year, and it is achievable 
approximately 85 percent of the time.  Based on historical patterns, EOS storage will be 
above 2.4 MAF 70 percent of the time.  The 2.4 MAF storage value provides a reasonable 
margin above the 2.2 level to increase the likelihood that the Balls Ferry Compliance Point 
will be reached while also implementing fall releases to benefit other species and life stages.  
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Therefore, in these circumstances, actions should target the fall life history stages of the 
species covered by this Opinion (i.e., spring-run spawning, winter-run emigration).  The 
development of a Keswick release schedule is a direct method for controlling storage 
maintained in Shasta Reservoir.  It allows Reclamation to operate in a predictable way, while 
meeting the biological requirements of the species.  The B2IT workgroup has been used in 
the past to target actions to benefit fall-run during this time of year using b(2) resources, and, 
because of its expertise, may also be used by Reclamation to develop this flow schedule.  In 
the past, the B2IT group has used the CVPIA AFRP guidelines to target reservoir releases.  
Over time, it may be possible to develop a generic release schedule for these months, based 
on the experience of the work group. 

 
Action I.2.2.B  Implementation Procedures for EOS Storage Above 1.9 MAF and Below 
2.4 MAF 
 
If EOS storage is between 1.9 and 2.4 MAF, then Reclamation shall convene a group 
including NMFS, USFWS, and CDFG, through B2IT or other comparable workgroup, to 
consider a range of fall actions.  Reclamation shall provide NMFS and the work group with 
storage projections based on 50 percent, 70 percent, and 90 percent hydrology through 
February, and develop a monthly average Keswick release schedule based on the criteria 
below.  The monthly release schedule shall be submitted to NMFS by November 1. 

 
Criteria for the release schedule shall include: 

 
1) Maintain Keswick releases between 7000 cfs and 3250 cfs to reduce adverse effects on 

mainstem spring-run and conserve storage for next year’s cold water pool. 
 

2) Consider fall-run needs per CVPIA AFRP guidelines, through January, including 
stabilizing flows to keep redds from de-watering.  

 
3) Be more conservative in Keswick releases throughout fall and early winter if hydrology 

is dry, and release more water for other purposes if hydrology becomes wet.  For 
example, release no more than 4,000 cfs if hydrology remains dry. 

 
The Keswick release schedule shall follow this or a similar format, to be refined by the 
workgroup: 

 
50% hydrology 

 
70% hydrology 90% hydrology  October 

forecast 
based on 

EOS 
storage 

Projected 
storage 
MAF 

Planned 
release 
CFS 

Projected 
storage 
MAF 

Planned 
release 
CFS 

Projected 
storage 
MAF 

Planned 
release 
CFS 

November       
December       

Monthly 
average 
Keswick January       
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release February       
 
Reclamation, in coordination with the work group, shall review updated hydrology and 
choose a monthly average release for every month (November, December, January, 
February), based on the release schedule.  In the event that the updated hydrology indicates a 
very dry pattern and consequent likely reduction in storage, the work group may advise 
Reclamation to take additional actions, including export curtailments, if necessary to 
conserve storage   
 
If there is a disagreement at the work group level, actions may be elevated to NMFS and 
resolved through the WOMT’s standard operating procedures. 

 
Rationale:  It is necessary to be reasonably conservative with fall releases to increase the 
likelihood of adequate storage in the following year to provide cold water releases for winter-
run.  This action is intended to reduce adverse effects on each species without compromising 
the ability to reduce adverse effects on another species.  A work group with biologists from 
multiple agencies will refine the flow schedule, providing operational certainty while 
allowing for real-time operational changes based on updated hydrology.  Over time, it may 
be possible to develop a generic release schedule for these months, based on the experience 
of the work group. 

 
Action I.2.2.C.  Implementation and Exception Procedures for EOS Storage of 1.9 MAF or 
Below 
 
If the EOS storage is at or below 1.9 MAF, then Reclamation shall: 
 

1) In early October, reduce Keswick releases to 3,250 cfs as soon as possible, unless higher 
releases are necessary to meet temperature compliance points (see action I.2.3). 

 
2) Starting in early October, if cool weather prevails and temperature control does not 

mandate higher flows, curtail discretionary water deliveries (including, but not limited to 
agricultural rice decomposition deliveries) to the extent that these do not coincide with 
temperature management for the species.  It is important to maintain suitable 
temperatures targeted to each life stage.  Depending on air and water temperatures, 
delivery of water for rice decomposition, and any other discretionary purposes at this 
time of year, may coincide with the temperature management regime for spring-run and 
fall-run.  This action shall be closely coordinated with NMFS, USFWS, and CDFG. 

 
3) By November 1, submit to NMFS storage projections based on 50 percent, 70 percent, 

and 90 percent hydrology through February.  In coordination with NMFS, Reclamation 
shall:  (1) develop a monthly average Keswick release schedule similar in format to that 
in Action I.2.2.B, based on the criteria below and including actions specified below; and 
(2) review updated hydrology and choose a monthly average release for every month, 
based on the release schedule.  November releases shall be based on a 90 percent 
hydrology estimate.  
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Criteria and actions: 
 

1) Keswick releases shall be managed to improve storage and maintained at 3,250 cfs unless 
hydrology improves. 

 
2) November monthly releases will be based on 90 percent hydrology. 

 
3) Consider fall-run needs through January as per CVPIA AFRP guidelines, including 

stabilizing flows to keep redds from dewatering.  
 

4) Continue to curtail discretionary agricultural rice decomposition deliveries to the extent 
that these do not coincide with temperature management for the species, or impact other 
ESA-listed species.  It is important to maintain suitable temperatures targeted to each life 
stage.  Depending on air and water temperatures, delivery of water for rice decomposition 
may coincide with the temperature management regime for spring-run and fall-run.  This 
action shall be closely coordinated with NMFS. USFWS, and CDFG. 

 
5) If operational changes are necessary to meet Delta outflow, X2, or other legal 

requirements during this time, then:  
 

a) CVP/SWP Delta combined exports shall be curtailed to 2,000 cfs if necessary to meet 
      legal requirements while maintaining a 3,250 cfs Keswick release (or other planned 

release based on biological needs of species); and  
b) if it is necessary to curtail combined exports to values more restrictive than 2000 cfs 

in order to meet Delta outflow, X2, or other legal requirements, then Reclamation and 
DWR shall, as an overall strategy, first, increase releases from Oroville or Folsom; 
and  

c) in general, Reclamation shall increase releases from Keswick as a last resort.  
d) Based on updated monthly hydrology, this restriction may be relaxed, with NMFS’ 

concurrence. 
 

6) If the hydrology and storage have not improved by January, additional restrictions apply 
– see Action I.2.4.   

 
Rationale:  Per actions I.2.3 and I.2.4 below, Reclamation is required to meet 1.9 MAF EOS.  
The BA’s CALSIM modeling shows that during a severe or extended drought, 1.9 EOS 
storage may not be achievable.  In this circumstance, Reclamation should take additional 
steps in the fall and winter months to conserve Shasta storage to the maximum extent 
possible, in order to increase the probability of maintaining cold water supplies necessary for 
egg incubation for the following summer’s cohort of winter-run.   

 
Assessment of the hydrologic record and CALSIM modeling shows that operational actions 
taken during the first year of a drought sequence are very important to providing adequate 
storage and operations in subsequent drought years.  The biological effects of an extended 
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drought are particularly severe for winter-run.  Extended drought conditions are predicted to 
increase in the future in response to climate change.  While it is not possible to predict the 
onset of a drought sequence, in order to ensure that project operations avoid jeopardizing 
listed species, Reclamation should operate in any year in which storage falls below 1.9 MAF 
EOS as potentially the first year of a drought sequence.  The CVP storage system is likely to 
recover more quickly in the winter and spring months if additional storage conservation 
measures are taken in the fall and winter.   

 
The curtailments to discretionary rice decomposition deliveries and combined export 
curtailment of 2,000 cfs are necessary to conserve storage when EOS storage is low.  These 
actions were developed through an exchange of information and expertise with Reclamation 
operators. 

 
This action is consistent with comments from the Calfed Science Peer Review panel.  That 
panel recommended that Shasta be operated on a two-year (as opposed to single year) 
hydrologic planning cycle and that Reclamation take additional steps to incorporate planning 
for potential drought and extended drought into its operations. 

 
Action I.2.3.  February Forecast;  March – May 14 Keswick Release Schedule (Spring 
Actions) 
 

Objective:  To conserve water in Shasta Reservoir in the spring in order to provide sufficient 
water to reduce adverse effects of high water temperature in the summer months for winter-
run, without sacrificing carryover storage in the fall. 

 
Actions:  
 
1) Reclamation shall make its February 15 forecast of deliverable water based on an 

estimate of precipitation and runoff within the Sacramento River basin at least as 
conservative as the 90 percent probability of exceedence.  Subsequent updates of water 
delivery commitments must be based on monthly forecasts at least as conservative as the 
90 percent probability of exceedence. 

 
a) Reclamation shall provide the draft February forecast, and a projection of temperature 

management operations for the summer months, to NMFS no later than seven 
business days after receipt of the official DWR runoff forecast.   

b) NMFS shall be provided at 3 three business days to review the draft forecast.  
c) NMFS shall review the draft February forecast to determine whether the predicted 

delivery schedule is likely to leave sufficient water for temperature management to 
meet ESA requirements. 

d) NMFS shall provide a written evaluation to Reclamation prior to Reclamation making 
the first allocation announcements and for each subsequent month for discretionary 
contract deliveries.   

e) Reclamation shall manage releases from Keswick consistent with the February 
forecast and subsequent monthly hydrology updates. 
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2) Reclamation shall make releases to maintain a temperature compliance point not in 

excess of 56 degrees between Balls Ferry and Bend Bridge from April 15 through May 
15. 

 
Action I.2.3.A  Implementation Procedures if February Forecast, Based on 90 Percent 
Hydrology, Shows that Balls Ferry Temperature Compliance Point and 2.2 MAF EOS 
are Both Achievable 
 
NMFS will review the draft February forecast to determine whether both a temperature 
compliance point at Balls Ferry during the temperature control season (May – October), and 
EOS storage of at least 2.2 MAF, is likely to be achieved.  If both are likely, then 
Reclamation shall announce allocations and operate Keswick releases in March, April, and 
May consistent with its standard plan of operation.  Preparation of a separate Keswick release 
schedule is not necessary in these circumstances. 

 
Rationale:  The 90 percent forecast is a conservative approach for assessing the potential to 
meet both the Balls Ferry TCP and 2.2 MAF EOS performance goals.  If both of these 
performance goals are projected to be met at the time of the February forecast, then no 
restrictions on allocations due to this suite of actions are necessary. 

 
Action  I.2.3.B  Implementation Procedures if February Forecast, Based on 90 Percent 
Hydrology, Shows that Only Balls Ferry Compliance or 2.2 MAF EOS, but Not Both, Is 
Achievable 

 
1) On or before February 15, Reclamation shall reduce Keswick releases to 3,250 cfs, unless 

NMFS concurs on an alternative release schedule.  This reduction shall be maintained 
until a flow schedule is developed per procedures below. 

 
2) In coordination with NMFS, by March 1, Reclamation shall develop an initial monthly 

Keswick release schedule, based on varying hydrology of 50 percent, 70 percent, and 90 
percent (similar in format to the fall and winter action implementation procedures – see 
table above).  These schedules shall be used as guidance for monthly updates and 
consultations.   

 
3) Based on this guidance, Reclamation shall consult with NMFS monthly on Keswick 

releases.  Reclamation shall submit a projected forecast, including monthly average 
release schedules and temperature compliance point to NMFS every month, within 7 
business days of receiving the DWR runoff projections for that month.  Within 3 business 
days of receiving this information from Reclamation, NMFS will review the draft 
schedule for consistency with the criteria below and provide written recommendations to 
Reclamation.   

 
4) The initial monthly Keswick release schedule, and subsequent monthly updates, shall be 

developed based on the following criteria and including the following actions: 
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a) Maintain minimum monthly average flows necessary to meet nondiscretionary 

delivery obligations and legal requirements. 
b) Provide for flow-related biological needs of spring life stages of all species covered 

by this Opinion in the Sacramento River and Delta, to the greatest extent possible. 
c) If operational changes are necessary to meet Delta outflow, X2, or other legal 

requirements during this time, then:  
 

• CVP/SWP Delta combined exports shall be curtailed to 2,000 cfs if necessary to 
meet legal requirements while maintaining a 3,250 cfs Keswick Dam release (or 
other planned release based on biological needs of species); and  

• if it is necessary to curtail combined exports to values more restrictive than 2000 
cfs in order to meet Delta outflow, X2, or other legal requirements, then 
Reclamation and DWR shall, as an overall strategy, first, increase releases from 
Oroville or Folsom Dam; and 

• in general, Reclamation shall increase releases from Keswick Dam as a last resort. 
• Based on improvements in updated monthly hydrology, this restriction may be 

relaxed, with NMFS’ concurrence. 
 

Rationale:  It is necessary to manage storage for potential dry years, to reduce adverse 
effects on winter-run egg incubation in summer months, and on spring-run in fall months.  
According to information provided by Reclamation, the hydrology is too variable this time of 
year to provide for a meaningful 3-month release schedule.  Instead, monthly consultations 
between NMFS and Reclamation are needed to ensure that operations are based on biological 
criteria. 
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Action  I. 2.3. C.  Drought Exception Procedures if February Forecast, Based on 90 
Percent Hydrology, Shows that Clear Creek Temperature Compliance Point or 1.9 
MAF EOS Storage is Not Achievable 
  
Reclamation shall follow all procedures immediately above (Action I.2.3.B) and, in addition, 
shall: 

 
1) By March 1, provide a contingency plan with a written justification that all actions within 

Reclamation’s authorities and discretion are being taken to preserve cold water at Shasta 
Reservoir for the protection of winter-run. 

 
2) The contingency plan shall also, at a minimum, include the following assessments and 

actions: 
 

a) Relaxation of Wilkins Slough navigation criteria to at most 4,000 cfs. 
b) An assessment of any additional technological or operational measures that may be 

feasible and may increase the ability to manage the cold water pool. 
c) Notification to State Water Resources Control Board that meeting the biological 

needs of winter-run and the needs of resident species in the Delta, delivery of water to 
nondiscretionary Sacramento Settlement Contractors, and Delta outflow requirements 
per D-1641, may be in conflict in the coming season and requesting the Board’s 
assistance in determining appropriate contingency measures, and exercising their 
authorities to put these measures in place. 

 
3)   If, during the temperature control season, a Clear Creek TCP on the Sacramento River 

cannot be achieved, then Reclamation shall bypass power at Shasta Dam if NMFS 
determines a bypass is necessary for preserving the cold water pool.  This power by-pass 
may be necessary to maintain temperature controls for winter-run, or later in the 
temperature season, for spring-run. 

  
Rationale:  In these circumstances, there is a one-in-ten likelihood that minimal 
requirements for winter-run egg survival will not be achieved due to depletion of the cold 
water pool, resulting in temperature-related mortality of winter-run and, in addition, most 
likely contributing to temperature-related mortality of spring-run spawning in the fall.  This 
is a conservative forecast, since there is a 90 percent probability that conditions will improve.  
However, the effects analysis in this Opinion concludes that these poor conditions could be 
catastrophic to the species, potentially leading to a significant reduction in the viability of 
winter-run.  Delta objectives (salinity, X2, E/I ratio, OMR flow restrictions for both smelt 
and salmon) are also controlling at this time of year.  There is potential for conflict between 
the need to maintain storage at Shasta and other legal and ecological requirements.  
Consequently, it is necessary to immediately limit releases from Shasta and develop a 
contingency plan.   
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Notification to the State Water Resources Control Board (SWRCB) is essential.  Sacramento 
Settlement Contract withdrawal volumes from the Sacramento River can be quite substantial 
during these months.  The court has recently concluded that Reclamation does not have 
discretion to curtail the Sacramento Settlement contractors to meet Federal ESA 
requirements.  Therefore, NMFS is limited in developing an RPA that minimizes take to 
acceptable levels in these circumstances.  Consequently, other actions are necessary to avoid 
jeopardy to the species, including fish passage at Shasta Dam in the long term.   

 
Separate from this consultation, NMFS will work with the SWRCB to determine whether 
contingency plans within the Board’s authority are warranted, and to assist in developing 
such plans that will allow Reclamation to meet ESA requirements.  The incidental take 
statement for this Opinion also provides limitations of ESA incidental take coverage for 
Settlement Contractors under the terms of this Opinion. 

 
Action 1.2.4  May 15  Through October Keswick Release Schedule (Summer Action) 
 

Objective:  To manage the cold water storage within Shasta Reservoir and make cold water 
releases from Shasta Reservoir to provide suitable habitat temperatures for winter-run, 
spring-run, CV steelhead, and Southern DPS of green sturgeon in the Sacramento River 
between Keswick Dam and Bend Bridge, while retaining sufficient carryover storage to 
manage for next year’s cohorts.  To the extent feasible, manage for suitable temperatures for 
naturally spawning fall-run. 
 
Action:  Reclamation shall develop and implement an annual Temperature Management Plan 
by May 15 to manage the cold water supply within Shasta Reservoir and make cold water 
releases from Shasta Reservoir and Spring Creek to provide suitable temperatures for listed 
species, and, when feasible, fall-run.  

 
Reclamation shall manage operations to achieve daily average water temperatures in the 
Sacramento River between Keswick Dam and Bend Bridge as follows: 

 
1) Not in excess of 56°F at compliance locations between Balls Ferry and Bend Bridge from 

May 15 through September 30 for protection of winter-run, and not in excess of 56°F at 
the same compliance locations between Balls Ferry and Bend Bridge from October 1 
through October 31 for protection of mainstem spring run, whenever possible.  

 
2) Reclamation shall operate to a final Temperature Management Plan starting May 15 and 

ending October 31. 
 

3) As part of the adaptive management process, and in coordination with NMFS, by March 
2010, Reclamation shall fund an independent modeler to review these procedures and the 
recommendations of the Calfed Science Panel report on temperature management and 
recommend specific refinements to these procedures to achieve optimal temperature 
management, with due consideration of the Calfed Science panel’s recommendations 
(Deas et al., 2009) regarding temperature management.  Upon written concurrence of 
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NMFS, refinements to the implementation procedures for this action suite, based on the 
independent contractor’s report, may be adopted and implemented. 

 
Implementation Procedures:  Reclamation shall take the following steps to develop an 
annual Temperature Management plan: 
 
1)  By April 15, Reclamation shall develop and submit to NMFS both 50 percent and 90 

percent forecasts, consistent with its draft plan of summer operations.  Reclamation shall 
model two complete runs for each forecast, one with an upstream TCP and one with a 
downstream TCP.  Together, Reclamation will present four risk-management options to 
NMFS for review.  EOS Storage will be projected for each of the four runs.  If it is very 
wet or very dry, there will be fewer options to present to NMFS. 

2) NMFS will provide comments within five business days to Reclamation, recommending 
that Reclamation either:  (1) operate to one of the options; or (2) develop an alternative 
operations plan necessary to meet reasonably attainable preferred TCP and EOS storage. 

3) Within five business days of receiving NMFS’ recommendations, and based on NMFS’ 
comments, Reclamation will develop an operations plan with specific monthly average 
Keswick releases to attain both TCP from May 15 through the EOS and EOS storage, and 
submit the plan to NMFS for concurrence.  

4) By May 15, Reclamation and NMFS shall jointly submit a final Temperature 
Management Plan to meet the SWRCB 90-5 requirements using the SRTTG.  From May 
15 through October 31, the SRTTG shall track implementation of this plan, and shall 
refine it based real-time information, including run timing, location of redds, air and 
surface water temperature modeling, and projected versus actual extent of the cold water 
pool.  Any disagreement at the work group level regarding how to implement or modify 
the plan will be elevated to NMFS and resolved through WOMT standard operating 
procedures.  

 
Rationale:  Depending on hydrology and air temperature, from May through October, it is 
necessary to use the cold water pool in Shasta Reservoir to provide cold water releases to 
maintain suitable water temperatures for listed anadromous fish below Shasta.  Without 
access to the cold water pool, suitable temperatures for egg incubation are not attainable.  
Preparation of an annual Temperature Management Plan allows Reclamation, in consultation 
with NMFS, to achieve optimal cold water management in a given year.  Temperature 
management requires tradeoffs between extending the range of suitable habitat by moving 
the compliance point downstream from Balls Ferry, and conserving EOS storage.  The 
storage level at the EOS is important to manage the risk of unsuitably warm water 
temperatures for winter-run in the following summer.  Maintaining suitable temperatures in 
September and October is also important to minimize adverse effects of project operations to 
main stem Sacramento River spring-run.   Fall-run, a non-listed species that is important as a 
prey base for Southern Resident Killer Whale, also benefits from suitable temperatures in the 
Fall. 

 
Development of 2 to 4 options for temperature management, prior to finalizing a plan allows 
for meaningful discussion of appropriate risk management strategies in a given year, based 
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on timely hydrologic and biological considerations.  Important factors differ from year to 
year, and need to be considered in operations planning.  They include the projected size of 
the winter-run year class (and thus the extent of habitat needed); timing and location of 
spawning and redds based on aerial surveys; the extent of the cold water pool, given air 
temperatures; and operation of the Temperature Control Device to provide optimal use of the 
cold water pool.  Preparation of a draft plan also allows for iterative planning and feedback.  
Operations can be tailored each year to achieve the optimal approach to temperature 
management to maintain viable populations of anadromous fish, based on the best available 
information.    

 
The Calfed Science Program peer review report on temperature management emphasized the 
importance of refining temperature management practices in the long term and included 
recommendations for doing so.  The requirement to hire an independent contractor to 
recommend specific refinements to the procedures in this RPA responds to these 
recommendations. 

 
Action I.2.5.  Winter-Run Passage and Re-Introduction Program at Shasta Dam 
 

See Fish Passage Program, Action V 
 
Action I.2.6.  Restore Battle Creek for Winter-Run, Spring-Run, and CV Steelhead  
 

Objective:  To partially compensate for unavoidable adverse effects of project operations by 
restoring winter-run and spring-run to the Battle Creek watershed.  A second population of 
winter-run would reduce the risk of extinction of the species from lost resiliency and 
increased vulnerability to catastrophic events. 
 
Description of Action:  Reclamation shall direct discretionary funds to implement the Battle 
Creek Salmon and Steelhead Restoration Project.  Phase 1A funding is currently allocated 
through various partners and scheduled to commence in Summer 2009 (Reclamation 2008c). 
DWR shall direct discretionary funds for Phase 1B and Phase 2, consistent with the proposed 
amended Delta Fish Agreement by December 31 of each year, Reclamation and DWR will 
submit a written report to NMFS on the status of the project, including phases completed, 
funds expended, effectiveness of project actions, additional actions planned (including a 
schedule for further actions), and additional funds needed.  The Battle Creek Salmon and 
Steelhead Restoration Project shall be completed no later than 2019.  

  
Rationale:  Modeling projections in the BA show that adverse effects of ongoing project 
operations cannot be fully minimized.  Severe temperature-related effects due to project 
operations will occur in some years.  This RPA includes an exception procedure in 
anticipation of these occurrences (see Action I.2.2).  Establishing additional populations of 
winter-run is critical to stabilize the high risk of extinction resulting from the proposed action 
on the only existing population of this species.  $26 million has been identified for this 
project in the American Recovery and Reinvestment Act of 2009. 
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Action Suite I.3.  Red Bluff Diversion Dam (RBDD) Operations 
 
Objectives:  Reduce mortality and delay of adult and juvenile migration of winter-run, spring-
run, CV steelhead, and Southern DPS of green sturgeon caused by the presence of the diversion 
dam and the configuration of the operable gates.  Reduce adverse modification of the passage 
element of critical habitat for these species.  Provide unimpeded upstream and downstream fish 
passage in the long term by raising the gates year-round, and minimize adverse effects of 
continuing dam operations, while pumps are constructed replace the loss of the diversion 
structure. 
 
Action I.3.1.   Operations after May 14, 2012: Operate RBDD with Gates Out 
 

Action:  No later than May 15, 2012, Reclamation shall operate RBDD with gates out all 
year to allow unimpeded passage for listed anadromous fish.  If the Red Bluff Alternative 
Intake Structure is not anticipated to be operational by May 15, 2012, Reclamation may 
submit a request to NMFS, no later than January 31, 2012, to close the gates from June 15 to 
September 1, 2012.  This request must document that all milestones for construction of the 
alternative pumping plant have been met and that all other conservation measures (see 
below) have been implemented.   

 
Rationale:  RBDD impedes and delays upstream migration of adult winter-run, spring-run, 
CV steelhead, and Southern DPS of green sturgeon.  It also impedes and delays downstream 
passage of juveniles of the same species.  It adversely modifies critical habitat for these 
species by impairing important mainstem passage.  Pumps can be used to deliver water 
currently made available by placing gates in the river, and $109 million has been identified in 
the recent American Recovery and Reinvestment Act of 2009 for the Red Bluff Pumping 
Plant.   

 
Action I.3.2.  Interim Operations  

 
Action:  Until May 14, 2012, Reclamation shall operate RBDD according to the following 
schedule:  
 
• September 1 - June 14:  Gates open.  No emergency closures of gates are allowed. 
• June 15 - August 31:  Gates may be closed at Reclamation’s discretion, if necessary to 

deliver water to TCCA.   
 
Rationale:  Having gates out until June 15 is necessary for winter-run, spring-run and green 
sturgeon adult passage to spawning habitat.  TCCA can withdraw 465 cfs without the gates in 
the river.  Their water demand typically reaches 800 cfs by June 15, therefore, TCCA will 
need supplemental pumping capacity to meet water demand until June 15.  NMFS has 
consulted with Reclamation separately on the effects of an interim pumping operation.  
Implementation of these improvements to passage conditions at RBDD, in conjunction with 
several other conservation and research measures proposed by TCCA (Appendix 2-B), is 
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expected to reduce the effects of continuing (for the next three years) the (modified) 
operations of RBDD to a level that will not reduce the likelihood of survival and recovery of 
these ESUs and DPSs. 

 
Action I.3.3.  Interim Operation for Green Sturgeon  
 

Objective:  Allow passage of green sturgeon during interim operations. 
 

Action:  When gates are in, Reclamation shall retain a minimum 18-inch opening under the 
gates that are open, to allow safe downstream passage of adult green sturgeon.  The 18-inch 
opening may be modified to 12 inches by the RBDD technical team if necessary to maintain 
the structural integrity of the dam and/or adequate attraction flows for salmonids at the fish 
ladders, or in consideration of other real-time fish migratory issues. 
 
Rationale:  Twelve to 18 inches is the estimated minimum gate opening that would allow 
adult green sturgeon to pass downstream underneath the RBDD gates uninjured.   

 
Action I.3.4:  Measures to Compensate for Adverse Effects of Interim Operations on Green 
Sturgeon 
 

Objective:  Offset short-term effects to green sturgeon due to interim gate operations by 
investing in geographically specific research needed to determine green sturgeon life history 
and recovery needs. 
 
Action:  Reclamation shall continue ongoing funded research to characterize green sturgeon 
populations in the upper Sacramento River Basin, their movements, and habitat usage, as 
planned through fiscal year 2009.  In addition, Reclamation (or TCCA) shall convene a 
technical team, including representatives from NMFS, CDFG, USFWS, Corps, the 
University of California at Davis (UCD), and other cooperators, to review studies and results 
and coordinate research needs for green sturgeon.  Reclamation and/or TCCA shall provide 
the necessary funding to insure that research will continue to be conducted in a coordinated 
and cooperative manner with the express intent of fully implementing the research projects 
described in the UCD proposal in Appendix 2-B to this Opinion. 
 
Rationale:  The exact timing of spawning migration for green sturgeon is not known, and 
during interim operations the potential remains for late arriving green sturgeon to be blocked 
by the dam after June 14.  There is also a potential for post-spawn adult migrants and post-
hatch juvenile migrants to be adversely affected, since they must pass downstream through 
the narrow clearance and high turbulence caused by the closed dam gates between June 14 
and August 31. 
 
Although the proposed studies will not directly benefit the green sturgeon that will be 
impacted by the dam during the interim period before the gates are permanently lifted, these 
studies will greatly benefit the Southern DPS of green sturgeon as a whole by revealing 
important information that will improve their likelihood of survival and recovery over the 
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long term.  The studies will provide vital information on the life history and biological 
requirements of green sturgeon, which will allow NMFS to develop and implement a 
comprehensive and effective recovery plan for the DPS.  By combining these long-term 
benefits to the survival and recovery of the Southern DPS of green sturgeon with the other 
significant improvements to habitat conditions required within this RPA (reduced gates-in 
periods, increased minimum gate openings, improved water temperature conditions for 
spawning and rearing, improved migration and rearing conditions in the lower river and 
Delta), the full implementation of this RPA is expected to offset the effects of continuing (for 
the next three years) the (modified) operations of RBDD to a level that will not reduce the 
likelihood of survival and recovery of the green sturgeon DPSs.  
 

Action I.3.5.  Measures to Compensate for Adverse Effects of Interim Operations on 
Spring-Run 
 

Objective:  Offset unavoidable short-term effects to spring-run from passage impediments of 
RBDD by restoring spring-run passage elsewhere in the Sacramento River system. 
 
Action:  Reclamation shall provide $500,000 for implementation of spring- run passage 
improvement projects in the Sacramento River.  Appendix 2-B describes specific projects 
that may be implemented.  By December 15, 2009, Reclamation shall provide NMFS with a 
prioritized list of projects from Appendix 2-B and an implementation schedule.  Reclamation 
shall provide an annual report to NMFS on implementation and effectiveness of projects.  
Reclamation shall monitor and maintain these projects for five years. 
 
Rationale:  During interim operations, late arriving spring-run may be adversely affected by 
the dam after June 14.  Construction and maintenance of the interim pumping facility also 
may have short-term adverse effects on spring-run.   
 
The proposed passage restoration projects are likely to benefit the spring-run ESU as a whole 
by improving access to spawning habitat for some of the key populations within the ESU.  
Although the proposed improvements will not provide passage benefits to the small 
dependent populations that spawn upstream of RBDD, they will benefit the large 
independent populations that spawn in downstream tributaries.  Passage improvements for 
the large independent population, in turn, will benefit the smaller populations throughout the 
Central Valley that depend on these larger populations to supplement their numbers and 
genetic diversity. 

 
Action I.4.  Wilkins Slough Operations  
 

Objective:  Enhance the ability to manage temperatures for anadromous fish below Shasta 
Dam by operating Wilkins Slough in the manner that best conserves the dam’s cold water 
pool for summer releases.   
 
Action:   Reclamation shall convene the SRTTG to review past operational data, hydrology, 
and fisheries needs for Wilkins Slough.  The SRTTG shall recommend Wilkins Slough 
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minimum flows for anadromous fish in critically dry years, in lieu of the current 5,000 cfs 
navigation criterion.  Recommendations shall be made to NMFS by December 1, 2009.  The 
recommendations will be implemented upon NMFS’ concurrence.   
 
In years other than critically dry years, the need for a variance from the 5,000 cfs navigation 
criterion will be considered during the process of developing the Keswick release schedules 
(Action I.2.2-4). 
 
Rationale:  In some circumstances, maintaining the Wilkins Slough navigation channel at 
5,000 cfs may be a significant draw on Shasta reservoir levels and affect the summer cold 
water pool necessary to maintain suitable temperatures for winter-run egg incubation and 
emergence.  Reclamation has stated that it is no longer necessary to maintain 5,000 cfs for 
navigation (CVP/SWP operations BA, page 2-39).  Operating to a minimal flow level based 
on fish needs, rather than on outdated navigational requirements, will enhance the ability to 
use cold-water releases to maintain cooler summer temperatures in the Sacramento River. 

 
Action I.5.  Funding for CVPIA Anadromous Fish Screen Program (AFSP) 
 

Objective:  To reduce entrainment of juvenile anadromous fish from unscreened diversions. 
 

Action:   Reclamation shall screen priority diversions as identified in the CVPIA AFSP, 
consistent with previous funding levels for this program.  In addition, Reclamation/CVPIA 
Program shall evaluate the potential to develop alternative screened intakes that allow 
diverters to withdraw water below surface levels required by the antiquated Wilkins Slough 
navigation requirement criterion of 5,000 cfs. 

 
Rationale:  Approximately ten percent of 129 CVP diversions listed in Appendix D-1 of the 
CVP/SWP operations BA are currently screened.  Of these, most of the largest diversions 
(greater than 250 cfs) have already been screened; however, a large number of smaller 
diversions (less than 250 cfs) remain unscreened or do not meet NMFS fish screening criteria 
(NMFS 1997; e.g., CVP and SWP Delta diversions, Rock Slough diversion).  The AFSP has 
identified priorities for screening that is consistent with the needs of listed fish species.  
Screening will reduce the loss of listed fish in water diversion channels.  In addition, if new 
fish screens can be extended to allow diversions below 5,000 cfs at Wilkins Slough, then 
cold water can be conserved during critically dry years at Shasta Reservoir for winter-run and 
spring-run life history needs. 

 
Action Suite I.6:  Sacramento River Basin Salmonid Rearing Habitat Improvements  
 
Objective:  To restore floodplain rearing habitat for juvenile winter-run, spring-run, and CV 
steelhead in the lower Sacramento River basin, to compensate for unavoidable adverse effects of 
project operations.  This objective may be achieved at the Yolo Bypass, and/or through actions in 
other suitable areas of the lower Sacramento River.   
 



 
 608

The suite of actions includes near term and long-term actions.  The near-term action (Action 
I.6.2) is ready to be implemented and can provide rearing benefits within two years of issuing 
this Opinion.  The long-term actions (Actions I.6.1, I.6.3, and I.6.4) require additional planning 
and coordination over a five- to ten-year time frame. 
 
These actions are consistent with Reclamation’s broad authorities in CVPIA to develop and 
implement these types of restoration projects.  When necessary to achieve the overall objectives 
of this action, Reclamation and DWR, in cooperation with other agencies and funding sources, 
including the Delta Fish Agreement and any amendments, shall:  (1) apply for necessary permits; 
(2) seek to purchase land, easements, and/or water rights from willing sellers; (3) seek additional 
authority and/or funding from Congress or the California State Legislature, respectively; and (4) 
pursue a Memorandum of Agreement with the Corps. 
 
Similar actions addressing rearing and fish passage are under consideration in the BDCP 
development process and may ultimately satisfy the requirements in Actions I.6 and I.7.  BDCP 
is scheduled to be completed by December 31, 2010. 
 
Action I.6.1.  Restoration of Floodplain Rearing Habitat 
 

Objective:  To restore floodplain rearing habitat for juvenile winter-run, spring-run, and CV 
steelhead in the lower Sacramento River basin.  This objective may be achieved at the Yolo 
Bypass, and/or through actions in other suitable areas of the lower Sacramento River.   
 
Action:  In cooperation with CDFG, USFWS, NMFS, and the Corps, Reclamation and DWR 
shall, to the maximum extent of their authorities (excluding condemnation authority), provide 
significantly increased acreage of seasonal floodplain rearing habitat, with biologically 
appropriate durations and magnitudes, from December through April, in the lower 
Sacramento River basin, on a return rate of approximately one to three years, depending on 
water year type.  In the event that this action conflicts with Shasta Operations Actions I.2.1 to 
I.2.3, the Shasta Operations Actions shall prevail.   
 
Implementation procedures:  By December 31, 2011, Reclamation and DWR shall submit 
to NMFS a plan to implement this action.  This plan should include an evaluation of options 
to:  (1) restore juvenile rearing areas that provide seasonal inundation at appropriate intervals, 
such as areas identified in Appendix 2-C or by using the Sacramento River Ecological Flow 
Tool (ESSA/The Nature Conservancy 2009) or other habitat modeling tools; (2) increase 
inundation of publicly and privately owned suitable acreage within the Yolo Bypass; (3) 
modify operations of the Sacramento Weir (which is owned and operated by the Department 
of Water Resources) or Fremont Weir to increase rearing habitat; and (4) achieve the 
restoration objective through other operational or engineering solutions.  An initial 
performance measure shall be 17,000-20,000 acres (excluding tidally-influenced areas), with 
appropriate frequency and duration.  This measure is based on the work by Sommer et al. 
(2001, 2004) at Yolo Bypass and on recent analyses conducted for the BDCP process of 
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inundation levels at various river stages.  (BDCP Integration Team 2009).28  The plan may 
include a proposal to modify this performance measure, based on best available science or on 
a scientifically based adaptive management process patterned after Walters (1997).   
 
This plan also shall include:  (1) specific biological objectives, restoration actions, and 
locations; (2) specific operational criteria; (3) a timeline with key milestones, including 
restoration of significant acreage by December 31, 2013; (4) performance goals and 
associated monitoring, including habitat attributes, juvenile and adult metrics, and inundation 
depth and duration criteria; (5) specific actions to minimize stranding or migration barriers 
for juvenile salmon; and (6) identification of regulatory and legal constraints that may delay 
implementation, and a strategy to address those constraints.  Reclamation and DWR shall, to 
the maximum extent of their authorities and in cooperation with other agencies and funding 
sources, implement the plan upon completion, and shall provide annual progress reports to 
NMFS.  In the event that less than one half of the total acreage identified in the plan’s 
performance goal is implemented by 2016, then Reclamation and DWR shall re-initiate 
consultation. 
 
The USFWS’ Delta smelt biological opinion includes an action to restore 8,000 acres of tidal 
habitat for the benefit of Delta smelt.  If these 8,000 acres also provide suitable rearing 
habitat for salmonids, they may be used in partial satisfaction of the objective of this action. 
 
This action is not intended to conflict with or replace habitat restoration planning in the 
BDCP process. 
 
Rationale:  Rearing and migration habitats for all anadromous fish species in the Sacramento 
basin are in short supply.  Project operations limit the availability of such habitats by 
reducing the frequency and duration of seasonal over-bank flows as a result of flood 
management and storage operational criteria.  Recent evaluations on the Yolo Bypass and 
Cosumnes River have shown that juvenile Chinook salmon grow faster when seasonal 
floodplain habitats are available (Sommer et al. 2001, 2005; Jeffres et al. 2008).  Sommer et 
al. (2005) suggest these floodplain benefits are reflected in adult return rates.  This action is 
intended to offset unavoidable adverse effects to rearing habitat and juvenile productivity of 
winter-run, spring-run, and CV steelhead in the Sacramento River basin, by increasing 
available habitat that is inundated with the frequency and duration of suitable floodplain 
rearing habitats during December through April.   
 
In high flow years (e.g., similar to 1998), this action can be achieved solely by inundation of 
the Yolo Bypass.  In other years, this action may be accomplished by a combination of 
actions such as increasing the year-to-year inundation frequency of existing floodplains such 
as portions of the Yolo Bypass, by restoring rearing habitat attributes to suitable areas, 
through restoration or enhancement of intertidal areas such as Liberty Island, creation or re-
establishment of side channels, and re-created floodplain terrace areas.   
 

 
28   The analyses assumed a notch in the Fremont Weir. 
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Action I.6.2.  Near-Term Actions at Liberty Island/Lower Cache Slough and Lower Yolo 
Bypass 
 

Description of Action:  By September 30, 2010, Reclamation and/or DWR shall take all 
necessary steps to ensure that an enhancement plan is completed and implemented for 
Liberty Island/Lower Cache Slough, as described in Appendix 2-C.  This action shall be 
monitored for the subsequent five years, at a minimum, to evaluate the use of the area by 
juvenile salmonids and to measure changes in growth rates.  Interim monitoring reports shall 
be submitted to NMFS annually, by September 30 each year, and a final monitoring report 
shall be submitted on September 30, 2015, or in the fifth year following implementation of 
enhancement actions.  NMFS will determine at that time whether modification of the action 
or additional monitoring is necessary to achieve or confirm the desired results.  This action 
shall be designed to avoid stranding or migration barriers for juvenile salmon.   

 
Action I.6.3.  Lower Putah Creek Enhancements 
 

Description of Action:  By December 31, 2015, Reclamation and/or DWR shall develop and 
implement Lower Putah Creek enhancements as described in Appendix 2-C, including 
stream realignment and floodplain restoration for fish passage improvement and multi-
species habitat development on existing public lands.  By September 1 of each year, 
Reclamation and/or DWR shall submit to NMFS a progress report towards the successful 
implementation of this action.  This action shall not result in stranding or migration barriers 
for juvenile salmon.   

 
Action I.6.4.  Improvements to Lisbon Weir 
 

Action:  By December 31, 2015, Reclamation and/or DWR shall, to the maximum extent of 
their authorities, assure that improvements to the Lisbon Weir are made that are likely to 
achieve the fish and wildlife benefits described in Appendix 2-C.  Improvements will include 
modification or replacement of Lisbon Weir, if necessary to achieve the desired benefits for 
fish.  If neither Reclamation nor DWR has authority to make structural or operational 
modifications to the weir, they shall work with the owners and operators of the weir to make 
the desired improvements, including providing funding and technical assistance.  By 
September 1 of each year, Reclamation and/or DWR shall submit to NMFS a report on 
progress toward the successful implementation of this action.  Reclamation and DWR must 
assure that this action does not result in migration barriers or stranding of juvenile salmon.   
 
Rationale for Actions I.6.2 to I.6.4:  These actions have been fully vetted by CDFG and 
found to be necessary initial steps in improving rearing habitat for listed species in the lower 
Sacramento River basin.  These improvements are necessary to off-set ongoing adverse 
effects of project operations, primary due to flood control operations.  Additional 
descriptions of these actions are contained in the draft amendment to the Delta Fish 
Agreement (CVP/SWP operations BA appendix Y). 
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Action I.7.  Reduce Migratory Delays and Loss of Salmon, Steelhead, and Sturgeon at 
Fremont Weir and Other Structures in the Yolo Bypass 
 

Objective:  Reduce migratory delays and loss of adult and juvenile winter-run, spring-run, 
CV steelhead and Southern DPS of green sturgeon at Fremont Weir and other structures in 
the Yolo Bypass. 

 
Description of Action:  By December 31, 2011, as part of the plan described in Action I.6.1, 
Reclamation and/or DWR shall submit a plan to NMFS to provide for high quality, reliable 
migratory passage for Sacramento Basin adult and juvenile anadromous fishes through the 
Yolo Bypass.  By June 30, 2011, Reclamation and/or DWR shall obtain NMFS concurrence 
and, to the maximum extent of their authorities, and in cooperation with other agencies and 
funding sources, begin implementation of the plan, including any physical modifications.  By 
September 30, 2009, Reclamation shall request in writing that the Corps take necessary steps 
to alter Fremont Weir and/or any other facilities or operations requirements of the 
Sacramento River Flood Control Project or Yolo Bypass facility in order to provide fish 
passage and shall offer to enter into a Memorandum of Understanding, interagency 
agreement, or other similar mechanism, to provide technical assistance and funding for the 
necessary work.  By June 30, 2010, Reclamation shall provide a written report to NMFS on 
the status of its efforts to complete this action, in cooperation with the Corps, including 
milestones and timelines to complete passage improvements.   

 
Reclamation and/or DWR shall assess the performance of improved passage and flows 
through the bypass, to include an adult component for salmonids and sturgeon (i.e., at a 
minimum, acoustic receivers placed at the head and tail of the bypass to detect use by adults). 
 
Rationale:  The Yolo Bypass and Fremont Weir has been a documented source of migratory 
delay to, and loss of, adult winter-run, spring-run, CV steelhead and Southern DPS of green 
sturgeon.  The existing fish passage structure is inadequate to allow normal passage at most 
operational levels of the Sacramento River. The project agencies must work with the Corps, 
which owns and operates Fremont Weir, to achieve improvements for fish.  Other structures 
within the Yolo Bypass, such as the toe drain, Lisbon Weir, and irrigation dams in the 
northern end of the Tule Canal, also can impede migration of adult anadromous fish.  
Additionally, stranding of juvenile salmonids and sturgeon has been reported in the Yolo 
Bypass in scoured areas behind the weir and in other areas.  This action offsets unavoidable 
project effects on adult migration and minimizes the direct losses from flood management 
activities associated with operations.   

 
 

II.  AMERICAN RIVER DIVISION 
 
Introduction to American River Actions:  The CV steelhead DPS is the only species addressed 
in this Opinion with a spawning population in the American River.  The DPS includes naturally 
spawned steelhead in the American River (and other Central Valley stocks) and excludes 
steelhead spawned and reared at Nimbus Fish Hatchery.  The in-river population is small, with 
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observations of a few hundred adults returning to spawn in the American River each year.  
Limited observations made in 2003, 2004, 2005, and 2007 of whether in-river spawners were 
adipose fin-clipped or not indicate that some in-river spawners are of wild origin (Hannon and 
Deason 2008).  This suggests that the listed stock has some ability to survive habitat conditions 
in the American River, Delta, and Ocean, even in their degraded state as described in preceding 
sections of this Opinion. 
 
The in-river population is likely entirely made up of Nimbus Fish Hatchery steelhead or their 
descendents.  Early Nimbus Fish Hatchery broodstock included naturally produced fish from the 
American River and stocks from the Washougal (Washington), Siletz (Oregon), Mad, Eel, 
Sacramento and Russian rivers, with the Eel River stock being the most heavily used (Staley 
1976, McEwan and Jackson 1996).   
 
Even though the American River steelhead population is small and is entirely influenced by 
hatchery fish with out-of-basin genetics, NMFS views the population as being important to the 
survival and recovery of the species.  CV TRT shares this view by recommending that, “every 
extant population be viewed as necessary for the recovery of the ESU” (Lindley et al., 2007).  In 
addition, the steelhead population has presumably become somewhat locally adapted to the 
American River, and it has potential to substantially contribute to the viability of the DPS if 
water, habitat, and hatchery management efforts are coordinated and directed at achieving such a 
goal.   
 
Key proposed project-related stressors include:  (1) the provision of water temperatures warmer 
than steelhead life stage-specific requirements; (2) flow fluctuations that dewater redds, strand 
fry, and isolate fry and juveniles in off-channel pools where they are vulnerable to both predation 
and exposure to lethal and sub-lethal water temperatures; and (3) low flows limiting the 
availability of quality rearing habitat including predator refuge habitat.   
 
The most influential baseline stressor to steelhead within the American River Division is the 
presence of Nimbus and Folsom dams, which block steelhead from all of their historic spawning 
and rearing habitat.  This Opinion concludes that both increased water demands and effects of 
climate change will lead to further deterioration of suitable habitat conditions, including 
increased temperatures and decreased flows.  Therefore, a passage program to expand the range 
of the American River steelhead population above Folsom Dam is necessary.  If feasible, 
American River steelhead should be provided access to their full historic range.  Given the long-
term duration associated with the fish passage actions (see Fish Passage Program below, in 
Action V), it is necessary to plan and implement actions targeted at improving steelhead habitat 
below Nimbus Dam.  NMFS concludes that coordinated management in four realms - water 
operations and associated structures, American River habitat, Nimbus Fish Hatchery operations, 
and in-river harvest – will substantially lower the extinction risk of American River steelhead   
 
Action II.1.  Lower American River Flow Management  
 

Objective:  To provide minimum flows for all steelhead life stages. 
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Action:  Implement the flow schedule specified in the Water Forum’s29 Flow Management 
Standard (FMS), which is summarized in Appendix 2-D of this Opinion.  The FMS flow 
schedule has been developed by the Water Forum, Reclamation, USFWS, NMFS, and CDFG 
in order to establish required minimum flows for anadromous salmonids in the lower 
American River.  The flow schedule specifies minimum flows and does not preclude 
Reclamation from making higher releases at Nimbus Dam.   

 
Reclamation shall ensure that flow, water temperature, steelhead spawning, and steelhead 
rearing monitoring is conducted annually in order to help inform the ARG process and to 
evaluate take associated with flow fluctuations and warm water temperatures.  Steelhead 
monitoring surveys should follow the objectives and protocols specified in the FMS 
Monitoring and Evaluation Program relating to steelhead spawning and rearing. 

  
Implementation procedures:  Reclamation shall convene the American River Group 
(ARG), comprised of representatives from Reclamation, NMFS, USFWS, CDFG and the 
Water Forum, to make recommendations for management within the constraints of the FMS.  
If there is a lack of consensus, ARG shall advise NMFS, and NMFS will make a 
recommendation to the WOMT for a decision.  
 
Rationale:  Reclamation operates Folsom Dam and Reservoir to provide water for irrigation, 
municipal and industrial uses, hydroelectric power, recreation, water quality, flood control, 
and fish protection.  Reclamation operates Folsom Dam and Reservoir under a state water 
right permit and fish protection requirements that were adopted in 1958 as SWRCB Decision 
893 (D-893).  This decision allows flows at the mouth of the American River to fall as low as 
250 cfs from January through mid-September, with a minimum of 500 cfs required between 
September 15 and December 31.   

 
Biological, socioeconomic, legal, and institutional conditions have changed substantially 
since the SWRCB adopted D-893 in 1958.  For example, D-893 does not address 
requirements of the CVPIA, the 1995 Bay Delta Plan, or previous Opinions to protect Central 
Valley anadromous salmonids.  The SWRCB, Reclamation and many diverse stakeholders 
(e.g., Water Forum) involved in various American River actions have agreed that the 
conditions specified in D-893 are not sufficiently protective of the fishery resources within 
the lower American River.   

 
The flow schedule specified in Appendix 2-D was developed to require more protective 
minimum flows in the lower American River in consideration of the river’s aquatic 
resources, particularly steelhead and fall-run.   

 
The monitoring called for in this RPA action including flow, water temperature, steelhead 
spawning, and steelhead rearing monitoring is necessary for the ARG to responsibly carry 

 
29 In September 1993, the Water Forum, a diverse group of business and agricultural leaders, citizens groups, environmentalists, 
water managers, and local governments in the Sacramento Region, was formed to evaluate water resources and future water 
supply needs of the Sacramento metropolitan region. 
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out this mission.  In addition, this monitoring is necessary to evaluate take associated with 
American River Division operations. 

 
Action II.2.  Lower American River Temperature Management 
 

Objective:  Maintain suitable temperatures to support over-summer rearing of juvenile 
steelhead in the lower American River. 
 
Action:  Each year, Reclamation shall prepare a draft Operations Forecast and Temperature 
Management Plan based on forecasted conditions and submit the draft Plan to NMFS for 
review by May 1 of each year.  The information provided in the Operations Forecast will be 
used in the development of the Temperature Plan.  The draft plan shall contain:  (1) forecasts 
of hydrology and storage; (2) a modeling run or runs, using these forecasts, demonstrating 
that the temperature compliance point can be attained (see Coldwater Management Pool 
Model approach in Appendix 2-D); (3) a plan of operation based on this modeling run that 
demonstrates that all other non-discretionary requirements are met; and (4) allocations for 
discretionary deliveries that conform to the plan of operation.  Reclamation shall use an 
iterative approach, varying proposed operations, with the objective to attain the temperature 
compliance point at Watt Avenue Bridge.  Within ten calendar days of receiving the draft 
Temperature Plan, NMFS will provide a written review of this plan for the purpose of 
determining whether requirements in this Opinion are likely to be met.  Reclamation shall 
produce a final plan prior to May 15 deliveries and implement the plan upon finalization.  
Reclamation may update the plan every month based on hydrology and must seek NMFS’ 
concurrence on proposed deviations from the plan that may reduce the likelihood that the 
temperature objective will be met. 

 
Temperature Requirement:  Reclamation shall manage the Folsom/Nimbus Dam complex 
and the water temperature control shutters at Folsom Dam to maintain a daily average water 
temperature of 65°F or lower at Watt Avenue Bridge from May 15 through October 31, to 
provide suitable conditions for juvenile steelhead rearing in the lower American River.  If 
this temperature is exceeded for three consecutive days, or is exceeded by more than 3°F for 
a single day, Reclamation shall notify NMFS in writing and will convene the ARG to make 
recommendations regarding potential cold water management alternatives to improve water 
temperature conditions for fish, including potential power bypasses.  If there is a lack of 
consensus on actions to be taken, the ARG shall advise NMFS and be elevated through the 
WOMT standard operating procedures.   
 
Exception:  When preparing the Operations Forecast and Temperature Management Plan, 
Reclamation may submit to NMFS a written determination that, after taking all actions 
within its authorities, it is unlikely to meet the above temperature requirement.  This 
determination must be supported by specific iterative modeling techniques that vary 
allocations and delivery schedules such as application of the Coldwater Management Pool 
model (see Appendix 2-D).  In the event that Reclamation determines that other 
nondiscretionary requirements (e.g., D-1641 or requirements of the USFWS’ Delta smelt 
biological opinion) conflict with attainment of the temperature requirement, Reclamation will 
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convene the ARG to obtain recommendations.  If consensus cannot be achieved within the 
ARG, the ARG shall advise NMFS, and NMFS will make a recommendation to the WOMT, 
per standard operating procedures.   
 
During the May 15 to October 31 period, when the 65°F temperature requirement cannot be 
met because of limited cold water availability in Folsom Reservoir, then the target daily 
average water temperature at Watt Avenue may be increased incrementally (i.e., no more 
than one degree Fahrenheit every 12 hours) to as high as 68°F.   
 
 

The priority for use of the lowest water temperature control shutters at Folsom Dam shall be 
to achieve the water temperature requirement for steelhead, and thereafter may also be used 
to provide cold water for fall-run spawning. 
 
Rationale:  As demonstrated in section 6.4 of this Opinion, steelhead are frequently exposed 
to water temperatures warmer than required for juvenile rearing, resulting in reduced fitness 
as is evident through the expression of visible thermal stress symptoms (i.e., bacterial 
inflammations).  This thermal stress decreases steelhead immune system function and 
increases steelhead vulnerability to other sources of sub-lethal and lethal effects such as 
disease and predation.  Monitoring of juvenile steelhead conducted by CDFG showed that 
bacterial inflammation was prevalent in steelhead throughout the river and the frequency of 
its occurrence increased as the duration of exposure to water temperatures over 65°F 
increased.  The 65°F or lower daily average water temperature target was identified based on 
CDFG’s monitoring as well as published scientific literature.  Based on past convention of 
the ARG, the temperature compliance point is maintained at Watt Avenue Bridge, even 
though suitable rearing habitat is between Watt Avenue and Nimbus Dam.   

 
Action II.3.  Structural Improvements  
 

Objective:  Improve the ability to manage the cold water pool to provide suitable 
temperatures for listed fish through physical and structural improvements at the dams. 
 
Action:  Reclamation shall evaluate physical and structural modifications that may improve 
temperature management capability, as detailed below.  Upon completion of the evaluation, 
Reclamation shall select the most promising projects and shall submit, by June 30th 2010, a 
proposed plan to NMFS to implement selected projects.  Reclamation shall seek NMFS’ 
concurrence that the proposed projects are likely to be effective in reducing adverse effects of 
warm water temperatures on listed fish.  With NMFS’ concurrence, Reclamation shall 
implement selected projects by December 15, 2012. 
 
Modifying the following structures may substantially improve the ability to manage 
temperature in the Lower American River to reduce adverse effects of unsuitably warm water 
on listed species.  The comparative benefits and costs of alternative modifications that will 
achieve objectives have not been fully analyzed.  Reclamation shall analyze alternatives for 
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each of the objectives listed below and shall implement the most effective alternative(s) for 
each objective: 

 
1) Folsom Dam temperature control device.  The objective of this action is to improve 
access to and management of Folsom Reservoir’s cold water pool.  Alternatives include 

enhancement of the existing shutters, replacement of the shutter system, and construction 
of a device to access cold water below the penstocks. If neither Reclamation nor DWR 
has authority to make structural or operational modifications to the control device, they 
shall seek to enter into an MOU with the Army Corps of Engineers to utilize their 
existing authorities.  
 

2) Cold water transport through Lake Natoma.  The objective of this action is to transfer 
cold water from Folsom Dam to Nimbus Dam with minimal increase in temperature.  
Alternatives include dredging, construction of temperature curtains or pipelines, and 
changes in Lake Natoma water surface elevation.   

 
3) El Dorado Irrigation District Temperature Control Device (EID TCD).  The 

objective of this action is to conserve cold water in Folsom Lake.  Alternative intake 
structures have been analyzed by EID.  The most effective device for conserving cold 
water should be constructed. If neither Reclamation nor DWR has authority to make 
structural or operational modifications to the EID TCD, they shall work with the owners 
and operators of the TCD to make the desired improvements, including providing 
funding and technical assistance 
 

4) Temperature Management Decision-Support Tools.  The objective of this action is to 
provide effective tools to make transparent temperature management decisions.  
Alternatives include decision impact analyses, regular analysis of a broad array of 
operational scenarios, improved operations group processes, and monitoring.  

 
Rationale:  Maintaining suitable water temperatures for all life history stages of steelhead in 
the American River is a chronic issue because of operational (e.g., Folsom Reservoir 
operations to meet Delta water quality objectives and demands and deliveries to M&I users 
in Sacramento County) and structural (e.g., limited reservoir water storage and coldwater 
pool) factors.  Increased water demand and climate change will lead to further deterioration 
of suitable habitat conditions, including increased temperatures. Action II.2 provides for a 
temperature management plan to minimize operational effects to steelhead using current 
technology.  However, the current technology is out-dated resulting in less than optimal 
ability to access and fully utilize cold water in any given hydrology or ambient temperature 
regime. Alternative technologies have been studied previously, but not funded or 
implemented.  Because of the significant temperature related effects that will persist despite 
implementation of Action II.2, all feasible technological options should be pursued.  These 
technological actions will increase the likelihood that temperate control points will be 
attained, as prescribed in Action II-2, and therefore American River water temperatures will 
be suitable for steelhead more frequently.   
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Action II.4.  Minimize Flow Fluctuation Effects  
 

Objective: Reduce stranding and isolation of juvenile steelhead through ramping protocols.   
 
Action:  The following flow fluctuation objectives shall be followed: 
 
1) From January 1 through May 30, at flow levels <5,000 cfs, flow reductions shall not 

exceed more than 500 cfs/day and not more than 100 cfs per hour.  
 
2) From January 1 through May 30, Reclamation shall coordinate with NMFS, CDFG, and 

USFWS to fund and implement monitoring in order to estimate the incidental take of 
salmonids associated with reductions in Nimbus Dam releases.  

 
3) Minimize the occurrence of flows exceeding 4,000 cfs throughout the year, except as 

may be necessary for flood control or in response to natural high precipitation events. 
 

Rationale:  Flow fluctuations in the lower American River have been documented to result 
in steelhead redd dewatering and isolation (Hannon et al., 2003, Hannon and Deason 2008), 
fry stranding, and fry and juvenile isolation (Water Forum 2005a).  By limiting the rate of 
flow reductions, the risk of stranding and isolating steelhead is reduced.  Two lower 
American River habitat evaluations indicate that releases above 4,000 cfs inundate several 
pools along the river that are isolated at flows below this threshold (CDFG 2001, Hall and 
Healey 2006).  Thus, by maintaining releases below 4,000 cfs the risk of isolating juvenile 
steelhead is reduced.  

 
Action II.5.  Fish Passage at Nimbus and Folsom Dams 
 

Objective:  Provide access for steelhead to historic cold water habitat above Nimbus and 
Folsom dams. 
 
Action:  See Fish Passage Program, Action V. 
 
Rationale:  The effects analysis in this Opinion leads to the conclusion that steelhead will 
continue to be vulnerable to serious effects of elevated temperatures in most years and 
particularly in dry and critically dry years, even if actions are taken to improve temperature 
management.  The frequency of these occurrences is expected to increase with climate 
change and increased water demands.  Therefore, it is essential to evaluate options for 
providing steelhead to access their historic cold water habitat above Nimbus and Folsom 
dams and to provide access if feasible.  

  
Action Suite II.6.  Implement the Following Actions to Reduce Genetic Effects of Nimbus 
and Trinity River Fish Hatchery Operations  
 
Objective of Actions II.6.1-3:  The following actions are identified to offset project effects 
related to Nimbus Fish Hatchery by reducing introgression of out-of-basin hatchery stock with 
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wild steelhead populations in the Central Valley, including the American River population and 
other populations in the Sacramento River system (Garza and Pearse 2008).  In addition, actions 
are necessary at both Nimbus and Trinity River fish hatcheries to increase diversity of fall-run 
production, in order to increase the likelihood of prey availability for Southern Residents and 
reduce adverse effects of hatchery fall-run straying on genetic diversity of natural fall-run and 
spring-run. 
 
Action II.6.1.  Preparation of Hatchery Genetic Management Plan (HGMP) for Steelhead 
 

Action:  Reclamation shall fund CDFG to prepare a complete draft HGMP for steelhead 
production at Nimbus Fish Hatchery, in accordance with current NMFS guidelines, and 
submit that draft for NMFS review by June 2011.  Specific actions shall include:  

 
1) Reclamation shall fund genetic screening at Nimbus Fish Hatchery for steelhead to 

determine most appropriate brood stock source.  This action shall be completed by March 
31, 2012. 

 
2) Reclamation shall fund a study examining the potential to replace the Nimbus Fish 

Hatchery steelhead broodstock, with genetically more appropriate sources.  This action 
shall be completed by March 31, 2012. 

 
Action II.6.2.  Interim Actions Prior to Submittal of Draft HGMP for Steelhead  
 

Action:  Reclamation shall use its authorities to ensure that, prior to completion of the draft 
HGMP, the hatchery is operated according to the following protocols: 

 
1) Release all hatchery-produced steelhead juveniles in the American River at Nimbus Fish 

Hatchery or at a location in the American River as close to Nimbus Fish Hatchery as is 
feasible to reduce straying.  This action shall be implemented within 30 days of issuance 
of this Opinion. 

 
2) Release all unclipped steelhead adults returning to Nimbus Fish Hatchery back into the 

lower American River so they can spawn naturally.  This action shall be implemented 
within 30 days of issuance of this Opinion. 

 
3) Stop inter-basin transfers of steelhead eggs or juveniles to other hatcheries, except upon 

specific written concurrence of NMFS.  This action shall be implemented within 30 days 
of issuance of this Opinion. 

 
Action II.6.3:  Develop and Implement Fall-run Chinook Salmon Hatchery Management 
Plans for Nimbus and Trinity River Fish Hatcheries 
 

Action:  By June 2014, develop and begin implementation of Hatchery Management Plans 
for fall-run production at Nimbus Fish Hatchery and spring-run and fall-run at Trinity River 
Fish Hatchery.  Reclamation shall fund CDFG to develop and submit draft plans for NMFS 
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review by June 2013.  The goal of the plans shall be to reduce impacts of hatchery Chinook 
salmon on natural fall-run and spring-run, and increase the genetic diversity and diversity of 
run-timing for these stocks.   

 
Rationale for actions II.6.1-3:  Hatcheries have been established on CVP and SWP rivers to 
offset effects of dams and project operations.  Since these hatcheries were initially put into 
operation, additional knowledge has been developed that has advanced NMFS understanding of 
how hatchery operations can affect listed and non-listed salmonids.  The operations of Nimbus 
Fish Hatchery and the spring- and fall-run operations of Trinity River Fish Hatchery are inter-
related and interdependent to the proposed action.   
 
Nimbus Fish Hatchery steelhead broodstock is predominantly Eel River stock.  Maintaining this 
genetic broodstock has adverse effects on listed steelhead in the CV steelhead DPS (Garza and 
Pearse 2008).  Based on genetics information presented in Garza and Pearse (2008), O. mykiss 
from the American River above Folsom Dam retain ancestral CV steelhead genetics and 
potentially could provide a broodstock source to replace the current Nimbus Fish Hatchery 
steelhead broodstock.  This would eliminate the spread of Eel River genetics to CV steelhead.    
An HGMP is necessary to minimize effects of ongoing steelhead hatchery program on steelhead 
contained within the DPS.   
 
Southern Residents depend on Chinook salmon as prey.  Preparation of hatchery management 
plans for fall-run at Nimbus Fish Hatchery and spring-run and fall-run at Trinity River Fish 
Hatchery is necessary to reduce operational effects on Southern Residents prey over the long 
term.  Improving the genetic diversity and diversity of run timing of Central Valley fall-run will 
decrease the potential for localized prey depletions and increase the likelihood that fall-run can 
withstand stochastic events, such as poor ocean conditions (Lindley et al., 2009), and thereby 
provide a consistent food source in years with overall poor productivity.  .    
  
 

III.  EAST SIDE DIVISION  
 
Introduction to Stanislaus River/Eastside Division Actions:  The steelhead population on the 
Stanislaus River is precariously small and limited to habitat areas below the dams that 
historically were unsuitable owing to high summer temperatures.  All of the four steelhead 
populations in the Southern Sierra Nevada Diversity Group of the CV steelhead DPS are in 
similar condition and are not presently considered viable.  Using the framework in this Opinion 
for jeopardy analysis, the DPS is not viable if one of the Diversity Groups is not viable.  The 
overall poor status of the Diversity Group increases the importance of minimizing the effects of 
project operations on the Stanislaus River population.  
 
Modeled operations suggest that it is possible to operate dams of the Eastside Division in a 
manner that avoids jeopardy to steelhead; however, if future climate conditions are warmer, 
drier, or both, summertime temperatures will restrict the extent of suitable habitat for steelhead.   
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The fundamental operational criteria are sufficiently ill-defined in the CVP/SWP operations BA 
as to provide limited guidance to the Action Agency on how to operate.  This suite of actions 
provides sufficiently specific operational criteria so that operations will avoid jeopardizing 
steelhead and will not adversely modify their critical habitat.  Operational actions to remove 
adverse modification of critical habitat include a new flow schedule to minimize effects of flood 
control operations on functionality of geomorphic flows and access of juvenile steelhead to 
important rearing areas.    
 
Overall Objectives:  (1) Provide sufficient definition of operational criteria for Eastside 
Division to ensure viability of the steelhead population on the Stanislaus River, including 
freshwater migration routes to and from the Delta; and (2) halt or reverse adverse modification of 
steelhead critical habitat. 
 
Overall Rationale:  Sufficient uncertainty exists as to whether VAMP pulse flows and b(2) 
allocations are reasonably likely to occur in the future.  VAMP, as defined by the SJRA, is due to 
expire in 2011.  The BA commits to subsequent flows similar to VAMP (“Vamp-like flows”), 
but this is a very vague commitment.  The project description does not define the particular 
contribution, timing, duration, or magnitude of these flows from  the tributaries that contribute to 
VAMP, including the Stanislaus River.  In addition, the BA specifies the amount of water 
designated to offset VAMP export curtailments as 48 TAF; but the need, based on past 
performance, has varied from approximately 45 to 150 TAF.  Additional demands for smelt 
protection and future drainage settlement terms are being placed on b(2) water, and it is uncertain 
that b(2) water will be available consistently in each year in the quantity, duration, and timing 
needed for CV steelhead in the Stanislaus River.  The annual water contract allocation process 
from New Melones is inadequately defined in the project description to assure the proposed 
action will not prevent the establishment of a viable population of steelhead.   
 
Action III.1.1.  Establish Stanislaus Operations Group for Real-Time Operational 
Decision-Making as Described in These Actions and Implementation Procedures 
 

Action:  Reclamation shall create a SOG to provide a forum for real-time operational 
flexibility implementation of the alternative actions defined in this RPA and for clarification 
of decision-making processes regarding other allocations of the NMTP.  This group shall 
include Reclamation, NMFS, USFWS, DWR, CDFG, SWRCB, and outside expertise at the 
discretion of NMFS and Reclamation.  This group shall provide direction and oversight to 
ensure that the East Side Division actions are implemented, monitored for effectiveness and 
evaluated.  Reclamation, in coordination with SOG, shall submit an annual summary of the 
status of these actions.  See introduction to RPA for further information on group procedures. 

 
Action III.1.2.  Provide Cold Water Releases to Maintain Suitable Steelhead Temperatures 
 

Action:  Reclamation shall manage the cold water supply within New Melones Reservoir and 
make cold water releases from New Melones Reservoir to provide suitable temperatures for 
CV steelhead rearing, spawning, egg incubation smoltification, and adult migration in the 
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Stanislaus River downstream of Goodwin Dam in order to maintain the following 
temperature compliance schedule: 
 

Criterion and Temperature 
Compliance Location 

Duration Steelhead Life Stage 
Benefit 

Temperature below 56°F at 
Orange Blossom Bridge (OBB) 

Oct 1*-Dec 31 Adult migration 

Temperature below 52 °F at 
Knights Ferry and 57°F at OBB 

Jan 1-May 31 Smoltification 

Temperature Below 55°F at OBB Jan 1-May 31 Spawning and incubation 
Temperature below 65°F at OBB June 1-Sept 30 Juvenile rearing 

*This criterion shall apply as of October 1 or as of initiation date of fall pulse flow as agreed to by NMFS.   
 
Temperature compliance shall be measured based on a seven-day average daily maximum 
temperature. 
 
Exception:  If any of these criteria is or is expected to be exceeded based on a three-day 
average daily maximum temperature, Reclamation shall immediately notify NMFS of this 
condition and shall submit to NMFS a written determination that, after taking all actions 
within its authorities, it is unlikely to meet the above temperature requirement and the extent 
and duration of the expected exceedance.  This determination must be supported by specific 
iterative modeling techniques that vary allocations and delivery schedules.  In the event that 
Reclamation determines that other nondiscretionary requirements (e.g., D-1641 or 
requirements of the USFWS’ Delta smelt biological opinion) conflict with attainment of the 
temperature requirement, Reclamation will convene SOG to obtain recommendations.  If 
consensus cannot be achieved within SOG, then SOG shall advise NMFS, and NMFS will 
make a recommendation to WOMT per standard operating procedures. 

 
Rationale:  CV steelhead are dependent on East Side Division operations to maintain 
suitable in-stream temperatures.  Operational criteria are not clearly described in the 
CVP/SWP Operations BA to ensure that appropriate temperatures are met for CV steelhead 
adult migration, spawning, egg incubation, juvenile rearing, and smoltification.  The 
temperature compliance schedule above provides an operational framework to minimize 
temperature-related effects of proposed operations in the reaches of the river most used by 
CV steelhead on a year-round basis.  Temperature criteria for adult CV steelhead migration 
in the lower Stanislaus River are included, as we expect that fall attraction flows will 
improve downstream temperature conditions for adult migration. 

 
Observations at the fish counting weir on the Stanislaus River indicate that apparent CV 
steelhead enter the river in October, usually coincident with the release of fall attraction 
flows that provide cooler water and flow cues for fall-run.   

 
The literature regarding appropriate criteria for smoltification suggests optimal temperatures 
of less than 52°F (Adams et al., 1975, Myrick and Cech 2001) or 57°F (EPA 2001).  In order 
to provide optimal temperatures for smoltification within a feasible operational scenario, the 
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smoltification temperature criteria are lower for Knights Ferry at 52°F and 57°F for Orange 
Blossom Bridge.   

 
No steelhead spawning surveys have been conducted on the Stanislaus River, but fall-run 
surveys indicate that spawning may occur from Goodwin Dam (RM 59) almost to the City of 
Oakdale (RM 40), with the highest use occurring above Knights Ferry (RM 55).  Based on 
observations of trout fry, most spawning occurs upstream of OBB (Kennedy and Cannon 
2002).  Consequently, specific temperature criteria of 55ºF or less at Riverbank should be 
met from December through May to ensure that temperatures are suitable for all available 
spawning habitat, however, modeled results and CDEC data (figure 6-35) indicates that 
temperatures at Riverbank are likely to exceed this level.  Based on observations of trout fry, 
most spawning occurs upstream of OBB (Kennedy and Cannon 2002).  Suitable spawning 
temperatures are likely to be met at OBB, except in May in critically dry years, and exception 
procedures will be implemented.   

 
Action III.1.3.  Operate the East Side Division Dams to Meet the Minimum Flows, as 
Measured at Goodwin Dam, Characterized in Figure 11-1, and as Specified in  
Appendix 2-E   
 

Objective:  To maintain minimum base flows to optimize CV steelhead habitat for all life 
history stages and to incorporate habitat maintaining geomorphic flows in a flow pattern that 
will provide migratory cues to smolts and facilitate out-migrant smolt movement on 
declining limb of pulse.   
 
 



 
Figure 11-1.  Minimum Stanislaus River in-stream flow schedule for CV steelhead as measured at 
Goodwin Dam 
 
Action:  Reclamation shall operate releases from the East Side Division reservoirs to achieve 
a minimum flow schedule as prescribed in Appendix 2-E and generally described in figure 
11-1 above.  This flow schedule specifies minimum flows and does not preclude Reclamation 
from making higher releases for other operational criteria.  When operating at higher flows 
than specified, Reclamation shall implement ramping rates for flow changes that will avoid 
stranding and other adverse effects on CV steelhead.  In particular, flows that exceed 800 cfs 
will inundate known side channels that provide habitat, but that also pose stranding risks.  
When spring pulses greater than 800 cfs are identified in figure 11-1, the declining limb is 
not reduced below 800 cfs until the late spring flows occur.  
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Implementation procedures:  Reclamation shall convene the SOG to adaptively manage 
flows according to this schedule.  Specifically, upon the recommendations of the team, 
Reclamation may execute shorter duration pulses more frequently (e.g., 2 – 4 times) during 
the longer pulse period.  Implementation of this action should be coordinated with allocation 
of water resources dedicated for fish, such as the 98.3 TAF to CDFG and b(2) or b(3), if 
applied.  The SOG shall follow standard operating procedures resolving any conflict through 
the WOMT process.  The team shall also advise Reclamation on operations needed to 
minimize the adverse effects of flow fluctuations associated with New Melones Reservoir 
and Goodwin Dam operations on CV steelhead spawning, egg incubation, and fry and 
juvenile rearing within the Stanislaus River.  If new information is developed, such as an 
update of Stanislaus River CV steelhead in-stream flow needs, more specific geomorphic 
analyses regarding channel forming flows, or real-time recommendations from the SOG, 
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Reclamation may submit to NMFS a revised annual minimum flow schedule that may be 
implemented if NMFS concurs that it is consistent with ESA obligations.  These revisions 
may trigger re-initiation and re-consultation.  
 
Rationale:  This flow schedule includes the following components: 

 
1) Minimum base flows based on IFIM (Aceituno 1993) to optimize available CV steelhead 

habitat for adult migration, spawning, and juvenile rearing.  These base flows are scaled 
to water year type as defined by the Interim Operations Plan (IOP) water supply 
parameter30, with lowest flows in critically dry years and highest flows in wet years.   

 
2) Fall pulse flow to improve in-stream conditions sufficiently to attract CV steelhead to the 

Stanislaus River.  
 
3) Winter instability flows to simulate natural variability in the winter hydrograph and to 

enhance access to varied rearing habitats.  
 
4) Channel forming and maintenance flows in the 3,000 to 5,000 cfs range in above normal 

and wet years to maintain spawning and rearing habitat quality.  These flows are 
scheduled to occur after March 1 to protect incubating eggs and are intended to work 
synergistically with providing outmigration flow cues and late spring flows, described 
next.  These flows are high intensity, but limited duration to avoid potential seepage 
issues that have been alleged under extended periods of flow greater than 1,500 cfs.  

 
5) Outmigration flow cues to enhance likelihood of anadromy.  

 
6) Late spring flows for conveyance and maintenance of downstream migratory habitat 

quality in the lowest reaches and into the Delta. 
 

An analysis of Stanislaus River rotary screw trap captures of smolted CV steelhead  
conducted by Reclamation in April 2009 (Hannon 2009b) identified that the median date for 
smolt CV steelhead out migration is March 1 (Figure RR- Julian Day 60), ranging from 
January through June.  Juveniles are generally captured in trawls at Mossdale in smolted 
condition in late May (Julian Day 151 and Figure 4-4).  CV steelhead are larger than fall-run 
smolts and may be less dependent on pulse flows to convey them out of the Stanislaus River, 
but the variability of pulses provides migratory cues to smolted CV steelhead.  Capture 
information suggests that it is important to maintain suitable migratory conditions from the 
Stanislaus River to the Delta into the month of June.  This action will allow more smolted 
fish to migrate out of system by extending the declining limb of the outmigration pulse and 
increasing migratory cues. 
 

 
30 The IOP water supply parameter is a function of end of February New Melones Reservoir 
storage and forecasted inflow from March through September. 



 
Figure 11-2. Smolt stage O.mykiss captured in Stanislaus River Rotary Screw Traps  
 
The fall pulse flow was originally instituted to provide attraction flows for fall-run.  
Monitoring of adult salmonids at the Stanislaus River counting weir indicates that the fall 
pulse flow attracts both fall-run and CV steelhead into the Stanislaus River, making 
freshwater riverine habitat available.  These riverine conditions have better temperature and 
water quality than conditions in the Delta during this period.  The purpose of the fall pulse 
flow is to provide flow cues downstream for incoming adults, as well as providing some 
remedial effect on the low dissolved oxygen conditions that develop in the Stockton Deep 
Water Ship Channel.   In addition to steelhead, this action also produces ancillary benefits to 
fall-run EFH. 
 
Modeling conducted in the preparation of this action indicate that the temperature criteria of 
Action III.1.2 can generally be met under this alternative minimum flow schedule and are 
often improved, but that exceedances may occur in certain months (e.g., May and early fall) 
during dry year types.  Based on SALMOD analyses, temperature related mortality may be 
about 2 percent higher in critically dry years, but is reduced by about 1 percent in all other 
year types under the proposed alternative (Figure 11-3). 
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Figure 11-3.  Modeled temperature effects of alternative Stanislaus River flows, draft provided by 
Reclamation on May 5, 2009. 
 
Action Suite III.2.  Stanislaus River CV Steelhead Habitat Restoration 
 
Overall objective:  Dam operations have and will continue to suppress channel-forming flows 
that replenish spawning beds.  The physical presence of the dams impedes normal sediment 
transportation processes.  This action is necessary to partially alleviate adverse modification of 
steelhead critical habitat from operations. 
 
Action III.2.1.  Increase and Improve Quality of Spawning Habitat with Addition of 50,000 
Cubic Yards of Gravel by 2014 and with a Minimum Addition of 8,000 Cubic Yards per 
Year for the Duration of the Project Actions 
 

Action:  Reclamation shall minimize effects of their operations through improving spawning 
habitat with addition of 50,000 tons of gravel by 2014.  Reclamation shall submit a plan, 
including monitoring, and schedule to NMFS for gravel augmentation by June 2010.  
Reclamation shall begin gravel augmentations no later than summer 2011.  Reclamation shall 
submit to NMFS a report on implementation and effectiveness of action by 2015.  Spawning 
gravel replenishment sites shall be monitored for geomorphic processes, material movement, 
and salmonid spawning use for a minimum of three years following each addition of 
sediment at any given site. 
 
Rationale:  Kondolf (et al.,) 2001 identified levels of sediment depletion at 20,000 cubic 
yards per year owing to a variety of factors including mining and geomorphic processes 
associated with dam operations, past and ongoing.  Kondolf (et al.,) 2001 and other reports 
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cited in that work, identify a loss of over 60 percent of spawning area for salmonids since 
1966.  This level of replenishment will restore adversely affected spawning habitat to relieve 
adverse habitat conditions and provide sediment to partially offset ongoing loss rates.  
Sediment addition may also be conducted in a manner to remediate sediment related loss of 
geomorphic function, such as channel incision, to and allow for inundation of floodplain 
rearing habitat. 
 

Action III.2.2.  Conduct Floodplain Restoration and Inundation Flows in Winter or Spring 
to Inundate Steelhead Juvenile Rearing Habitat on One- to Three-Year Schedule. 
 

Action:  Reclamation shall seek advice from SOG to develop an operational strategy to 
achieve floodplain inundation flows that inundate CV steelhead juvenile rearing habitat on a 
one- to three-year return schedule.  Reclamation shall submit a proposed plan of operations 
to achieve this flow regime by June 2011.  This plan shall include the minimum flow 
schedule identified in Action III.1.2, or shall provide justification for any proposed 
modification of the minimum flow schedule.  NMFS will review and, if satisfactory, approve 
the operational strategy.  Reclamation will implement strategy starting in 2012. 
 
Rationale:  Kondolf et al., (2001) identified that floodplain terraces and point bars inundated 
before operation of New Melones Dan have become fossilized with fine material and thick 
riparian vegetation that is never rejuvenated by scouring.  Channel forming flows in the  
8,000 cfs range have occurred only twice since New Melones Dam began operation 28 years 
ago.  Lack of channel forming flows and lack of sediment input blocked by the dams has 
resulted in channel incision of one to three feet over 13 years.  Floodplain juvenile rearing 
habitat and connectivity will continue to be degraded by New Melones operations, as 
proposed. 

 
Action III.2.3.  Restore Freshwater Migratory Habitat for Juvenile Steelhead by Implementing 
Projects to Increase Floodplain Connectivity and to Reduce Predation Risk During Migration 

 
Objective:  This action is necessary to compensate for continued operational effects on 
rearing and freshwater migratory habitat due to flood control operations.  The goal of this 
action is to improve habitat quality of freshwater migratory habitat for juvenile steelhead.  
 
Action:  By June 2010, in cooperation with the SOG, Reclamation shall develop a list of 
projects to improve the habitat values of freshwater migratory habitat in the Stanislaus River, 
and associated monitoring, for implementation and submit the list to NMFS for review.  
Reclamation shall begin implementation of NMFS-approved projects by June 2011.  
Reclamation shall submit a report of project implementation and effectiveness by June 2016. 
 
These projects may include actions that reduce exposure to predation directly, or projects that 
may offset predation effects by improving rearing habitat values to allow juveniles to grow 
larger before outmigration.  These projects may include both flow- and non-flow-related 
actions.  Flow-related actions shall be coordinated with operational flows as defined in 
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Action III.2.2 and Action III.1.2.  These projects may also include, but shall not be limited to, 
evaluations to identify locations or sources of higher juvenile mortality in order to identify 
and implement projects with the highest likelihood to prevent CV steelhead mortality. 
 
Rationale:  Predation studies on the Tuolumne River have shown losses of up to 60 percent 
of outmigrating salmon smolts in run-of-river gravel mining ponds and dredged areas.  
Losses on the Stanislaus River have not been similarly quantified, but predation on fall run 
smolts and O. mykiss by striped bass and large mouth bass have been documented.  These 
run-of-river ponds also reduce flow velocities as compared to incoming river channels, 
requiring outmigrating salmonids to expend more energy to traverse these sections.  
Operational releases provide flows lower than typical unimpaired flows, which exacerbates 
the effect of this stressor on outmigrating juveniles and degrades the habitat value of 
necessary freshwater migratory corridors.  Additional flows or flow pulses could alleviate 
this added energy demand and improve survival through these problem areas.  Channel 
modifications in these problem areas can improve migration success.  Improvements in 
floodplain habitat quality can improve juvenile growth and larger juveniles are more likely to 
avoid predation mortality.   

 
Action III.2.4.  Evaluate Fish Passage at New Melones, Tulloch, and Goodwin Dams 
 

Objective:  Evaluate access for steelhead to historic cold water habitat above New Melones, 
Tulloch, and Goodwin dams. 
 
Action:  See Fish Passage Program, Action V. 
 
Rationale:  The effects analysis in this Opinion leads to the conclusion that steelhead will 
continue to be vulnerable to serious effects of elevated temperatures in dry and critically dry 
years, even if actions are taken to improve temperature management.  The frequency of these 
occurrences is expected to increase with climate change and increased water demands.  
Therefore, it is essential to evaluate options for providing steelhead to access their historic 
cold water habitat above New Melones, Tulloch, and Goodwin dams and to provide access if 
feasible.. 

 
 

IV.      DELTA DIVISION 
 
Introduction:  An important life history phase for all anadromous fish is their movement 
through an estuary as adults moving upstream to spawning grounds, and as juveniles moving 
downstream to the ocean.  For some fish, the estuary also serves as a staging area and, for some 
juveniles, a rearing area prior to their entering the ocean.  Within the Central Valley, all 
anadromous fish, including listed winter-run, spring-run, CV steelhead, and Southern DPS of 
green sturgeon, depend on the Sacramento-San Joaquin Delta environment during these life 
phases.  This dependence was an important factor in designation of critical habitat in the Delta 
for these species.  A properly functioning Delta is critical to migration pathways and rearing 
habitat, both of which are primary constituent elements of critical habitat for these fish.   
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Currently, the fish are exposed to a multitude of stressors in the Delta during passage and 
rearing.  The Delta has been severely degraded over the past 150 years, primarily due to 
anthropogenic actions within its boundaries and in its surrounding watersheds.  Nearly 90 
percent of its fringing marshes have been lost and replaced with raised levees armored with rock 
riprap.  The channelization of the Delta waterways through the construction of raised levees for 
flood control has isolated the Delta from its surrounding floodplains.  These seasonally inundated 
floodplains served as important rearing habitats for many of the native fish species occurring in 
the Delta, including salmonids, and juvenile green sturgeon. 
 
The structure of the Delta, particularly in the central and southern Delta, has been significantly 
altered by construction of manmade channels and dredging, for shipping traffic and water 
conveyance.  Intentional and unintentional introductions of non-native plant and animal species 
have greatly altered the Delta ecosystem.  Large predatory fish such as striped bass and 
largemouth bass have increased the vulnerability of emigrating juveniles and smolts to predation, 
while infestations of aquatic weeds such as Egeria densa have diminished the useable near-
shore, shallow water habitat needed by emigrating salmonids for rearing. 
 
The use of Delta islands for intensive agriculture has increased demand for irrigation water from 
the Delta, as well as increased the discharge of agricultural runoff into Delta waterways 
surrounding these farmed islands.  These discharges carry chemicals such as fertilizers, 
pesticides, herbicides, and excessive nutrients, leading to degradation of water quality parameters 
such as DO content and suspended sediment, and increasing exposure to toxic compounds.  
Likewise, increasing urbanization in the areas surrounding the Delta increases the load of 
contaminants associated with stormwater runoff, discharges from wastewater sanitation plants, 
and industrial activities.  Overall, conditions in the Delta make emigrating anadromous fish 
highly vulnerable to any added stressors and substantially reduce their chances for survival. 
 
The proposed actions for the CVP and SWP include continued diversion of water from the Delta 
at the project’s export facilities, with increased export levels.  These actions will increase the 
level of stressors in the Delta beyond those previously described and exacerbate many of those 
already present.  NMFS has identified several factors associated with operation of the CVP and 
SWP that affect the long-term viability and resiliency of winter-run, spring-run, CV steelhead, 
and the Southern DPS of green sturgeon in the Central Valley.  In addition to these specific 
factors, the operations of the CVP and SWP alter Delta hydrodynamics and interact with other 
stressors to enhance the vulnerability of listed fish to morbidity and mortality during their time in 
the Delta. 
 
The adverse effects of the proposed action identified in this Opinion include:  
 

1) Diversion from the North Delta into the Delta interior of early emigrating winter-run 
juveniles, yearling spring-run, and CV steelhead, through the operation of the DCC gates 
in late fall and early winter. 
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2) Enhanced vulnerability of juvenile salmonids to entrainment and indirect mortality, 
through alteration of the hydrodynamics of the interior and south Delta waterways, due to 
the influence of export pumping actions in winter and spring. 

 
3) Enhanced vulnerability of CV steelhead from the San Joaquin River basin to exports and 

export-related changes in hydrodynamics. 
 

4) Direct mortality from entrainment of juvenile salmonids and green sturgeon at the CVP 
and SWP export facilities. 

 
The actions prescribed below will minimize or avoid the proposed action’s adverse effects on 
hydraulic patterns in the Delta that affect listed salmonids and green sturgeon.  They will modify 
the interactions that listed fish have with other stressors in the Delta and thereby avoid 
appreciably reducing the likelihood of survival and recovery of listed fish. 
 
The current metric for monitoring direct take and mortality of listed fish by the CVP and SWP 
actions is the level of salvage and calculated loss at fish collection facilities.  This metric is a 
reflection of export levels and the diversion of large volumes of water through the facilities.  
Counting fish at the salvage facilities alone, however, does not account for fish that have been 
lost prior to the point of collection, and thus is an inaccurate measure of adverse export 
influence.  It does not account for fish that have been drawn into the waters of the central Delta 
through the DCC gates or Georgiana Slough and lost to predation, toxics, or other factors before 
reaching the south Delta, nor does it account for fish that make it to the south Delta, where they 
are further influenced by the reverse flows moving toward the pumps and are delayed in their 
migration; which increases their vulnerability to predation, toxics, or other forms of loss, such as 
stranding in agricultural diversions.   
 
Overall Objectives:  The juveniles of all four listed species migrating downstream in the 
Sacramento River have a much greater chance of survival when they migrate directly to the 
estuary within the Sacramento River than when they are diverted by water operations into the 
southern or central Delta, where they are exposed to increased risks of predation, exposure to 
toxic pollutants, and entrainment into water diversions.  The Delta Division measures will reduce 
the likelihood of diversion of emigrating juveniles into the southern or central Delta, and will 
reduce mortality of emigrating juveniles that have been entrained at the fish collection facilities 
and entered the salvage process. 
 
There are six actions to be taken in the Delta: 
 

• Action IV.1:  Modify DCC gate operations and evaluate methods to control access to 
Georgiana Slough and the Interior Delta to reduce diversion of listed fish from the 
Sacramento River into the southern or central Delta.  

• Action IV.2:  Control the net negative flows toward the export pumps in Old and Middle 
rivers to reduce the likelihood that fish will be diverted from the San Joaquin or 
Sacramento River into the southern or central Delta. 
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• Action IV.3:  Curtail exports when protected fish are observed near the export facilities to 
reduce mortality from entrainment and salvage.  

• Action IV.4:  Improve fish screening and salvage operations to reduce mortality from 
entrainment and salvage. 

• Action IV.5:  Establish a technical group to assist in determining real-time operational 
measures, evaluating the effectiveness of the actions, and modifying them if necessary. 

• Action IV.6:  Do not implement the South Delta Barriers Improvement Program. 
 
A summary of Actions IV.1 and IV.2 and their timeframes is provided below in Figure 11-4. 
 
Action Suite IV.1  Delta Cross Channel (DCC) Gate Operation, and Engineering Studies of 
Methods to Reduce Loss of Salmonids in Georgiana Slough and Interior Delta 
 

Objective:  Reduce the proportion of emigrating listed salmonids and green sturgeon that 
enter the interior delta through either the open DCC gates or Georgiana Slough. 

 
Rationale:  Salmon migration studies show losses of approximately 65 percent of groups of 
outmigrating fish that are diverted from the mainstem Sacramento River into the waterways 
of the central and southern Delta (Brandes and McLain 2001; Vogel 2004, 2008; Perry and 
Skalski 2008).  Diversion into the internal Delta also increases the likelihood of entrainment 
and mortality associated with the pumping facilities.  These effects are inferred from both 
particle tracking models, which derive the fate of particles over time, and direct study of 
acoustically tagged and CWT salmonids (Vogel 2004, SJRGA 2007).  

 
On average, up to 25 percent of Sacramento River flows are diverted into the channels of the 
DCC when the gates are open, with a maximum of 35 to 40 percent.  Approximately 20 percent, 
on average, of the Sacramento River flow is diverted into Georgiana Slough.  During November 
and December, approximately 25 percent of the Sacramento River flow is diverted into the 
interior Delta through these two channels.  Recent studies by Perry and Skalski (2008) indicate 
that by closing the DCC gates when fish are present, total through-Delta survival of marked fish 
to Chipps Island increases by nearly 50 percent for fish moving downstream in the Sacramento 
River system.  Closing the DCC gates appears to redirect the migratory path of emigrating fish 
into Sutter and Steamboat Sloughs and away from Georgiana Slough, resulting in higher survival 
rates.  Similar benefits have been described in previous studies (Newman 2008, Brandes and 
McLain 2001) with CWT fish. 
 
Based on data from monitoring studies in the lower Sacramento River, approximately 45 percent 
of the annual winter-run emigration from the Sacramento River enters the Delta between 
November and January.  During the same period, about eight percent of the annual CV steelhead 
emigration from the Sacramento River Basin occurs.  Yearling spring-run pass into the Delta in 
January, but these fish account for only three percent of the total annual population of spring-run 
emigrants entering the Delta. 
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Action IV. 1.2 - Operation of DCC to 
enhance protection of emigrating 

salmonids/green sturgeon 

Action IV. 2.1  - Maintain San Joaquin 
River Inflow/Export ratio 

Action IV. 2.2 - Acoustic Tag 
Experiment 

Action IV. 2.3 - Reduced exports to 
limit negative flows in OMR depending 

on presence of salmonids 

  

  
2009 - 2011 

Interim 
Operations 

2012 +           
Long term 
Operations 

    

Oct. 

        

Nov. 

Oct. 1 - Nov. 30 - Gates closed if fish 
are present 

        
Dec. 1 - 14 - Gates closed except for 

experiments/water quality 
Dec. 

        

Jan. 
Dec. 15 - Jan. 31 Gates Closed 

      

Feb. 

      

Mar. 

    

Apr. 

Feb. 1 - May 15 - Gates Closed per 
D1641 

May 

April 1 - May 31 - 
Maintain Vernalis 
Inflow/Export ratio 
dependingon IOP 

water supply 
parameters 

April 1 - May 31 
- Maintain 
Vernalis 

Inflow/Export 
Ratios 

depending on 
water year type 

May 15 - June 15 - up to 14 days 
closed per D-1641 

March 1 - June 15 

Jan 1 - June 15 - OMR (-5000 to -
2500 cfs) until after June 1 water 

temperature at Mossdale ≥72° F for 7 
days 

Jun. 

          
Figure 11-4.  A summary of Actions IV.1 and IV.2 and their timeframes. 
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Percent of Juvenile Chinook salmon and steelhead production entering the Delta from the Sacramento River 
by month. 

Month Sacramento 
River Total1,2 Fall-Run3 Spring-Run3 Winter-Run3 Sacramento 

Steelhead4 

January 12 14 3 17 5 
February 9 13 0 19 32 
March 26 23 53 37 60 
April 9 6 43 1 0 
May 12 26 1 0 0 
June 0 0 0 0 0 
July 0 0 0 0 0 
August 4 1 0 0 0 
September 4 0 0 0 1 
October 6 9 0 0 0 
November 9 8 0 03 1 
December 11 0 0 24 1 
Total 100 100 100 100 100 

Notes: 
1Mid Water trawl data 
2All runs combined 
3Runs from Sacramento River basin only 
4Rotary screw trap data from Knights Landing 
Source: SDIP Draft EIR/EIS 2005 Tables J-23 and J-24, Appendix J. 

 
Actions taken during the early emigration period (November through January) to reduce 
diversion of listed salmonids can affect a significant proportion of the populations of listed 
fish.  As discussed earlier in the effects section, these early migrants represent life history 
strategies that spread the risk of mortality over a greater temporal span, increasing diversity 
and resiliency of the populations. 

 
Action IV.1.1  Monitoring and Alerts to Trigger Changes in DCC Operations  
 

Objective:  To provide timely information for DCC gate operation that will reduce loss of 
emigrating winter-run, spring-run, CV steelhead, and green sturgeon.  
 
Action:  Monitoring of Chinook salmon migration in the Sacramento River Basin and the 
Delta currently occurs at the RBDD, in spring-run tributaries to the Sacramento River, on the 
Sacramento River at Knights Landing and Sacramento, and sites within the Delta.  
Reclamation and DWR shall continue to fund these ongoing monitoring programs, as well as 
the monitoring of salvage and loss of Chinook salmon juveniles at the Delta fish collection 
facilities operated by the CVP and SWP.  Funding shall continue for the duration of the 
proposed action (2030).  Reclamation and DWR may use their own fishery biologists to 
conduct these monitoring programs, or they may provide funds to other agencies to do the 
required monitoring.  
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Monitoring protocols shall follow established procedures utilized by the USFWS, CDFG, 
Reclamation, and DWR.  Information collected from the monitoring programs will be used to 
make real-time decisions regarding DCC gate operation and export pumping. 
 
The DOSS group (Action IV.5) and WOMT will use information from monitoring to make 
decisions regarding DCC closures consistent with procedures below.   
 
The DCC gate operations in the fall are initiated through a series of alerts.  These alerts are 
signals that gate operations may need to be altered in the near future to avoid diversion of 
juvenile Chinook salmon migrating down the Sacramento River.   
 
There are two initial alerts to warn of salmon presence in the system: 
 
First Alert:  There are two components to the first alert.  Either condition, when met or 
identified, can trigger the alert.  Capture of yearling-sized (> 70 mm) spring-run at the 
mouths of natal tributaries between October and April indicates that emigration from the 
tributaries has started or is occurring.  As an environmental surrogate to the capture of the 
yearling-sized spring-run, which are difficult to capture in the rotary screw traps at the 
mouths of the natal tributary creeks, tributary flow increases are used to signal conditions 
conducive to emigration.  Starting in October, an increase in tributary flow of more than 50 
percent over levels immediately preceding the flow spike is used to indicate the appropriate 
cues for the initiation of salmon emigration31. 
 
Second Alert:  The second alert is based on two physical hydrologic criteria. When both 
criteria are met the second alert is triggered.  The monitoring station used for these 
environmental measurements is Wilkins Slough, located near Knights Landing 
approximately 35 miles upstream of the Delta.  When flows are greater than 7,500 cfs as 
measured at Wilkins Slough, and water temperatures are less than 13.5oC (56.3oF) as 
measured at Knights Landing, the second alert is triggered.  Recoveries of emigrating 
Chinook salmon at the Knights Landing monitoring location have been associated with these 
two hydrologic conditions.  
 
Rationale:  Monitoring programs are necessary to track the movement of salmon within the 
Central Valley watersheds so that timely changes can be made when project actions are in 
conflict with the needs of listed fish.  Evidence of initiation of juvenile Chinook salmon 
migration in the upper tributaries, or environmental conditions that would trigger such 
migration, is the basis for the alerts.  The alerts are important to effective gate operation 
because the collection and dissemination of field data to the resource agencies, and 
coordination of responsive actions, may take several days to occur.  The first two alerts warn 
NMFS and Reclamation that changes in DCC gate operations are likely to be necessary 
within a short time period.  

 
31 The first significant flow in October is associated with the beginning of spring-run yearling emigration from natal 
tributaries - an indication that those fish are on their seaward migration and will soon be entering the Delta where 
they are susceptible to mortality factors associated with the Delta Cross Channel (DCC) and SWP/CVP export 
operations.  This first tributary flow event, or “First Alert”, is the early warning criteria for closing the DCC. 
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Action IV.1.2  DCC Gate Operation  
 

Objective:  Modify DCC gate operation to reduce direct and indirect mortality of emigrating 
juvenile salmonids and green sturgeon in November, December, and January. 
 
Action:  During the period between November 1 and June 15, DCC gate operations will be 
modified from the proposed action to reduce loss of emigrating salmonids and green 
sturgeon.  The operating criteria provide for longer periods of gate closures during the 
emigration season to reduce direct and indirect mortality of yearling spring-run, winter-run, 
and CV steelhead.  From December 1 to January 31, the gates will remain closed, except as 
operations are allowed using the implementation procedures/modified Salmon Decision Tree 
(below).   
 
Implementation procedures:  Monitoring data related to triggers in the decision tree will be 
reported on DAT calls and evaluated by DOSS (for formation of DOSS – see Action KK).  
Reclamation/DWR shall take actions within 24 hours of a triggered condition occurring.  If 
the decision tree requires an evaluation of data or provides options, then DOSS shall convene 
within one day of the trigger being met.  DOSS shall provide advice to NMFS, and the action 
shall be vetted through WOMT standard operating procedures. 
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October 1-November 30: 
 

Date VI. Action Triggers Action Responses 

Water quality criteria per D-1641 are 
met and either the Knights Landing 
Catch Index (KLCI) or the 
Sacramento Catch Index (SCI) are 
greater than 3 fish per day but less 
than or equal to 5 fish per day.   

Within 24 hours of trigger, 
DCC gates are closed.  Gates 
will remain closed for 3 days. 

Water quality criteria per D-1641 are 
met and either the KLCI or SCI is 
greater than 5 fish per day 

Within 24 hours, close the DCC 
gates and keep closed until the 
catch index is less than 3 fish 
per day at both the Knights 
Landing and Sacramento 
monitoring sites. 

October 1-
November 30 

The KLCI or SCI triggers are met but 
water quality criteria are not met per 
D-1641 criteria. 

DOSS reviews monitoring data 
and makes recommendation to 
NMFS and WOMT per 
procedures in Action IV.5. 

 
Rationale:  Depending on the catch magnitude, there are several options for closing the DCC 
gates, ranging from not closing them and monitoring catch at Knights Landing and the 
Sacramento monitoring sites, to closing the DCC gates until the catch index decreases to 
fewer than three fish per day at the Knights Landing and Sacramento monitoring sites.  Fish 
and water quality needs (i.e., salinity levels) are frequently mutually exclusive, with respect 
to the DCC position, from November through January.  
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December 1-14:  
 
Date Action Triggers Action Responses 

Water quality criteria are met per D-
1641. 

DCC gates are closed.   
If Chinook salmon migration 
experiments are conducted 
during this time period (e.g., 
Delta Action 8 or similar 
studies), the DCC gates may be 
opened according to the 
experimental design, with 
NMFS’ prior approval of the 
study. 

Water quality criteria are not met but 
both the KLCI and SCI are less than 3 
fish per day. 

DCC gates may be opened until 
the water quality criteria are 
met.  Once water quality criteria 
are met, the DCC gates will be 
closed within 24 hours of 
compliance. 

 
 
 
 
 
December 1 - 
December 14 
 
 
 
 
 
 
 
 
 

Water quality criteria are not met but 
either of the KLCI or SCI is greater 
than 3 fish per day. 

DOSS reviews monitoring data 
and makes recommendation to 
NMFS and WOMT per 
procedures in Action IV.5  

 
Rationale:  The Spring-run Protection Plan (1998 op. cit. CVP/SWP operations BA 
Appendix B) provides that Reclamation will close the DCC gates on December 1 for the 
protection of spring-run yearlings unless there is a water quality issue.  The DOSS can 
recommend opening the DCC gates for water quality purposes during this period.  In 
addition, CDFG analysis indicates that there is a significant relationship between DCC gate 
operations and subsequent loss of winter-run at the Delta Fish Facilities.  Closing the DCC 
gates between December 15 and January 15 reduces the total loss of winter-run at the Delta 
Fish Facilities. The report is posted at:  
http://www.science.calwater.ca.gov/pdf/ewa/EWA_delta_cross_channel_closures_06_11140
6.pdf. 
 
The USFWS conducts a juvenile Chinook salmon Delta survival experiment each year in 
December and January.  This is usually conducted in the first two weeks of December and 
may include experimental openings of the DCC gates. 
http://www.delta.dfg.ca.gov/jfmp/PatFiles/Delta_Action_8_Workshop.doc.  These studies 
may be implemented if NMFS concurs that the study plan has been adapted to sufficiently 
reduce loss of salmonids.. 
 

http://www.science.calwater.ca.gov/pdf/ewa/EWA_delta_cross_channel_closures_06_111406.pdf
http://www.science.calwater.ca.gov/pdf/ewa/EWA_delta_cross_channel_closures_06_111406.pdf
http://www.delta.dfg.ca.gov/jfmp/PatFiles/Delta_Action_8_Workshop.doc
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December 15 – January 31: 
 
Date Action Triggers Action Responses 

December 15-January 31 DCC Gates Closed. 

NMFS-approved experiments are 
being conducted. 

Agency sponsoring the 
experiment may request gate 
opening for up to five days; 
NMFS will determine whether 
opening is consistent with ESA 
obligations. 

December 15 
– January 31 

One-time event between 
December 15 to January 5, when 
necessary to maintain Delta water 
quality in response to the 
astronomical high tide, coupled 
with low inflow conditions. 
 

Upon concurrence of NMFS, 
DCC Gates may be opened one 
hour after sunrise to one hour 
before sunset, for up to 3 days, 
then return to full closure.  
 
Reclamation and DWR will also 
reduce Delta exports down to a 
health and safety level during the 
period of this action. 

 
Rationale:  CDFG analysis indicates that there is a significant relationship between DCC 
gate operations and subsequent loss of winter-run at the Delta Fish Facilities.  Closing the 
DCC gates between December 15 and January 15 reduces the total loss of winter-run at the 
Delta Fish Facilities.  The report is posted at: 
http://www.science.calwater.ca.gov/pdf/ewa/EWA_delta_cross_channel_closures_06_11140
6.pdf  
 
If the KLCI or SCI is less than three, and the water temperature and flow criteria are 
indicative of low risk to listed salmonids, then experiments on fall- and late-fall-run may be 
permissible; however, in a low production year, trap efficiencies and detection rates may 
result in under-representation of the number of fish passing these locations.  Under such 
conditions the DOSS group shall act conservatively in this decision process even when no 
fish have been detected at Knights Landing or Sacramento rotary screw traps.  If conditions 
change, indicating that risks to listed salmonids are elevated, experiments will be suspended 
and the DCC gates closed if NMFS determines that closure is necessary to reduce the risk to 
emigrating salmonids.  

http://www.science.calwater.ca.gov/pdf/ewa/EWA_delta_cross_channel_closures_06_111406.pdf
http://www.science.calwater.ca.gov/pdf/ewa/EWA_delta_cross_channel_closures_06_111406.pdf
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February 1 – June 15: 
 
Date Action Trigger Action Response 
February 1 – May 15 D-1641 mandatory gate closure.9 Gates closed, per WQCP 

criteria 
 
 
Date Action Trigger Action Response 
May 16 – June 15 D-1641 gate operations 

criteria 
DCC gates may be closed for up 
to 14 days during this period, per 
2006 WQCP, if NMFS determines 
it is necessary. 

 
 
Overall Rationale for Action IV.1.2:  Emigrating salmonids are vulnerable to diversion into 
the DCC when the gates are open.  Fish traveling downstream in the Sacramento River move 
past the mouth of the DCC on the outside bend of the river.  A series of studies conducted by 
Reclamation and USGS (Horn and Blake 2004) used acoustic tracking of released juvenile 
Chinook salmon to follow their movements in the vicinity of the DCC under different flows 
and tidal conditions.  The study results indicate that the behavior of the Chinook salmon 
juveniles increased their exposure to entrainment through both the DCC and Georgiana 
Slough.  Horizontal positioning along the east bank of the river during both the flood and ebb 
tidal conditions enhanced the probability of entrainment into the two channels.  Upstream 
movement of fish with the flood tide demonstrated that fish could pass the channel mouths 
on an ebb tide and still be entrained on the subsequent flood tide cycle.  In addition, diel 
movement of fish vertically in the water column exposed more fish at night to entrainment 
into the DCC than during the day, due to their higher position in the water column and the 
depth of the lip to the DCC channel mouth (-2.4 meters).  Additional studies have shown that 
the mortality rate of the fish diverted into the DCC and subsequently into the Mokelumne 
river system is quite high (Perry and Skalski 2008; Vogel 2004, 2008).  Closure of the DCC 
gates during periods of salmon emigration eliminates the potential for entrainment into the 
DCC and the Mokelumne River system with its high loss rates.  In addition, closure of the 
gates appears to redirect the migratory paths of emigrating fish into channels with relatively 
less mortality (e.g., Sutter and Steamboat Sloughs), due to a redistribution of river flows 
among the channels.  The overall effect is an increase in the apparent survival rate of these 
salmon populations as they move through the Delta.   
 
The closure of the DCC gates will increase the survival of salmonid emigrants through the 
Delta, and the early closures reduce loss of fish with unique and valuable life history 
strategies in the spring-run and CV steelhead populations.  Spring-run emigrating through the 
Delta during November and December are yearling fish.  These fish are larger and have a 
higher rate of success in surviving their entrance into the ocean environment.  In addition, 
variation in the timing of ocean entry distributes the risk of survival over a broader temporal 
period.  This alternative life history strategy reduces the probability that poor ocean 
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conditions in spring and summer will affect the entire population of spring-run.  Since 
yearling fish enter the marine environment in late fall and winter, they avoid the conditions 
that young-of-the-year fish encounter in spring and summer, thus increasing the likelihood 
that at least a portion of the population will benefit from suitable ocean conditions during 
their recruitment to the ocean phase of their life cycle.  For the same reasons, CV steelhead 
benefit from having their ocean entry spread out over several months.  

 
Action IV.1.3  Consider Engineering Solutions to Further Reduce Diversion of Emigrating 
Juvenile Salmonids to the Interior and Southern Delta, and Reduce Exposure to CVP and 
SWP Export Facilities  
 

Objectives:  Prevent emigrating salmonids from entering the Georgiana Slough channel from 
the Sacramento River during their downstream migration through the Delta.  Prevent 
emigrating salmonids from entering channels in the south Delta (e.g., Old River, Turner Cut) 
that increase entrainment risk to CV steelhead migrating from the San Joaquin River through 
the Delta.     
 
Action:  Reclamation and/or DWR shall convene a working group to consider engineering 
solutions to further reduce diversion of emigrating juvenile salmonids to the interior Delta 
and consequent exposure to CVP and SWP export facilities.  The working group, comprised 
of representatives from Reclamation, DWR, NMFS, USFWS, and CDFG, shall develop and 
evaluate proposed designs for their effectiveness. in reducing adverse impacts on listed fish 
and their critical habitat.  Reclamation or DWR shall subject any proposed engineering 
solutions to external independent peer review and report the initial findings to NMFS by 
March 30, 2012.  Reclamation or DWR shall provide a final report on recommended 
approaches by March 30, 2015.  If NMFS approves an approach in the report, Reclamation or 
DWR shall implement it.  To avoid duplication of efforts or conflicting solutions, this action 
should be coordinated with USFWS’ Delta smelt biological opinion and BDCP’s 
consideration of conveyance alternatives.. 
 
Rationale:  One of the recommendations from the CALFED Science Panel peer review was 
to study engineering solutions to “separate water from fish.”  This action is intended to 
address that recommendation.  Years of studies have shown that the loss of migrating 
salmonids within Georgiana Slough and the Delta interior is approximately twice that of fish 
remaining in the Sacramento River main stem (Kjelson and Brandes 1989; Brandes and 
McLain 2001; Vogel 2004, 2008; and Newman 2008).  Based on the estimated survival rate 
of 35 percent in Georgiana Slough (Perry and Skalski 2008), the fraction of emigrating 
salmonids that would be lost to the population is 6 to 15 percent of the number entering the 
Delta from the Sacramento River basin.  Keeping emigrating fish in the Sacramento River 
would increase their survival rate.  This action is also intended to allow for engineering 
experiments and possible solutions to be explored on the San Joaquin river/Southern Delta 
corridor to benefit out-migrating steelhead.  For example, non-physical barrier (i.e., “bubble 
curtain”) technology can be further vetted through this action. 
 

Action Suite IV.2  Delta Flow Management 



 
Objective:  Maintain adequate flows in both the Sacramento River and San Joaquin River basins 
to increase survival of steelhead emigrating to the estuary from the San Joaquin River, and of 
winter-run, spring-run, CV steelhead, and green sturgeon emigrating from the Sacramento River 
through the Delta to Chipps Island. 

 
Rationale for the Suite of Actions:  Numerous studies have found positive associations between 
increased river flows and increased survival of salmon smolts through the Delta and the adult 
escapement of that cohort several years later when they return to spawn.  Increased flows and 
greater smolt survival have been positively associated in other river systems as well  Increased 
flows reduce the travel time of smolts moving through the river and Delta system, thus reducing 
the duration of their exposure to adverse effects from predators, water diversions, and exposure 
to contaminants.  
 
Action IV.2.1  San Joaquin River Inflow to Export Ratio 

 
Objectives:  To reduce the vulnerability of emigrating CV steelhead within the lower San 
Joaquin River to entrainment into the channels of the South Delta and at the pumps due to the 
diversion of water by the export facilities in the South Delta, by increasing the inflow to 
export ratio.  To enhance the likelihood of salmonids successfully exiting the Delta at Chipps 
Island by creating more suitable hydraulic conditions in the main stem of the San Joaquin 
River for emigrating fish, including greater net downstream flows. 
 
Action:  The following timeline indicates the annual schedule for implementing related San 
Joaquin actions that will occur concurrent with this action. 

 

 
 

Phase I:  Interim Operations in 2010-2011.   
 

From April 1 through May 31: 
 

 641



 642

1. Flows at Vernalis (7-day running average shall not be less than 7 percent of the target 
requirement) shall be based on the New Melones Index32.  In addition to the Goodwin 
flow schedule for the Stanislaus River prescribed in Action III.1.3 and Appendix 2-E, 
Reclamation shall increase its releases at Goodwin Reservoir, if necessary, in order to 
meet the flows required at Vernalis, as provided in the following table.  NMFS 
expects that tributary contributions of water from the Tuolumne and Merced rivers, 
through the SJRA, will continue through 2011 and that the installation of a fish 
barrier at the Head of Old River will continue to occur during this period as 
permitted.   

 
 

New Melones Index  
(TAF) 

Minimum flow required at Vernalis (cfs) 

0-999 No new requirements 
1000-1399 D1641 requirements or 1500, whichever is greater 
1400-1999 D1641 requirements or 3000, whichever is greater 
2000-2499 4500 

2500 or greater 6000 
 
 

2. Combined CVP and SWP exports shall be restricted through the following: 
 

Flows at Vernalis (cfs) Combined CVP and SWP Export 
0-6,000 1,500 cfs 

6,000-21,75033 4:1 (Vernalis flow:export ratio) 
21,750 or greater Unrestricted until flood recedes below 

21,750 
 
 

In addition: 
 

1)  Reclamation/DWR shall seek supplemental agreement with the SJRGA as soon as 
possible to achieve minimum long term flows at Vernalis (see following table) through 
all existing authorities. 

 
San Joaquin River Index (60-20-20) Minimum long-term flow at Vernalis 

(cfs) 
Critically dry 1,500 

                                                 
32 The New Melones Index is a summation of end of February New Melones Reservoir storage and forecasted 

inflow using 50% exceedance from March through September. 
33 Flood warning stage at Vernalis is 24.5 feet, flow is 21,750 cfs at this point.  Flood stage is 29 feet with a 

corresponding flow of 34,500 cfs.  Data from CDEC looking at April 8-9, 2006 period.  As such, recognizing that 
the flows associated with these stages do vary, the trigger allowing unrestricted exports will be a Vernalis stage of 
24.5 feet. 
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Dry 3,000 
Below normal 4,500 
Above normal 6,000 

Wet 6,000 
 

Rationale:   
 
1) Flows at Vernalis:  Reclamation has limited discretion to require additional flows from 

the Tuolumne and Merced rivers that are necessary in the long run to meet the needs of 
outmigrating juvenile steelhead.  Modeling for our analysis of the East Side Division 
show that relying on New Melones Reservoir to provide the flows at Vernalis cannot be 
sustained, and attempting to do so would likely have additional adverse effects on CV 
steelhead.  Reclamation and DWR have obtained additional flows in the Tuolumne and 
Merced rivers through CVPIA authorities, including options to purchase water from 
willing sellers, and entered into the SJRA which expires on December 31, 2009.  
Reclamation is in negotiations to extend the current agreement to 2011.  The flows 
required in Phase I at Vernalis were developed through iterative modeling and will 
provide an important increment of additional flow to provide for outmigration of 
steelhead smolts, while not unduly depleting New Melones Reservoir storage.  Using 
CVPIA authorities, it is important that Reclamation seek to immediately change the terms 
of the existing SJRA to achieve the long-term flows. 

 
2) The rationale for the export curtailments is provided in the rationale for Phase II. 

 
3) The SWRCB has initiated proceedings to establish minimum flows in the San Joaquin 

River basin.  The proceedings are scheduled to conclude in 2011.  Flow requirements for 
fish will be provided by this action in the interim. 

 
Phase II:  Beginning in 2012:   

 
From April 1 through May 31: 
 

1. Reclamation shall continue to implement the Goodwin flow schedule for the 
Stanislaus River prescribed in Action III.1.3 and Appendix 2-E. 

  
2. Reclamation and DWR shall implement the Vernalis flow-to-combined export ratios 

in the following table, based on a 14-day running average. 
 

San Joaquin Valley Classification  Vernalis flow (cfs):CVP/SWP 
combined export ratio34

Critically dry 1:135
 

                                                 
34 Exception to the ratio is provided for floods, where exports are not restricted until the flood 
recedes. See footnote 2 above. 
35 Minimum combined CVP and SWP exports is for health and safety. 
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Dry 2:1 
Below normal 3:1 
Above normal 4:1 

Wet 4:1 
Vernalis flow equal to or greater 

than 21,750 cfs 
Unrestricted exports until flood 

recedes below 21,750. 
 
Exception procedure for multiple dry years:  If the previous 2 years plus current year of 
San Joaquin Valley “60-20-20” Water Year Hydrologic Classification and Indicator as 
defined in D-1641 and provided in following table, is 6 or less, AND the New Melones Index 
is less than 1 MAF, exports shall be limited to a 1:1 ratio with San Joaquin River inflow, as 
measured at Vernalis.   

 
San Joaquin Valley Classification Indicator 

Critically dry 1 
Dry 2 

Below normal 3 
Above normal 4 

Wet 5 
 
Exception procedure for Health and Safety:  If, by February 28 of a given year, Reclamation 
and DWR predict that they will not be able to achieve these ratios and make deliveries required 
for human health and safety, even after pursuing all options to augment inflow while preserving 
the ability to meet fish flow needs in all seasons, the agencies may submit a plan to NMFS to 
maximize anadromous fish benefits while meeting health and safety needs.  The project 
agencies’ current estimate of health and safety needs is a combined CVP/SWP export rate of 
1,500 cfs.  The plan must demonstrate that all opportunities for purchasing water in the San 
Joaquin Basin have been or will be exhausted, using b(3) or other water purchasing authority. 

 
Meeting the long-term biological requirements of listed species and providing adequate water 
deliveries for these needs under the current system configuration may not be compatible, 
particularly considering anticipated hydrologic patterns associated with climate change.  For this 
reason, Reclamation and DWR may propose a reconfiguration of the water conveyance system to 
allow diversion from the Sacramento River.  Such an alteration of the conveyance system is 
being considered in the BDCP planning process.  The operation of a conveyance structure that 
diverts water directly from the Sacramento River carries additional risk for listed species that 
migrate, spawn, or rear in the Sacramento River or North Delta.  As detailed in this Opinion, the 
status of those species is precarious.  Any new conveyance will be subject to section 7 
consultation, and issues of injury or mortality of juvenile fish associated with all diversion 
facilities, reduction of flow variability for fish life history functions, reduction of Shasta 
Reservoir storage necessary for mainstem temperature control, and other potential adverse 
effects must be adequately addressed in any conveyance proposal. 
 
Rationale:  VAMP studies of CWT Chinook salmon smolts indicate that in general, fish 
released downstream of the zone of entrainment created by the export pumps (e.g., Jersey Point) 
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have higher survival indices to Chipps Island than fish released higher up in the system (e.g., 
Durham Ferry, Mossdale, or Dos Reis).  Studies identify increased flows as a factor that 
increases survival of tagged Chinook salmon smolts.  To date, most VAMP experiments have 
utilized San Joaquin River flows to export pumping ratios of approximately 2:1.  Survival to 
Chipps Island of smolts released upstream has been relatively low under these conditions.  
(Kjelson et al. 1981, Kjelson and Brandes 1989, SJRGA 2007).  Historical data indicates that 
high San Joaquin River flows in the spring result in higher survival of outmigrating Chinook 
salmon smolts and greater adult returns 2.5 years later (Kjelson et al. 1981, Kjelson and Brandes 
1989, USFWS 1995) and that when the ratio between spring flows and exports increase, Chinook 
salmon production increases (CDFG 2005, SJRGA 2007).  NMFS, therefore, concludes that San 
Joaquin River Basin and Calaveras River steelhead would likewise benefit under higher spring 
flows in the San Joaquin River in much the same way as fall-run do.  For a full explanation of 
data and analysis supporting this action, see appendix 5. 

 
Increased flows within the San Joaquin River portion of the Delta will also enhance the survival 
of Sacramento River salmonids.  Those fish from the Sacramento River which have been 
diverted through the interior Delta to the San Joaquin River will benefit by the increased net flow 
towards the ocean caused by the higher flows in the San Joaquin River from upstream and the 
reduced influence of the export pumps.  Such flows will reduce the proportion of Sacramento 
River fish that continue southwards toward the pumps and increase the percentage that move 
westwards toward Chipps Island and the ocean.  Although the real environment is much more 
complex than this generality, in theory, increasing the speed of migration through a particular 
reach of river, or shortening the length of the migratory route decrease the extent of exposure to 
factors causing loss (Anderson et al. 2005)   
 
Action IV.2.2  Six-Year Acoustic Tag Experiment 
 

Objective:  To confirm proportional causes of mortality due to flows, exports and other 
project and non-project adverse effects on steelhead smolts out-migrating from the San 
Joaquin basin and through the southern Delta. 

 
Action:  Reclamation and DWR shall fund a 6-year research-oriented action concurrent with 
Action IV.2.1. 

 
The research shall be composed of studies utilizing acoustically-tagged salmonids, and will 
be implemented to assess the behavior and movement of the outmigrating fish in the lower 
San Joaquin River.  The studies will include three releases of acoustic tagged fish, timed to 
coincide with different periods and operations:  March 1 through March 31, April 1 through 
May 31, and June 1 through June 15.  NMFS anticipates that studies will utilize clipped 
hatchery steelhead and hatchery fall-run as test fish. 

 
During the period from March 1 through March 30, the exports will be operated in 
accordance with the requirements dictated by action IV.2.3.  During the 60-day period 
between April 1 and May 30, exports will be dictated by the requirements of action IV.2.1.  
Reclamation shall operate to a minimum 1:1 inflow to export ratio during the period between 
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June 1 and June 15, allowing exports to vary in relation to inflows from the San Joaquin to 
test varying flow to export ratios during this period.  If daily water temperatures at Mossdale 
exceed 72oF for seven consecutive days during the period between June 1 and June 15, then 
the inflow to export ratio may be relaxed.  NMFS anticipates that warm water conditions in 
the lower San Joaquin River will not be suitable for steelhead under these conditions.   
 
Implementation procedures: 
 
1) By September 1, 2009, Reclamation/DWR shall convene DOSS for the purpose of 

refining the study design for this experiment.  The experiments shall be developed to 
ensure that results are statistically robust and uncertainties due to experimental design 
have been minimized to the fullest extent possible.  Additional expertise may be included 
in the workgroup, at the discretion of the agencies. 

 
2) Issues relevant to listed anadromous fish species that shall be addressed include, but are 

not limited to: 
a)  Increasing survival of emigrating smolts from the tributaries into the main stem of 

the San Joaquin River. 
b) Increasing survival of emigrating smolts through the main stem of the San Joaquin 

River downstream into the Delta. 
c) Increasing survival of emigrating smolts through the Delta to Chipps Island. 
d) The role and influence of flow and exports on survival in these migratory reaches. 
e) Selection of routes under the influence of flows and exports. 
f) Identifying reach-specific mortality and or loss. 
g) The effectiveness of experimental technologies, if any, e.g., non-physical barrier 

(“bubble curtain.”)  
 

3) Annual reviews of the study results shall be conducted by the DOSS group.  At the end of 
the 6-year period, a status review of Action IV.2.1 shall be prepared by the DOSS group.  
The status review shall be used to assess the success of Action IV.2.1 in increasing 
survival through the Delta for San Joaquin River basin salmonids, but in particular, 
steelhead.  Based on the findings of the status review, the DOSS group will make 
recommendations to NMFS, Reclamation, CDFG, DWR, and USFWS on future actions 
to be undertaken in the San Joaquin River basin as part of an adaptive management 
approach to the basin's salmonid stocks.  

 
4) Complementary studies to achieve performance goals:  At its discretion, Reclamation and 

DWR also may develop and propose complementary studies to examine alternative 
actions that would accomplish the targeted survival performance goals.  A primary effort 
of these studies will be to establish an appropriate survival goal for out-migrating 
steelhead smolts from Vernalis to Chipps Island in all water year types.  Reclamation and 
DWR may propose studies which test actions that incorporate non-flow or non-export 
related actions.  The studies shall contain specific actions within the authority and 
discretion of Reclamation and/or DWR, an evaluation of the projected benefits of each 
action with respect to increasing survival to the performance goal, evidence used to 



support this evaluation including literature citations, particle tracking modeling and other 
predictive tools, to demonstrate that the survival will be achieved, and a demonstration 
that the actions are reasonably certain to occur within the term of the study period.  Any 
complementary study proposal shall be peer reviewed by the Calfed Science Program (or 
other comparable science group) and by the DOSS workgroup prior to being submitted to 
NMFS. 

 
Upon receipt of the complementary study proposal, NMFS will review the draft proposal for 
sufficiency of information, experimental design, and likelihood to meet performance goals 
and provide comments back to Reclamation and DWR within 30 days of receipt.  If NMFS 
concurs with the complementary study proposal, and finds the studies do not conflict with the 
actions implemented under the RPA, then the study may be conducted concurrently with the 
actions set forth above (Action IV.2.1 and IV.2.2).  Throughout the six years of study, all 
new data will be annually evaluated by the proposed DOSS group, which will then provide 
recommendations through a written report to the management of NMFS and Reclamation for 
continuing actions in the San Joaquin River basin in support of CV steelhead. 

 
Exception:  If, despite Reclamation and DWR’s best efforts, the new experiment is not ready 
for implementation in 2010, then VAMP study design may continue for 1 year, upon written 
concurrence of NMFS.  A generalized representation of the design is provided, as follows: 
 

 
 
Rationale:  This experiment will provide important information about the response of fish 
migration to flows, exports, and other stressors in the San Joaquin River corridor.  Flows and 
exports will be varied according to time period.  From March 1 through March 31, the studies 
will assess the relationship of the Vernalis flow-to-export ratio under the OMR flow 
restriction (see Action IV.2.3) to route selection at channel bifurcations in the South Delta 
and mainstem San Joaquin River, survival in the different channels reaches of the South 
Delta, and ultimately through the Delta to Chipps Island as a whole.   

 
From April 1 through May 30, the studies will assess the effectiveness of varying ratios by 
water year type (see Action IV.2.1) by comparing channel selection, route survival, and 
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overall through-Delta survival during this period of stabilized conditions to the other two 
periods.   

 
From June 1 to June 15, the studies will focus on the relative importance of exports, as 
compared to flows, by deliberately varying exports under similar flow conditions.  Acoustic 
tagging studies have the potential to provide this level of resolution.  Results from these 
studies may be able to indicate, at a fine temporal and spatial scale, how exports and flow 
influence route selection of migrating fish and their survival probabilities in the different 
channel reaches.  Knowledge of these factors should aid in the management decision process 
and reduce project impacts to listed salmonids based on findings with strong scientific 
foundations. 
 

Action IV.2.3  Old and Middle River Flow Management 
 

Objective:  Reduce the vulnerability of emigrating juvenile winter-run, yearling spring-run, 
and CV steelhead within the lower Sacramento and San Joaquin rivers to entrainment into the 
channels of the South Delta and at the pumps due to the diversion of water by the export 
facilities in the South Delta.  Enhance the likelihood of salmonids successfully exiting the 
Delta at Chipps Island by creating more suitable hydraulic conditions in the mainstem of the 
San Joaquin River for emigrating fish, including greater net downstream flows.  

 
Action:  From January 1 through June 15, reduce exports, as necessary, to limit negative 
flows to -2,500 to -5,000 cfs in Old and Middle Rivers, depending on the presence of 
salmonids.  The reverse flow will be managed within this range to reduce flows toward the 
pumps during periods of increased salmonid presence.  The negative 
flow objective within the range shall be determine based on the following decision tree: 

 
 

 Date  Action Triggers Action Responses 

January 1 
– June 15  
 

January 1 – June 15 Exports are managed to a level that 
produces a 14-day running average 
of the tidally filtered flow of (minus) 
-5,000 cfs in Old and Middle River 
(OMR).  A five-day running average 
flow shall be calculated from the 
daily tidally filtered values and be no 
more than 25 percent more negative 
than the targeted requirement flow 
for the 14-day average flow.36

                                                 
36 Daily OMR flows used to compute the 14-day and 5-day averages shall be tidally filtered values reported by the 
USGS for the Old River at Bacon Island and Middle River at Middle River monitoring stations.  The 14-day running 
average shall be no more negative than the targeted flow requirement.  The 5-day running average shall be no more 
than 25 percent more negative than the targeted flow requirement.  (Transition explanations below are based on 
personal communication Ryan Olah, USFWS, to ensure consistency of OMR measurements and averaging periods 
with implementation of OMR in Smelt Biological Opinion). 
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January 1 
– June 15  
First Stage 
Trigger 
(increasing 
level of 
concern) 

 

Daily SWP/CVP older juvenile loss 
density (fish per taf) 1) is greater 
than incidental take limit divided by 
2000 (2 percent WR JPE ÷ 2000), 
with a minimum value of 2.5 fish per 
taf, or 2) daily loss is greater than 
daily measured fish density divided 
by 12 taf (daily measured fish 
density ÷ 12 taf) or 3) CNFH CWT 
LFR or LSNFH CWT WR 
cumulative loss greater than 0.5%, or 
4) daily loss of wild steelhead (intact 
adipose fin) is greater than the daily 
measured fish density divided by 12 
taf (daily measured fish density ÷ 12 
taf)37

Reduce exports to achieve an average 
net OMR flow of (minus)  
-3,500 cfs for a minimum of 5 
consecutive days.  The five day 
running average OMR flows shall be 
no more than 25 percent more 
negative than the targeted flow level 
at any time during the 5-day running 
average period (e.g., -4,375 cfs 
average over five days). 
Resumption of (minus) -5,000 cfs 
flows is allowed when average daily 
fish density is less than trigger 
density for 3 consecutive days 
following the 5 consecutive days of 
export reduction38.  Reductions are 
required when any one criterion is 

                                                                                                                                                             
 
Transition to more restrictive (less negative) OMR limit  
 
When a more restrictive Old and Middle River flow (OMR) limit is decided upon, the water projects may continue 
to operate to the old limit for up to two additional days, with both 5-day and 14-day averaging periods in effect.  On 
the third day, the moving daily OMR will be no more negative than the new limit, and no moving averages will 
apply.  New moving averages will be calculated from the third day forward.  On the fourth day, OMR can be no 
more than 25% more negative than the daily OMR on the third day; On the fifth day, OMR can be no more than 
25% more negative than the midpoint between the daily OMRs on the third day and the fourth day; on the sixth day, 
OMR can be no more than 25% more negative than the average of the OMRs on the third, fourth, and fifth day; and 
so on.  From the 8th day forward, if OMR restrictions due to triggers are still be implemented, a full 5-day moving 
average will exist, and daily OMR on any day cannot be more than 25% more negative than the 5-day moving 
average.  On the 17th day, a 14-day moving average will be available.  Consequently, from the 17th day forward, the 
14-day moving average cannot be more negative than the OMR limit. 
 
Transition to less restrictive (more negative) OMR limit 
 
When a less restrictive OMR limit is decided upon, the water projects may begin to operate to that limit on the same 
day.  The 5-day and 14-day averaging periods will continue to be computed through the transition.  However, the 5-
day averaging period will not provide 25% flexibility from the day the new OMR is imposed through the 7th day 
after the new limit is adopted.  Through the 7th day after imposition, daily OMR may not be more negative than the 
new limit. 
 
37 NMFS assumes that the loss of winter-run Chinook salmon and steelhead are similar in nature based on annual 
loss estimates.  As an initial trigger, the density of steelhead, which includes smolts and adults, will be used in the 
same equation as the older juvenile salmon trigger to change OMR flows.  This will be reviewed by the DOSS group 
annually and recommendations to the trigger criteria made based on an assessment of the results. 
38 Three consecutive days in which the loss numbers are below the action triggers are required before the OMR flow 
reductions can be relaxed to -5,000 cfs.  A minimum of 5 consecutive days of export reduction are required for the 
protection of listed salmonids under the action.  Starting on day three of the export curtailment, the level of fish loss 
must be below the action triggers for the remainder of the 5-day export reduction to relax the OMR requirements on 
day 6.  Any exceedances of the triggers restarts the 5-day OMR actions with the three day loss monitoring criteria. 
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met.   

January 1 - 
June 15 
Second 
Stage 
Trigger 
(analogous 
to high 
concern 
level) 

Daily SWP/CVP older juvenile loss 
density (fish per taf) is 1) greater 
than incidental take limit (2 percent 
of WR JPE) divided by 1000 (2 
percent of WR JPE ÷ 1000), with a 
minimum value of 2.5 fish per taf, or 
2) daily loss is greater than daily fish 
density divided by 8 taf (daily fish 
density ÷8 taf), or 3) CNFH CWT 
LFR or LSNFH CWT WR 
cumulative loss greater than 0.5%, or 
4) daily loss of wild steelhead (intact 
adipose fin) is greater than the daily 
measured fish density divided by 8 
taf (daily measured fish density ÷ 8 
taf)  

Reduce exports to achieve an average 
net OMR flow of (minus) -2,500 cfs 
for a minimum 5 consecutive days.  
Resumption of (minus)  
-5,000 cfs flows is allowed when 
average daily fish density is less than 
trigger density for 3 consecutive days 
following the 5 consecutive days of 
export reduction.  Reductions are 
required when any one criterion is 
met. 

End of 
Triggers 

Continue action until June 15 or until 
average daily water temperature at 
Mossdale is greater than 72oF (22oC) 
for 7 consecutive days (1 week), 
whichever is earlier. 

If trigger for end of OMR regulation 
is met, then the restrictions on OMR 
are lifted. 

 
 

Implementation procedures:  Combined exports will be managed to provide for an OMR 
flow of -5,000 cfs, tidally filtered over 14-days during the period between January 1 and June 
15.  The 5-day running average shall be no more than 25 percent more negative than the 
targeted flow requirement.  Further reductions in exports will occur in a tiered fashion 
depending on the magnitude of Chinook salmon and steelhead salvage at the CVP and SWP 
fish salvage facilities. There are two export reductions triggered by increases in fish salvage 
rates at the fish collection.  The first reduction decreases exports to achieve a net average 
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OMR flow of -3,500 cfs over a minimum of 5 consecutive days.  The second reduction, 
based on higher salvage numbers, further reduces exports to achieve a net average OMR flow 
of -2,500 cfs over a minimum of 5 days.  
 
These actions will be taken in coordination with USFWS RPA for Delta smelt and State-
listed longfin smelt 2081 incidental take permit.  During the January 1 through June 15 
period, the most restrictive export reduction shall be implemented.  If the USFWS Delta 
smelt RPA requires greater reductions in exports than those required by NMFS for 
salmonids, to achieve a more positive OMR flow, then the smelt action will be implemented, 
since it also will increase survival of listed salmonids.  Likewise, if the NMFS RPA criteria 
are more restrictive than those called for under the Delta smelt RPA, then NMFS RPA 
criteria will prevail and will increase survival of Delta smelt as well as salmonids.   
  
Rationale:  Juvenile listed salmonids emigrate downstream in the main channel of the San 
Joaquin River during the winter and spring period.  Juvenile listed steelhead from the San 
Joaquin River basin, the Calaveras River basin, and the Mokelumne River basin also utilize 
the lower reaches of the San Joaquin River as a migration corridor to the ocean.  The river 
reach between the Port of Stockton and Jersey Point has many side channels leading south 
toward the export facilities.  High export levels draw water through these channels toward 
the pumps, as these channels are the conduits that supply water to the pumps from the north.  
Outputs from PTM simulations, as well as data from acoustic tagging studies (Vogel 2004, 
SJRGA 2006, 2007), show that migrating fish are vulnerable to diversion into these channels 
and respond to flow within the channels, including the net migration speed downstream 
(SJRGA 2008). 
 
The acoustic tagging studies also indicate that fish behavior is complex, with fish exhibiting 
behavior that is not captured by the “tidal surfing’ model utilized as one of the options in the 
PTM simulations.  Fish made their way downstream in a way that was more complicated 
than simply riding the tide, and no discernable phase of the tide had greater net downstream 
movement than another.  Furthermore, tagged fish chose channels leading south more 
frequently when exports were elevated, than when exports were lower (Vogel 2004).  Fish 
that moved into channels leading south may eventually find their way back to the main 
channel of the San Joaquin, but this roundabout migratory path exposes fish to higher 
predation risks as well as the potential to become lost within the Delta interior, increasing 
migration route length and duration of the outmigration.  Increased time in the channels of 
the Central and South Delta exposes fish to unscreened agricultural diversions, discharges of 
agricultural irrigation return water to the Delta, increased water temperature later in the 
season, and the risk of predation from pelagic predators such as striped bass and localized 
ambush predators such as largemouth bass.  In order to increase the likelihood of survival, 
emigrating steelhead from the San Joaquin Basin and the east-side tributaries should remain 
in the mainstem of the San Joaquin River to the greatest extent possible and reduce their 
exposure to the adverse effects that are present in the channels leading south toward the 
export facilities.   
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Reducing the risk of diversion into the central and southern Delta waterways also will 
increase survival of listed salmonids and green sturgeon entering the San Joaquin River via 
Georgiana Slough and the lower Mokelumne River.  As described in the effects section of the 
Opinion, these fish also are vulnerable to entrainment by the far-field effects of the exports.  
The data output for the PTM simulation of particles injected at the confluence of the 
Mokelumne River and the San Joaquin River (Station 815) indicate that as net OMR flow 
increases southwards from -2,500 to -3,500 cfs, the risk of particle entrainment nearly 
doubles from 10 percent to 20 percent, and quadruples to 40 percent at -5,000 cfs.  At flows 
more negative than -5,000 cfs, the risk of entrainment increases at an even greater rate, 
reaching approximately 90 percent at -7,000 cfs.  Even if salmonids do not behave exactly as 
neutrally buoyant particles, the risk of entrainment escalates considerably with increasing 
exports, as represented by the net OMR flows.  The logical conclusion is that as OMR 
reverse flows increase, risk of entrainment into the channels of the South Delta is increased.  
Conversely, the risk of entrainment into the channels of the South delta is reduced when 
exports are lower and the net flow in the OMR channels is more positive -- that is, in the 
direction of the natural flow toward the ocean. 

 
Action IV.3  Reduce Likelihood of Entrainment or Salvage at the Export Facilities 
  

Objective:  Reduce losses of winter-run, spring-run, CV steelhead, and Southern DPS of 
green sturgeon by reducing exports when large numbers of juvenile Chinook salmon are 
migrating into the upper Delta region, at risk of entrainment into the central and south Delta 
and then to the export pumps in the following weeks. 
 
Action: From November 1 through April 30, operations of the Tracy and Skinner Fish 
Collection Facilities shall be modified according to monitoring data from upstream of the 
Delta.  In conjunction with the two alerts for closure of the DCC (Action IV.1.1), the Third 
Alert shall be used to signal that export operations may need to be altered in the near future 
due to large numbers of juvenile Chinook salmon migrating into the upper Delta region, 
increasing their risk of entrainment into the central and south Delta and then to the export 
pumps. 
 
Third Alert:  The catch index is greater than 10 fish captured per day from November 1 to 
February 28, or greater than 15 fish captured per day from March 1 to April 30, from either 
the Knights Landing catch index or the Sacramento catch index. 
 
Response: From November 1 through December 31, when salvage numbers reach the action 
triggers, exports shall be reduced as follows:   
 
 Date  Action Triggers Action Responses 
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Daily SWP/CVP older juvenile loss 
density greater than 8 fish/thousand 
acre feet (taf), or daily loss is greater 
than 95 fish per day, or Coleman 
National Fish Hatchery coded wire 
tagged late fall-run Chinook salmon 
(CNFH CWT LFR) or Livingston 
Stone National Fish Hatchery coded 
wire tagged winter-run (LSNFH CWT 
WNT) cumulative loss is greater than 
0.5%. 

Reduce exports to a combined 
6,000 cfs for 3 days or until 
CVP/SWP daily density is less 
than 8 fish/taf.  Export 
reductions are required when any 
one of the four criteria is met. 

 
 
 
 
 
November 1 – 
December 31 
 

Daily SWP/CVP older juvenile loss 
density greater than 15 fish/taf, or 
daily loss is greater 120 fish per day, 
or CNFH CWT LFR or LSNFH CWT 
WNT cumulative loss greater than 
0.5%. 

Reduce exports to a combined 
4,000 cfs for 3 days or until 
CVP/SWP daily density is less 
than 8 fish/taf.  Export 
reductions are required when any 
one of the four criteria is met. 

 
From January 1 through April 30, implement Action IV.2.3 which include restrictions on 
OMR flows rather than set levels of combined export pumping.  Alert triggers will remain in 
effect to notify the operators of the CVP and SWP that large numbers of juvenile Chinook 
salmon are entering the Delta system. 
 
Rationale:   As explained previously, juvenile salmonids and green sturgeon have a lower 
chance of survival to the ocean if they are diverted from their migratory routes on the main 
Sacramento and San Joaquin Rivers into the central and south Delta.  Export pumping 
changes flow patterns and increases residence time of these diverted fish in the central Delta, 
which increases the risk of mortality from predation, water diversions, poor water quality, 
and contaminant exposure, as well as the likelihood of entrainment at the pumps.  When 
more fish are present, more fish are at risk of diversion and losses will be higher. The Third 
Alert is important for real-time operation of the export facilities because the collection and 
dissemination of field data to the resource agencies and coordination of response actions may 
take several days.  This action is designed to work in concert with the OMR action in IV.2.3. 

 
Action Suite IV.4  Modifications of the Operations and Infrastructure of the CVP and SWP 
Fish Collection Facilities  
 
Objective:  Achieve 75 percent performance goal for whole facility salvage at both state and 
Federal facilities.  Increase the efficiency of the Tracy and Skinner Fish Collection Facilities to 
improve the overall salvage survival of winter-run, spring-run, CV steelhead, and green sturgeon.   
 
Action: Reclamation and DWR shall each achieve a whole facility salvage efficiency of 75 
percent at their respective fish collection facilities.  Reclamation and DWR shall implement the 
following actions to reduce losses associated with the salvage process, including: (1) conduct 
studies to evaluate current operations and salvage criteria to reduce take associated with salvage, 
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(2) develop new procedures and modifications to improve the current operations, and (3) 
implement changes to the physical infrastructure of the facilities where information indicates 
such changes need to be made.  Reclamation shall continue to fund and implement the CVPIA 
Tracy Fish Facility Program.  In addition, Reclamation and DWR shall fund quality control and 
quality assurance programs, genetic analysis, louver cleaning loss studies, release site studies and 
predation studies.  Funding shall also include new studies to estimate green sturgeon screening 
efficiency at both facilities and survival through the trucking and handling process.   
 
By January 31 of each year, Reclamation and DWR shall submit to NMFS an annual progress 
report summarizing progress of the studies, recommendations made and/or implemented, and 
whole facility salvage efficiency.  These reports shall be considered in the Annual Program 
Review.   
 
Action IV.4.1  Tracy Fish Collection Facility (TFCF) Improvements to Reduce Pre-Screen 
Loss and Improve Screening Efficiency 
  

Objective: Implement specific measures to reduce pre-screen loss and improve screening 
efficiency at Federal facilities. 

 
Action:  Reclamation shall undertake the following actions at the TFCF to reduce pre-screen 
loss and improve screening efficiency: 

 
1) By December 31, 2012, improve the whole facility efficiency for the salvage of Chinook 

salmon, CV steelhead, and Southern DPS of green sturgeon so that overall survival is 
greater than 75 percent for each species.  

 
a) By December 31, 2011, Reclamation shall complete studies to determine methods for 

removal of predators in the primary channel, using physical and non-physical removal 
methods (e.g., electricity, sound, light, CO2), leading to the primary louver screens 
with the goal of reducing predation loss to ten percent or less.  Findings shall be 
reported to NMFS within 90 days of study completion.  By December 31, 2012, 
Reclamation shall implement measures to reduce pre-screen predation in the primary 
channel to less than ten percent of exposed salmonids. 

b) By March 31, 2011, Reclamation shall complete studies for the re-design of the 
secondary channel to enhance the efficiency of screening, fish survival, and reduction 
of predation within the secondary channel structure and report study findings to 
NMFS.  NMFS shall review study findings and if changes are deemed feasible, 
Reclamation shall initiate the implementation of the study findings by January 31, 
2012. 

c) No later than June 2, 2010, Reclamation shall submit to NMFS, one or more potential 
solutions to the loss of Chinook salmon and green sturgeon associated with the 
cleaning and maintenance of the primary louver and secondary louver systems at the 
TFCF.  In the event that a solution acceptable to NMFS is not in place by June 2, 
2011, pumping at the Tracy Pumping Plant shall cease during louver cleaning and 
maintenance operations to avoid loss of fish during these actions. 
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2) By December 31, 2011, Reclamation shall implement operational procedures to optimize 

the simultaneous salvage of juvenile salmonids and Delta smelt at the facility. 
 

3) Immediately upon issuance of this biological opinion, Reclamation shall begin removing 
predators in the secondary channel at least once per week.  By June 2, 2010, Reclamation 
shall install equipment to monitor for the presence of predators in secondary channel 
during operations.  This could include an infrared or low light charged coupled device 
camera or acoustic beam camera mounted within the secondary channel.   

 
4) Reclamation shall operate the facility to meet design criteria for louver bypasses and 

channel flows at least 75 percent efficiency.   
 

5) Reclamation shall maintain a head differential at the trash rack of less than 1.5 ft. 
between the ambient Old River water surface elevation and the primary intake channel at 
all times.  

 
6) By January 2, 2010, Reclamation shall install and maintain flow meters in the primary 

and secondary channels to continuously monitor and record the flow rates in the channel.  
Deviations from design flow criteria shall initiate immediate corrective measures to 
remedy deficiencies and return channel flows to design flow specifications.   

 
7) Reclamation shall change its operations of the TFCF to meet salvage criteria, while 

emphasizing the following actions:  (a) Primary Bypass Ratio; (b) Secondary Bypass 
Ratio; (c) Primary Average Channel Velocity; and (d) Secondary Average Channel 
Velocity. 

 
8) Records of all operating actions shall be kept and made available to NMFS engineers 

upon request.  NMFS shall be notified of any major or long-term deviations from normal 
operating design criteria within 24 hours of occurrence.   

 
Action IV.4.2  Skinner Fish Collection Facility Improvements to Reduce Pre-Screen Loss 
and Improve Screening Efficiency 
 

Objective: Implement specific measures to reduce pre-screen loss and improve screening 
efficiency at state facilities. 

 
Action:  DWR shall undertake the following actions at the Skinner Fish Collection Facility: 

 
1) By December 31, 2012, operate the whole Skinner Fish Protection Facility to achieve a 

minimum 75 percent salvage efficiency for CV salmon, steelhead, and Southern DPS of 
green sturgeon after fish enter the primary channels in front of the louvers.  
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2) Immediately commence studies to develop predator control methods for Clifton Court 
Forebay that will reduce salmon and steelhead pre-screen loss in Clifton Court Forebay to 
no more than 40 percent. 

 
a) On or before March 31, 2011, improved predator control methods.  Full compliance 

shall be achieved by March 31, 2014.  Failure to meet this timeline shall result in the 
cessation of incidental take exemption at SWP facilities unless NMFS agrees to an 
extended timeline.   

b) DWR may petition the Fish and Game Commission to increase bag limits on striped 
bass caught in Clifton Court Forebay. 

 
3) Remove predators in the secondary channel at least once per week. 

 
Action IV.4.3  Tracy Fish Collection Facility and the Skinner Fish Collection Facility 
Actions to Improve Salvage Monitoring, Reporting and Release Survival Rates 
 

Objective:  To improve overall survival of listed species at facilities through accurate, rapid 
salvage reporting and state-of-the-art salvage release procedures.  This reporting is also 
necessary to provide information needed to trigger OMR actions. 
 
Action:  Reclamation and DWR shall undertake the following actions at the TFCF and the 
Skinner Fish Collection Facility, respectively.  Actions shall commence by October 1, 2009, 
unless stated otherwise.  

 
1) Sampling rates at the facilities for fish salvage counts shall be no less than 30 minutes 

every 2 hours (25 percent of operational time) year-round to increase the accuracy of 
salvage estimates used in the determination of trigger levels.  Exceptions to the 30-minute 
count may occur with NMFS’ concurrence under unusual situations, such as high fish 
densities or excessive debris loading. 

 
2) By October 1, 2010, websites shall be created or improved to make salvage count data 

publicly available within 2 days of observations of the counts.  Information available on 
the website shall include at a minimum: 

 
a) duration of count in minutes; 
b) species of fish salvaged; 
c) number of fish salvaged including raw counts and expanded counts; 
d) volume of water in acre-feet, and average daily flow in cfs; 
e) daily average channel velocity and bypass ratio in each channel, primary and 

secondary; 
f) average daily water temperature and electrical conductivity data for each facility; and 
g) periods of non-operation due to cleaning, power outages, or repairs. 

 
3) Release Site Studies shall be conducted to develop methods to reduce predation at the 
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“end of the pipe” following release of salvaged fish.  Studies shall examine but are not 
limited to: 

 
a) potential use of barges to release the fish in different locations within the western 

Delta, with slow dispersion of fish from barge holding tanks to Delta waters; 
b) multiple release points (up to six) in western Delta with randomized release schedule; 

and 
c) conducting a benefit to cost analysis to maximize this ratio while reducing predation 

at release site to 50 percent of the current rate. 
 

4) By June 15, 2011, predation reduction methods shall be implemented according to 
analysis in 3.  By June 15, 2014, achieve a predation rate that has been reduced 50 
percent from current rate. 
 

5) Add salt to water within the tanker trucks hauling fish to reduce stress of transport.  
Assess use of other means to reduce stress, protect mucous slime coat on fish, and 
prevent infections from abrasions (i.e., commercially available products for this purpose). 
 

6) All personnel conducting fish counts must be trained in juvenile fish identification and  
have working knowledge of fish physiology and biology. 
 

7) Tanker truck runs to release salmonids should be scheduled at least every 12 hours, or 
more frequently if required by the “Bates Table” calculations (made at each count and 
recorded on the monthly report). 

 
8) Reclamation and DWR shall use the Bates Table to maintain suitable environmental 

conditions for fish in hauling trucks.  Trucks should never be overcrowded so that the          
carrying capacity of the tanker truck is exceeded. 

 
Rationale:  The process for salvaging listed salmonids and green sturgeon that are drawn 
into the pumping facilities is not efficient.  For salmonids, at the Skinner Fish Protection 
Facility, loss rates can be as high as five fish lost for every fish salvaged.  Most of this loss 
occurs in the forebay before the fish even encounter the fish screen louvers and the screening 
process.  Conversely, at the Federal TFCF, most loss occurs because of poor screening 
efficiency in the louver array, although predation also occurs in front of the trash racks and in 
the primary channel leading to the primary louver array.  Louver array cleaning protocols 
also lead to high loss rates because louvers are removed during cleaning, but pumping 
continues and fish are drawn directly into the facilities.  The efficiency of the salvage process 
for green sturgeon is unknown, and this is a significant gap in the operational protocol for the 
facilities.  The 2004 CVP/SWP operations Opinion identified terms and conditions to be 
implemented regarding salvage improvements, including evaluations for operational 
improvements.  Some of those terms and conditions have been implemented but many have 
not.   
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Action IV.5  Formation of Delta Operations for Salmon and Sturgeon (DOSS) Technical 
Working Group  
 

Objective:  Create a technical advisory team .that will provide recommendations to WOMT 
and NMFS on measures to reduce adverse effects of Delta operations of the CVP and SWP to 
salmonids and green sturgeon and will coordinate the work of the other technical teams. 
 
Action:  The DOSS group will be comprised of biologists, hydrologists, and other staff with 
relevant expertise from Reclamation, DWR, CDFG, USFWS, and NMFS.  Invitations to 
EPA, USGS, and Regional Water Quality Board biologists will be extended to provide 
expertise on issues pertinent to Delta water quality, hydrology and environmental parameters.  
By October 1, 2009, Reclamation shall, jointly with NMFS, convene the DOSS working 
group.  The working group will have biweekly phone conferences, or more frequently if 
necessary for real-time operations, and meet at least quarterly to discuss and review 
information related to project operations and fisheries issues. Either Reclamation or NMFS 
may call for a special meeting of the DOSS group if they deem it necessary. 
 
The team will: 
 
1) provide recommendations for real-time management of operations to WOMT and NMFS, 

consistent with implementation procedures provided in this RPA; 
2) review annually project operations in the Delta and the collected data from the different 

ongoing monitoring programs; 
 

3) track the implementation of Actions IV.1 through IV.4; 
 

4) evaluate the effectiveness of Actions IV.1 through IV.4 in reducing mortality or 
impairment of essential behaviors of listed species in the Delta; 

 
5) oversee implementation of the acoustic tag experiment for San Joaquin fish provided for 

in Action IV.2.2; 
 

6) coordinate with the SWG to maximize benefits to all listed species; and 
 

7) coordinate with the other technical teams identified in this RPA to ensure consistent 
implementation of the RPA. 

 
The DOSS team shall provide annual written reports to Reclamation, DWR, and NMFS, 
including a summary of major actions taken during the year to implement Action Suite IV of 
this RPA, an evaluation of their effectiveness, and recommendations for future actions.  At 
the technical staff level, the working group will coordinate with the DAT, the SWG, and 
other workgroups to ensure coherent and consistent implementation of actions in the Delta.  
Every five years, the DOSS working group will produce a summary report of the previous 
five years of operations, actions taken, and the effectiveness of those actions in achieving the 
objectives of the Delta actions in this RPA.  Included in this report will be recommendations 
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for adaptive management changes consistent with the objectives of this RPA.  The report will 
be provided to NMFS, Reclamation, DWR, CDFG and USFWS. 
 
The DOSS group shall also provide a coordinating function for the other technical working 
groups, to assure that relevant information from all technical groups is considered in actions 
to implement this RPA.   
 
Rationale:  This RPA contains a series of measures to minimize adverse effects of project 
operations in the Delta.  An interagency technical team is necessary to track implementation 
of these measures, recommend actions within the boundaries of the implementation 
procedures in this document, and to build expertise over time to recommend changes to Delta 
operations.  Any significant changes to Operations will trigger re-initiation of this opinion. 

 
Action IV.6  South Delta Improvement Program—Phase I (Permanent Operable Gates) 
 

Action:  DWR shall not implement the South Delta Improvement Program, which is a 
proposal to replace temporary barriers with permanent operable gates. 
 
Rationale:  In a separate formal consultation (2009/01239), NMFS issued a 2008 biological 
opinion on the installation and operation of temporary barriers through 2010 (NMFS 2008).  
That biological opinion concluded that the temporary barriers would not jeopardize the 
continued existence of listed species or adversely modify critical habitat.  This CVP/SWP 
operations Opinion concludes that on the basis of the best information available, the 
proposed replacement of these temporary barriers with permanent operable gates will 
adversely modify critical habitat.  NMFS has not identified an alternative to the proposed 
permanent gates that meets ESA obligations. 
 
After analyses of the operations of the temporary barriers are completed, as specified in the 
2008 biological opinion, DWR may request that Reclamation reinitiate consultation with 
NMFS on the South Delta Improvement Program or may pursue permitting under ESA 
section 10.  Additionally, DWR may apply information developed from Action IV.1.2 to 
modify the barrier design.  

 
V.  Fish Passage Program 

 
Introduction: The duration of the proposed action is more than two decades.  The long time 
horizon of the consultation requires NMFS to anticipate long-term future events, including 
increased water demand and climate change.  The effects analysis in this Opinion highlights the 
difficulty of managing cold water aquatic species below impassible barriers, depending entirely 
on a fluctuating and often inadequate cold water reservoir pool.  The analysis shows that even 
after all discretionary actions are taken to operate Shasta and Folsom reservoirs to reduce adverse 
effects of water operations on listed anadromous fish, the risk of temperature-related mortality of 
fish and eggs persists, especially in critically dry years.  This mortality can be significant at the 
population level.  The analysis also leads us to conclude that due to climate change, the 
frequency of these years will increase.     
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Therefore, NMFS believes it is necessary for Reclamation, in cooperation with NMFS, other 
fisheries agencies, and DWR, to undertake a program to provide fish passage above currently 
impassable artificial barriers for Sacramento River winter-run, spring-run, and CV steelhead, and 
to reintroduce these fish to historical habitats above Shasta and Folsom Dams.  Substantial areas 
of high quality habitat exist above these dams: there are approximately 60 mainstem miles above 
Lake Shasta and 50 mainstem miles above Lake Folsom.  These high-elevation areas of suitable 
habitat will provide a refuge for cold water fish in the face of climate change.  
 
An RPA requiring a fish passage program has recently been issued by the Northwest Region of 
NMFS, as part of the Willamette Projects Biological Opinion (NMFS 2008).  This jeopardy 
biological opinion resulted from the operation of a series of Federal projects in Oregon.  That 
RPA represents the state-of-the-art program to address passage concerns such as residualism 
(failure to complete the downstream migration) and predation.  The following suite of actions is 
similar, but not identical, to those in the Willamette projects Opinion.  There are several designs 
available for passage, and some are likely to be more effective in some locations than others.  
Consequently, while NMFS suggests that Reclamation learn from the Willamette experience, the 
actions allow Reclamation to follow different critical paths, particularly with respect to the 
construction of a downstream passage prototype.   
 
The Fish Passage Program includes a fish passage assessment for evaluating steelhead passage 
above Goodwin, Tulloch, and New Melones Dams on the Stanislaus River.  The assessment will 
develop information necessary for consideration and development of fish passage options for the 
Southern Sierra Diversity Group of CV steelhead.  Although pilot testing of passage in the 
Stanislaus is encouraged, it is not specifically required.     
 
The Fish Passage Program Action includes several elements that are intended to proceed in 
phases.  The near-term goal is to increase the geographic distribution and abundance of listed 
species.  The long-term goal is to increase abundance, productivity, and spatial distribution, and 
to improve the life history and genetic diversity of the target species.  Several actions are 
included in this program, as indicated in the following outline of the program: 
 
Near-Term Fish Passage Actions: 

NF 1. Formation of Interagency Fish Passage Steering Committee 
NF 2. Evaluation of Habitat Above Dams 
NF 3. Development of Fish Passage Pilot Plan 
NF 4. Implementation of Pilot Reintroduction Program 

NF 4.1. Adult Fish Collection and Handling Facilities 
NF 4.2. Adult Fish Release Sites above Dams, and Juvenile Fish Sites Below Dams 
NF 4.3. Capture, Trapping, and Relocation of Adults 
NF 4.4. Interim Downstream Fish Passage through Reservoirs and Dams 
NF 4.5. Juvenile Fish Collection Prototype 
NF 4.6. Pilot Program Effectiveness Monitoring and Evaluation 
NF 4.7. Stanislaus River Fish Passage Assessment 

NF 5. Comprehensive Fish Passage Report 
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Long-Term Fish Passage Actions: 

LF 1. Long-term Funding and Support for the Interagency Fish Passage Steering 
Committee. 

LF 2. Long-term Fish Passage Program 
LF 2.1. Construction  and Maintenance of Adult and Juvenile Fish Passage Facilities 
LF 2.2. Development of Supplementation and Management Plan  
LF 2.3. Construction and Maintenance of Long-term Adult and Juvenile Release 

Locations and Facilities. 
LF 2.4. Development of Fish Passage Monitoring and Evaluation Plan 

 
 
NEAR-TERM FISH PASSAGE ACTIONS 
 
NF 1.  Formation of Interagency Fish Passage Steering Committee 
 

Objective:  To charter, and support through funding agreements, an interagency steering 
committee to provide oversight and technical, management, and policy direction for the Fish 
Passage Program.   
 
Action:  By December 2009, Reclamation shall establish, chair and staff the Interagency 
Fish Passage Steering Committee.  The Committee shall be established in consultation with 
and the approval of NMFS and shall include senior biologists and engineers with experience 
and expertise in fish passage design and operation, from Reclamation, NMFS, DWR, CDFG, 
and USFWS.  The Steering Committee also shall include academic support by including at 
least one academic member from a California University with and established fishery 
program.  The committee shall be limited to agency membership unless otherwise approved 
by Reclamation and NMFS.  Steering committee membership shall include on lead member 
and one alternate. 
 
Rationale:  Interagency coordination and oversight is critical to ensuring the success of the 
fish passage program. 

 
NF 2.  Evaluation of Salmonid Spawning and Rearing Habitat Above Dams 
 

Objective:  To quantify and characterize the location, amount, suitability, and functionality 
of existing and/or potential spawning and rearing habitat for listed species above dams 
operated by Reclamation. 
 
Action:  Beginning in January 2010 and continuing through January 2012, Reclamation, 
shall conduct habitat evaluations to quantify and characterize the location, amount, 
suitability, and functionality of existing and/or potential spawning and rearing habitat for 
listed species above the project reservoirs.  Reclamation shall obtain the Steering 
Committee’s assistance in designing and implementing the habitat evaluations.  Evaluations 
shall be conducted using established field survey protocols such as the USFS Region 5 
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Stream Condition Inventory, Field Intensive and Field Extensive protocols; and habitat 
models including the Salmon Habitat Integrated Resource Analysis (Shiraz) in combination 
with the Distributed Hydrology Soil Vegetated Model (DHSVM) or RIPPLE.  Shiraz is a 
life-cycle model that incorporates stream flow and temperature inputs from DHSVM to 
develop future projections of salmon population sizes.  Ripple uses digital terrain information 
with aquatic habitat and biological data to identify habitat limitations that affect salmon 
production.  Both modeling approaches have been applied in the Washington and Oregon 
assess the value of providing passage to salmonids to historically available habitat.  
 
Rationale:  The condition and suitability of historical habitats located above impassable 
barriers is likely to have changed considerably since last occupied by anadromous fish.  The 
location, quantity, and condition of habitat must be inventoried and assessed in order to 
evaluate the current carrying capacity and restoration potential.  This information is essential 
to determine where passage and reintroduction, if feasible, are most likely to improve 
reproductive success for listed fish. 

 
NF 3.  Development of Fish Passage Pilot Plan  
 

Action:  From January 2010 through January, 2011, Reclamation, with assistance from the 
Steering Committee, shall complete a 3-year plan for the Fish Passage Pilot program.  The 
plan shall include:  (1) a schedule for implementing a 3-year Pilot Passage program on the 
American River above Nimbus and Folsom dams, and on the Sacramento River above 
Keswick and Shasta dams; and (2) a plan for funding the passage program.  This plan and its 
annual revisions shall be implemented upon concurrence by NMFS that it is in compliance 
with ESA requirements.  The plan shall include, but not be limited to, the following: 

 
1) Identify any operational requirements needed for the passage and re-introduction 

program. 
 

2) Identify protocols for optimal handling, sorting, and release conditions for ESA-listed 
fish collected at Reclamation or partner agency-funded fish collection facilities when 
they are constructed. 

 
3) Identify the number, origin, and species of fish to be released into habitat upstream of 

Reclamation dams, incorporated into the hatchery broodstock, or taken to other 
destinations. 

 
4) Identify fish collection and transportation requirements (e.g., four wheel-drive vehicles, 

smooth-walled annular tanks, large vertical slide gates, provisions for tagging/marking, 
etc.) for moving fish from below project dams to habitats above reservoirs, avoiding the 
use of facilities or equipment dedicated for other purposes (e.g., existing transport 
trucks). 

 
5) Identify optimal release locations for fish, based on access, habitat suitability, disease 

concerns, and other factors (e.g., those which would minimize disease concerns, 
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recreational fishery impacts, interbreeding with non-native O. mykiss strains, regulatory 
impacts, special authorities for studies/construction, complications from upstream dams, 
etc.).  

 
6) Identify and evaluate options for providing tailored ESA regulatory assurances for non-

Federal landowners above the dams where species could be re-introduced. 
 

7) Identify interim downstream fish passage options through reservoirs and dams with the 
objective of identifying volitional downstream passage scenarios and alternatives for 
juvenile salmon and steelhead migrating through or around project reservoirs and dams. 
If these options are not considered feasible, identify interim non-volitional alternatives.  
Near-term operating alternatives that are determined to be technically and economically 
feasible and biologically justified shall be identified by Reclamation and the steering 
committee agencies.  

 
8) Describe scheduled and representative types of unscheduled, maintenance of existing 

infrastructure (dams, transmission lines, fish facilities, etc.) that could adversely impact 
listed fish, and describe measures to minimize these impacts. 

 
9) Describe procedures for coordinating with Federal and state resource agencies in the 

event of scheduled and unscheduled maintenance. 
 

10) Describe protocols for emergency events and deviations. 
 

Reclamation and partner agencies shall annually revise and update the Fish Passage Pilot 
Plan. The revisions and updates shall be based on results of Fish Passage Pilot Plan activities, 
construction of new facilities, recovery planning guidance, predicted annual run size, and 
changes in hatchery management.  By January 15 of each year, Reclamation shall submit a 
revised draft plan to NMFS.  By February 15, NMFS shall advise Reclamation and partner 
agencies whether it concurs that the revised Fish Passage Plan is likely to meet ESA 
requirements.  Reclamation and partner agencies shall release a final updated Fish Passage 
Pilot Plan by March 14 of each year.  
 
Rationale:  The Fish Passage Pilot Plan is a critical link between measures in the Proposed 
Action and this RPA and the long-term fish passage program.  The plan will provide a 
blueprint for obtaining critical information about the chances of successful reintroduction of 
fish to historical habitats and increasing the spatial distribution of the affected populations.  
By including emergency operations within the Plan, field staff will have a single manual to 
rely on for all fish-related protocols, including steps that should be taken in emergency 
situations to minimize adverse effects to fish.  

 
NF 4.  Implementation of Pilot Reintroduction Program  
 

Objective:  To implement short-term fish passage actions that will inform the planning for 
long-term passage actions. 
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Actions:  From January 2012 through 2015, Reclamation shall begin to implement the Pilot 
Reintroduction Program (see specific actions below).  The Pilot Program will, in a phased 
approach, provide for pilot reintroduction of winter-run and spring-run  to habitat above 
Shasta Dam in the Sacramento River, and CV steelhead above Folsom Dam in the American 
River.  This interim program will be scalable depending on source population abundance, 
and will not impede the future installation of permanent facilities, which require less 
oversight and could be more beneficial to fish.  This program is not intended to achieve 
passage of all anadromous fish that arrive at collection points, but rather to phase in passage 
as experience with the passage facilities and their benefits is gained.  

 
Rationale:  The extent to which habitats above Central Valley dams can be successfully 
utilized for the survival and production of anadromous fish is currently unknown.  A pilot 
reintroduction program will allow fishery managers to incrementally evaluate adult 
reintroduction locations, techniques, survival, distribution, spawning, and production, and 
juvenile rearing, migration.  The pilot program also will test juvenile collection facilities. 

 
This action requires facility improvements or replacements, as needed, and establishes dates 
to complete work and begin operation. In some cases, work could be initiated sooner than 
listed above, and NMFS expects Reclamation and partner agencies to make these 
improvements as soon as possible. 

 
Because these facilities will be used in lieu of volitional fish passage to provide access to 
historical habitat above the dams, this measure is an essential first step toward addressing 
low population numbers caused by decreased spatial distribution, which is a key limiting 
factor for Chinook salmon and CV steelhead.  

 
Upstream fish passage is the initial step toward restoring productivity of listed fish by using 
large reaches of good quality habitat above project dams. Restriction to degraded habitat 
below the dams has significantly impaired reproductive success and caused steep declines in 
abundance. 

 
NF 4.1.  Adult Fish Collection and Handling Facilities 

 
Beginning in 2012, Reclamation, with assistance from the Steering Committee, shall design, 
construct, install, operate and maintain new or rebuilt adult fish collection, handling and 
transport facilities at the sites listed below.  The objective is to provide interim facilities to 
pass fish above project facilities and reservoirs. 

 
Reclamation and partner agencies shall incorporate NMFS’ Fish Screening Criteria for 
Anadromous Salmonids (NMFS 1997a) and the best available technology.  During the design 
phase, Reclamation and partner agencies shall coordinate with NMFS to determine if the 
design should accommodate possible later connection to improved facilities, if necessary in 
years beyond 2015. 
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Reclamation and partner agencies shall complete all interim steps in a timely fashion to allow 
them to meet the following deadlines for completing construction and beginning operation of 
the facilities listed below.  These steps may include completing plans and specifications.  
Reclamation and partner agencies shall give NMFS periodic updates on their progress.  The 
order in which these facilities are completed may be modified with NMFS’ concurrence, 
based on interim analyses and biological priorities. 

 
1) Sacramento River Fish Facility – Collection facility shall be operational no later than 

March 2012. 
 

2) American River Fish Facility – Collection facility shall be operational no later than 
March 2012. 

 
NF 4.2.  Adult Fish Release Sites above Dams and Juvenile Fish Sites Below Dams 

 
Reclamation shall provide for the safe, effective, and timely release of adult fish above dams 
and juvenile fish below dams.  The Fish Passage Plan must identify and release sites.  Fish 
transport and release locations and methods shall follow existing State and Federal protocols. 
With assistance from the Steering Committee, and in coordination with applicable 
landowners and stakeholders, Reclamation shall complete construction of all selected sites by 
March 2012.   
 

NF 4.3.  Capture, Trapping, and Relocation of Adults 
 
By March 2012, Reclamation shall implement upstream fish passage for adults via “trap and 
transport” facilities while it conducts studies to develop and assess long-term upstream and 
downstream volitional fish passage alternatives.  At least one fish facility must be in place at 
terminal upstream passage points for each river that is subject to this measure.  Facilities to 
capture adults currently exist at or below Keswick and Nimbus Dams, though these may need 
to be upgraded.  The Pilot Program is a first step in providing anadromous fish passage to 
historical habitat above Project dams but will not be sufficient by itself. 
 
The number of fish that shall be relocated is expected to vary depending on the source 
population, source population size, and the results of fish habitat evaluations and modeling of 
carrying and production capacity.  The Steering Committee will work in consultation with 
the NMFS Southwest Fishery Science Center to develop adult relocation source populations 
and abundance targets.  The Steering Committee shall evaluate the use of wild and hatchery 
sources and develop strategies that minimize risk to existing wild populations. 
 
NMFS considers volitional passage via a fish ladder or other fishway to be the preferable 
alternative in most circumstances.  In the short term, upstream passage can be provided with 
fish trap and transport mechanisms, while Reclamation evaluates program effectiveness and 
passage alternatives. 
  

NF 4.4.  Interim Downstream Fish Passage through Reservoirs and Dams 
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Beginning in 2012, following the emergence of the first year class of reintroduced fish, and 
until permanent downstream passage facilities are constructed or operations are established at 
Project dams, Reclamation shall carry out interim operational measures to pass downstream 
migrants as safely and efficiently as possible through or around Project reservoirs and dams 
under current dam configurations and physical and operational constraints, consistent with 
authorized Project purposes.  
 
Near-term operating alternatives shall be identified, evaluated, and implemented if 
determined to be technically and economically feasible and biologically justified by 
Reclamation and partner agencies, within the framework of the Annual Operating Plan 
updates and revisions, and in coordination with the Fish Passage Plan Steering Committee. 
Interim devices shall be constructed to collect emigrating juvenile salmonids and emigrating 
post-spawn adult steelhead from tributaries, main stems above project reservoirs, or heads of 
reservoirs.  Fish shall be safely transported through or around reservoirs as necessary and 
released below currently impassible dams.  
 
Reclamation and partner agencies shall evaluate potential interim measures that require 
detailed environmental review, permits, or Congressional authorization as part of the Fish 
Passage Plan.  Reclamation shall complete this component of the Plan by April 30, 2011, 
including seeking authorization (if necessary) and completing design or operational 
implementation plans for the selected operations.  Measures to be evaluated  include, but are 
not limited to, partial or full reservoir drawdown during juvenile outmigration period, 
modification of reservoir refill rates, and using outlets, sluiceways, and spillways that 
typically are not opened to pass outflow.  
 

NF 4.5.  Juvenile Fish Collection Prototype 
 

Objective:  To determine whether the concept of a head-of-reservoir juvenile collection 
facility is feasible, and if so, to use head-of-reservoir facilities in Project reservoirs to 
increase downstream fish survival.  Safe and timely downstream passage of juvenile Chinook 
salmon and juvenile and adult post-spawn steelhead is a critical component to the success of 
the Fish Passage Program. 
 
Beginning in January, 2010, with input from the CVP/SWP operations Fish Passage Steering 
Committee, Reclamation shall plan, design, build, and evaluate a prototype head-of-reservoir 
juvenile collection facility above Shasta Dam.  Construction shall be complete by September 
2013.   
 
Because the head-of-reservoir fish collection concept is virtually untested, it would be 
imprudent to require such facilities without prior field studies, design, and prototype testing 
to validate the concept.  For this measure, NMFS defines “prototype” to refer to temporary 
facilities intended for concept evaluation, not long-term operations.  Further, “prototype” 
does not necessarily refer to a single concept; multiple concepts may be tested 
simultaneously.  Possible options include, among others:  (1) floating collectors in the 
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reservoir near the mouths of tributaries, (2) use of curtained or hardened structures near 
mouths of tributaries, that block surface passage into reservoirs, (3) fish collection facilities 
on tributaries above the reservoir pools, and (4) a combination of the above to maximize 
collection in high flow and low flow conditions.  
 
By the end of 2010, Reclamation, with assistance from the Fish Passage Steering Committee 
and concurrence by NMFS, shall identify a preferred location(s) and design(s) for 
construction of the prototype(s).  Construction of the prototype facility(s) must be completed 
in time to conduct two years of biological and physical evaluations of the head-of-reservoir 
prototype collection facilities by the end of 2016.  The Fish Passage Steering Committee 
shall have opportunity to comment on study proposals and a draft report on the effectiveness 
of the facilities, including recommendations for installing full-scale head-of-reservoir 
facilities at this and other reservoirs.  By December 31, 2016, after receiving concurrence 
from NMFS and USFWS on the draft report, Reclamation and partner agencies shall make 
necessary revisions to the draft report and issue a final report.  The report shall recommend 
technically and biologically feasible head-of-reservoir facilities, capable of safely collecting 
downstream migrating fish, and capable of increasing the overall productivity of the upper 
basins, then Reclamation and partner agencies shall include such facilities in the design 
alternatives that they consider in the Fish Passage Plan studies.   
 

NF 4.6.  Pilot Program Effectiveness Monitoring and Evaluation 
 

From 2012 to 2015, Reclamation shall study, and provide annual reports on, the elements of 
the pilot program, including adult reintroduction locations, techniques, survival, distribution, 
spawning, and production; and juvenile rearing, migration, recollection, and survival.  The 
objective is to gather sufficient biological and technical information to assess the relative 
effectiveness of the program elements and determine the feasibility of long-term passage 
alternatives.  A final summary report of the 5-year pilot effort shall be completed by 
December 31, 2015. 

 
NF 4.7.  Stanislaus River Fish Passage Assessment 
 

Objective:  To develop information needed in order to evaluate options for achieving fish 
passage on the Stanislaus River above Goodwin, Tulloch, and New Melones Dams.  
 
Action:  By March 31, 2011, Reclamation shall develop a plan to obtain information needed 
to evaluate options for fish passage on the Stanislaus River above Goodwin, Tulloch and 
New Melones Dams and shall submit this plan to NMFS for review.  This plan shall identify 
reconnaissance level assessments that are needed to support a technical evaluation of the 
potential benefits to CV steelhead that could be achieved with passage above the dams, a 
general assessment of logistical and engineering information needed, and a schedule for 
completing those assessments by December 31, 2016.  Reclamation is encouraged to use 
information developed for the American and Sacramento Rivers in Action NF 3 above, when 
also applicable for the Stanislaus River.  
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By December 31, 2016, Reclamation shall submit a report, including the results of the 
assessments and proposed options for further consideration, to NMFS.  By December 31, 
2018, Reclamation shall include recommendations for fish passage on the Stanislaus River in 
the Comprehensive Feasibility Report (Action NF 6.)  The report will outline the costs of 
potential projects, their biological benefits and technical feasibility, potential alternatives, 
and steps necessary to comply with all applicable statutes and regulations. 

 
Rationale:  This assessment process will develop foundational information necessary for 
consideration and development of fish passage options above New Melones Reservoir to 
relieve unavoidable effects of project operations on the Southern Sierra Diversity Group of 
CV steelhead and on adverse modification of critical habitat.     

 
NF 5.  Comprehensive Fish Passage Report 
 

Objective:  To evaluate the effectiveness of fish passage alternatives and make 
recommendations for the development and implementation of long-term passage alternatives 
and a long-term fish passage program. 
 
Action:  By December 31, 2016, Reclamation shall prepare a Comprehensive Fish Passage 
Report.  The Report shall include preliminary determinations by Reclamation and partner 
agencies regarding the feasibility of fish passage and other related structural and operational 
alternatives.  The report should include specific recommendations for improvements to 
highest priority sub-basins and/or features and to include recommendations for major 
operational changes.  It will also include identification and evaluation of high priority actions 
and may suggest modifying the scope or timelines of these high priority actions, based on the 
predicted outcome of long-term efforts. 
 
Re-initiation trigger:  If the downstream fish passage improvements are determined not 
likely to be technically or biologically feasible at this milestone, then Reclamation and the 
Steering Committee shall identify other alternatives that would be implemented within the 
same timelines as those identified in this RPA.  Reclamation and partner agencies shall 
submit specific implementation plans for alternative actions to NMFS, and NMFS shall 
evaluate whether the actions proposed in the implementation plans are likely to have the 
biological results that NMFS relied on in this Opinion.  The alternatives must be within the 
same Diversity Group as the affected population, identify high elevation habitats above dams 
that provide similar habitat characteristics in terms of water temperatures, habitat structure 
(sufficient pool depths and spawning gravels), ability to withstand long-term effects of 
climate change, and must demonstrate an ability to support populations that meet the 
characteristics of a population facing a low risk of extinction according to the population 
parameters identified in Lindley et al. (2007), “Framework for Assessing Viability of 
Threatened and Endangered Chinook Salmon and Steelhead in the Sacramento-San Joaquin 
Basin.”  If Reclamation and partners believe that the proposed passage locations may not be 
feasible, the Fish Passage Steering Committee should be directed to develop early 
assessments of alternative actions that meet the performance standards described above in 
order to maintain the schedule proposed in this action.  NMFS shall notify Reclamation and 
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partner agencies as to whether the proposal is consistent with the analysis in this Opinion.  If 
not, Reclamation will request re-initiation of consultation.    
 

LONG-TERM FISH PASSAGE ACTIONS 
 
In the event that the decision is made by 2016 to pursue a comprehensive fish passage program, 
the following actions will be implemented. 
 
LF 1.  Long-term Funding and Support to the Interagency Fish Passage Steering 
Committee 
 

If the Comprehensive Fish Passage Report indicates that long-term fish passage is feasible 
and desirable, Reclamation shall continue to convene, fund, and staff the Fish Passage 
Steering Committee.   

 
LF 2. Action Suite:  Long-Term Fish Passage Plan and Program 
 

Objective:  Provide structural and operational modifications to allow safe fish passage and 
access to habitat above and below Project dams in the Central Valley. 

 
Actions:  Based on the results of the Comprehensive Fish Passage Report, Reclamation, with 
assistance from the Steering Committee, shall develop a Long-term Fish Passage Plan and 
implement a Long-term Fish Passage Program.  Reclamation and partner agencies shall 
submit a plan to NMFS on or before December 31, 2016, which shall describe planned long-
term upstream and downstream fish passage facilities and operations, based on the best 
available information at that time.  The plan shall include a schedule for implementing a 
long-term program for safe, timely, and effective anadromous fish passage by January 31, 
2020. 
 
The Long-term Fish Passage Plan and Program shall target the following performance 
standards:  (1) demonstrated ability to withstand long-term effects of climate change, (2) 
must support populations in the target watersheds that meet the characteristics of a 
population facing a moderate risk of extinction by year 5 (2025) and a low risk of extinction 
by year 15 (2030), according to the population parameters identified in Lindley et al. (2007), 
“Framework for Assessing Viability of Threatened and Endangered Chinook Salmon and 
Steelhead in the Sacramento-San Joaquin Basin.” 

 
The structural and operational modifications needed to implement the program shall be 
developed as high priority measures in the plan.  The plan shall include an evaluation of a 
range of structural and operational alternatives for providing fish passage above Reclamation 
dams in the Sacramento, American, and Stanislaus River watersheds.  Reclamation and 
partner agencies will evaluate the information gathered through plan development, the NEPA 
process, ESA recovery planning (including life cycle modeling developed as part of the 
recovery planning process), university studies, local monitoring efforts public comment, and 
other relevant sources, to determine which alternative(s), will provide the most cost-effective 
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means to achieve adequate passage benefits to avoid jeopardy to ESA-listed fish from the 
water projects in the long term. Reclamation and partner agencies shall proceed with the 
action(s) that sufficiently address the adverse effects of the Project, in the context of future 
baseline conditions.  Reclamation and DWR shall submit specific implementation plans to 
NMFS, and NMFS shall evaluate whether the actions proposed in the implementation plans 
meet ESA requirements, consistent with this Opinion.  NMFS will notify Reclamation and 
partner agencies as to whether the proposal is consistent with ESA obligations. 

 
Reclamation and DWR also shall analyze structural and operational modifications to provide 
downstream fish passage as part of the plan, following the same process as that for providing 
upstream passage.   

 
The time frame for implementing the long-term passage measures may extend beyond the 
time frame of this Opinion.  However, Reclamation and DWR must begin some actions 
during the term of this Opinion, including as investigating feasibility, completing plans, 
requesting necessary authorization, and conducting NEPA analysis  

 
Rationale:  This suite of actions ensures that fish passage actions will be taken by specified 
dates, or that the Project will be re-analyzed based upon new information.  As noted in this 
Opinion, lack of passage is one of the most significant limiting factors for the viability of the 
affected populations of Chinook salmon and steelhead.  As described in the effects analysis 
of the biological opinion, this also exposes populations to additional and significant stressors 
from project operations that also limits their viability and ability to survive below dams.  
Providing fish passage to historical spawning and rearing habitats would effectively mitigate 
for unavoidable adverse impacts of the projects on listed fish. 

 
NMFS chose the passage in the Sacramento and American rivers based on the best available 
information at the time of this Opinion.  The choice of location of passage facilities, as well 
as the method of passage, may change based on additional information, including additional 
assessment of necessity and feasibility of passage in the Stanislaus River.  Passage methods 
may vary based on the specific requirements of each site, as well as fish behavior at a 
specific location.  If information indicates that a different location or passage method is 
preferable, then Reclamation and DWR must coordinate with the Fish Passage Plan 
committee and obtain NMFS’ concurrence that a proposed change is likely to meet ESA 
obligations.  

 
Long-term fish passage should significantly increase abundance and spatial distribution of 
winter-run, spring-run, and CV steelhead because the fish will have access to upstream 
spawning and rearing habitat, and the juveniles will have access downstream to the ocean for 
growth to maturity.  This action will address the Habitat Access pathway of critical habitat by 
improving access past physical barriers, thereby improving the status of PCEs for spawning, 
rearing, and migration of winter-run, spring-run, and CV steelhead populations. 

 
LF 2.1.  Long-term Adult and Juvenile Fish Passage Facilities 
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Based on the results of the Comprehensive Fish Passage Report and the Fish Passage Plan, 
and with the assistance of the Steering Committee, Reclamation shall construct long-term 
fish passage facilities necessary to successfully allow upstream and downstream migration of 
fish around or through project dams and reservoirs on the Sacramento and American Rivers 
by 2020, and Stanislaus River depending on results of study provided for in Action NF 4.7.  
 

LF 2.2.  Supplementation and Management Plan  
 
Based on the results of the Comprehensive Fish Passage Report and the Fish Passage Plan, 
and with the assistance of the Steering Committee, in consultation with the NMFS Southwest 
Fishery Science Center, Reclamation shall develop and implement a long-term population 
supplementation plan for each species and fish passage location identified in V. Fish Passage  
Program, with adult recruitment and collection criteria developed with consideration for 
source population location, genetic and life history diversity, abundance and production.  The 
purpose is to ensure that long-term abundance and viability criteria are met for all 
reintroduced populations, with contingencies for supplementing populations with wild and/or 
conservation hatchery fish if necessary.  The plan shall be developed by 2020.  The plan shall 
identify wild and/or hatchery sources for adult reintroductions and long-term 
supplementation, and the specific NMFS-approved hatchery management practices that 
qualify a hatchery for conservation purposes.  Species-specific conservation hatchery 
programs may be developed to supplement reintroductions and maintain long-term 
performance standards for abundance and viability.   

 
LF 2.3.  Long-term Fish Passage Monitoring and Evaluation 

 
Reclamation, through the Steering Committee shall develop a Long-term Fish Passage 
Monitoring and Evaluation Plan by 2020, to monitor all elements of the Long-term Fish 
Passage Program including adult reintroduction locations, techniques, survival, distribution, 
spawning, and production; and juvenile rearing, migration, recollection, and survival.  The 
objective is to gather sufficient biological and technical information to assess the relative 
effectiveness of the program elements and determine the feasibility of long-term passage 
alternatives.  Annual reports shall be submitted to NMFS by September 30 of each year. 

 
11.3  ANALYSIS OF RPA 
 
This section presents NMFS’ rationale for concluding that with adoption of this RPA, 
Reclamation would avoid jeopardizing the listed species and adversely modifying their proposed 
and designated critical habitats.  This rationale is presented for the following species and critical 
habitats that NMFS concluded would be jeopardized or adversely modified by the proposed 
action: 

• Sacramento River winter-run and its designated critical habitat, 
• CV spring-run and its designated critical habitat, 
• CV steelhead and its designated critical habitat, 
• Southern DPS of green sturgeon and its proposed critical habitat, and  
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• Southern Resident killer whales. 
Each section summarizes the main stressors and the actions within the RPA that alleviate those 
stressors, both in the short-term and the long-term.  This analysis relies heavily on the tables 
presented for each species.  The supporting biological information for each action referenced in 
the table is contained in the “objective” and “rationale” sections for each action in the preceding 
section.  Each action of the RPA is linked to at least one main stressor for at least one species, 
identified in the effects analysis and the integration and synthesis sections of this Opinion.  Many 
RPA actions are designed to minimize adverse effects of project operations on multiple species 
and life stages.   

11.3.1  Sacramento River Winter-Run Chinook Salmon and its Designated Critical Habitat 
 
Throughout this Opinion, NMFS has explained that a species’ viability (and conversely 
extinction risk) is determined by the VSP parameters of spatial structure, diversity, abundance, 
and productivity.  In addition, NMFS has explained the need for the proper functioning of the 
PCEs that comprise the critical habitat designation.  In sections 9.1 and 9.2, NMFS summarized 
various project-related stressors that reduced the VSP parameters and the conservation value of 
PCEs.   
 
The winter-run ESU is currently at a high risk of extinction.  As described in the Status of the 
Species section of this Opinion, weaknesses in all four VSP parameters -- spatial structure, 
population size, population growth rate, and diversity  --  contribute to this risk.  In particular  (1) 
multiple populations of this ESU have been extirpated; the ESU now is composed of only one 
population, and this population has been blocked from all of its historical spawning habitat; (2) 
habitat destruction and modification throughout the mainstem Sacramento River have 
dramatically altered the ESU’s spatial structure and diversity; (3) the ESU is at risk from 
catastrophic events, considering the remaining population’s proximity to Mt. Lassen and its 
dependency on the cold water management of Shasta Reservoir;  (4) the population has a “high” 
hatchery influence (Lindley et al. 2007);  and (5) the population experienced an almost seven 
fold decrease in 2007.  In addition, many of the physical and biological features of critical habitat 
that are essential for the conservation of winter-run are currently impaired and provide limited 
habitat value. 
 
The proposed action increases the population’s extinction risk and continues to degrade the PCEs 
of critical habitat by adding numerous stressors to the species’ baseline stress regime, as is 
generally depicted in figure 9-4.  The RPA specifies many significant actions that will reduce the 
adverse effects of the proposed action on winter-run and its critical habitat.  Many of the RPA 
actions specifically address key project-related limiting factors or threats facing the ESU and its 
critical habitat, as described in the “Objectives” and “Rationale” parts of the actions.  Some of 
these factors are lack of passage to historical spawning habitat above Keswick and Shasta Dams, 
passage impediments (e.g., RBDD), degraded quantity and quality of the remaining habitat 
downstream of Keswick and Shasta Dams, and the entrainment influence of the Federal and state 
export facilities.  As shown in table 11-1, there is a need for both short-term and long-term 
actions, including: 
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• providing passage to and from historical habitat; 
• increasing Shasta reservoir storage to provide for temperature control and improve the 

quantity and quality of downstream habitat; 
• providing interim and long-term modifications to RBDD; 
• providing increased rearing habitat; 
• modifying operation of the DCC; and 
• implementing a revised decision process for Delta operations, including timing and 

amount of export reduction.. 
 
Implementation of some RPA actions will reduce the adverse effects of project operations on 
winter-run and its critical habitat immediately or in the near term. Other actions  will take longer 
to plan and implement, and will not provide needed results for many years.  We discuss the near-
term and long-term actions separately. 
 
Near Term 
 
In the near term, adverse effects of project operations to winter-run will be reduced primarily 
through the following measures: 
 

1) Modifications to Shasta reservoir management will result in more reliable provision of 
suitable water temperatures for spawning and egg incubation in the summer months.  The 
new year-round Shasta management program is expected to minimize frequency and 
duration of temperature related egg mortality in dry and critically dry years, thus 
reducing, though not eliminating, the population level stress of these temperature related 
mortalities.  The new Shasta program will allow for an expanded range of habitat suitable 
for spawning and egg incubation in wetter year types (i.e. through meeting downstream 
compliance points more often).  Over time, this will help to preserve diversity of run-
timing and decrease the risk of a single event in a localized area causing a population 
level effect.  Temperature related effects on winter-run will persist into the future, and 
cannot be fully off-set through Shasta reservoir storage actions, due to physical and 
hydrological constraints on the CVP system, and the delivery of water to non-
discretionary CVP contractors (e.g. Sacramento River Settlement Contractors).  Given a 
fixed supply of cold water in any given year starting in May, as an overall strategy, the 
RPA prioritizes temperature management in favor of winter-run due to their endangered 
status and complete dependence on suitable habitat downstream of Keswick for their 
continued survival.   

2) Interim operations of RBDD (until 2012)  will allow for significant increased passage of 
adult winter-run, a significant reduction in juvenile mortality associated with downstream 
passage, and elimination of emergency gate closures in early spring. 

3) Continuation of installation of fish screens that meet NMFS criteria along the Sacramento 
River and Delta thereby reducing entrainment of winter run juveniles throughout their 
migration path down the Sacramento river and through the Delta.; 

4) Additional closures of the DCC gates at key times of year triggered to winter-run needs, 
thereby will keep a greater percentage of winter-run emigrating through the northern 
Delta out to sea. 
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5) Old and Middle River reverse flow restrictions on combined exports in January through 
spring months, will significantly reduce winter-run juveniles that are drawn further into 
the Interior and Southern Delta, and therefore exposed to risks due to export facilities. 

6) Additional measures will reduce entrainment and improve efficiency of salvage 
operations at both the State and Federal export facilities.  Collectively, these measures 
will ensure that the winter-run that are exposed to the export facilities have a greater 
likelihood of survival. 

7) Overall, the interim RBDD, DCC gate operations, and OMR restrictions are timed to 
minimize adverse effects to a greater proportion of the entire winter-run life history run-
timing.  By ensuring the persistence in a greater proportion of run-timing, more diversity 
is preserved within the ESU.  This diversity of run-timing will ensure greater resiliency 
of the winter-run ESU to environmental changes.  For example, ocean conditions and the 
timing and duration of upwellings may play a significant role in the survival of any given 
cohort of winter-run.  However, modifying operations to allow for the expansion of ocean 
entry timing for winter-run will increase the probability that at least a portion of each 
cohort will enter the ocean when prey are readily available, thereby increasing the 
cohort’s survival.   

 
Long Term 
 
In addition to the continuation of near-term actions, long-term actions are necessary to avoid an 
appreciable reduction in survival and recovery of the species.  The long-term effects analysis for 
winter-run reveals that climate change and growth are likely to increase adverse effects 
especially associated with temperature related egg mortality on the Upper Sacramento River in 
the summertime.  A prolonged drought could result in extinction of the species by resulting in 
significant egg mortality for three years in a row.  In order to address the underlying issues of 
inadequate spatial structure and diversity and quality of critical habitat, and therefore, increased 
risk of extinction over the long-term, a passage program to provide for winter-run to access their 
historical habitat is necessary in order to avoid jeopardy.  Such a program has many unknowns, 
and therefore cannot be relied upon to produce results in the near-term.  In the long-term 
however, the RPA includes a structured passage program with pilot reintroductions, an 
interagency work team, and milestones and re-initiation triggers.  This structured program, while 
not guaranteed to be effective, greatly reduces the likelihood of an appreciable reduction to 
winter-run survival and recovery in the long-term due to on-going project operations by allowing 
access of a portion of the population to historical cold-water, high elevation habitat.  
Furthermore, there are some near-term benefits to the passage pilot reintroduction program, 
including immediate expansion of the geographical rang of the single population. 
 
In addition to upstream passage, the follow actions will minimize project effects in the long-term 
to the extent that the species is not jeopardized: 
1. The RPA specifies long-term RBDD gate configuration is gates out all year.  This will 

greatly reduce the significant losses associated with current and also the more modest losses 
associated with interim operations. 

2. The RPA ensures that the Battle Creek experimental winter-run re-introduction program will 
proceed in a timely fashion.  This Battle Creek program is critical in creating a second 
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population of winter-run.  This second population increases the species spatial structure and 
diversity and should increase growth rate and abundance over time as well. 

3. The RPA ensures that in the long-term, Salmonid rearing habitat actions in the lower 
Sacramento River and Northern Delta will minimize adverse effects of project operations on 
winter-run critical habitat in the long-term and off-set effects of ongoing flood control 
operations.  These habitat actions will increase the growth rates of individuals that utilize this 
habitat.  These fish are predicted to enter the estuary and ocean with a higher degree of 
fitness, and therefore, greater resiliency to withstand stochastic events in these later phases of 
their life history, thereby increasing the viability of the ESU and reducing the likelihood of 
appreciable reductions in the survival or recovery of the species. 

 
In conclusion, NMFS believes that if all parts of the RPA pertaining to Sacramento River winter-
run Chinook salmon are implemented, the RPA is not likely to reduce appreciably the likelihood 
of survival and recovery of winter-run or adversely modify its critical habitat, in either the near 
term or the long term.   
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Table 11-1.  Summary of actions to minimize or alleviate proposed action-related stressors on Sacramento River winter-run Chinook salmon and its 
designated critical habitat. 
 

Life Stage/ 
Habitat Type 

Stressor Response/Rationale for 
Magnitude of Effect 

Magnitude 
of Effect 

Short-term Action 
to 

Minimize/Alleviate 
Stressor 

Long-term Action to 
Minimize/Alleviate 

Stressor 

Adult 
immigration and 
holding 

RBDD gate closures from May 
15 - Sept 15 every year until 
2019. 

~15 % of adults delayed in 
spawning, more energy 
consumed, greater pre-spawn 
mortality, less fecundity; 
continues every year until 2019. 
 

High Action I.3.2: RBDD 
Interim Operations. 

Action I.3.1: RBDD 
Operations After May 14, 
2012. 

Adult 
immigration and 
holding 

RBDD emergency 10 day gate 
closures prior to May 15 

Greater proportion of run 
blocked or delayed; sub lethal 
effects on eggs in fish and 
energy loss. 
 
These emergency gate closures 
have occurred twice in the past 
10 years and the frequency of 
occurrence may increase with 
climate change. 

High Action I.3.2: RBDD 
Interim Operations. 

Action I.3.1: RBDD 
Operations After May 14, 
2012. 



 677

Life Stage/ 
Habitat Type 

Stressor Response/Rationale for 
Magnitude of Effect 

Magnitude 
of Effect 

Short-term Action 
to 

Minimize/Alleviate 
Stressor 

Long-term Action to 
Minimize/Alleviate 

Stressor 

Spawning 
 
 

Reduced spawning area from 
moving TCP upstream in almost 
every year from April 15 to Sept 
30 

Introgression or hybridization 
with spring/fall-run/late fall-run 
Chinook salmon; loss of 
genetic integrity and expression 
of life history 
 
 
Density dependency - 
aggressive behavior among 
spawning fish could cause 
higher prespawn mortality, 
increased for suitable spawning 
sites, adults forced downstream 
into unsuitable areas 
 
 
Redd superimposition - 
spawning on top of other redds, 
destroys eggs 

High 
 
 
 
 
 
 
Medium - 
may 
increase as 
abundance 
increases 
 
 
 
 
 
Medium - 
may 
increase as 
abundance 
increases 

Spawning 
 

Water temperatures warmer than 
life history stage requirements 
below TCP, every year April 15 
-Sept 30) 

Prespawn mortality; reduced 
fecundity 

High 

Action I.2.1:  
Maintain suitable 
water temperatures 
for winter-run 
Chinook salmon. 
 
Action I.2.2:  
Maintain minimum 
Shasta Reservoir 
storage. 
 
Action I.2.3: 
February forecast and 
plan of operation for 
the Sacramento 
River. 
 
Action I.1.4:  
Improve and 
maintain 
effectiveness of the 
Spring Creek 
temperature control 
curtain. 
 
Action I.4: Wilkins 
Slough Operations 
 
Action V:  Fish 
Passage Program 
(Near-term actions) 

Continued 
implementation of Action 
I.2.1. 
 
Continue implementation 
of Action I.2.2. 
 
 
Continue implementation 
of Action I.2.3. 
 
 
Continue implementation 
of Action I.1.4. 
 
 
Continue implementation 
of Action I.4. 
 
 
Action V:  Fish Passage 
Program (Long-term 
actions) 
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Life Stage/ 
Habitat Type 

Stressor Response/Rationale for 
Magnitude of Effect 

Magnitude 
of Effect 

Short-term Action 
to 

Minimize/Alleviate 
Stressor 

Long-term Action to 
Minimize/Alleviate 

Stressor 

Embryo 
incubation 

Water temperatures warmer than 
life history stage requirements, 
every year from April 15 - Sept 
30.  (No carry-over storage 
target designed for fish 
protection is included in the 
proposed action.  Without such a 
target, the risk of running out of 
coldwater in Shasta Reservoir 
increases.) 

Egg mortality - 16 % in 
critically dry years and 
increases to 65% in critically 
dry years with climate change.  
On average, for all water year 
types, mortality is 5-12% with 
climate change and 2-3% 
without. 
 
56F is exceeded at Balls Ferry 
in 30% of the years in August 
and 55% of the years in 
September 
 
Sub-lethal effects, such as 
developmental instability and 
related structural asymmetry 
have been reported to occur to 
salmonids incubated at warm 
water temperatures (Turner et 
al. 2007, Myrick and Cech 
2001, Campbell et al. 1998).  
These sub-lethal effects 
decrease the chance of winter-
run to survive during 
subsequent life stages 
(Campbell et al. 1998).  
Campbell et al. (1998) 
concluded that chronic thermal 
stress produced both selectively 
lethal and sub-lethal effects that 
increased structural asymmetry 
and directly decreased salmon 
fitness. 

High Action I.2.1:  
Maintain suitable 
water temperatures 
for winter-run 
Chinook salmon. 
 
Action I.2.2:  
Maintain minimum 
Shasta Reservoir 
storage. 
 
Action I.2.3: 
February forecast and 
plan of operation for 
the Sacramento 
River. 
 
Action I.1.4:  
Improve and 
maintain 
effectiveness of the 
Spring Creek 
temperature control 
curtain. 
 
Action I.4: Wilkins 
Slough Operations 
 
Action V:  Fish 
Passage Program 
(Near-term actions) 

Continued 
implementation of Action 
I.2.1. 
 
Continue implementation 
of Action I.2.2. 
 
 
Continue implementation 
of Action I.2.3. 
 
 
Continue implementation 
of Action I.1.4. 
 
 
Continue implementation 
of Action I.4. 
 
 
Action V:  Fish Passage 
Program (Long-term 
actions) 
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Life Stage/ 
Habitat Type 

Stressor Response/Rationale for 
Magnitude of Effect 

Magnitude 
of Effect 

Short-term Action 
to 

Minimize/Alleviate 
Stressor 

Long-term Action to 
Minimize/Alleviate 

Stressor 

Juvenile rearing 
and downstream 
movement 

RBDD passage downstream 
through dam gates May 15 - 
Sept 15 

Mortality as juveniles pass 
through Lake Red Bluff and 
RBDD reportedly ranges from 
5 to 50 %; delayed emigration. 
 
Based on passage estimates of 
when juveniles are present at 
RBDD (USFWS 1997-2007), 
approximately 10 % of winter-
run would be exposed to higher 
concentrations of predators 
when the gates are in (TCCA 
2008). 

High Action I.3.2: RBDD 
Interim Operations 

Action I.3.1: RBDD 
Operations After May 14, 
2012 
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Life Stage/ 
Habitat Type 

Stressor Response/Rationale for 
Magnitude of Effect 

Magnitude 
of Effect 

Short-term Action 
to 

Minimize/Alleviate 
Stressor 

Long-term Action to 
Minimize/Alleviate 

Stressor 

Juvenile rearing 
and downstream 
movement 

Reduced quality of juvenile 
rearing habitat related to the 
formation of Lake Red Bluff 
when the RBDD gates are in. 

Delayed juvenile emigration, 
increased predation; change in 
riparian habitat, change in river 
conditions, change in food 
supply, every year since 1967 

High Action I.3.2: RBDD 
Interim Operations 
 
Action I.6.1:  
Restoration of 
floodplain rearing 
habitat. 
 
Action I.6.2:  
Implement near-term 
actions at Liberty 
Island/Lower Cache 
Slough and lower 
Yolo Bypass. 
 
Action I.6.3:  Lower 
Putah Creek 
enhancements. 
 
Action I.6.4:  
Improvements to 
Lisbon Weir 
 

Action I.3.1: RBDD 
Operations After May 14, 
2012 
 
Continue implementation 
of Actions I.6.1, I.6.2, 
I.6.3, and I.6.4. 

Juvenile rearing 
and downstream 
movement 

Unscreened CVP diversions 
between Red Bluff and the Delta 

Entrainment High Action I.5: Funding 
for CVPIA 
anadromous fish 
screen program 

Continue implementation 
of Action I.5 
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Life Stage/ 
Habitat Type 

Stressor Response/Rationale for 
Magnitude of Effect 

Magnitude 
of Effect 

Short-term Action 
to 

Minimize/Alleviate 
Stressor 

Long-term Action to 
Minimize/Alleviate 

Stressor 

Juvenile rearing 
 
 

Lack of channel forming flows 
and reversed natural flow pattern 
(high flows in summer, low 
flows in late fall/winter), 
modifies critical habitat, 
including impaired geomorphic 
process  

Loss of rearing habitat and 
riparian habitat and natural 
river function impaired (e.g., 
formation of side channels, 
sinuosity); loss of cottonwood 
recruitment impacting food 
availability, juveniles spend 
longer time in areas of poor 
water quality, greater predation, 
less growth from less food 
sources, greater stress reduces 
response to predators 

High Action I.6.1:  
Restoration of 
floodplain rearing 
habitat. 
 
Action I.6.2:  
Implement near-term 
actions at Liberty 
Island/Lower Cache 
Slough and lower 
Yolo Bypass. 
 
Action I.6.3:  Lower 
Putah Creek 
enhancements. 
 
Action I.6.4:  
Improvements to 
Lisbon Weir 
 

Continue implementation 
of Actions I.6.1, I.6.2, 
I.6.3, and I.6.4. 
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Life Stage/ 
Habitat Type 

Stressor Response/Rationale for 
Magnitude of Effect 

Magnitude 
of Effect 

Short-term Action 
to 

Minimize/Alleviate 
Stressor 

Long-term Action to 
Minimize/Alleviate 

Stressor 

Smolt 
emigration 
 

Cumulative direct and indirect 
loss associated with export 
operations (DCC operations, loss 
in Delta interior, loss at export 
facilities, creation of artificial 
freshwater system, altered 
hydrodynamics). 

During dry and critical years in 
December and January, 
modeling estimates of monthly 
mortality of up to 
approximately 15 % of the total 
winter-run population entering 
the Delta at Freeport is 
associated with exports (Greene 
2008).   
 
Of those winter-run entering 
the interior of the Delta 
(through DCC or Georgiana 
Slough), mortality is estimated 
to be approximately 66 % 
(range of 35-90 % mortality).  
This equates to approximately 
5-20 % of the total population 
entering the Delta at Freeport. 
 
Anticipated delays in migration 
due to export operations. 

High Action IV.1.1: 
Monitoring and alerts 
to trigger changes in 
DCC operations. 
 
Action IV.1.2: DCC 
gate operation. 
 
Action IV.1.3: 
Engineering studies 
of methods to reduce 
loss of salmonids in 
Georgiana Slough 
and South Delta 
channels. 
 
Action IV.2.1: San 
Joaquin River inflow 
to export ratio. 
 
Action IV.2.2: Old 
and Middle River 
Flow Management. 
 
Action IV.3:  Reduce 
the likelihood of 
entrainment or 
salvage at the export 
facilities. 
 
Action IV.4.1: Tracy 
fish collection facility 
improvements. 
 
Action IV.4.2: 
Skinner fish 
collection facility 
improvements. 
 
Action IV.4.3:  
Additional 
improvements at 
Tracy and Skinner 

Continue implementation 
of Actions IV.1 through 
IV.6. 
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11.3.2  Central Valley Spring-Run Chinook Salmon and Its Designated Critical Habitat 
 
As previously stated in the Status of the Species section, the spring-run ESU is currently likely to 
become endangered within the foreseeable future due to multiple factors affecting spatial 
structure, diversity, productivity and abundance.  Specific factors include:  (1) the ESU currently  
has only three independent populations.  All three of these independent populations are in one 
diversity group, the Northern Sierra Nevada Diversity Group.   The other diversity groups 
contain dependent populations; (2) habitat elimination and modification throughout the Central 
Valley have drastically altered the ESU’s spatial structure and diversity; (3) the ESU has a risk 
associated with catastrophes, especially considering the remaining independent populations’ 
proximity to Mt. Lassen and the probability of a large scale wild fire occurring in those 
watersheds (Lindley et al. 2007), (4) the presence of dams precludes access to historical 
spawning areas and (5) for some populations, the genetic diversity of spring-run has been 
compromised by hybridization with fall-run.   
 
The effects of the proposed action and their affect on spring-run are contained in the sections of 
the Opinion on project effects and integration and synthesis.  The effects are presented for the 
Clear Creek population, the mainstem Sacramento River population and for the other populations 
that are effected by project operations, by diversity group.  Ultimately all spring-run  must 
migrate through the Delta and are affected by Delta operations.  The proposed action increases 
the extinction risk of spring-run and continues to degrade the PCEs of critical habitat by adding 
numerous stressors to the species’ baseline stress regime and reducing the viability of all extant 
spring-run populations, as is generally depicted in figure 9-4.  Throughout this Opinion, NMFS 
acknowledged that a species’ viability (and conversely extinction risk) is determined by the VSP 
parameters of spatial structure, diversity, abundance, and productivity.  In addition, NMFS 
acknowledged the need for the proper functioning of the PCEs that comprise the critical habitat 
designation.  In sections 9.3 and 9.4, NMFS summarized the various stressors that reduced the 
VSP parameters and conservation value of the PCEs.   
 
The RPA specifies actions that, in total, will minimize the adverse effects of the proposed action 
on spring-run individuals, populations and the ESU and bring about the proper functioning of 
PCEs of its critical habitat.  Many of the RPA actions, as described in their objectives and 
rationale, specifically address key limiting factors/threats facing the ESU and its critical habitat, 
for example, lack of passage to historic spawning habitat above Keswick and Shasta Dams, 
passage impediments (e.g., RBDD), degraded water quantity and quality of the habitat, and 
entrainment influence of the Federal and state export facilities.  Table 11-2 provides the linkage 
between specific project related stressors identified in the Opinion’s Integration and Synthesis, 
and the specific RPA actions necessary to minimize those stressors in both the near-term and the 
long-term.   All actions that address spring-run in the RPA are necessary to minimize project 
effects to the extent where they do not appreciably reduce the likelihood of survival and recovery 
of the ESU in the near-term and the long-term, or adversely modify spring-run critical habitat.  
This written analysis summarizes some of the most significant RPA actions that NMFS relied on 
in its analysis.    
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The RPA contains numerous actions that minimize project effects to critical habitat of spring-run 
in both the near-term and the long-term.  The rationales for the actions include specific PCEs 
addressed.  It is not technologically or physically feasible, or necessary, to remove all adverse 
effects of project operations on critical habitat.  These actions reduce adverse effects to the point 
where they no longer adversely modify critical habitat.  
 
Summary of RPA effects on Central Valley Spring-run Chinook Salmon in the Near-Term 
 
RPA actions that reduce adverse effects of project operations to spring-run and its critical habitat 
in the near-term include: 
 

1) Clear Creek actions will be implemented immediately and will significantly reduce 
project effects to spring-run by stabilizing that population and thereby increasing the 
likelihood of survival of that one population in the near-term.  Ensuring adequate flows to 
meet temperature requirements in most years, implementing new pulse flows to assist 
with adult migratory cues, and implementing geomorphic flows that will disperse 
restored spawning gravel all will minimize project effects to this population.  The Clear 
Creek population is important to the viability of the ESU as a whole because of its 
geographic location; ie, if it becomes an independent population it could considerably 
increase the viability of the ESU.  The actions in the RPA are not recovery actions per se, 
but they will ensure that ongoing project operations do not appreciably reduce the 
likelihood of recovery of this one population. 

 
2) Modifications to Shasta reservoir management will primarily reduce adverse effects on 

winter-run.  Effects of the year-round Shasta management program on spring-run are 
more difficult to predict and quantify.  The Shasta RPA will result in more carryover 
storage in some years, as compared to current operations, and therefore, increase ability 
to meet suitable spring-run spawning and egg incubation temperatures in the Fall in some 
years, depending on ambient weather conditions and the extent of the cold water pool in 
Shasta reservoir.  The new year-round Shasta management program is expected to 
minimize frequency and duration of temperature related egg mortality in dry and 
critically dry years, thus reducing, though not eliminating, the population level stress of 
these temperature related mortalities.  Temperature related effects on spring-run in the 
mainstem Sacramento River will persist into the future, and cannot be fully off-set 
through Shasta reservoir storage actions, due to physical and hydrological constraints on 
the CVP system, and the delivery of water to non-discretionary CVP contractors (e.g. 
Sacramento River Settlement Contractors).  Given a fixed supply of cold water in any 
given year starting in May, as an overall strategy, the RPA prioritizes temperature 
management in favor of winter-run due to their endangered status and complete 
dependence on suitable habitat downstream of Keswick for their continued survival.  
Despite continued significant project related temperature effects on mainstem spring run, 
the RPA, in total, does not appreciably reduce the likelihood of survival and recovery of 
spring-run ESU when all populations and diversity groups are considered. 
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3) Near-term improvements to Battle Creek through actions identified in the RPA are 
expected to expand the holding, spawning and rearing habitat for spring-run in Battle 
Creek.  It is difficult to predict the exact timing of Battle Creek projects, though funding 
has been secured and work is projected to start on the first phase in Summer 2009.  
NMFS finds that the Battle Creek program is reasonably likely to occur and contribute to 
the spring-run population in the long-run; however, these beneficial effects to the 
population may or may not occur in the near-term. 

 
4) Interim operations of RBDD (until 2012, or with an extension until 2013) will allow for 

significant increased passage of adult spring-run, and a significant reduction in juvenile 
mortality associated with downstream passage.  Extending the “gates out” operation from 
May 15th until June 15th will allow a very large additional portion of spring run to migrate 
unimpeded by the diversion dam.  This improved passage will increase the likelihood that 
these individuals will reach cold water pools necessary for summer holding life history in 
the near-term and will reduce effects of delayed passage on energy consumption and 
fecundity, thus improving the viability of populations above RBDD.  Near-term effects of 
interim gate operations on remaining spring-run that are delayed due to the June 15th 
closure of gates will be offset by passage improvement restoration projects implemented 
over the next few years..  Abundance, growth rate, and spatial structure are expected to 
increase with the implementation of the passage restoration projects on Mill, Deer, and 
Antelope creeks. 

 
5) Continuing installation of fish screens through the Anadromous Fish Screen Program 

along the Sacramento River and Delta will reduce juveniles entrainment of spring run 
throughout their migration path down the Sacramento river and through the Delta. 

 
6) All populations of spring-run within the ESU must migrate through the Delta.  Within the 

Delta, additional closures of the DCC gates at key times of year triggered to spring-run 
presence, will ensure that a greater percentage of spring-run emigrate through the 
northern Delta out to sea.  These fish will avoid adverse effects of predation, water 
quality and hydrology in the Interior and Southern Delta.   

 
7) Old and Middle River reverse flow restrictions on combined exports will significantly 

reduce project-related adverse effects on spring-run juveniles in January through June 
15th.  The OMR restrictions, triggered by spring-run (or their surrogates) in the salvage, 
will reduce the percentage of spring-run juveniles that are drawn further into the Interior 
and Southern Delta, and exposed to risks due to export facilities. 

 
8) Additional actions at both the State and Federal export facilities will reduce entrainment 

and improve efficiency of salvage operations.  Collectively, these measures will ensure 
that the spring-run that are exposed to the export facilities have a greater likelihood of 
survival.  

 
9) Overall, the interim RBDD, DCC gate operations, and OMR restrictions are timed to 

minimize adverse effects to a greater proportion of the entire spring-run life history run-
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timing.  By ensuring the persistence in a greater proportion of run-timing, more diversity 
is preserved within the ESU.  This diversity of run-timing will ensure greater resiliency 
of the spring-run ESU to environmental changes.  For example,, ocean conditions and the 
timing and duration of upwellings may play a significant role in the survival of any given 
cohort of spring-run.  However, modifying operations to allow for the expansion of ocean 
entry timing for spring-run will increase the probability that at least a portion of each 
cohort will enter the ocean when prey are readily available, thereby increasing the 
cohort’s survival.   

 
Summary of RPA effects on Central Valley Spring-run Chinook Salmon in the Long Term 
 
The analysis in the Opinion demonstrates that long-term actions are needed, especially 
considering continued effects of climate change and increasing water demands due to growth.  In 
addition to a continuation of near-term actions described above, RPA actions that reduce adverse 
effects of project operations to spring-run and its critical habitat in the long-term include: 
 

1) Additional actions that will minimize project-related effects to the Clear Creek 
population in the long-term include: replacing the Whiskytown temperature control 
curtain and adaptively managing to habitat suitability/IFIM study results. 

 
2) In the long-term, improvements to Battle Creek through actions identified in the RPA 

are predicted to significantly improve spring-run habitat and off-set project-related 
effects on the mainstem population by creating a stable population in Battle Creek.   

 
 
3) Starting in 2013, RBDD will be operated in the “gates out” formation all year.  This 

operation will allow for unimpeded spring-run migration upstream and downstream of 
the diversion dam.   

 
4) Salmonid rearing habitat actions in the lower Sacramento River and Northern Delta will 

minimize adverse effects of project operations on spring-run critical habitat in the long-
term and off-set effects of ongoing flood control operations.  These habitat actions will 
increase the growth rates of individuals that utilize this habitat.  These fish are predicted 
to enter the estuary and ocean with a higher degree of fitness, and therefore, greater 
resiliency to withstand stochastic events in these later phases of their life history.  
Because all populations of spring-run migrate through this area, a portion of all 
populations will be likely to benefit from these rearing actions, thereby increasing the 
viability of the ESU and reducing the likelihood of appreciable reductions in the 
survival or recovery of the species. 

 
 
5) In the long-run, in consideration of climate change, and in order to improve the 

likelihood of withstanding adverse effects associated with prolonged drought, the 
passage program will improve the diversity and spatial structure of the ESU by 
reintroducing spring-run to their historical habitat above Shasta reservoir.  There is 
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uncertainty associated with the likelihood of this action succeeding.  This consultation 
must take a long-term view, given the 21 year time horizon.  Within the long-term 
view, it is likely that advances in technologies and experimental procedures will 
increase the likelihood of success of this action.  In addition, the quality of much of the 
habitat above Shasta reservoir is in relatively pristine condition, improving the 
likelihood of success.  The RPA includes a reinitiation trigger in the event that passage 
is deemed to be infeasible.  There are also some near-term benefits associated with the 
pilot reintroduction program, including immediate expansion of the geographic range of 
the species. 

 
In summary, with full implementation of the RPA, NMFS expects that the RPA will result in 
minimizing project related effects to the level where these effects do not appreciably reduce the 
likelihood of survival or recovery of spring-run, or adversely modify its critical habitat.   
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Table 11-2.  Summary of actions to minimize or alleviate proposed action-related stressors on Central Valley spring-run Chinook salmon and its 
designated critical habitat.  The table is organized by life stage then by the number of populations affected by a particular stressor.  Acronyms for 
diversity groups are as follows: NWC – Northwestern California; BPL – Basalt and Porous Lava; NSN – Northern Sierra Nevada.  

Life 
Stage/Habitat 

Type 

Diversity 
Group(s): 

Population(s) 

Stressor Response/Rationale for 
Magnitude of Effect 

Magnitude 
of Effect 

Short-term Action 
to 

Minimize/Alleviate 
Stressor 

Long-term Action to 
Minimize/Alleviate 

Stressor 

Adult 
immigration and 
holding 

NWC: 
Cottonwood/ 
Beegum, Clear; 
BPL: 
Sacramento, 
Battle  

RBDD gate 
closures from 
May 15 – Sept. 15 
(plus 10 days in 
April) delaying 
adult immigration 

~70 % of the spring-run that 
spawn upstream of RBDD are 
delayed by approximately 20 
days on average, more energy 
consumed, greater pre-spawn 
mortality, less fecundity 

High Action I.3.2: RBDD 
Interim Operations 

Action I.3.1: RBDD 
Operations After 
May 14, 2012 

Adult 
immigration and 
holding 

NWC: Clear Water 
temperatures 
warmer than life 
history stage 
requirements 
during summer 
holding period 

Water temp control to Igo; 
possibly some pre-spawn 
mortality in critically dry years 
when not enough cold water in 
Whiskeytown Lake 

High Action I.1.5:  Clear 
Creek Thermal Stress 
Reduction. 

Continue 
implementation of 
Action I.1.5.   

Adult 
immigration and 
holding 

NWC: Clear Spring flows with 
little variability.  
Low summer 
flows ( 50 cfs), 
when b2 is 
unavailable 

Limited cues for upstream 
migration resulting from spring 
flows with little variation.  With 
low summer flows, Adults are 
impeded from accessing 
upstream holding areas. 

High Action I.1.1.  Spring 
Attraction Flows 

Continue 
implementation of 
Action I.1.1 

Spawning NWC: Clear Loss of spawning 
gravel below 
Whiskeytown 
Dam – limited 
spawning habitat 
availability 

Reduced spawning areas; 
spawning success diminishes 

High Action I.1.3:  Clear 
Creek spawning 
gravel augmentation 

Continue 
implementation of 
Action I.1.3 

Spawning NWC: Clear Low summer 
flows ( 50 cfs), 
when b2 is 
unavailable 

Adults spawn further 
downstream in less suitable 
conditions (i.e., in areas with 
relatively warm water temps.) 

High Action I.1.6:  
Adaptively manage 
to Clear Creek habitat 
suitability/IFIM study 
results. 

Continue 
implementation of 
Action I.1.6 
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Life 
Stage/Habitat 

Type 

Diversity 
Group(s): 

Population(s) 

Stressor Response/Rationale for 
Magnitude of Effect 

Magnitude 
of Effect 

Short-term Action 
to 

Minimize/Alleviate 
Stressor 

Long-term Action to 
Minimize/Alleviate 

Stressor 

Embryo 
incubation 

NWC: Clear Water 
temperatures 
warmer than life 
history stage 
requirements in 
September only 
for fish that 
spawn below TCP 
(Igo) 

Mortality varies with exceedance 
rate and number of redds; loss of 
some portion of those eggs; 
reduced chance of survival for 
fry 

High Action I.1.5:  Clear 
Creek Thermal Stress 
Reduction 

Continue 
implementation of 
Action I.1.5:   
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Life 
Stage/Habitat 

Type 

Diversity 
Group(s): 

Population(s) 

Stressor Response/Rationale for 
Magnitude of Effect 

Magnitude 
of Effect 

Short-term Action 
to 

Minimize/Alleviate 
Stressor 

Long-term Action to 
Minimize/Alleviate 

Stressor 

Embryo 
incubation 

BPL: 
Sacramento 

Water 
temperatures 
warmer than life 
history stage 
requirements, 
during September 
and October 

Under near-term operations 
(Study 7.1) mortality is expected 
to range from approximately 9% 
in wet years up to approximately 
66 % in critically dry years, with 
an average of approximately 21 
% over all water year types; 
under modeled climate change 
projections, average egg 
mortality over all water year 
types is expected to be 50 % and 
during the driest 15 % of years is 
expected to be 95 %.  Sub-lethal 
effects, such as developmental 
instability and related structural 
asymmetry have been reported 
to occur to salmonids incubated 
at warm water temperatures 
(Turner et al. 2007, Myrick and 
Cech 2001, Campbell et al. 
1998).  These sub-lethal effects 
decrease the chance of spring-
run to survive during subsequent 
life stages (Campbell et al. 
1998).  Campbell et al. (1998) 
concluded that chronic thermal 
stress produced both selectively 
lethal and sub-lethal effects that 
increased structural asymmetry 
and directly decreased salmon 
fitness. 

High Action Suite I.2:  
Shasta operations. 
 
 
Action I.1.4:  Spring 
Creek temperature 
control curtain. 
 
Action I.4: Wilkins 
Slough Operations 
 
Action V:  Fish 
Passage Program 
(Near-term actions) 

Continued 
implementation of 
Action suite I.2. 
 
 
 
 
 
Continue 
implementation of 
Action I.1.4. 
 
 
 
Continue 
implementation of 
Action I.4. 
 
 
 
Action V:  Fish 
Passage Program 
(Long-term actions) 
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Life 
Stage/Habitat 

Type 

Diversity 
Group(s): 

Population(s) 

Stressor Response/Rationale for 
Magnitude of Effect 

Magnitude 
of Effect 

Short-term Action 
to 

Minimize/Alleviate 
Stressor 

Long-term Action to 
Minimize/Alleviate 

Stressor 

Juvenile rearing 
 
 

NWC: 
Cottonwood/ 
Beegum, Clear; 
BPL: 
Sacramento, 
Battle 

RBDD passage 
downstream 
through dam 
gates May15 - 
Sept 15, plus 10 
days in April 
during 
emergencies 

Mortality as juveniles pass 
through Lake Red Bluff and 
RBDD reportedly ranges from 5 
to 50%; delayed emigration. 
 
Based on passage estimates of 
when juveniles are present at 
RBDD (USFWS 1997-2007), 
approximately 5 % of the spring-
run ESU spawned above RBDD 
would be exposed to higher 
concentrations of predators when 
the gates are in (TCCA 2008). 

High Action I.3.2: RBDD 
Interim Operations 

Action I.3.1: RBDD 
Operations After 
May 14, 2012 
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Life 
Stage/Habitat 

Type 

Diversity 
Group(s): 

Population(s) 

Stressor Response/Rationale for 
Magnitude of Effect 

Magnitude 
of Effect 

Short-term Action 
to 

Minimize/Alleviate 
Stressor 

Long-term Action to 
Minimize/Alleviate 

Stressor 

Juvenile rearing 
 
 

NWC:  
Cottonwood/ 
Beegum, Clear; 
BPL: 
Sacramento, 
Battle 

Lake Red Bluff, 
river impounded 
May15 - Sept 15, 
plus 10 days in 
April during 
emergencies 

Delayed juvenile emigration, 
increased predation; change in 
riparian habitat, change in river 
conditions, change in food 
supply, every year since 1967 

High Action I.3.2: RBDD 
Interim Operations 
 
Action I.6.1:  
Restoration of 
floodplain rearing 
habitat. 
 
Action I.6.2:  
Implement near-term 
actions at Liberty 
Island/Lower Cache 
Slough and lower 
Yolo Bypass. 
 
Action I.6.3:  Lower 
Putah Creek 
enhancements. 
 
Action I.6.4:  
Improvements to 
Lisbon Weir 
 

Action I.3.1: No later 
than May 2012, 
Reclamation shall 
operate RBDD with 
gates out all year 
 
Continue 
implementation of 
Actions I.6.1, I.6.2, 
I.6.3, and I.6.4. 

Juvenile rearing 
 
 

All diversity 
groups and 
populations 

Unscreened CVP 
diversions 
between Red 
Bluff and the 
Delta 

Entrainment High Action I.5:  
Funding for CVPIA 
Anadromous Fish 
Screen Program 
 

Continue 
implementation of 
Action I.5 
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Life 
Stage/Habitat 

Type 

Diversity 
Group(s): 

Population(s) 

Stressor Response/Rationale for 
Magnitude of Effect 

Magnitude 
of Effect 

Short-term Action 
to 

Minimize/Alleviate 
Stressor 

Long-term Action to 
Minimize/Alleviate 

Stressor 

Juvenile rearing 
 
 

All diversity 
groups and 
populations 

Lack of channel 
forming flows in 
the Sacramento 
River and 
reversed natural 
flow pattern (high 
flows in summer, 
low flows in late 
fall/winter), 
modifies critical 
habitat, including 
impaired 
geomorphic 
process. 

Flow regulation (proposed 
Project stressor) and levee 
construction and maintenance 
(baseline stressor) alter 
ecological processes that 
generate and maintain the 
natural, dynamic ecosystem.  
This loss of natural river 
function has reduced the quality 
and quantity of rearing and 
migratory habitats (Stillwater 
Sciences 2007), thereby 
reducing juvenile growth and 
survival. 

High Action I.6.1:  
Restoration of 
floodplain rearing 
habitat. 
 
Action I.6.2:  
Implement near-term 
actions at Liberty 
Island/Lower Cache 
Slough and lower 
Yolo Bypass. 
 
Action I.6.3:  Lower 
Putah Creek 
enhancements. 
 
Action I.6.4:  
Improvements to 
Lisbon Weir 
 

Continue 
implementation of 
Actions I.6.1, I.6.2, 
I.6.3, and I.6.4. 
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Life 
Stage/Habitat 

Type 

Diversity 
Group(s): 

Population(s) 

Stressor Response/Rationale for 
Magnitude of Effect 

Magnitude 
of Effect 

Short-term Action 
to 

Minimize/Alleviate 
Stressor 

Long-term Action to 
Minimize/Alleviate 

Stressor 

Smolt 
emigration 

All diversity 
groups and 
populations 

Cumulative direct 
and indirect loss 
associated with 
export operations 
(DCC operations, 
loss in Delta 
interior, loss at 
export facilities, 
creation of 
artificial 
freshwater 
system, altered 
hydrodynamics) 

Project-related mortality is 
significant. 
Of the spring-run entering the 
interior of the Delta (through 
DCC or Georgiana Slough), 
mortality is estimated to be 
approximately 66 % (range of 
35-90 % mortality) (Brandes and 
McClain 2001; Newman 2008; 
Perry and Skalski 2008). 

High  Action IV.1.1: 
Monitoring and alerts 
to trigger changes in 
DCC operations. 
 
Action IV.1.2: DCC 
gate operation. 
 
Action IV.1.3: 
Engineering studies 
of methods to reduce 
loss of Salmonids in 
Georgiana Slough 
and South Delta 
channels. 
 
Action IV.2.1: San 
Joaquin River inflow 
to export ratio. 
 
Action IV.2.2: Old 
and Middle River 
Flow Management. 
 
Action IV.3:  Reduce 
the likelihood of 
entrainment or 
salvage at the export 
facilities. 
 
Action IV.4.1: Tracy 
fish collection facility 
improvements. 
 
Action IV.4.2: 
Skinner fish 
collection facility 
improvements. 
 
Action IV.4.3:  
Additional 
improvements at 
Tracy and Skinner 

Continue 
implementation of 
Actions IV.1 through 
IV. 6. 
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11.3.3  Central Valley Steelhead and Its Designated Critical Habitat 
 
The proposed action increases the extinction risk of CV steelhead and continues to degrade the 
PCEs of critical habitat by adding numerous stressors to the species’ baseline stress regime and 
reducing the viability of all of the extant CV steelhead populations in the CVP-controlled rivers 
(Clear Creek, Sacramento River, American River, and Stanislaus River) and the Delta.  
Throughout this Opinion, NMFS acknowledged that a species’ viability (and conversely 
extinction risk) is determined by the VSP parameters of spatial structure, diversity, abundance, 
and productivity.  In addition, NMFS acknowledged the need for the proper functioning of the 
PCEs that comprise the critical habitat designation.  In sections 9.5 and 9.6, NMFS summarized 
the various stressors that reduced the VSP parameters and conservation value of the PCEs.  In 
general, warm water temperatures and low flows, loss of natural river function and floodplain 
connectivity through levee construction, direct loss of floodplain and riparian habitat, loss of 
tidal wetland habitat, a collapsed pelagic community in the Delta, and poor water quality 
associated with agricultural, urban, and industrial land use have caused fitness reductions and 
degraded the PCEs of critical habitat in the past.  The proposed action is expected to continue to 
degrade the VSP parameters and conservation value of the PCEs, and the effects of climate 
change and increased water demand in the future are expected to exacerbate conditions that 
reduce the long-term viability of CV steelhead. 
 
The RPA specifies actions that, in total, will minimize the adverse effects of the proposed action 
on steelhead individuals, populations and the DPS and bring about the proper functioning of 
PCEs of its critical habitat.  Many of the RPA actions, as described in their objectives and 
rationale, specifically address key limiting factors/threats facing the DPS and its critical habitat, 
for example, lack of passage to historic spawning habitat above Keswick and Shasta Dams, and 
Nimbus and Folsom Dams, and New Melones, Dam, passage impediments (e.g., RBDD), 
degraded water quantity and quality of the habitat, hatchery fish compromising the genetic 
integrity of natural CV steelhead and entrainment influence of the Federal and state export 
facilities.  Table 11-3 provides the linkage between specific project related stressors identified in 
the Opinion’s Integration and Synthesis, and the specific RPA actions necessary to minimize 
those stressors in both the near-term and the long-term.   All actions that address CV steelhead in 
the RPA are necessary to minimize project effects to the extent where they do not appreciably 
reduce the likelihood of survival and recovery of the DPS in the near-term and the long-term, or 
adversely modify CV steelhead critical habitat.  This written analysis summarizes some of the 
most significant RPA actions that NMFS relied on in its analysis. 
 
As show in table 11-3, the RPA acknowledges the need for both short-term and long-term 
actions, including: 
 

• providing safe passage to and from historical habitat; 
• improving the quantity and quality of habitat in all of the CVP-controlled streams 

through water releases; 
• providing interim and long-term modifications to RBDD; 
• providing increased rearing habitat; 
• modifying the operation of the DCC; and 
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• implementing a revised decision process for Delta operations, including reduced exports. 
 
The anticipated improvements to CV steelhead and its critical habitat are expected to begin 
immediately through implementation of various actions, and continue to increase over the term 
of this Opinion (through year 2030) with the implementation of the longer-term actions.  While 
implementation of the RPA will occur during the term of this Opinion, its full effects on 
population metrics (e.g., spatial structure, diversity, abundance, productivity) and the PCEs of 
critical habitat will occur over a considerable period of time after implementation.  Therefore, 
NMFS expects the project operations, as modified by the RPA, to minimize effects to critical 
habitat so that it is not adversely modified. 
 
In the near term, the provision of more cold water throughout the species’ upstream migration, 
rearing, holding, and incubation period are expected to increase in-river production.  RPA 
actions that address flow maintenance and stabilization will minimize redd dewatering and 
scouring, and stranding.  Juveniles will be afforded more rearing habitat during their freshwater 
residency by reducing the inundation duration of Lake Red Bluff, and expanding access to 
rearing habitat within the Yolo Bypass and other areas within the Sacramento River Basin, in 
both the near-term and long-term.  Modified operations of RBDD will provide unimpeded 
passage for more of the upstream spawning migration season of the upper Sacramento River and 
its tributaries populations.  More smolts are expected to outmigrate into the Pacific Ocean as 
operations of the CVP and SWP are modified to reduce entrainment and mortality.  Specifically, 
requirements in Actions Suite IV.2 will significantly increase the survival of CV steelhead 
smolts outmigrating from the San Joaquin River basin.   
 
Overall, the interim RBDD, DCC gate operations, and OMR restrictions are timed to minimize 
adverse effects to a greater proportion of the entire steelhead life history run-timing.  By ensuring 
the persistence in a greater proportion of run-timing, more diversity is preserved within the DPS.  
This diversity of run-timing will ensure greater resiliency of the CV steelhead DPS to 
environmental changes, for example, changed productivity in the ocean.  
 
In the long-term, in addition to the continuation of the near-term actions, CV steelhead will be 
afforded the opportunity to spawn and rear in historical habitat upstream of Nimbus and Folsom 
Dams.  Access to this historical habitat will provide steelhead with cold water temperatures 
necessary for increased spawning, incubation, and rearing success, especially in consideration of 
the environmental effects of climate change.   Such a program has many unknowns, and 
therefore cannot be expected to immediately abate all up-river stressors in the near-term, 
although some near term benefits will occur, such as immediate improvements in the geographic 
distribution of the population to historic habitats, which would reduce jeopardizing risks to the 
ESU faced by individuals that remain below project dams.  In the long-term however, the RPA 
includes a structured passage program with pilot reintroductions.  Additionally, alternatives to 
the proposed fish passage actions may also be proposed by Reclamation and the Fish Passage 
Steering Committee, in the event that the proposed actions are determined to not be technically 
or biologically feasible, and provided they are capable of meeting similar performance standards 
in terms of population distribution with Diversity Groups, and viability according the parameters 
described in Lindley et al. (2007). 
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The long-term operation of RBDD will provide unimpeded passage opportunities for adults and 
juveniles, and reduce competition and predation from other salmonid species. 
 
The genetic diversity of the CV steelhead DPS is compromised through hatchery operations, 
including those at Nimbus.  Through preparation and implementation of a HGMP, in the long-
term, genetic diversity of CV steelhead will increase, thereby increasing the viability of the DPS. 
 
An important aspect of the RPA analysis for steelhead concerns the status of the Southern Sierra 
Diversity Group, which is critical to preserving spatial structure of the DPS.  This diversity 
group, consisting of extant populations in the Calaveras, Stanislaus, Tuolumne, Merced and 
Mainstem San Joaquin rivers, is very unstable due to the poor status of each population.  This 
status is due to both project-related and non-project related (baseline) stressors.  In the near-term, 
a new flow schedule for the Stanislaus River and interim actions to increase flows at Vernalis 
and curtail exports will allow greater out-migration cues and survival of smolts past the state and 
federal export facilities.  In the long-term, additional actions through additional flow to export 
ratios in the southern Delta, and channel forming flows and gravel augmentations in the 
Stanislaus river will further reduce project-related adverse-effects to this diversity group.  Due to 
uncertainty in the flow to export ratio, the RPA six year acoustic tag experiment, which can be 
combined with experimental barrier technologies, will significantly enhance our knowledge base 
for future consultations and refinements of this RPA action.  Ultimately, our analysis is clear that 
the long-term viability of this diversity group will depend not only on implementation of this 
RPA, but also on actions outside this consultation, most significantly increasing flows in the 
Tuolumne and Merced rivers.   The State Water Resources Control Board has made establishing 
additional flows in these rivers a priority and intends to take action within the near-term.  A 
future CVP/SWP operations consultation that will be triggered by implementation of San 
Joaquin Restoration Program flows will also provide further opportunities to update and refine 
actions critical to this diversity group. 
 
In summary, with full implementation of the RPA, NMFS expects the adverse effects of project 
operations will be minimized to the point where the likelihood of survival and recovery of the 
DPS is not appreciably reduced and its designated critical habitat is not adversely modified.  
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Table 11-3.  Summary of actions to minimize or alleviate proposed action-related stressors to Central Valley steelhead and its designated critical 
habitat.  The table is organized by life stage then by the number of populations affected by a particular stressor.  Acronyms for diversity groups are as 
follows: NWC – Northwestern California; BPL – Basalt and Porous Lava; NSN – Northern Sierra Nevada; SSN – Southern Sierra Nevada.  
Life Stage/ 

Habitat 
Type 

Diversity 
Group(s): 

Population(
s) 

Stressor Response/Rationale for Magnitude of 
Effect 

Magnitude 
of Effect 

Short-term Action 
to 

Minimize/Alleviat
e Stressor 

Long-term Action to 
Minimize/Alleviate 

Stressor 

Adult 
immigration 
and holding 

NWC: 
Cottonwood
/ 
Beegum, 
Clear; BPL: 
Sacramento, 
Battle 

RBDD gate 
closures from May 
15 – Sept. 15 (plus 
10 days in April) 
delaying adult 
immigration 

17 % of those that spawn above RBDD, 
delayed in spawning, more energy 
consumed, greater pre-spawn mortality, 
less fecundity 

High Action I.3.2: 
RBDD interim 
Operations 

Action I.3.1: RBDD 
operations after May 14, 
2012 

Adult 
immigration 
and holding 

NWC: Clear Water 
temperatures 
warmer than life 
history stage 
requirement for 
migration possible 
in lower reach near 
confluence with 
Sacramento River 
during August and 
September 

Some adults may not enter mouth of 
Clear Creek, 1) delayed run timing, 2) 
seek other tributaries, 3) spawn in 
mainstem Sacramento R.; reduced in 
vivo egg viability 

Low- except 
for critically 
dry years 

Action I.1.5:  Clear 
Creek thermal 
stress reduction 

Continue implementation 
of Action I.1.5:   

Adult 
immigration 
 
 

SSN: 
Stanislaus 
River 

Exposure to 
stressful water 
temperatures from 
the Delta to 
Riverbank during 
adult immigration 

Delayed entry into river (CDFG 
2007a);  pre-spawn mortality; reduced 
condition factor 

Medium Action III.1.1:  
Establish 
Stanislaus 
Operations group 
 
Action III.1.2: 
Stanislaus River 
temperature 
management 

Continue implementation 
of Actions III.1.1 and 
III.1.2 
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Magnitude 
of Effect 

Short-term Action 
to 

Minimize/Alleviat
e Stressor 

Long-term Action to 
Minimize/Alleviate 

Stressor 

Life Stage/ 
Habitat 

Type 

Diversity 
Group(s): 

Population(
s) 

Stressor Response/Rationale for Magnitude of 
Effect 

Spawning NWC: Clear Loss of spawning 
gravel below 
Whiskeytown 
Dam – limited 
spawning habitat 
availability 

Limited areas of suitable spawning 
sites.  Spawning in sub-optimal habitat 

Medium - 
but could be 
high without 
continued 
gravel 
augmentatio
n 

Action I.1.3:  Clear 
Creek spawning 
gravel 
augmentation 

Continue implementation 
of Action I.1.3 

Spawning 
 
 

NSN: 
American 
River 

Folsom/Nimbus 
releases – flow 
fluctuations in the 
American River 
resulting in redd 
dewatering 

Redd dewatering and isolation 
prohibiting successful completion of 
spawning 

Medium Action II.1:  Lower 
American River 
flow management, 
particularly 
management 
following the ARG 
process 

Continue implementation 
of Action II..1 

Spawning 
 
 

NSN: 
American 
River; BPL: 
Sacramento; 
and 
potentially 
all other 
populations 
within the 
NWC, NSN, 
and BPL 
diversity 
groups 

Nimbus Hatchery 
O. mykiss 
spawning with 
natural-origin 
steelhead in the 
American River 
and in other CV 
streams 

Reduced genetic fitness of CV 
steelhead through the spread of Eel 
River genes and potentially hatchery 
rainbow trout genes to many below-
barrier sites (Garza and Pearse 2008).   

High Action II.6.1:  
Preparation of 
hatchery genetic 
management plan 
for steelhead 
 
Action II.6.2: 
Interim actions 
prior to submittal 
of draft HGMP for 
steelhead 

Continue implementation 
of Actions II.6.1 and 
II.6.2 
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Magnitude 
of Effect 

Short-term Action 
to 

Minimize/Alleviat
e Stressor 

Long-term Action to 
Minimize/Alleviate 

Stressor 

Life Stage/ 
Habitat 

Type 

Diversity 
Group(s): 

Population(
s) 

Stressor Response/Rationale for Magnitude of 
Effect 

Spawning 
 
 

SSN: 
Stanislaus 
River 

Unsuitable flows 
in the Stanislaus 
River restrict 
spawnable habitat 
and dewater redds 

Limited spawning habitat availability 
according to Aceituno (1993).   
 
Instream flows typically drop in 
January from higher December levels 
when San Joaquin River water quality 
objectives are met.  This increases the 
risk for redd dewatering and direct egg 
mortality. 

High Action III.1.1:  
Establish 
Stanislaus 
operations group 
 
Action III.1.3:  
Stanislaus River 
temperature 
management 

Continue implementation 
of Actions III.1.1 and 
III.1.3 

Spawning 
 
 

SSN: 
Stanislaus 
River 

Excessive fines in 
spawning gravel 
resulting from lack 
of overbank flow 
 
 

Reduced suitable spawning habitat; For 
individual: increased energy cost to 
attempt to "clean" excess fine material 
from spawning site 
 
Fine material deposited in gravel beds 
because of lack of overbank flow to 
inundate floodplain and deposit fine 
material on floodplain, instead of in 
river (Kondolf et al. 2001). 

High Action III.2.2:  
Stanislaus River 
floodplain 
restoration and 
inundation flows 

Continue implementation 
of Action III.2.2 

Embryo 
incubation 
 
 

NSN: 
American 
River 

Exposure to 
stressful water 
temperatures in the 
American River 
during embryo 
incubation 

Sub-lethal effects - reduced early life 
stage viability; direct mortality; 
restriction of life history diversity (i.e., 
directional selection against eggs 
deposited in Mar. and Apr.) 

Medium Action II.3:  Make 
structural 
improvements to 
improve cold water 
management 
 
Action V:  Fish 
passage program 
(Near-term actions) 

Continue implementation 
of Action II.3 
 
 
 
Action V:  Fish passage 
program (Long-term 
actions) 

Egg 
incubation 
and 
emergence 
 
 

SSN: 
Stanislaus 
River 

Excessive fines in 
spawning gravel 
resulting from lack 
of overbank flow 
 

Egg mortality from lack of interstitial 
flow; egg mortality from smothering by 
nest-building activities of other 
steelhead or fall-run; suppressed 
growth rates 

High Action III.2.2:  
Stanislaus River 
floodplain 
restoration and 
inundation flows 

Continue implementation 
of Action III.2.2 
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Magnitude 
of Effect 

Short-term Action 
to 

Minimize/Alleviat
e Stressor 

Long-term Action to 
Minimize/Alleviate 

Stressor 

Life Stage/ 
Habitat 

Type 

Diversity 
Group(s): 

Population(
s) 

Stressor Response/Rationale for Magnitude of 
Effect 

Egg 
incubation 
and 
emergence 
 

SSN: 
Stanislaus 
River 

Exposure to 
stressful water 
temperatures in the 
Stanislaus River 
during egg 
incubation and 
emergence 

Egg mortality, especially for eggs 
spawned in or after March; Embryonic 
deformities (Deas et al. 2008)  
 
Temperatures may be operationally 
managed, depending on year type 

Medium Action III.1.1:  
Establish 
Stanislaus 
operations group 
 
Action III.1.2:  
Stanislaus River 
temperature 
management 
 
 

Continue implementation 
of Actions III.1.1 and 
III.1.2 
 
 
 
Action V:  Fish passage 
program (Long-term 
actions) 

Juvenile 
rearing 
 

BPL: 
Sacramento 
River 

Provision of higher 
flows and cooler 
water temps during 
the summer than 
occurred prior to 
the construction of 
Shasta Dam 

Potential fitness advantage for resident 
O.mykiss over the anadromous form, 
which would drive an evolutionary 
(i.e., genetic) change if life history 
strategy is heritable (Lindley et al. 
2007).   

High Action V:  Fish 
passage program 
(Near-term actions) 

Action V:  Fish passage 
program (Long-term 
actions) 
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Magnitude 
of Effect 

Short-term Action 
to 

Minimize/Alleviat
e Stressor 

Long-term Action to 
Minimize/Alleviate 

Stressor 

Life Stage/ 
Habitat 

Type 

Diversity 
Group(s): 

Population(
s) 

Stressor Response/Rationale for Magnitude of 
Effect 

Juvenile 
rearing 
 
 

NWC: 
Cottonwood
/ 
Beegum, 
Clear; BPL: 
Sacramento, 
Battle 

Lake Red Bluff, 
river impounded 
May15 - Sept 15, 
plus 10 days in 
April during 
emergencies 

Reduction in rearing habitat quality and 
quantity; delayed juvenile emigration, 
increased predation; change in riparian 
habitat, change in river conditions, 
change in food supply, every year since 
1967 

High Action I.3.2: 
RBDD interim 
operations 
 
Action I.6.1:  
Restoration of 
floodplain rearing 
habitat 
 
Action I.6.2:  
Implement near-
term actions at 
Liberty 
Island/Lower 
Cache Slough and 
lower Yolo Bypass 
 
Action I.6.3:  
Lower Putah Creek 
enhancements 
 
Action I.6.4:  
Improvements to 
Lisbon Weir 
 

Action I.3.1: RBDD 
operations after May 14, 
2012 
 
Continue implementation 
of Actions I.6.1, I.6.2, 
I.6.3, and I.6.4 

Juvenile 
rearing 
 
 

All diversity 
groups and 
populations 

Unscreened CVP 
diversions between 
Red Bluff and the 
Delta 

Entrainment High Action I.5:  
Funding for 
CVPIA 
Anadromous Fish 
Screen Program 
 

Continue implementation 
of Action I.5 
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Magnitude 
of Effect 

Short-term Action 
to 

Minimize/Alleviat
e Stressor 

Long-term Action to 
Minimize/Alleviate 

Stressor 

Life Stage/ 
Habitat 

Type 

Diversity 
Group(s): 

Population(
s) 

Stressor Response/Rationale for Magnitude of 
Effect 

Juvenile 
rearing 
 
 

All diversity 
groups and 
populations, 
excluding 
the SSN 
diversity 
group 

Lack of channel 
forming flows in 
the Sacramento 
River and reversed 
natural flow 
pattern (high flows 
in summer, low 
flows in late 
fall/winter), 
modifies critical 
habitat, including 
impaired 
geomorphic 
process. 

Flow regulation (proposed Project 
stressor) and levee construction and 
maintenance (baseline stressor) alter 
ecological processes that generate and 
maintain the natural, dynamic 
ecosystem.  This loss of natural river 
function has reduced the quality and 
quantity of rearing and migratory 
habitats (Stillwater Sciences 2007), 
thereby reducing juvenile growth and 
survival. 

High Action I.6.1:  
Restoration of 
floodplain rearing 
habitat 
 
Action I.6.2:  
Implement near-
term actions at 
Liberty 
Island/Lower 
Cache Slough and 
lower Yolo Bypass 
 
Action I.6.3:  
Lower Putah Creek 
enhancements 
 
Action I.6.4:  
Improvements to 
Lisbon Weir 
 
 

Continue implementation 
of Actions I.6.1, I.6.2, 
I.6.3, and I.6.4 
 
 
 
 
 
 
 
 
 
 
 

Juvenile 
rearing 
 
 

NWC: Clear 
Creek 

Exposure to 
stressful water 
temperatures in 
Clear Creek during 
juvenile rearing 

Limited over-summering habitat, 
reduced growth, increased 
susceptibility to disease and predation 

High Action I.1.5:  Clear 
Creek thermal 
stress reduction 

Continue implementation 
of Action I.1.5 

Juvenile 
rearing 
 
 

NWC: Clear 
Creek 

Limited rearing 
habitat availability 
in Clear Creek 
resulting from low 
summer flows (< 
80 cfs) 

Limited rearing habitat availability; less 
food, reduced growth,  increased 
predation risk 

High Action I.1.6:  
Adaptively manage 
to habitat 
suitability/IFIM 
study results 

Continue implementation 
of Action I.1.6 
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Magnitude 
of Effect 

Short-term Action 
to 

Minimize/Alleviat
e Stressor 

Long-term Action to 
Minimize/Alleviate 

Stressor 

Life Stage/ 
Habitat 

Type 

Diversity 
Group(s): 

Population(
s) 

Stressor Response/Rationale for Magnitude of 
Effect 

Juvenile 
rearing 
 
 

NSN: 
American 
River 

Folsom/Nimbus 
releases resulting 
in flow 
fluctuations; low 
flows 

Fry stranding and juvenile isolation - 
observations of juvenile steelhead 
isolation in the American River were 
made in both 2003 and 2004 (Water 
Forum 2005a).  Low flows limiting the 
availability of quality rearing habitat 
including predator refuge habitat 

High Action II.4:  
Minimize lower 
American River 
flow fluctuation 
effects 

Continue implementation 
of Action II.4 

Juvenile 
rearing 
 

NSN: 
American 
River 

Exposure to 
stressful water 
temperatures in the 
American River 
during juvenile 
rearing 

Physiological effects - increased 
susceptibility to disease (e.g., anal vent 
inflammation) and predation.  Visible 
symptoms of thermal stress in juvenile 
steelhead are associated with exposure 
to daily mean water temperatures above 
65°F (Water Forum 2005a).  With the 
exception of 2005, from 1999 through 
2007, daily mean water temperatures at 
Watt Avenue from August through 
September were warmer than 65°F for 
approximately 81 percent of the days, 
and during 2001, 2002, 2004, 2006, and 
2007, water temperatures were often 
over 68°F (figure 30a).  Under a drier 
and warmer climate change scenario 
(Study 9.5), modeled water 
temperatures at Watt Avenue from June 
through September under full build out 
of the proposed Project range from 
65°F to 82°F (Reclamation 2009).  
Even if no regional climate change is 
assumed (Study 9.1), water 
temperatures at this location during this 
time period are expected to range from 
63°F to 79°F.   

High Action II.2:  Lower 
American River 
temperature 
management 
 
Action II.3:  Make 
structural 
improvements to 
improve 
management 
 
Action V:  Fish 
passage program 
(Near-term actions) 

Continue implementation 
of Actions II.2 and II.3 
 
 
 
 
 
Action V:  Fish passage 
program (Long-term 
actions) 
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Magnitude 
of Effect 

Short-term Action 
to 

Minimize/Alleviat
e Stressor 

Long-term Action to 
Minimize/Alleviate 

Stressor 

Life Stage/ 
Habitat 

Type 

Diversity 
Group(s): 

Population(
s) 

Stressor Response/Rationale for Magnitude of 
Effect 

Juvenile 
rearing 
 
 

SSN: 
Stanislaus 
River 

Lack of overbank 
flow in the 
Stanislaus River to 
inundate rearing 
habitat 

Reduced food supply; suppressed 
growth rates; starvation; loss to 
predation; poor energetics; indirect 
stress effects, smaller size at time of 
emigration; 

High Action III.2.2:  
Stanislaus River 
floodplain 
restoration and 
inundation flows 
 
Action V:  Fish 
passage program 
(Near-term actions) 

Continue implementation 
of Action III.2.2 
 
 
 
 
 
 
 
Action V:  Fish passage 
program (Long-term 
actions) 

Juvenile 
rearing 
 
 

SSN: 
Stanislaus 
River 

Reduction in 
rearing habitat 
complexity in the 
Stanislaus River 
due to reduction in 
channel forming 
flows 

Reduced food supply; suppressed 
growth rates; starvation; loss to 
predation; poor energetics; indirect 
stress effects, smaller size at time of 
emigration; 

High Action III.2.2:  
Stanislaus River 
floodplain 
restoration and 
inundation flows 
 
 

Continue implementation 
of Action III.2.2 
 
 
 
 
 
 

Juvenile 
rearing 
 
 

SSN: 
Stanislaus 
River 

Unsuitable flows 
in the Stanislaus 
River for 
maintaining 
juvenile rearing 
habitat 

Crowding and density dependent 
effects relating to reduced habitat 
availability. Metabolic stress; 
starvation; loss to predation;  indirect 
stress effects, poor growth; 

High Action III.2.2:  
Stanislaus River 
floodplain 
restoration and 
inundation flows 
 
Action III.1.3: 
Stanislaus River 
flow management 

Continue implementation 
of Actions III.2.2 and 
III.1.3 
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Magnitude 
of Effect 

Short-term Action 
to 

Minimize/Alleviat
e Stressor 

Long-term Action to 
Minimize/Alleviate 

Stressor 

Life Stage/ 
Habitat 

Type 

Diversity 
Group(s): 

Population(
s) 

Stressor Response/Rationale for Magnitude of 
Effect 

Juvenile 
rearing and 
downstream 
movement 
 

SSN: 
Stanislaus 
River 

Predation in the 
Stanislaus River 
by non-native fish 
predators because 
rearing habitat is 
lacking 

Juvenile mortality; Reduced juvenile 
production 

High  Action III.2.2:  
Stanislaus River 
floodplain 
restoration and 
inundation flows 
 
Action III.1.3: 
Stanislaus River 
flow management  
 
Action III.2.3:  
Implement 
predation reduction 
projects 

Continue implementation 
of Actions III.2.2, III.1.3, 
and III.2.3 

Juvenile 
rearing 
 

SSN: 
Stanislaus 
River 

Exposure to 
stressful water 
temperatures in the 
Stanislaus River at 
the end of summer 
affecting rearing 
habitat 

Metabolic stress; starvation; loss to 
predation;  indirect stress effects, poor 
growth; 

High Action III.1.1:  
Establish 
Stanislaus 
operations group 
 
Action III.1.2: 
Stanislaus River 
temperature 
management 
 
 

Continue implementation 
of Actions III.1.1 and 
III.1.2 
 
 
 
 
 

Smolt 
emigration 
 
 

SSN: 
Stanislaus 
River 

Water 
temperatures 
warmer than life 
history stage  (Mar 
- June) 

Missing triggers to elect anadromous 
life history;  failure to escape river 
before temperatures rise at lower river 
reaches and in Delta; thermal stress; 

High Action III.1.1:  
Establish 
Stanislaus 
operations group 
 
Action III.1.3:  
Stanislaus River 
flow management 
) 

Continue implementation 
of Actions III.1.1 and 
III.1.3 
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Magnitude 
of Effect 

Short-term Action 
to 

Minimize/Alleviat
e Stressor 

Long-term Action to 
Minimize/Alleviate 

Stressor 

Life Stage/ 
Habitat 

Type 

Diversity 
Group(s): 

Population(
s) 

Stressor Response/Rationale for Magnitude of 
Effect 

Smolt 
emigration 
 
 

NSN: 
American 
River 

Exposure to 
stressful water 
temperatures in the 
American River 
during smolt 
emigration 

Physiological effects – reduced ability 
to successfully complete the 
smoltification process, increased 
susceptibility to predation 

Medium Action II.3:  Make 
structural 
improvements to 
improve cold water 
management 
 
Action V:  Fish 
passage program 
(Near-term actions) 

Continue implementation 
of Action II.3 
 
 
 
Action V:  Fish passage 
program (Long-term 
actions) 

Smolt 
emigration 
 
 

SSN: 
Stanislaus 
River 

Water 
temperatures 
warmer than life 
history stage  (Mar 
- June) 

Missing triggers to elect anadromous 
life history;  failure to escape river 
before temperatures rise at lower river 
reaches and in Delta; thermal stress; 

High Action III.1.1:  
Establish 
Stanislaus 
operations group  
 
Action III.1.2:  
Stanislaus River 
temperature 
management 
 
 

Continue implementation 
of Action III.1.1 and 
III.1.2 
 
 
 
 
 

Smolt 
emigration 
 
 

SSN: 
Stanislaus 
River 

Suboptimal flow in 
the Stanislaus 
River 
(March – June) 

Failure to escape river before 
temperatures rise at lower river reaches 
and in Delta; thermal stress; 
misdirection through Delta leading to 
increased residence time and higher 
risk of predation 

High Action III.1.3:  
Stanislaus River 
flow management 

Continue implementation 
of Action III.1.3 
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Magnitude 
of Effect 

Short-term Action 
to 

Minimize/Alleviat
e Stressor 

Long-term Action to 
Minimize/Alleviate 

Stressor 

Life Stage/ 
Habitat 

Type 

Diversity 
Group(s): 

Population(
s) 

Stressor Response/Rationale for Magnitude of 
Effect 

Smolt 
emigration 

All diversity 
groups and 
populations  

 Cumulative direct 
and indirect loss 
associated with 
export operations 
(DCC operations, 
loss in Delta 
interior, loss at 
export facilities, 
creation of 
artificial 
freshwater system, 
altered 
hydrodynamics) 

Substantial mortality to steelhead from 
all diversity groups. 
 
Based on VAMP studies of fall-run, 
mortality ranges from 90 – 99 % from 
San Joaquin River release points to 
Chipps Island (SJRGA 2006).  Similar 
results are assumed for steelhead, as 
shown through the CCF studies 
showing similar loss rates between 
steelhead and Chinook salmon (DWR 
2008). 

High  Action IV.1.1: 
Monitoring and 
alerts to trigger 
changes in DCC 
operations 
 
Action IV.1.2: 
DCC gate 
operation 
 
Action IV.1.3: 
Engineering studies 
of methods to 
reduce loss of 
Salmonids in 
Georgiana Slough 
and South Delta 
channels 
 
Action IV.2.1: San 
Joaquin River 
inflow to export 
ratio 
 
Action IV.2.2: Old 
and Middle River 
Flow Management 
 
Action IV.3:  
Reduce the 
likelihood of 
entrainment or 
salvage at the 
export facilities 
 
Action IV.4.1: 
Tracy fish 
collection facility 
improvements 
 
Action IV.4.2: 
Skinner fish 
collection facility 

Continue implementation 
of Actions IV.1 through 
IV.6 



 709

11.3.4  Southern DPS of Green Sturgeon and Its Proposed Critical Habitat 
 
The Southern DPS of green sturgeon is at substantial risk to future population declines (Adams 
et al. 2007).  The potential threats faced by the green sturgeon include enhanced vulnerability 
due to the reduction of spawning habitat into one concentrated area on the Sacramento River, 
habitat elimination and modification in the mainstem Sacramento River and Delta, lack of good 
empirical population data, vulnerability of long-term cold water supply for egg incubation and 
larval survival, and loss of juvenile green sturgeon due to entrainment Federal and State export 
facilities in the South Delta.  In addition, many of the physical and biological features of critical 
habitat that are essential for the conservation of the Southern DPS of green sturgeon are currently 
impaired, and provide limited conservation value.  The proposed action increases the 
population’s extinction risk and continues to degrade the PCEs of their proposed critical habitat 
by adding numerous stressors to the species’ baseline stress regime.  Throughout this Opinion, 
NMFS acknowledged that a species’ viability (and conversely extinction risk) is determined by 
the VSP parameters of spatial structure, diversity, abundance, and productivity.  In addition, 
NMFS acknowledged the need for the proper functioning of the PCEs that comprise the 
proposed critical habitat.  In sections 9.7 and 9.8, NMFS summarized various stressors that 
reduced the VSP parameters and conservation value of the PCEs.   
 
The RPA specifies many significant actions that will reduce the adverse effects of the proposed 
action on Southern DPS of green sturgeon and bring about the proper functioning of PCEs of its 
proposed critical habitat.  Many of the RPA actions, as described in their objectives and 
rationale, specifically address key limiting factors/threats facing the DPS and its proposed 
critical habitat, for example, passage impediments, degraded water quantity and quality of the 
remaining habitat downstream of Keswick and Shasta Dams, and entrainment influence of the 
Federal and state export facilities.  Table 11-4 provides the linkage between specific project 
related stressors identified in the Opinion’s Integration and Synthesis, and the specific RPA 
actions necessary to minimize those stressors in both the near-term and the long-term.   All 
actions that address the Southern DPS of green sturgeon in the RPA are necessary to minimize 
project effects to the extent where they do not appreciably reduce the likelihood of survival and 
recovery of the DPS in the near-term and the long-term, or adversely modify proposed critical 
habitat.  This written analysis summarizes some of the most significant RPA actions that NMFS 
relied on in its analysis. 
 
As show in table 11-4, the RPA acknowledges the need for both short-term and long-term 
actions, including: 

• increasing Shasta reservoir storage to provide for temperature control and improve the 
quantity and quality of downstream habitat; 

• providing interim and long-term modifications to RBDD to providing safe passage to 
and from spawning habitat; 

• implementing studies on Southern DPS of green sturgeon population size, and life 
history and habitat needs in the short-term to improve management of the species and 
their habitat in the long-term; 

• providing increased rearing habitat; 
• modifying the operation of the DCC; and 
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• implementing a revised decision process for Delta operations, including reduced exports. 
 
Minimization of adverse effects of project operations on the Southern DPS of green sturgeon and 
its proposed critical habitat are expected to begin immediately through implementation of 
various actions, and continue to increase over the term of this Opinion (through year 2030) with 
the implementation of the longer-term actions.  While implementation of the RPA will occur 
during the term of this Opinion, its full effects on population metrics (e.g., spatial structure, 
diversity, abundance, productivity) and the PCEs of critical habitat will occur over a 
considerable period of time after implementation.  In the near term, precluding an emergency 
gate closure, delaying the gate closure until June 15th, and increasing the height of gate openings 
at RBDD will immediately minimize a significant portion of the adverse effects of RBDD on 
green sturgeon.  An increase in survival of spawning adults, and the availability of more cold 
water that will provide more spawning habitat in more favorable spawning and embryo 
incubation temperature ranges, will likely result in an increased growth rate and diversity of the 
population in the long run.  Also in the near-term, actions within the Delta will reduce the 
influence of the Federal and State export facilities, increase survival of juveniles by keeping 
them within the mainstem Sacramento River, and reduce entrainment and mortality.   
 
In the long term, in addition to the continuation of the near-term actions, adverse effects of 
project operations will be further minimized with unimpeded passage opportunities for adults 
and juveniles at RBDD, and reduced competition and predation.  Results from the near-term 
studies will aid in the management and recovery of the species and their proposed critical habitat 
on the long-term. 
 
In summary, with full implementation of the RPA, NMFS expects that on-going project effects 
on Southern DPS of green sturgeon and its proposed critical habitat will be minimized to the 
extent the survival and recovery are not appreciably reduced, and critical habitat is not adversely 
modified.   
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Table 11-4.  Summary of actions to minimize or alleviate proposed action-related stressors to the Southern DPS of green sturgeon and its proposed 
critical habitat. 

Life 
Stage/Habita

t Type 

Stressor Response/Rationale for Magnitude of 
Effect 

Magnitude 
of Effect 

Short-term Action to 
Minimize/Alleviate Stressor 

Long-term Action to 
Minimize/Alleviate 

Stressor 
Adult 
immigration 
and holding 

RBDD gate 
closures 
from May 
15 - Sept 15 
every year 
and 
emergency 
10-day gate 
closures 
delaying 
adult 
immigration. 

Passage blocked, 55 miles of spawning 
habitat made inaccessible upstream of 
RBDD after May 15.  Large aggregations 
(25-30) of mature adults observed below 
RBDD gates.  Estimate 30 % of run 
blocked based on run timing. Also, 
mortalities associated with downstream 
passage under gates post-spawn, or after 
fish move above gates. Mortality greater 
on larger, more fecund females that can 
not fit through 18” opening 
 
 
Greater proportion of run blocked or 
delayed (40 -50%) based on run timing; 
Greater mortalities associated with 
downstream passage under gates post 
spawn, or after moving above gates, sub 
lethal effects on eggs in fish and energy 
loss. Occurred twice in the past 10 years, 
but the frequency of occurrence may 
increase with climate change 

High Action I.3.2: RBDD interim 
operations 
 
Action I.3.3.  RBDD interim 
operations for Green Sturgeon 
 
Action I.3.4:  Measures to 
compensate for adverse effects of 
RBDD interim operations on green 
sturgeon 

Action I.3.1:  RBDD 
operations after May, 
2012 
 
Continue 
implementation of 
Action I.3.4 

Spawning RBDD Unnatural spawning site created below 
RBDD, portion of run (only one in CV) 
spawning in water 2 feet deep, channel 
aggradation below hydraulics from gates, 
eggs suffocate, physiological effects, 
delayed hatch, greater predation on eggs 
due to accumulation of predators below 
RBDD. 

High Action I.3.2: RBDD interim 
operations 
 
Action I.3.3.  RBDD interim 
operations for Green Sturgeon 
 
Action I.3.4:  Measures to 
compensate for adverse effects of 
RBDD interim operations on green 
sturgeon 

Action I.3.1:  RBDD 
operations after May, 
2012 
 
Continue 
implementation of 
Action I.3.4 



 
 712

Life 
Stage/Habita

t Type 

Stressor Response/Rationale for Magnitude of 
Effect 

Magnitude 
of Effect 

Short-term Action to 
Minimize/Alleviate Stressor 

Long-term Action to 
Minimize/Alleviate 

Stressor 
Embryo 
incubation 
 
 

Water 
temperatures 
warmer than 
life history 
stage 
requirement
s below 
Hamilton 
City. 

For eggs and fry that are spawned in areas 
from RBDD to Hamilton City water 
quality is less suitable than above RBDD 
where temperatures are controlled for 
winter-run.  Eggs suffocate from less 
flow, physiological effects, delayed hatch, 
greater predation on eggs due to presence 
of non-native introduced warm-water 
species. 

Medium Action I.2.1:  Maintain suitable water 
temperatures for Southern DPS of 
green sturgeon. 
 
Action I.2.2:  Maintain minimum 
Shasta Reservoir storage. 
 
Action I.2.3:  February forecast and 
plan of operation. 

Continued 
implementation of 
Action I.2.1. 
 
Continued 
implementation of 
Action I.2.2. 
 
Continued 
implementation of 
Action I.2.3. 
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Life 
Stage/Habita

t Type 

Stressor Response/Rationale for Magnitude of 
Effect 

Magnitude 
of Effect 

Short-term Action to 
Minimize/Alleviate Stressor 

Long-term Action to 
Minimize/Alleviate 

Stressor 
Juvenile 
rearing 

Increased 
juvenile 
mortality 
related to 
emigration 
when RBDD 
Dam gates 
are in (i.e., 
May15 - 
Sept 15, plus 
10 days in 
April during 
emergencies
) 
 
 
 
 
 
 
Reduced 
quality of 
juvenile 
rearing 
habitat 
related to the 
formation of 
Lake Red 
Bluff when 
the RBDD 
gates are in. 

Based on passage estimates of when 
juveniles are present at RBDD (USFWS 
1997-2007), approximately 100 % of the 
green sturgeon DPS that is spawned 
above RBDD would be exposed to higher 
concentrations of predators when the 
gates are in (TCCA 2008).  
Approximately 70 % of the entire green 
sturgeon DPS spawns above RBDD. 
 
Mortality of juvenile salmon emigrating 
past RBDD when the gates are in ranges 
from 5 -50 % (Vogel et al. 1988; Tucker 
1998); mortality of juvenile green 
sturgeon emigrating past RBDD has not 
been estimated, but is expected to 
increase when the gates are in. 
 
 
 
Reduction in rearing habitat quality and 
quantity; increased predation; change in 
riparian habitat, change in river 
conditions, change in food supply, every 
year since 1967. 

High 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
High 

Action I.3.2: RBDD interim 
operations 
 
Action I.3.3.  RBDD interim 
operations for Green Sturgeon 
 
Action I.3.4:  Measures to 
compensate for adverse effects of 
RBDD interim operations on green 
sturgeon 

Action I.3.1:  RBDD 
operations after May, 
2012 
 
Continue 
implementation of 
Action I.3.4 

Juvenile 
rearing 

Unscreened 
CVP 
diversions  

Entrainment High Action I.5:  
Funding for CVPIA Anadromous 
Fish Screen Program 
 

Continue 
implementation of 
Action I.5 
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Life 
Stage/Habita

t Type 

Stressor Response/Rationale for Magnitude of 
Effect 

Magnitude 
of Effect 

Short-term Action to 
Minimize/Alleviate Stressor 

Long-term Action to 
Minimize/Alleviate 

Stressor 
Juvenile and 
subadult 
 
 

Loss at 
export 
facilitiest 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Impaired 
movements 
through 
South Delta 
waterways 
due to 
temporary 
barriers or 
permanent 
gates 

Entrainment of fish at the CVP and SWP 
in every month of the year.  Louvers 
function well for larger fish but are 
inefficient for smaller fish.  Fish behavior 
may make them susceptible to the 
cleaning practices of louvers. In louver 
studies, fish position themselves in front 
of the bottom edge of the louver along the 
channel bottom, where they held position 
for prolonged periods of time. 
 
 
Presence of green sturgeon juveniles and 
subadults in the South Delta as confirmed 
by salvage records.  Presence occurs 
during operational season of barriers 
(April through November).  Closure of 
waterways by temporary barriers or 
permanent gates inhibits movement of 
green sturgeon through these waterways.  
Fish located upstream of barriers are 
potentially trapped or delayed in their 
movements downstream by structures. 

Unknown 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Unknown 
 
 

 Action IV.1.1: Monitoring and alerts 
to trigger changes in DCC operations 
 
Action IV.1.2: DCC gate operation 
 
Action IV.1.3: Engineering studies of 
methods to reduce loss of Salmonids 
in Georgiana Slough and South Delta 
channels 
 
Action IV.2.2: Old and Middle River 
flow management 
 
Action IV.3:  Reduce the likelihood 
of entrainment or salvage at the 
export facilities 
 
Action IV.4.1: Tracy fish collection 
facility improvements 
 
Action IV.4.2: Skinner fish collection 
facility improvements. 
 
Action IV.4.3:  Additional 
improvements at Tracy and Skinner 
fish collection facilities 
 
Action IV. 6: Formation of Delta 
operations for salmon and sturgeon 
technical working group 
 
Action IV.6: South Delta 
improvement program – phase I 

Continue 
implementation of 
Actions IV.1 through 
IV.6 
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11.3.5  Southern Resident Killer Whales 
 
NMFS evaluated effects of the proposed action on Southern Residents by evaluating effects on 
the availability of their preferred prey, Chinook salmon.  NMFS considered effects on both listed 
and non-listed Chinook salmon.  With respect to the listed winter-run and spring-run ESUs, the 
proposed action is likely to appreciably reduce the survival and recovery of the listed entities and 
conservation value of their designated critical habitat, which would increase their risk of 
extinction in the long term.  If these stocks were to become extinct, there would be an increased 
likelihood of localized killer whale prey depletions on the Pacific coast.   
 
As described in sections 11.3.1 and 11.3.2, full implementation of the RPA is expected to reduce 
adverse effects of project operations on ESA-listed winter-run and spring-run and their 
designated critical habitats to the point where there is not an appreciable reduction in the 
likelihood of survival or recovery or an adverse modification of critical habitat.    NMFS 
anticipates that implementation of RPA actions will decrease the risk of extinction of winter-run 
and spring-run in the long-term, reducing the risk of localized prey depletions and thereby 
increasing the prey available to Southern Residents.   
 
NMFS also considered effects of the proposed action on non-listed Chinook salmon that are 
available to Southern Residents (section 6.8.1.2.2).  As discussed in section 6.8.1.2, we 
quantified effects of hatchery production and project operations on non-listed Chinook salmon 
available to Southern Residents.  Hatchery programs included in the proposed action produce 
more Chinook salmon than are killed in project operations.  However, artificial propagation can 
have harmful effects on the long-term fitness of salmon populations, and the current hatchery 
practices at Nimbus and Trinity River fish hatcheries are diminishing the long-term viability of 
these non-listed stocks over the long term.  The proposed action did not identify time lines for 
reforming harmful hatchery practices that affect these stocks.   
 
RPA Action Suite II.6 calls for development of hatchery management plans for fall-run at 
Nimbus Fish Hatchery and spring-run and fall-run at Trinity River Fish Hatchery, by June 2014.  
New hatchery management will be subject to future section 7 consultations and/or the 4(d) 
HGMP process.  NMFS anticipates that implementing these RPA actions will provide long-range 
planning to reduce impacts of hatchery operations on natural fall-run and spring-run, increase the 
genetic diversity and diversity of run-timing for these stocks, and increase the likelihood that 
these stocks are retained as prey available to Southern Resident killer whales in the long term.  
Improving the genetic diversity and diversity of run timing of CV fall-run will decrease the 
potential for localized prey depletions and increase the likelihood that fall-run can withstand 
stochastic events, such as poor ocean conditions. 
 
Many RPA actions intended to avoid jeopardy to listed winter-run and spring-run, or adverse 
modification of their critical habitat, are also expected to reduce adverse effects of the action on 
the short- and long-term abundance and the long-term viability of non-listed fall-run and late-fall 
run. The immediate cause of the recent fall-run decline is most likely a result of ocean conditions 
(Lindley et al. 2009).  However, freshwater impacts and hatchery programs most likely 
contributed to the collapse (Lindley et al. 2009).  The RPA actions address many of the 
freshwater impacts identified in Lindley et al. (2009).  NMFS expects that these actions would 



reduce adverse impacts of the project in all years, under all hydrologic conditions.   The actions 
include: 
 

1)  After 2012, there will be unrestricted up-stream and down-stream passage at RBDD. The 
interim measure of gates out on September 1 allows an additional 14 days unimpeded 
passage for adult fall-run. 

 
2) A continued investment in fish screens along the Sacramento River and in the Delta 

would reduce entrainment of juvenile fall-run/late fall-run in unscreened diversions. 
 

3) Improved rearing habitat in both the short-term and long-term in the Delta and lower 
Sacramento River (Liberty Island/Cache Slough) will improve juvenile fall-run survival. 

 
4) Increased closures of DCC gates from October through January will reduce the 

percentage of juvenile outmigrants that enter the Interior Delta and are then subject to 
both direct and indirect mortality. 

 
5) Additional Old and Middle River flow restrictions from January through June will reduce 

exposure of fall-run and late fall-run juveniles to export facilities and increase survival 
for fall-run leaving the San Joaquin River. 

 
6) Improvements in salvage procedures at the Delta fish facilities will lead to higher 

survival of juveniles that enter the facilities and are subjected to the salvage process. 
 

7) In the long term, implementation of fall-run hatchery management plans at Nimbus and 
Trinity River Hatcheries will increase genetic diversity of fall-run.  

 
8) Increased gravel augmentation on Clear Creek and the Stanislaus River will increase 

spawning and rearing habitat for listed and non-listed salmonids. 
 

9) Improved flows on Clear Creek, Stanislaus River, and the American River will enhance 
fall-run spawning and maintain spatial diversity between races. 

 
10) Improved water temperature control on the Sacramento River, Clear Creek, American 

River, and Stanislaus River will provide more suitable habitat for Chinook salmon. 
 

11) Greater storage levels in the fall for temperature control will improve temperatures for 
fall-run, as well as winter-run and spring-run. 

 
12) Replacement of the Spring Creek temperature control curtain will provide cooler water 

temperatures to the Sacramento River in the fall. 
 

13) Implementation of spring-run passage improvement projects (i.e., mitigation for RBDD 
impacts) in the Sacramento River basin will improve fall-run passage and access to 
greater spawning and rearing habitat. 
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14) Improvements in San Joaquin River flows at Vernalis will not only improve survival of 
juvenile steelhead but fall-run as well 

 
15) Export reductions based on fish densities at the fish salvage facilities will improve 

survival of non-listed salmonids, since they are similar in size at length. 
 

16) Fish passage above project dams, although not intended for non-listed fish species, will 
benefit EFH by providing spatial and temporal separation between runs, thereby 
improving the genetic structure and space available for fall-run spawning (reduced 
competition, and introgression). 

 
17) Restoration of Battle Creek is expected to improve EFH for fall-run as well as listed 

species. 
 

18) Improvements in fish passage at flood control weirs will reduce stranding of both adult 
and juvenile non-listed salmonids and sturgeon. 

 
19) Greater monitoring and reporting requirements for listed species will improve 

management of non-listed species as well. 
 

20) A 6-year acoustical tag study of juvenile salmonids in the San Joaquin River and Delta 
will improve understanding of fall-run biological requirements. 

 
The following actions in the RPA are expected to decrease the abundance of fall-run and late 
fall- run to some extent and may reduce viability in the long term: 

1)  Temperature control management for winter-run during the summer in the upper 
Sacramento River can reduce or eliminate the cold water available for fall-run spawning 
and egg incubation in September and October, most likely in dry or critically dry years.  
The RPA includes a new year-round program for temperature management at Shasta 
Reservoir, including requirements for carryover storage, and water temperatures until 
October 31.  The new temperature regime will lead to more frequent End of September 
storage levels that will support cold water releases for spring-run and fall-run in 
September and October, thereby reducing the adverse effects of temperatures on fall-run 
and late fall-run as compared to the proposed action.    

 
2) Temperature control management for steelhead on the American River during the 

summer can reduce the cold water pool available in October and November. 
 

3) Segregation weirs on Clear Creek to reduce introgression with spring-run reduce habitat 
available for fall-run spawning. 

 
4) Removal of the middle fish ladder at RBDD for green sturgeon to facilitate additional 18 

inch gate opening delays passage of fall-run. 
 

5) Wilkins Slough minimum flows in September and October to preserve cold water storage 
in Shasta Reservoir can delay upstream migration. 
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Effects numbered 3 through 5 are expected to occur in all years, during all hydrologic conditions; 
however, the effects, which include delayed arrival at spawning grounds or less available 
spawning habitat, are not anticipated to be severe enough to cause mortality of adult spawners.  
Additionally, RBDD will be removed in approximately three years, after which effects numbered 
4 will not occur, and the dam removal will reduce adverse effects on fall-run thereafter.   
 
Temperature control effects numbered 1 and 2 are expected to occur only during critically dry 
years, which represent less than 10 percent of historic years modeled and up to 25 percent of 
future years, based on a potential climate change scenario of dry, warming conditions (Study 8.0, 
2030 Level of Development).  These effects are expected to result in prespawn and early life-
stage mortalities for fall-run in the mainstem Sacramento River and American River.   In up to 
25 percent of future years, temperature control effects numbered 1 and 2 could result in a 
reduction in future production of fall-run.  In critically dry years, up to 8 percent of the 
Sacramento River population and up to 14 percent of the American River population could 
experience pre-spawn or egg mortality (Oppenheim 2009).  A loss of 8 to13 percent future 
production from natural spawners in the mainstem Sacramento River and American River, 
respectively, would be a small reduction in the overall number of adult fish available to the 
whales from this stock, which is dominated by hatchery produced fish.  The RPA is designed to 
conserve storage and will, therefore, improve the likelihood that sufficient cold water will remain 
in the fall, and the upper estimate of impacts will not be realized.  Some impacts from 
temperature are likely to occur with or without the RPA, because they are linked to hydrologic 
factors, such as drought and climate variation.   
 
The RPA will generally reduce adverse effects of project operation on naturally- spawning fall-
run and late-fall run by improving adult passage and increasing juvenile survival.  
Implementation of fall-run hatchery management plans at Nimbus and Trinity River fish 
hatcheries will increase genetic diversity of fall-run.  Increased diversity will decrease the 
potential for localized prey depletions and increase the likelihood that fall-run can withstand 
stochastic events, such as poor ocean conditions, and thereby provide a consistent food source in 
years with overall poor productivity.  In some years temperature control actions may result in 
reductions in future production of fall-run in the Sacramento and American rivers; however, the 
aggregate of the RPA actions will reduce overall adverse effects of project operations to a level 
that is not likely to imperil this prey source . 
 
In sum, the RPA is not likely to result in an increased extinction risk of winter-run and spring-
run, and it is not likely to imperil the long-term viability of fall-run. Consequently, project 
operations under the RPA are not likely to result in local depletions of killer whale prey that 
could appreciably reduce the whales’ likelihood of survival and recovery. Therefore, NMFS 
concludes that the RPA will not jeopardize the continued existence of Southern Resident killer 
whales. 
 
11.3.6  Economic and Technological Feasibility of the RPA 
 
When developing an RPA, NMFS is required by regulation to devise an RPA that is 
“economically and technologically feasible” in addition to avoiding jeopardy and adverse 
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modification.  These feasibility concerns were discussed and addressed in many ways throughout 
the period of November 2008 through May 2009, during the course of the consultation.  During 
this period, NMFS developed an initial RPA by December 11, 2009, revised that RPA in 
response to feedback from the two science panels and DWR, Reclamation, CDFG, and USFWS.  
NMFS developed a second draft RPA by March 3, 2009, and revised that draft in response to 
additional feedback from the agencies prior to providing the final action.  Some of the more 
complex RPA actions, including Shasta Storage, Habitat Rearing Actions, Passage Program, 
Stanislaus Flows and the San Joaquin River Inflow Export Ratio, went through many iterations 
of review, re-drafting, and refinement, involving interagency staff and management expertise, 
including biology, ecology, hydrology, and operations, in order to ensure that the actions were 
based on best available science, would be effective in avoiding jeopardy, and would be feasible 
to implement.   NMFS also secured outside contractual services to provide additional modeling 
expertise in evaluating draft RPA actions. 
 
Examples of Feasibility Concerns in RPA Actions 
 
As a result of this iterative consultation process, NMFS considered economic and technological 
feasibility in several ways when developing the CVP/SWP operations RPA.  Examples include: 
 

1)  Providing reasonable time to develop technologically feasible alternatives where none 
are “ready to go” – e.g., the Delta engineering action (Action IV.1.3), and lower 
Sacramento River rearing habitat action (Action I.6.1); 

 
2) Calling for a stepped approach to fish passage at dams, including studies and pilot 

projects, prior to a significant commitment of resources to build a ladder or invest in a 
permanent trap and haul program.  A reinitiation trigger is built into this action in the 
event passage is not deemed feasible, prior to construction of permanent infrastructure; 

 
3) Considering limitations of the overall capacity of CVP/SWP systems of reservoirs in 

determining feasibility of flow actions below reservoirs, and considering the hydrologic 
record and CALSIM modeling results (Shasta/Sacramento River, Folsom/American 
River, New Melones/Stanislaus River). 

 
4) Tiering actions to water year type and/or storage in order  to conserve storage at 

reservoirs and not unduly impact water supplies during drought (e.g., see appendix 5); 
 

5) Providing health and safety exceptions for export curtailments;  
 

6) Using monitoring for species presence to initiate actions when biologically supported and 
most needed, in order to limit the duration of export curtailments; 

 
7) Incorporating scientific uncertainty into the design of the action, when appropriate, in 

order to refine the action over time (e.g., 6-year acoustic tag study for San Joaquin 
steelhead). 
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8) Incorporating performance goals into more complex actions (for example, Shasta storage, 
rearing habitat and San Joaquin acoustic tag study).  A performance goal approach will 
allow for adaptation of the action over time to incorporate the most up-to-date thinking 
on cost-effective technologies or operations. 

 
9) Allowing for interim, further constrained, water deliveries to TCCA through modified 

RBDD operations for 3 years, while an alternative pumping plant is being built. 
 
The RPA includes collaborative research to enhance scientific understanding of the species and 
ecosystem, and to adapt actions to new scientific knowledge.  This adaptive structure is 
important, given the long-term nature of the consultation and the scientific uncertainty inherent 
in a highly variable system.  Monitoring and adaptive management are both built into many of 
the individual actions and are the subject of an annual program review.  This annual program 
review will provide for additional opportunities to address any unforeseen concerns about RPA 
feasibility that may arise. 
 
The rationale statements for individual actions explain more specific reasoning, and the 
administrative record contains specific hydrology and modeling results in support of the more 
complex actions (e.g., Shasta and San Joaquin storage/flows).   
 
Water Supply Costs and Projected Impacts  
 
NMFS examined water supply costs of the RPA as one aspect of considering economic 
feasibility.  While only costs to the action agency are considered in determining whether a RPA 
meets the regulatory requirement of economic feasibility, NMFS is mindful of potential social 
and economic costs to the people and communities that historically have depended on the Delta 
for their water supply.  Any water supply impact is undesirable.  NMFS made many attempts 
through the iterative consultation process to avoid developing RPA actions that would result in 
high water costs, while still providing for the survival and recovery of listed species.  
 
NMFS estimates the water costs associated with the RPA to be 5-7% of average annual 
combined exports: 5% for CVP, or 130 TAF/year, and 7% for SWP, or 200 TAF/year39.  The 
combined estimated annual average export curtailment is 330 TAF/year.  These estimates are 
over and above export curtailments associated with the USFWS’ Smelt Opinion.  The OMR 
restrictions in both Opinions tend to result in export curtailments of similar quantities at similar 
times of year.  Therefore, in general, these 330 TAF export curtailments are associated with the 
NMFS San Joaquin River Ratio actions in the RPA.   
 
NMFS also considered that there may be additional localized water costs not associated with 
South Delta exports.  These may include, in some years, localized water shortages necessitating 
groundwater use, water conservation measures, or other infrastructure improvements in the New 
Melones service area, and localized impacts in the North of Delta in some years, associated with 

                                                 
39 The proportional share between the CVP and SWP is attributable to CalLite programming and 
may not represent the true share of export reductions that would be allocated to each facility 
under actual conditions. 
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curtailments of fall deliveries used for rice decomposition.  NMFS considered whether it was 
feasible to model and estimate any water costs associated with the Shasta or American River 
RPA actions, and discussed this issue with Reclamation.  In general, it was decided that 
modeling tools were not available to assess these costs and/or that costs would be highly variable 
depending on adaptive management actions, and therefore, not meaningful to model. 
 
To assess the economic feasibility associated with average annual water costs of 330 TAF, 
NMFS reviewed CVP/SWP project wide and statewide information regarding water availability.  
NMFS considered the following information as background to economic feasibility.  This 
information is provided by the State Legislative Analyst’s Office (California’s Water: An LAO 
Primer, October 2008): 
 

1) “The federal government has developed the most surface storage capacity in the state 
with over 17 MAF of capacity in ten reservoirs on multiple river systems.  These 
reservoirs generally are part of the federal Central Valley Project (CVP), which serves 
about 3.1 million people, and provides irrigation water to over 2.6 million acres of land. 
The largest reservoir in the system is Shasta Lake with 4.6 MAF of capacity.  The state, 
as part of the development of SWP, built Oroville Dam and reservoir on the Feather 
River system with a capacity of 3.5 MAF. The SWP provides all or part of the drinking 
water supply for 23 million people and provides irrigation water to about 755,000 acres 
of land.”  

2) “The federal government, through the Bureau of Reclamation, holds the most (in volume) 
water rights in the state with over 112 MAF of water held, mainly for delivery through 
the federal CVP. Second to this are the water rights held by the Imperial Irrigation 
District (44 MAF), serving mainly farms in the Colorado River region. Two private gas 
and electric companies hold rights to over 41 MAF of water collectively, mainly for 
hydroelectric power. The state, through DWR, holds rights to about 31 MAF of water.” 
 

3) “Water dedicated for environmental uses, including instream flows, wild and scenic 
flows, required Sacramento-San Joaquin River Delta (the Delta) outflow, and managed 
wetlands use, declines substantially between wet and dry years—a 62 percent reduction.  
Available water supplied to agricultural and urban users actually increases in dry years. 
From wet to dry years, urban use increases by 10 percent and agricultural use increases 
by 20 percent. The main reason for this increase is the need in dry years for more 
developed water for agricultural irrigation and residential landscaping.” 

 
4) “Agricultural use of water is significant. California agriculture uses roughly 30 MAF of 

water a year on 9.6 million acres. California’s vast water infrastructure— including the 
development of the State Water Project, Central Valley Project, and Colorado River, as 
well as local and regional groundwater supply projects—was developed to provide water 
for irrigation (among other purposes), with agriculture using about 80 percent of 
California’s developed water supply.” (LAO, 2008) 

 
NMFS also considered information on relative deliveries of water in the state, including Figure 8 
from Blue Ribbon Task Force Delta Vision report, and Figure 10 from the same report, showing 
the relative importance of Delta exports relative to other sources of water supplies (taken from 
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DWR 2005 California Water Plan Update).  To assess the relative impact of export reductions on 
Southern California urban uses, NMFS reviewed a presentation by Metropolitan Water District, 
entitled “Metropolitan’s Water Supply Planning,” January 31, 2009, and reviewed Figure 11 
from the Delta Vision report showing the potential range of demand reductions and supply 
augmentations from different strategies (taken from DWR 2005 Water Plan Update).   
 
NMFS considered the above water cost estimates in the context of the larger set of facts on 
California’s water supply to determine whether the RPA is economically feasible.  NMFS 
believes that a cost of 5-7 percent of the project capacity is not unreasonable for a multi-species 
ESA consultation, given the factual context of the Delta ecosystem and water delivery system.  
330 taf reduction can be compared to 30 MAF for agriculture statewide, according to LAO.  In 
addition, these amounts can be compared to the water rights held by the federal and state 
governments (112 MAF, and 31 MAF respectively, according to LAO). 
 
Most important, NMFS evaluated the 5-7 percent combined export reduction in the context of 
future water demand and supply in California.  The Delta is only one source of water supply.  
According to other planning documents (DWR’s California Water Plan Update, 2005), water 
agencies are already planning for and adjusting to reduced supplies from the Delta.  Alternative 
supplies include: water transfers, demand reduction through conservation, conjunctive 
use/groundwater use during droughts, wastewater reclamation and water recycling, and 
desalination.  For example, urban water use efficiency is estimated by DWR to potentially result 
in between 1.2 to 3.1 MAF annual water savings, and recycled municipal water is potentially 
estimated to result in .9 to 1.4 MAF annual water savings.  The state of California has had an 
active Integrated Watershed Management Program for almost 10 years.  Projects funded through 
these local water infrastructure investments are coming on line, and will help offset decreased 
water supply from the Delta.   
 
Furthermore, NMFS considered RPA water costs in the context of b(2) water assets of 800 taf.  
As the Opinion explains, for purposes of the effects analysis, NMFS could not be reasonably 
certain that b(2) water would be available at a specific place and time needed to address adverse 
effects of the project on a listed species.  Therefore, the Opinion analysis and RPA actions 
developed to avoid jeopardy and adverse modification of critical habitat are independent of the 
availability of b(2) assets, and are silent about how these assets should be used.  The Secretary of 
the Interior retains discretions over how b(2) assets are dedicated to eligible water actions 
throughout the water year.  It is NMFS understanding that water actions taken by Reclamation to 
implement the RPA are eligible actions.  If the Secretary of the Interior so chooses, dedication of 
b(2) water assets to the RPA actions could completely or significantly offset the projected water 
costs of the RPA.  In addition, limited EWA assets associated with the Yuba Accord may be 
available, in part, to offset water costs of the SWP.  In the proposed project description, these 
assets were dedicated to VAMP export curtailments.  The VAMP export curtailments will be 
replaced, in part, by the new San Joaquin River Ratio action. 
 
In evaluating economic feasibility, NMFS examined the direct costs of the modified operations 
to the Federal action agency, Reclamation.  According to the LAO, 85% of Reclamation’s costs 
are reimbursed by water users, and 95% of DWR’s SWP costs are reimbursed:   
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Irrigation water users pay about 55 percent of CVP reimbursable costs ($1.6 
billion), while municipal and industrial water users are responsible for the 
remaining 45 percent (or about $1.3 billion). These reimbursements are paid 
through long-term contracts with water agencies.  The total capital cost to 
construct the CVP as of September 30, 2006, is about $3.4 billion. The federal 
Bureau of Reclamation calculates how much of the capital construction cost is 
reimbursable from water users.  Currently, users pay about 85 percent of total 
costs. In contrast, more than 95 percent of SWP’s costs are reimbursable from 
water users. The costs assigned to such CVP purposes as flood control, 
navigation, and fish and wildlife needs are not reimbursable and are paid by the 
federal government. 
 

 (LAO, 2008)  Through this arrangement, costs to the action agency itself are minimized.   
 
NMFS also reviewed and evaluated water cost information provided by DWR.  In general, the 
DWR information reinforced the NMFS estimates of water costs.  On March 20, 2009, DWR 
provided estimates of water costs associated with the March 3, 2009, draft of the RPA (letter 
from Kathy Kelly to Ronald Milligan; Reclamation 2009b).  These modeled costs were discussed 
in several technical team meetings and remain the only modeled projections of water costs of the 
RPA that NMFS is aware of.  DWR estimated that combined CVP/SWP costs, as compared to 
operations under D1641, are 800 taf to 1.0 MAF (or about 15%-17%).  However, because the 
salmon and smelt are near the export facilities during much of the same time of year (winter to 
spring), many export curtailments are multi-species in nature.  Therefore, DWR estimates that, 
the average combined water supply impact of the NMFS RPA, layered on top of the USFWS 
smelt RPA, is an additional 150 taf to 750 taf, (or about 3% to 15%).   
 
The San Joaquin river ratio action changed significantly between the March 3, 2009, draft of the 
RPA and the final RPA.  Specifically, the duration of the period changed from 90 to 60 days, in 
order to better focus the action on the species’ biological requirements, and the ratios were more 
closely refined to reflect water year type in order to reflect actual available water in the 
watershed and in acknowledgement that acquiring (or requiring, if the SRCWB acts) additional 
flows on the Tuolumne and Merced rivers could be difficult or uncertain in the near-term.  Both 
of these refinements would reduce, perhaps substantially, DWR projected water costs, and would 
most likely make them consistent with NMFS estimates.   On April 28, 2009, DWR provided an 
additional analysis of on the economic impacts of estimated water costs of the March 3, 2009, 
draft RPA (letter from Kathy Kelly to Ronald Milligan; DWR 2009).  DWR estimated that the 
impact of the RPA would range from $320 million to $390 million per year.  The methodology 
used multipliers estimated indirect and well as direct impacts.  Again, these costs were 
predicated on RPA actions that were modified after March 3rd, and would have reduced water 
costs. 
 
Project Costs 
 
In addition to water costs, Reclamation and DWR will incur project costs associated with certain 
RPA actions (e.g., the fish passage program).  The State of California has authorized $19.6 
billion in water-related general obligation bonds since 2000, and these bonds often contain 
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provisions for environmental conservation related purposes (LAO, 2008).  Over $3 billion has 
been spent through the Calfed Bay-Delta Program.  The CALFED ROD contains a commitment 
to fund projects through the Ecosystem Restoration Program.  Similarly, the CVPIA AFRP funds 
eligible restoration projects, using federal authorities.  Some of the projects in the RPA may 
qualify for those sources of funds.   
 
Summary 
 
In summary, for all the above reasons, NMFS finds that the costs associated with the RPA, while 
not insignificant, do not render the RPA economically infeasible.  Overall, the RPA is both 
technologically and economically feasible. 
 
11.3.7  Consistency with the Intended Purpose of the Action and the Action Agencies’ Legal 
Authority and Jurisdiction 
 
As noted in the introduction to this RPA, regulations provide that an RPA must be an alternative 
that, “can be implemented in a manner consistent with the intended purpose of the action, [and] 
that can be implemented consistent with the scope of the federal agency’s legal authority and 
jurisdiction.“  50 CFR 402.02.  This RPA meets both of these criteria. 
 
First, this RPA is consistent with the intended purpose of the action.  According to the BA, “[t]he 
proposed action is the continued operation of the CVP and SWP.”  (CVP and SWP operations 
BA, P. 2-1)  Specifically, Reclamation and DWR “propose to operate the Central Valley Project 
(CVP) and State Water Project (SWP) to divert, store, and convey CVP and SWP (Project) water 
consistent with applicable law and contractual obligations.”   (CVP and SWP operations BA, 
p.1-1)  Changes in operation of the projects to avoid jeopardizing listed species or adversely 
modifying their critical habitats require that additional sources of water for the projects be 
obtained, or that water delivery be made in a different way than in the past (e.g., elimination of 
RBDD), or that amounts of water that are withdrawn and exported from the Delta during some 
periods in some years be reduced.  These operational changes do not, however, preclude 
operation of the Projects. 
 
Second, the RPA may be implemented consistent with the scope of the federal agency’s legal 
authority and jurisdiction.  The Rivers and Harbors Act of 1937, which established the purposes 
of the CVP, provided that the dams and reservoirs of the CVP “’shall be used, first, for river 
regulation, improvement of navigation and flood control; second, for irrigation and domestic 
uses; and, third, for power.’”  (CVP and SWP operations BA, p. 1-2).  The CVP was 
reauthorized in 1992 through the CVPIA, which modified the 1937 Act and added mitigation, 
protection, and restoration of fish and wildlife as project purposes. The CVPIA provided that the 
dams and reservoirs of the CVP should be used “’first, for river regulation, improvement of 
navigation, and flood control; second, for irrigation and domestic uses and fish and wildlife 
mitigation, protection and restoration purposes; and, third, for power and fish and wildlife 
enhancement.” (CVP and SWP operations BA p. 1-3)   One of the stated purposes of the CVPIA 
is to address impacts of the CVP on fish and wildlife. CVPIA, Sec. 3406(a). The CVPIA gives 
Reclamation broad authority to mitigate for the adverse effects of the projects on fish and 
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wildlife, and nothing in the Rivers and Harbors Act of 1937 requires any set amount of water 
delivery.     
 
In addition to adding protection of fish and wildlife as second tier purposes of the CVP, the 
CVPIA set a goal of doubling the natural production of anadromous fish in Central Valley rivers 
and streams on a long-term sustainable basis, by 2002.  Sec. 3406(b)(1).  This goal has not been 
met.  Instead, as detailed in this Opinion, natural production of anadromous fish has declined 
precipitously.  A 2008 report on the CVPIA anadromous fish program by independent reviewers 
(Cummins et al. 2008), recommended by the Office of Management and Budget and requested 
by Reclamation and the USFWS, stated that  

 
“it is far from clear that the agencies have done what is possible and necessary to improve 
freshwater conditions to help these species weather environmental variability, halt their 
decline and begin rebuilding in a sustainable way.  A number of the most serious 
impediments to survival and recovery are not being effectively addressed, especially in 
terms of the overall design and operation of the [CVP] system.” 

 
One of the review panel’s specific recommendations was that the agencies  
 

“should develop a more expansive view of the authorities at their disposal to address the 
problems, especially with regard to water management and project operations. The 
agencies have followed a more restrictive view of their authorities than appears legally 
necessary or appropriate to the seriousness of the mission. “ 
 

The report notes that the CVPIA contains a “long list of operational changes, actions, tools, and 
authorities – some quite specific and discrete, some general and on-going – that Interior is to use 
to help achieve the anadromous fish restoration purposes of the CVPIA . . . .”  (Cummins et al. 
2008 at 5)  The report then describes development of a Final Restoration Plan that would utilize 
these authorities, but concludes that “[t]he agencies implement the CVPIA . . . in a way that 
bears little resemblance to the integrated, coordinated, holistic vision of the Final Restoration 
Plan.”  (Cummins et al. 2008 at 9) 
 
Most relevant to this consultation, the review panel observed that  
 

“[i]t would seem that CVPIA activities and personnel should be central to the OCAP 
plan, the Section 7 consultation, and the agencies’ efforts to satisfy the requirements 
of the ESA (that is, after all, one of the directives of the CVPIA).  The panel received 
no information or presentations on the involvement of the CVPIA program or 
personnel in the ESA consultation effort . . . and in the determination of what actions 
the agencies should be taking to meet the ESA.” 
 

(Cummins et al. 2008 at 11)   
 
Reclamation and DWR operate their respective projects in close coordination, under a 
Coordinated Operations Agreement (COA). The COA was authorized by Congress in Public 
Law 99-546.   Consequently, the COA “is the federal nexus for ESA section 7 consultation on 
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operation of the SWP.  Because of commitments expressed in the COA and the Congressional 
mandate to Reclamation to operate the CVP in conjunction with the SWP, the operations of the 
two projects are linked . . . .”  (CVP/SWP operations BA, p. 1-10)  DWR stated in a recent letter 
to Ren Lohoefener, Regional Director of the USFWS, “For purposes of consultations under the  . 
. . ESA, the operations of the SWP and CVP are intentionally and inextricably connected . . . .   . 
. . ESA protection of Delta species under the BO is impossible without the participation and 
cooperation of the Department.”  (DWR 2009a).  Consequently, DWR asserted its standing to 
request reinitiation of consultation, regardless of whether Reclamation did so.  
 
Moreover, state law gives DWR authority to provide for needs of fish and wildlife independent 
of the connection of the two water projects.  According to the BA, DWR   

 
“is required to plan for recreational and fish and wildlife uses of water in connection with 
State-constructed water projects and can acquire land for such uses (Wat. Code Sec. 233, 
345,346, 12582).  The Davis-Dolwig Act (Wat. Code Sec. 11900-11925) establishes the 
policy that preservation of fish and wildlife is part of State costs to be paid by water 
supply contractors, and recreation and enhancement of fish and wildlife are to be 
provided by appropriations from the General Fund.” 

 
(CVP/SWP operations BA, page 1-4)  DWR, like Reclamation, has broad authority to preserve 
and enhance fish and wildlife.  
 
The Preamble to the ESA consultation regulations states that “a Federal agency’s responsibility 
under section 7(a)(2) permeates the full range of discretionary authority held by that agency,” 
and that the Services can prescribe a RPA “that involves the maximum exercise of Federal 
agency authority when to do so is necessary, in the opinion of the Service, to avoid jeopardy.”  
51 Fed. Reg. 19925, 19937 (June 3, 1986).  The independent review panel concluded that despite 
Congressional authorization and direction more than 16 years ago to restore anadromous fish 
populations in Central Valley rivers and streams, Reclamation continues to take an unduly 
narrow view of its authorities in carrying out Congress’ mandate.  The legal foundation of this 
RPA is a broader view of Reclamation’s authorities, one that is consistent with the CVPIA, the 
ESA, and the independent review panel’s recommendations. 
 
 
12.0  REINITIATION OF CONSULTATION 
 
This concludes formal consultation on the Project in the Central Valley, California.  As provided 
in 50 CFR 402.16, reinitiation of formal consultation is required where discretionary Federal 
agency involvement or control over the action has been retained (or is authorized by law) and if:  
(1) the amount or extent of incidental take is exceeded; (2) new information reveals effects of the 
action that may affect listed species or critical habitat in a manner or to an extent not previously 
considered; (3) the identified action is subsequently modified in a manner that causes an effect to 
listed species or critical habitat that was not considered in the biological opinion; or (4) a new 
species is listed or critical habitat designated that may be affected by the identified action.  In 
instances where the amount or extent of incidental take is exceeded, formal consultation shall be 
reinitiated immediately. 
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The following are further examples of when reinitiation of consultation is warranted: 

1.  The project agencies are currently developing and evaluating a plan to construct a 
diversion on the Sacramento River and a canal around the Delta, as part of the Bay Delta 
Conservation Plan (BDCP) planning effort.  Such a reconfiguration of the water 
conveyance system would take careful planning to avoid jeopardizing Sacramento River 
and north Delta species, as well as several years of environmental review and permitting, 
and would trigger a re-initiation of this Opinion as a result of changing various operations 
of the CVP and SWP.  We expect that the collaborative research that is part of this RPA 
will inform this planning effort as it proceeds. 

 
2. When performance goals are not met, for example, in RPA Actions I.2.1 and I.6.1. 

 
3. RPA Action V:  If the downstream fish passage improvements are determined not likely 

to be technically or biologically feasible at this milestone, then Reclamation and the 
Steering Committee shall identify other alternatives that would be implemented within 
the same timelines as those identified in this RPA.  Reclamation and partner agencies 
shall submit specific implementation plans for alternative actions to NMFS, and NMFS 
shall evaluate whether the actions proposed in the implementation plans are likely to have 
the biological results that NMFS relied on in this Opinion.  If Reclamation and partners 
believe that the proposed passage locations may not be feasible, the Fish Passage Steering 
Committee should be directed to develop early assessments of alternative actions that 
meet the performance standards described above in order to maintain the schedule 
proposed in this action.  NMFS shall notify Reclamation and partner agencies as to 
whether the proposal is consistent with the analysis in this Opinion.  If not, Reclamation 
will request reinitiation of consultation. 

 
4. Recommended changes outside the range of flexibility specified in the “Implementation 

Procedures” sections of many of the RPA actions must receive written review and 
concurrence by NMFS and may trigger reinitiation of consultation. 

 
Reclamation may request NMFS to confirm the conference opinion on the proposed critical habitat 
of the Southern DPS of North American green sturgeon as a biological opinion if the proposed 
critical habitat designation becomes final.  The request must be in writing.  If NMFS reviews the 
proposed action and finds that there have been no significant changes to the action or in the 
information used during the conference, NMFS will confirm the conference opinion as a biological 
opinion for the Project, and no further section 7 consultation will be necessary. 
 
 
13.0  INCIDENTAL TAKE STATEMENT 
 
Section 9(a)(1) of the ESA prohibits any taking of endangered species without a permit or 
exemption.  Take is defined as to harass, harm, pursue, hunt, shoot, wound, kill, trap, capture, or 
collect, or to attempt to engage in any such conduct.  Harm is further defined to include 
significant habitat modification or degradation which actually kills or injures fish or wildlife by 
significantly impairing essential behavioral patterns, including breeding, spawning, rearing, 
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migrating, feeding, or sheltering (50 CFR 222.102).  Protective regulations adopted pursuant to 
section 4(d) of the ESA extend the prohibition to threatened species.  Incidental take is defined 
as take that is incidental to, and not the purpose of, the carrying out of an otherwise lawful 
activity by a Federal agency or applicant (50 CFR 402.02).  Under the terms of section 7(b)(4) 
and 7(o)(2), taking that is incidental to and not intended as part of the proposed action is not 
considered to be prohibited taking under the ESA provided that such taking is in compliance 
with the terms and conditions of the incidental take statement (ITS). 
 
The reasonable and prudent measures described below are non-discretionary and must be 
implemented by Reclamation and DWR, for the exemption in section 7(o)(2) to apply.  
Reclamation and DWR have a continuing duty to regulate the activity covered in this incidental 
take statement.  If Reclamation and/or DWR fail to comply with the terms and conditions of this 
incidental take statement, they may no longer be in compliance with the ESA.  In order to 
monitor the impact of incidental take, Reclamation and DWR must report the progress of the 
action and its impact on each listed species to NMFS, as specified in this incidental take 
statement [50 CFR 402.14(i)(3)]. 
 
This ITS is applicable to all activities related to the long-term operations of the CVP and SWP, 
as described in appendix 1 to this Opinion and revised by the proposed RPA in section 11 
(hereafter referred to as Proposed Action), including dams and reservoirs, power plants and 
pumping facilities, administration of water contracts, implementation of habitat mitigation 
measures, operation of hatchery programs, fish salvage facilities, and research and monitoring 
activities.   
 
Take of threatened green sturgeon is currently not barred by section 9 of the ESA.  When the rule 
proposed on May 21, 2009 (74 FR 23822) under section 4(d) of the ESA becomes effective as a 
final rule, all take of threatened green sturgeon not in conformance with that rule will be 
prohibited under the ESA.  Upon the effectiveness of the final green sturgeon take rule, 
compliance with this Incidental Take Statement provides exemption for take under section 7(o). 
 
13.1.  Amount or Extent of Anticipated Take 
 
Incidental take of endangered winter-run, threatened spring-run, threatened CV steelhead, and 
threatened Southern DPS of green sturgeon will occur as a result of implementing the CVP/SWP 
operations, as described in Appendix 1 of this Opinion, and as modified by the RPA provided in 
section 11 (hereafter referred to as Proposed Action).  Reservoir operations are expected to 
continue to alter the natural hydrological cycle (i.e., through higher summer releases and lower 
releases in the spring compared to the historical) in the Sacramento River downstream of 
Keswick Dam, Clear Creek downstream of Whiskeytown Dam, the American River downstream 
of Folsom Dam, and the Stanislaus River downstream of New Melones Dam. 
 
Due to the inherent biological characteristics of aquatic species, such as listed anadromous 
salmonids and sturgeon, the large size and variability of the river systems, and the operational 
complexities of hatchery actions, it is generally not possible to quantify numbers of individuals 
that may be taken incidental to the many components of the Proposed Action.  Tables 13-1 
through 13-4, below, describe the amount or extent of take by listed species, life history stage, 
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stressor, and location within the action area.  The following sections, organized by type of 
activity within the Proposed Action, specify an amount of take where possible (i.e., collection of 
adults, monitoring programs, fish salvage estimates, unscreened diversions), but otherwise, 
specify a geographic and temporal extent of take.  As the Proposed Action is implemented 
through time, incidental take in the form of adult and juvenile passage mortality and sublethal 
take due to water quality and quantity are expected to decrease. 
 
If less take occurs from the Proposed Action than is anticipated, this does not indicate that the 
actions comprising the RPA are not necessary to avoid jeopardizing listed species.  The amount 
or extent of take described below is a maximum to avoid loss of the section 7(o)(2) exemption 
and reinitiation of consultation.  In addition, section 11.2.1.3 of the RPA requires fish monitoring 
to determine when certain actions must be initiated, modified, or stopped.  The numbers of fish 
detected through monitoring that trigger certain actions should not be confused with predicted 
(exempted) take. 
 
13.1.1  Administration of Water Supply Contracts 
 
This consultation addresses the long-term operations of the CVP and SWP, including the overall 
impacts of the total volume of water diverted from the Central Valley (e.g., higher summer 
flows, lower spring flows, water temperature, etc).  The volume of water delivered may be 
reduced from full contract amounts, consistent with the terms of individual contracts.  In 
addition, take from the administration of water transfers is included in CVP/SWP operations for 
this consultation.  However, this consultation does not address ESA section 7(a)(2) compliance 
for individual water supply contracts.  Reclamation and DWR should consult with NMFS 
separately on their issuance of individual water supply contracts, including analysis of the effects 
of reduced water quality from agricultural and municipal return flows, contaminants, pesticides, 
altered aquatic ecosystems leading to the proliferation of non-native introduced species (i.e., 
warm-water species), or the facilities or activities of parties to agreements with the U.S. that 
recognize a previous vested water right. 
 
In the event that Reclamation determines that delivery of quantities of water to any contractor is 
nondiscretionary for purposes of the ESA, any incidental take due to delivery of water to that 
contractor would not be exempted from the ESA section 9 take prohibition in this Opinion.  
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Table 13-1.  Amount or extent of incidental take of Sacramento River winter-run Chinook salmon. 
 
Life Stage/ 

Habitat 
Type 

Stressor Type of incidental take Amount or Extent of Take:  
Short term 

Amount or Extent of 
Take:  Long term 

Adult/ 
immigration 

RBDD gates may be 
closed starting June 15 
of each year until 2012 

Non-lethal: delay in 
spawning, more energy 
consumed 
 
Lethal: pre-spawn mortality, 
less fecundity. 

The extent of incidental take 
is all winter-run that migrate 
past RBDD on or after June 
15.   
 
Incidental take will be 
exceeded if RBDD gates go 
down prior to June 15.  

None starting in 2012 
when the gates are up 
year round 

Spawning 
 
 

Reduced spawning area  Non-lethal, with long-term 
viability consequences: 
Introgression or hybridization 
with spring-run/fall-run/late 
fall-run; loss of genetic 
integrity and expression of 
life history 
 
Sublethal/lethal take:  
Reduced fecundity, density 
dependency as population 
increases (competition for 
spawning sites, prespawn 
mortality, redd 
superimposition) 

Extent of incidental take of 
otherwise suitable spawning 
habitat downstream of the 
established TCP where water 
temperature exceeds 56ºF.   
 
Incidental take will be 
exceeded if the water 
temperature exceeds 56ºF 
upstream of the established 
TCP. 
 
In addition, if TCP 
performance goals in the 
RPA action are exceeded, 
then take is exceeded for this 
action, and Reclamation shall 
reinitiate consultation.  

Extent of incidental take 
reduced from short term 
by implementation of 
Action V: Fish Passage 
Program (Long-term 
actions) 



Life Stage/ 
Habitat 

Type 

Stressor Type of incidental take Amount or Extent of Take:  
Short term 

Amount or Extent of 
Take:  Long term 

Adult 
migration, 
spawning 

Fish passage Non-lethal:  Handling to 
capture, trap, and relocate 
adults 
 
Lethal:  Handling mortality, 
pre-spawn mortality 

Non-lethal take will be 
exempted for the number of 
adult winter-run determined 
by the Interagency Fish 
Passage Steering Committee 
pursuant to Action V, NF3, 
#1 and 3 as necessary for the 
pilot program, provided that 
NMFS concurs in writing 
with the specific handling 
procedures associated with 
the Fish Passage Pilot Plan. 
 
Lethal take is covered, 
provided that the Fish 
Passage Pilot Plan was 
implemented in its entirety. 

Incidental take is not 
authorized at this time for 
the long term fish passage 
actions. 
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Life Stage/ 
Habitat 

Type 

Stressor Type of incidental take Amount or Extent of Take:  
Short term 

Amount or Extent of 
Take:  Long term 

Embryo 
incubation 

Water temperatures 
above 56ºF for optimal 
incubation and 
development 

Depending on water 
temperature: 
 
Sublethal:  Physical and 
physiological deformities 
during embryonic 
development 
 
Lethal:  Mortality 

Extent of incidental take 
limited to those fish that 
spawn downstream of the 
established TCP, where water 
temperature exceeds 56ºF.  
All eggs deposited 
downstream of the 
established TCP are assumed 
lethal take.  
 
Frequency expected to 
increase during multiple 
dry/critically dry years 
 
Extent of incidental take 
reduced by implementation 
of Action V:  Fish Passage 
Program (Near-term actions). 
 
If TCP performance goals in 
the RPA action are exceeded, 
then take is exceeded for this 
action, and Reclamation shall 
reinitiate consultation 

Extent of incidental take 
reduced from short term 
by implementation of 
Action V:  Fish Passage 
Program (Long-term 
actions) 
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Life Stage/ 
Habitat 

Type 

Stressor Type of incidental take Amount or Extent of Take:  
Short term 

Amount or Extent of 
Take:  Long term 

Juvenile 
rearing and 
downstream 
movement 

RBDD passage 
downstream through 
dam gates when they are 
closed June 15 – August 
31 of each year 

Lethal:  Mortality resulting 
from predation 

Extent of incidental take is all 
juveniles (approximately 
13% of each cohort) exposed 
to predation (which ranges 
from 5-50%) as they pass 
through Lake Red Bluff and 
RBDD from June 15-August 
31 of each year. 
 
Incidental take will be 
exceeded if RBDD gates go 
down any time outside of the 
June 15-August 31 time 
period 

None starting in 2012 
when the gates are up 
year round. 

Juvenile 
rearing and 
downstream 
movement 

Reduced quality of 
juvenile rearing habitat 
related to the formation 
of Lake Red Bluff when 
the RBDD gates are 
down from June 15-
August 31 of each year. 

Non-lethal take:  Delayed 
juvenile emigration, change in 
riparian habitat, change in 
river conditions, change in 
food supply 

Extent of incidental take is 
the 6- mile long Lake Red 
Bluff that forms annually 
from June 15 through August 
31 when the RBDD gates are 
down. 
 
Incidental take will be 
exceeded if Lake Red Bluff is 
created (i.e., when the RBDD 
gates go down) any time 
outside of June 15-August 31 

None starting in 2012 
when the gates are up 
year round 
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Life Stage/ 
Habitat 

Type 

Stressor Type of incidental take Amount or Extent of Take:  
Short term 

Amount or Extent of 
Take:  Long term 

Juvenile 
rearing 

Screened CVP 
diversions on the 
Sacramento River to the 
Delta 

Non-lethal:  Harassment 
 
Lethal:  Mortality 

Extent of incidental take is all 
juveniles (which may be up 
to 5%) exposed to the 
screens.  Type of incidental 
take would be harassment, 
and most would be returned 
to the river unharmed 
through the bypasses.  A 
small portion of the exposed 
fish would likely die. 

Same as short term 
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Life Stage/ 
Habitat 

Type 

Stressor Type of incidental take Amount or Extent of Take:  
Short term 

Amount or Extent of 
Take:  Long term 

Juvenile 
rearing and 
downstream 
movement 

Unscreened CVP 
diversions between Red 
Bluff and the Delta 

Lethal:  Mortality Extent of incidental take is all 
juveniles exposed to and 
entrained (with subsequent 
mortality)  through 
unscreened CVP diversions.  
This take is exempted for an 
interim 5 years, pending 
future section 7 consultations 
on individual contract 
renewals and/or individual 
fish screens associated with 
the AFSP and 
implementation of RPA 
Action I.5.   
 
Incidental take is exceeded if 
a CVP contractor exceeds 
their diversion volume or if 
currently compliant screens 
are removed or allowed to 
lapse into disrepair to the 
point that they no longer 
meet NMFS fish screening 
criteria (NMFS 1997a). 

Less than short-term, as 
each unscreened CVCP 
diversion is screened 
through the CVPIA AFSP 
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Life Stage/ 
Habitat 

Type 

Stressor Type of incidental take Amount or Extent of Take:  
Short term 

Amount or Extent of 
Take:  Long term 

Juvenile 
rearing 
 
 

Lack of channel-forming 
flows, loss of rearing 
habitat and riparian 
habitat, loss of riparian 
vegetation, impaired 
geomorphic process  

Non-lethal:  Reduced rearing 
opportunities, reduced growth 
 
Lethal:  Mortality through 
predation. 

Extent of incidental take is all 
juveniles exposed to the 
stressors throughout the 
mainstem Sacramento River 

Extent of incidental take 
will be reduced from 
short-term with continued 
implementation of Action 
Suite I.6 and Action V:  
Fish passage program 
(Long-term actions). 
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Life Stage/ 
Habitat 

Type 

Stressor Type of incidental take Amount or Extent of Take:  
Short term 

Amount or Extent of 
Take:  Long term 

 737

Smolt 
emigration 
 

Cumulative direct and 
indirect loss associated 
with export operations 
(DCC operations, loss in 
Delta interior, loss at 
export facilities, creation 
of artificial freshwater 
system, altered 
hydrodynamics). 

Non-lethal: monitoring and 
alerts triggering DCC 
operations, entrainment into 
Central and South Delta, 
harassment, handling, and 
research at the export 
facilities 
 
Lethal:  Indirect mortality 
associated with predation, 
direct mortality associated 
with the Federal and State fish 
facilities and the CHTR 
process. 
 

DCC operation:  The extent 
of take is the frequency of 
DCC opening prior to 
December 15 (when water, 
and therefore, fish, are 
entrained into the interior 
Delta). 
 
Various RPA actions, like 
OMR flow management and 
export curtailments, reduce 
the (1) duration that winter-
run are in the Delta, (2) the 
potential for indirect 
predation, and (3) the 
potential for entrainment at 
the export facilities. 
 
Various RPA actions at the 
fish facilities will reduce 
entrainment loss and salvage 
of those fish.  Winter-run loss 
at the Federal and State fish 
facilities, combined, is not 
expected to exceed 2 percent 
of the annual JPE that enters 
the Delta throughout the 
cohort-year. 
 
If performance goals in any 
applicable RPA action (that 
has them) are exceeded, then 
take is exceeded for that 
action, and Reclamation shall 
reinitiate consultation. 

Take will be further 
reduced with 
implementation of 
measures to reduce pre-
screen loss, improve 
screening efficiency, and 
improve predator control 
methods in Clifton Court 
Forebay and at the “end 
of the pipe.” 



Life Stage/ 
Habitat 

Type 

Stressor Type of incidental take Amount or Extent of Take:  
Short term 

Amount or Extent of 
Take:  Long term 

Adults and 
juveniles 

Monitoring as provided 
in RPA section 11.2.1.3 

Non-lethal:  Harassment, 
capture, handling 
 
Lethal:  Mortality through 
stress 

The amount of non-lethal 
take is all adults and 
juveniles that are captured 
and handled, including 
incidental mortalities that 
will likely occur through 
standard monitoring 
techniques. 

Same as short term 

Juvenile/sm
olt 

Contra Costa Water 
District Pumping 
Facilities (Rock Slough 
Diversion):  operation of 
Pumping Plant #1 on 
Rock Slough (the waters 
within the Contra Costa 
Canal and the immediate 
waters of Rock Slough 
surrounding the entrance 
to the Contra Costa 
Canal);  

Lethal:  Entrainment, 
increased predation 

5 juvenile winter-run per year 
entrained and subsequently 
die. 

5 juvenile winter-run per 
year entrained and 
subsequently die.   
 
When the Rock Slough 
diversion is screened 
(expected to be before 
year 2018) sometime in 
the future, incidental take 
will not be expected, and 
therefore, will not be 
authorized. 
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Table 13-2.  Summary of incidental take of Central Valley spring-run Chinook salmon.  Acronyms for diversity groups are as 
follows: NWC – Northwestern California; BPL – Basalt and Porous Lava; NSN – Northern Sierra Nevada.  

Life 
Stage/Hab
itat Type 

Diversity 
Group(s): 

Population(s) 

Stressor Type of incidental take Amount or Extent of 
Take:  Short term 

Amount or extent of 
Take:  Long term 

Adult 
immigratio
n and 
holding 

NWC: 
Cottonwood/ 
Beegum, Clear; 
BPL: 
Sacramento, 
Battle 

RBDD gates 
may be closed 
starting June 
15 of each year 
until 2012  

Non-lethal: more energy 
consumed, delay in 
migration for an average of 
20 days, less fecundity 
 
Lethal: pre-spawn 
mortality,  

The extent of incidental 
take is all spring-run 
(approximately 15%) that 
migrate past RBDD on or 
after June 15. 
 
Incidental take will be 
exceeded if RBDD gates 
go down prior to June 15. 

None starting in 2012 
when the gates are up 
year round 

Adult 
immigratio
n and 
holding 

NWC: Clear Water 
temperatures 
during 
summer 
holding period 
 
 

Non-lethal:  more energy 
consumed, less fecundity 
 
Lethal:  pre-spawn 
mortality 
 

Extent of take is the habitat 
downstream of the Igo 
gage that exceeds 60oF 
during summer holding 
from June 1 through 
September 15.  In critically 
dry years, extent of 
incidental take is likely 
higher when there is not 
enough cold water in 
Whiskeytown Lake to 
sustain 60oF down to the 
Igo gage. 

Same as short term   
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Life 
Stage/Hab
itat Type 

Diversity 
Group(s): 

Population(s) 

Stressor Type of incidental take Amount or Extent of 
Take:  Short term 

Amount or extent of 
Take:  Long term 

Adult 
immigratio
n and 
holding 

NWC: Clear Spring 
attraction 
flows  

Non-lethal:  delay in 
migration, less fecundity 
 
Lethal: pre-spawn 
mortality, limited cues for 
upstream migration 
resulting from spring flows 
with little variation.  With 
low summer flows, Adults 
are impeded from 
accessing upstream holding 
areas. 

Extent of incidental take is 
all spring-run that migrate 
past RBDD between June 
15 and August 31 that 
cannot migrate up Clear 
Creek because of lower 
flows  

Incidental take will be 
reduced starting in 
2012, as late-arriving 
spring-run will not be 
subjected to 
migrational delays at 
RBDD when the gates 
are up year round. 

Spawning NWC: Clear Limited 
spawning 
habitat 
availability 

Sub-lethal:  Increased 
competition 
 
Lethal:  reduced spawning 
success 

Extent of take is the 
proportion of each cohort 
that is subjected to 
increased competition and 
reduced spawning success 
as a result of limited 
spawning gravel. 

Same as short term 

Embryo 
incubation 

NWC: Clear Warm water 
temperatures 
downstream of 
Igo in 
September 

Depending on water 
temperature: 
 
Sublethal:  Physical and 
physiological deformities 
during embryonic 
development 
 
Lethal:  Mortality 

Extent of take is the habitat 
downstream of Igo where 
water temperature exceeds 
56ºF and redds are 
constructed 

Likely reduced in the 
future with 
implementation of 
Action I.1.6   
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Life 
Stage/Hab
itat Type 

Diversity 
Group(s): 

Population(s) 

Stressor Type of incidental take Amount or Extent of 
Take:  Short term 

Amount or extent of 
Take:  Long term 

Embryo 
incubation 

BPL: 
Sacramento 

Water 
temperatures 
warmer than 
life history 
stage 
requirements, 
during 
September and 
October 

Depending on water 
temperature: 
 
Sublethal:  Physical and 
physiological deformities 
during embryonic 
development 
 
Lethal:  Mortality 

Extent of incidental take 
limited to those fish that 
spawn downstream of the 
established TCP, where 
water temperature exceeds 
56ºF.  All eggs deposited 
downstream of the 
established TCP is 
assumed lethal take. 
 
Frequency expected to 
increase during multiple 
dry/critically dry years 
 
If TCP performance goals 
in RPA action are 
exceeded, then take is 
exceeded for this action, 
and Reclamation shall 
reinitiate consultation 

Extent of incidental 
take reduced from short 
term by 
implementation of 
Action V:  Fish 
Passage Program 
(Long-term actions) 
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Life 
Stage/Hab
itat Type 

Diversity 
Group(s): 

Population(s) 

Stressor Type of incidental take Amount or Extent of 
Take:  Short term 

Amount or extent of 
Take:  Long term 

Juvenile 
rearing 
 
 

NWC: 
Cottonwood/ 
Beegum, Clear; 
BPL: 
Sacramento, 
Battle 

RBDD passage 
downstream 
through dam 
gates when 
they are closed 
June 15 – 
August 31 of 
each year 

Lethal:  Mortality resulting 
from predation  

Extent of incidental take is 
all juveniles (less than 
0.1% of each cohort) 
exposed to predation 
(which ranges from 5-50%) 
as they pass through Lake 
Red Bluff and RBDD from 
June 15-August 31 of each 
year. 
 
Incidental take will be 
exceeded if RBDD gates 
go down any time outside 
of the June 15-August 31 
time period 

None starting in 2012 
when the gates are up 
year round. 

Juvenile 
rearing 
 

NWC: 
Cottonwood/ 
Beegum, Clear; 
BPL: 
Sacramento, 
Battle 

Reduced 
quality of 
juvenile 
rearing habitat 
related to the 
formation of 
Lake Red 
Bluff when the 
RBDD gates 
are down from 
June 15-
August 31 of 
each year. 

Non-lethal take:  Delayed 
juvenile emigration, 
change in riparian habitat, 
change in river conditions, 
change in food supply 

Extent of incidental take is 
the 6-mile long Lake Red 
Bluff that forms annually 
from June 15 through 
August 31 when the RBDD 
gates are down. 
 
Incidental take will be 
exceeded if Lake Red Bluff 
is created (i.e., when the 
RBDD gates go down) any 
time outside of June 15-
August 31. 

None starting in 2012 
when the gates are up 
year round 
 

 742



Life 
Stage/Hab
itat Type 

Diversity 
Group(s): 

Population(s) 

Stressor Type of incidental take Amount or Extent of 
Take:  Short term 

Amount or extent of 
Take:  Long term 

Juvenile 
rearing 

All diversity 
groups and 
populations 

Screened CVP 
diversions on 
the 
Sacramento 
River to the 
Delta 

Non-lethal:  Harassment 
 
Lethal:  Mortality 

Extent of incidental take is 
all juveniles (which may be 
up to 5%) exposed to the 
screens.  Type of incidental 
take would be harassment, 
and most would be 
returned to the river 
unharmed through 
bypasses. A small portion 
of the exposed fish would 
likely die. 

Same as short term 
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Life 
Stage/Hab
itat Type 

Diversity 
Group(s): 

Population(s) 

Stressor Type of incidental take Amount or Extent of 
Take:  Short term 

Amount or extent of 
Take:  Long term 

Juvenile 
rearing 
 
 

All diversity 
groups and 
populations 

Unscreened 
CVP 
diversions 
between Red 
Bluff and the 
Delta 

Lethal:  Mortality Extent of incidental take is 
all juveniles (estimated 538 
juveniles annually) 
exposed to and entrained 
(with subsequent mortality) 
through unscreened CVP 
diversions.  This take is 
exempted for an interim 5 
years, pending future 
section 7 consultations on 
individual contract 
renewals and/or individual 
fish screens associated with 
the AFSP and 
implementation of RPA 
Action I.5.  
 
Incidental take is exceeded 
if a CVP contractor 
exceeds their diversion 
volume or if currently 
compliant screens are 
removed or allowed to 
lapse into disrepair to the 
point that they no longer 
meet NMFS fish screening 
criteria (NMFS 1997a). 

Less than short-term, as 
each unscreened CVP 
diversion is screened 
through the CVPIA 
AFSP 
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Life 
Stage/Hab
itat Type 

Diversity 
Group(s): 

Population(s) 

Stressor Type of incidental take Amount or Extent of 
Take:  Short term 

Amount or extent of 
Take:  Long term 

Juvenile 
rearing 
 
 

All diversity 
groups and 
populations 

Lack of 
channel 
forming-flows, 
loss of rearing 
habitat and 
riparian 
habitat, loss of 
riparian 
vegetation, 
impaired 
geomorphic 
process. 

Non-lethal:  Reduced 
rearing opportunities, 
reduced growth 
 
Lethal:  Mortality through 
predation. 

Extent of incidental take is 
all juveniles exposed to the 
stressors throughout the 
mainstem Sacramento 
River  

Extent of incidental 
take will be reduced 
from short-term with 
continued 
implementation of 
Action Suite I.6 and 
Action V:  Fish passage 
program (Long-term 
actions). 
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Life 
Stage/Hab
itat Type 

Diversity 
Group(s): 

Population(s) 

Stressor Type of incidental take Amount or Extent of 
Take:  Short term 

Amount or extent of 
Take:  Long term 
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Smolt 
emigration 

All diversity 
groups and 
populations 

Cumulative 
direct and 
indirect loss 
associated with 
export 
operations 
(loss in Delta 
interior, loss at 
export 
facilities, 
creation of 
artificial 
freshwater 
system, altered 
hydrodynamic
s) 

Non-lethal: monitoring and 
alerts triggering DCC 
operations, entrainment 
into Central and South 
Delta, harassment, 
handling, and research at 
the export facilities 
 
Lethal:  Indirect mortality 
associated with predation, 
direct mortality associated 
with the Federal and State 
fish facilities and the 
CHTR process. 

DCC operation:  The 
extent of take is the 
frequency of DCC opening 
prior to December 15 
(when water, and therefore, 
fish, are entrained into the 
interior Delta. 
 
Various RPA actions, like 
OMR flow management 
and export curtailments, 
reduce the (1) duration that 
spring-run are in the Delta, 
(2) the potential for 
indirect predation, and (3) 
the potential for 
entrainment at the export 
facilities. 
 
Various RPA actions at the 
fish facilities will reduce 
entrainment loss and 
salvage of those fish.  
Spring-run loss at the 
Federal and State fish 
facilities, combined, is not 
expected to exceed 1 
percent based on marked 
late fall-run as surrogates 
that enter the Delta 
throughout the cohort-year. 
 
If performance goals in any 
applicable RPA action (that 
has them) are exceeded, 
then take is exceeded for 

Take will be further 
reduced with 
implementation of 
measures to reduce pre-
screen loss, improve 
screening efficiency, 
and improve predator 
control methods in 
Clifton Court Forebay 
and at the “end of the 
pipe.” 



Life 
Stage/Hab
itat Type 

Diversity 
Group(s): 

Population(s) 

Stressor Type of incidental take Amount or Extent of 
Take:  Short term 

Amount or extent of 
Take:  Long term 

Adults and 
juveniles 

All diversity 
groups and 
populations 

Monitoring as 
provided in 
RPA section 
11.2.1.3 

Non-lethal:  Harassment, 
capture, handling 
 
Lethal:  Mortality through 
stress 

The amount of non-lethal 
take is all adults and 
juveniles that are captured 
and handled, including 
incidental mortalities that 
will likely occur through 
standard monitoring 
techniques. 

Same as short term 

Juvenile/ 
smolt 

All diversity 
groups and 
populations 

Contra Costa 
Water District 
Pumping 
Facilities 
(Rock Slough 
Diversion):  
operation of 
Pumping Plant 
#1 on Rock 
Slough (the 
waters within 
the Contra 
Costa Canal 
and the 
immediate 
waters of Rock 
Slough 
surrounding 
the entrance to 
the Contra 
Costa Canal) 

Non-lethal:  Harm resulting 
from delays in migration, 
diminishment of physical 
status due to delays in 
migration; injury due to 
exposure to reduced water 
quality parameters (i.e., 
water temperature, 
dissolved oxygen, 
contaminants) 
 
Lethal:  Entrainment, 
increased predation 

10 juvenile spring-run per 
year entrained and 
subsequently die 

10 juvenile spring-run 
per year entrained and 
subsequently die. 
 
When the Rock Slough 
diversion is screened 
sometime in the future 
(expected to be before 
year 2018), incidental 
take will not be 
expected, and 
therefore, will not be 
authorized. 
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Table 13-3.  Summary of incidental take of Central Valley steelhead.  The table is organized by life stage then by the number 
of populations affected by a particular stressor.  Acronyms for diversity groups are as follows: NWC – Northwestern 
California; BPL – Basalt and Porous Lava; NSN – Northern Sierra Nevada; SSN – Southern Sierra Nevada.  

Life 
Stage/ 

Habitat 
Type 

Diversity 
Group(s): 
Population

(s) 

Stressor Type of incidental 
take 

Amount or Extent of Take:  Short 
term 

Amount or Extent of 
Take:  Long term 

Adult 
immigrati
on and 
holding 

NWC: 
Cottonwoo
d/ 
Beegum, 
Clear; BPL: 
Sacramento
, Battle 

RBDD gates 
may be closed 
June 15 
through 
September 1 
of each year 
until 2012 

Non-lethal:  more 
energy consumed, 
delay in migration for 
an average of 20 days 
Lethal: pre-spawn 
mortality, less 
fecundity  
Non-lethal take more 
likely 

The extent of incidental take is all  
steelhead that migrate past RBDD 
before September 1. 
 
Incidental take will be exceeded if 
RBDD gates go up after September 
1. 

None starting in 2012 
when the gates are up 
year round 

Adult 
immigrati
on and 
holding 

NWC: 
Clear 

High water 
temperatures 
near 
confluence 
with 
Sacramento 
River during 
August and 
September 

Non-lethal:  (1) 
Delayed migration 
into Clear Creek, (2) 
seek other tributaries, 
(3) spawn in 
mainstem 
Sacramento R.; 
reduced in vivo egg 
viability 

Extent of incidental take is the 
habitat downstream of the Igo gage 
that exceeds 60oF in August and 
September.  In critically dry years, 
extent of incidental take is likely 
higher when there is not enough 
cold water in Whiskeytown Lake to 
sustain 60oF down to the Igo gage.  
Incidental take is exacerbated in the 
early part of the run by migration 
delays from RBDD gate closure 
through September 1 

Incidental take will be 
reduced starting in 2012, 
as early-arriving steelhead 
will not be subjected to 
migrational delays at 
RBDD when the gates are 
up year round. 

Spawning NWC: 
Clear 

Limited 
spawning 
habitat 
availability 

Sub-lethal:  Increased 
competition 
 
Lethal:  reduced 
spawning success 

Extent of take is the proportion of 
each cohort that is subjected to 
increased competition and reduced 
spawning success as a result of 
limited spawning gravel. 

Same as short term 
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Life 
Stage/ 

Habitat 
Type 

Diversity 
Group(s): 
Population

(s) 

Stressor Type of incidental 
take 

Amount or Extent of Take:  Short 
term 

Amount or Extent of 
Take:  Long term 

Spawning 
 
 

NSN: 
American 
River 

Flood releases Lethal:  Redd scour, 
resulting in egg 
mortality 

Extent of take is expected to be 
limited to releases from Nimbus 
Dam that are greater than 50,000 cfs 
during egg incubation (i.e., January 
through May), which occurs 
approximately once every 5 years 
(CVP/SWP operations BA). 

Same as short term 

Spawning 
 
 

NSN: 
American 
River; BPL: 
Sacramento
; and 
potentially 
all other 
populations 
within the 
NWC, 
NSN, and 
BPL 
diversity 
groups 

Nimbus Fish 
Hatchery O. 
mykiss 
spawning 
with natural-
origin 
steelhead in 
the American 
River and in 
other CV 
streams 

Non-lethal:  Reduced 
genetic fitness 

Extent of incidental take from 
Nimbus Fish Hatchery is unknown, 
but will be immediately reduced 
upon implementation of Action 
II.6.2 

Extent of incidental take 
should be reduced 
considerably upon 
implementation of an 
HGMP 
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Life 
Stage/ 

Habitat 
Type 

Diversity 
Group(s): 
Population

(s) 

Stressor Type of incidental 
take 

Amount or Extent of Take:  Short 
term 

Amount or Extent of 
Take:  Long term 

Spawning, 
egg 
incubation
, and 
emergenc
e 
 
 

SSN: 
Stanislaus 
River 

Excessive 
fines in 
spawning 
gravel 
resulting from 
lack of 
overbank flow 
 
 

Sublethal:  Increased 
energy attempting to 
"clean" excess fine 
material from 
spawning site 
 
Lethal:  Egg 
mortality due to 
superimposition or 
spawning in 
suboptimal sites, or 
from lack of 
interstitial flow 

Incidental take is expected to the 
extent that poor spawning bed 
conditions persist, as the proposed 
frequency of channel mobilizing 
flows of 5,000 cfs may not result in 
mobilizing flows at higher levels 
which perform greater geomorphic 
work. 
 
Incidental take will decrease with 
implementation of Action V:  Fish 
passage program (Near-term 
actions) 

Through time, the extent 
of incidental take through 
poor spawning bed 
conditions will be reduced 
from the short term as 
habitat restoration 
continues. 
 
Incidental take will also 
decrease with 
implementation of Action 
V:  Fish passage program 
(Long-term actions) 

Embryo 
incubation 
 
 

NSN: 
American 
River 

Exposure to 
stressful water 
temperatures 
in the 
American 
River during 
embryo 
incubation 

Sub-lethal effects - 
reduced early life 
stage viability; 
restriction of life 
history diversity (i.e., 
directional selection 
against eggs 
deposited in March 
and April)  
 
Lethal:  direct 
mortality 

The extent of incidental take is the 
stretch of the American River where 
the mean daily water temperature 
first begins to exceed 54°F, 
downstream to the downstream 
extent of steelhead spawning habitat 
at approximately RM 6, just 
upstream of Paradise Beach.  
Incidental take is expected to be 
reduced with implementation of 
Action V:  Fish passage program 
(Near-term actions) 

Incidental take will 
decrease with 
implementation of the 
structural improvements 
to improve cold water 
management, and Action 
V:  Fish passage program 
(Long-term actions) 
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Life 
Stage/ 

Habitat 
Type 

Diversity 
Group(s): 
Population

(s) 

Stressor Type of incidental 
take 

Amount or Extent of Take:  Short 
term 

Amount or Extent of 
Take:  Long term 

Egg 
incubation 
and 
emergenc
e 
 

SSN: 
Stanislaus 
River 

Warm water 
temperatures 
during egg 
incubation 
and 
emergence 

Depending on water 
temperature: 
 
Sub-lethal:  
Embryonic 
deformities 
 
Lethal:  Egg 
mortality, especially 
for eggs spawned in 
or after March;  
 

Extent of incidental take is the river 
downstream of Orange Blossom 
Bridge, where water temperature 
exceeds 55ºF, from January through 
May.  
 
Extent expected to increase during 
critically dry years 
 
Extent of incidental take reduced by 
implementation of Action V:  Fish 
Passage Program (Near-term 
actions) 

Extent of take expected to 
be reduced from short 
term with implementation 
of Action V:  Fish 
passage program (Long-
term actions) 

Juvenile 
rearing 
 

BPL: 
Sacramento 
River 

Higher flows 
and cooler 
water 
temperatures 
during the 
summer 

Non-lethal:  
Increased 
residualism, reduced 
diversity   

The amount or extent of take cannot 
be quanitified. 
 
Residualized O. mykiss as a result 
of improved rearing habitat 
conditions from the cooler water 
temperatures in the summer could 
contribute to the steelhead 
population, but the extent is 
unknown.   
 
The higher flows and cooler water 
in the summer is certainly a 
beneficial effect on the juveniles 
emigrating from the tributaries. 

Same as short term 
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Life 
Stage/ 

Habitat 
Type 

Diversity 
Group(s): 
Population

(s) 

Stressor Type of incidental 
take 

Amount or Extent of Take:  Short 
term 

Amount or Extent of 
Take:  Long term 

Juvenile 
rearing 
 
 

NWC: 
Cottonwoo
d/ 
Beegum, 
Clear; BPL: 
Sacramento
, Battle 

Reduction in 
rearing habitat 
quantity and 
quality with 
the formation 
of Lake Red 
Bluff when 
the RBDD 
gates are 
down from 
June 15-
August 31 of 
each year. 

Non-lethal take:  
Delayed juvenile 
emigration, change in 
riparian habitat, 
change in river 
conditions, change in 
food supply 

Extent of incidental take is the 6-
mile long Lake Red Bluff that 
forms annually from June 15 
through August 31 when the RBDD 
gates are down. 
 
Incidental take will be exceeded if 
Lake Red Bluff is created (i.e., 
when the RBDD gates go down) 
any time outside of June 15-August 
31. 

None starting in 2012 
when the gates are up 
year round 
 

Juvenile 
rearing 

All 
diversity 
groups and 
populations 

Screened 
CVP 
diversions on 
the 
Sacramento 
River to the 
Delta 

Non-lethal:  
Harassment 
 
Lethal:  Mortality 

Extent of incidental take is all 
juveniles (which may be up to 5%) 
exposed to the screens.  Type of 
incidental take would be 
harassment, and most would be 
returned to the river unharmed 
through bypasses.  A small portion 
of the exposed fish would likely die.

Same as short term 
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Life 
Stage/ 

Habitat 
Type 

Diversity 
Group(s): 
Population

(s) 

Stressor Type of incidental 
take 

Amount or Extent of Take:  Short 
term 

Amount or Extent of 
Take:  Long term 

Juvenile 
rearing 
 
 

All 
diversity 
groups and 
populations 

Unscreened 
CVP 
diversions 
between Red 
Bluff and the 
Delta 

Lethal:  Mortality Extent of incidental take is all 
juveniles (estimated 394 juveniles 
annually) exposed to and entrained 
(with subsequent mortality) through 
unscreened CVP diversions.  This 
take is exempted for an interim 5 
years, pending future section 7 
consultations on individual contract 
renewals and/or individual fish 
screens associated with the AFSP 
and implementation of RPA Action 
I.5. 
 
Incidental take is exceeded if a CVP 
contractor exceeds their diversion 
volume or if currently compliant 
screens are removed or allowed to 
lapse into disrepair to the point that 
they no longer meet NMFS fish 
screening criteria (NMFS 1997a). 

Less than short-term, as 
each unscreened CVCP 
diversion is screened 
through the CVPIA AFSP 
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Life 
Stage/ 

Habitat 
Type 

Diversity 
Group(s): 
Population

(s) 

Stressor Type of incidental 
take 

Amount or Extent of Take:  Short 
term 

Amount or Extent of 
Take:  Long term 

Juvenile 
rearing 
 
 

All 
diversity 
groups and 
populations
, excluding 
the SSN 
diversity 
group 

Lack of 
channel-
forming flows 
in the 
Sacramento 
River, loss of 
rearing habitat 
and riparian 
habitat, loss 
of riparian 
vegetation, 
impaired 
geomorphic 
process. 

Non-lethal:  Reduced 
rearing opportunities, 
reduced growth 
 
Lethal:  Mortality 
through predation. 

Extent of incidental take is all 
juveniles exposed to the stressors 
throughout the mainstem 
Sacramento River 

Extent of incidental take 
will be reduced from 
short-term with continued 
implementation of Action 
Suite I.6 

Juvenile 
rearing 
 
 

NWC: 
Clear Creek 

Exposure to 
high water 
temperatures 

Non-lethal:  Limited 
over-summering 
habitat, reduced 
growth, increased 
competition 
 
Sub-lethal:  Increased 
susceptibility to 
disease and predation 
 
Lethal:  Increased 
predation 

Extent of incidental take is rearing 
habitat downstream of Igo from 
June 1 through September 15 where 
water temperature exceeds 60ºF. 
 
Incidental take is exceeded if water 
temperature is greater than 60ºF 
upstream of Igo between June 1 and 
September 15. 
 
 

Same as short term 
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Life 
Stage/ 

Habitat 
Type 

Diversity 
Group(s): 
Population

(s) 

Stressor Type of incidental 
take 

Amount or Extent of Take:  Short 
term 

Amount or Extent of 
Take:  Long term 

Juvenile 
rearing 
 
 

NWC: 
Clear Creek 

Limited 
rearing habitat 
availability 
resulting from 
low summer 
flows (< 80 
cfs) 

Non-lethal:  reduced 
growth, increased 
competition 
 
Lethal: increased 
predation risk 

Extent of take is the difference 
between the habitat necessary and 
the habitat available for the 
population of steelhead 

Extent of incidental take 
will be reduced in the 
future with 
implementation of Action 
I.1.6   

Juvenile 
rearing 
 
 

NSN: 
American 
River 

Folsom/Nimb
us releases 
resulting in 
flow 
fluctuations; 
low flows 

Sub-lethal:  Reduced 
availability of quality 
rearing habitat 
 
Lethal:  Fry 
stranding, juvenile 
isolation, increased 
predation  

Extent of incidental take is limited 
to Folsom/Nimbus releases of 
greater than 4,000 cfs, which is not 
expected to occur frequently.  
Ramping rates also minimize 
incidental take. 
 
The extent of incidental take is 
exceeded if flow increases or 
decreases exceed the ramping rates 

Same as short term 
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Life 
Stage/ 

Habitat 
Type 

Diversity 
Group(s): 
Population

(s) 

Stressor Type of incidental 
take 

Amount or Extent of Take:  Short 
term 

Amount or Extent of 
Take:  Long term 

Juvenile 
rearing 
 

NSN: 
American 
River 

Exposure to 
stressful water 
temperatures 
in the 
American 
River during 
juvenile 
rearing 

Sub-lethal:  Disease, 
thermal stress 
 
Lethal:  Predation 
 

The extent of take is potential 
rearing habitat downstream of the 
Watt Avenue Bridge, or the 
established TCP, where water 
temperature exceeds 65°F between 
May 15 and October 31.  Incidental 
take would be reduced with 
implementation of the structural 
improvements and Action V:  Fish 
passage program (Near-term 
actions) 
 
Incidental take is exceeded if the 
water temperature exceeds 65°F 
upstream of the Watt Avenue 
Bridge or TCP between May 15 and 
October 31 

The extent of take will 
decrease with 
implementation of the 
structural improvements 
and Action V:  Fish 
passage program (Long-
term actions) 
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Life 
Stage/ 

Habitat 
Type 

Diversity 
Group(s): 
Population

(s) 

Stressor Type of incidental 
take 

Amount or Extent of Take:  Short 
term 

Amount or Extent of 
Take:  Long term 

Juvenile 
rearing 
 
 

SSN: 
Stanislaus 
River 

Reduction in 
rearing habitat 
complexity 
due to lack of 
channel 
forming flows 

Sub-lethal:  Stress, 
suppressed growth 
rates 
 
Lethal:  Increased 
predation 

The extent of incidental take will be 
the frequency and duration of flows 
that do not inundate the floodplain 
and provide rearing habitat 
complexity after implementing 
Action III.1.3.  Take will be higher 
in the drier water year types than 
the wetter water year types.  
 
Extent of incidental take will be 
reduced by implementation of 
Action V:  Fish Passage Program 
(Near-term actions) 
 
The extent of incidental take is 
exceeded if the frequency and 
duration of flows provided in 
Action III.1.3 are not met.   

Very little amount or 
extent of take, if any, as a 
result of implementing the 
floodplain restoration and 
inundation flows, coupled 
with implementation of 
Action V:  Fish passage 
program (Long-term 
actions) 

Juvenile 
rearing 
and 
downstrea
m 
movement 
 

SSN: 
Stanislaus 
River 

Predation Sub-lethal:  Injury 
 
Lethal:  Mortality 

Amount or extent of incidental take 
is unknown, but the level of 
predation is expected to be reduced 
from current levels from increased 
flows and cold water 

Incidental take is 
expected to decrease with 
implementation of Action 
III.2.3 
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Life 
Stage/ 

Habitat 
Type 

Diversity 
Group(s): 
Population

(s) 

Stressor Type of incidental 
take 

Amount or Extent of Take:  Short 
term 

Amount or Extent of 
Take:  Long term 

Juvenile 
rearing 
 

SSN: 
Stanislaus 
River 

Exposure to 
stressful water 
temperatures 
in the 
Stanislaus 
River at the 
end of 
summer 
affecting 
rearing habitat

Sub-lethal:  
Metabolic stress; 
starvation; poor 
growth;  
 
Lethal:  Loss to 
predation 

Extent of take is habitat that 
exceeds 65ºF downstream of 
Orange Blossom Bridge, especially 
during critically dry years, from 
July through September 
 
Incidental take will be reduced with 
the implementation of Action V:  
Fish passage program (Near-term 
actions). 
 
The extent of incidental take is 
exceeded if the water temperature 
exceeds 65ºF upstream of Orange 
Blossom Bridge, during July 
through September. 

Same as short term, but 
further reduced take with 
implementation of Action 
V:  Fish passage program 
(Long-term actions) 
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Life 
Stage/ 

Habitat 
Type 

Diversity 
Group(s): 
Population

(s) 

Stressor Type of incidental 
take 

Amount or Extent of Take:  Short 
term 

Amount or Extent of 
Take:  Long term 

Smolt 
emigratio
n 
 
 

SSN: 
Stanislaus 
River 

Warm water 
temperatures 
warmer than 
life history 
stage  (Mar - 
June) 

Sub-lethal:  Thermal 
stress 
 
Lethal:  Mortality 
resulting from failure 
to escape river before 
temperatures rise in 
lower river reaches 
 

Extent of incidental take is the 
Stanislaus River downstream of 
Orange Blossom Bridge from 
January through May when 
temperatures are above 57ºF.  This 
is likely to occur more frequently 
during critically dry years, 
particularly in May. 
 
Incidental take will be reduced with 
the implementation of Action V:  
Fish passage program (Near-term 
actions) 
 
The extent of incidental take is 
exceeded if water temperatures 
exceed 57ºF upstream of Orange 
Blossom Bridge during January to 
May, and particularly in May. 

Same as short term. 
 
Incidental take will be 
further reduced with 
implementation of Action 
V:  Fish passage program 
(Long-term actions) 

Smolt 
emigratio
n 
 
 

NSN: 
American 
River 

Exposure to 
stressful water 
temperatures 
in the 
American 
River during 
smolt 
emigration 

Sub-
lethal:Physiological 
effects – reduced 
ability to successfully 
complete the 
smoltification process 
 
Lethal: increased 
susceptibility to 
predation 

Extent of incidental take is habitat 
that exceeds mean daily water 
temperatures greater than 54°F 
during smolt emigration (i.e., 
January through June). Incidental 
take will be reduced with 
implementation of structural 
improvements and Action V:  Fish 
passage program (Near-term 
actions) 

Extent of incidental take 
will decrease from short 
term with the continued 
implementation of the 
structural improvements 
and Action V:  Fish 
passage program (Long-
term actions) 
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Life 
Stage/ 

Habitat 
Type 

Diversity 
Group(s): 
Population

(s) 

Stressor Type of incidental 
take 

Amount or Extent of Take:  Short 
term 

Amount or Extent of 
Take:  Long term 

Smolt 
emigratio
n 

All 
diversity 
groups and 
populations  

Cumulative 
direct and 
indirect loss 
associated 
with export 
operations 
(DCC 
operations, 
loss in Delta 
interior, loss 
at export 
facilities, 
creation of 
artificial 
freshwater 
system, 
altered 
hydrodynamic
s) 

Non-lethal: 
monitoring and alerts 
triggering DCC 
operations, 
entrainment into 
Central and South 
Delta, harassment, 
handling, and 
research at the export 
facilities 
 
Lethal:  Indirect 
mortality associated 
with predation, direct 
mortality associated 
with the Federal and 
State fish facilities 
and the CHTR 
process. 

DCC operation:  The extent of take 
is the frequency of DCC opening 
prior to December 15 (when water, 
and therefore, fish, are entrained 
into the interior Delta. 
 
Various RPA actions, like OMR 
flow management and export 
curtailments, reduce the (1) duration 
that CV steelhead are in the Delta, 
(2) the potential for indirect 
predation, and (3) the potential for 
entrainment at the export facilities.  
RPA Actions IV.2.1 and IV.2.2 
specifically address San Joaquin 
River flows and export curtailments 
to minimize take of CV steelhead 
emigrating from the San Joaquin 
River basin. 
 
Various RPA actions at the fish 
facilities will reduce entrainment 
loss and salvage of those fish.  
Incidental take is limited to the 
salvage of 3,000 unmarked juvenile 
and adult CV steelhead that enter 
the Delta throughout the year from 
multiple cohorts. 
 
If performance goals in any 
applicable RPA action (that has 
them) are exceeded, then take is 
exceeded for that action, and 
Reclamation shall reinitiate 
consultation. 

Similar to short term.  
Incidental take of CV 
steelhead emigrating from 
the San Joaquin River is 
expected to decrease with 
implementation of Action 
IV.2.1 Phase 2 and 
utilizing the results of the 
acoustic tagging studies to 
increase survival of 
emigrating CV steelhead 
from the San Joaquin 
River Basin. 



Life 
Stage/ 

Habitat 
Type 

Diversity 
Group(s): 
Population

(s) 

Stressor Type of incidental 
take 

Amount or Extent of Take:  Short 
term 

Amount or Extent of 
Take:  Long term 

Adults 
and 
juveniles 

All 
diversity 
groups and 
populations 

Monitoring as 
provided in 
RPA section 
11.2.1.3 

Non-lethal:  
Harassment, capture, 
handling 
 
Lethal:  Mortality 
through stress 

The amount of non-lethal take is all 
adults and juveniles that are 
captured and handled, including 
incidental mortalities that will likely 
occur through standard monitoring 
techniques. 

Same as short term 

Juvenile/ 
smolt 

All 
diversity 
groups and 
populations 

Contra Costa 
Water District 
Pumping 
Facilities 
(Rock Slough 
Diversion):  
operation of 
Pumping 
Plant #1 on 
Rock Slough 
(the waters 
within the 
Contra Costa 
Canal and the 
immediate 
waters of 
Rock Slough 
surrounding 
the entrance 
to the Contra 
Costa Canal) 

Non-lethal:  Harm 
resulting from delays 
in migration, 
diminishment of 
physical status due to 
delays in migration; 
injury due to 
exposure to reduced 
water quality 
parameters (i.e., 
water temperature, 
dissolved oxygen, 
contaminants) 
 
Lethal:  Entrainment, 
increased predation 

10 juvenile steelhead per year 
entrained and subsequently die. 

10 juvenile steelhead per 
year entrained and 
subsequently die. 
 
When the Rock Slough 
diversion is screened 
sometime in the future 
(expected to be before 
year 2018), incidental 
take will not be expected, 
and therefore, will not be 
authorized. 
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Life 
Stage/ 

Habitat 
Type 

Diversity 
Group(s): 
Population

(s) 

Stressor Type of incidental 
take 

Amount or Extent of Take:  Short 
term 

Amount or Extent of 
Take:  Long term 

Juveniles/ 
smolts 

SSN: 
Stanislaus 
River 

Monitoring Non-lethal:  Handling 
stress 
 
Lethal:  Mortality 

Non-lethal take of 60-80 juveniles 
per year, including smolts, from 
Rotary Screw Traps at Caswell and 
Oakdale, based on past years’ 
encounter rates (and under current 
population levels) and longer 
sampling season of December 
through June. 
 
Incidental mortalities are exempt 
this monitoring. 

Incidental take is 
expected to increase as 
the population increases. 

Adults SSN: 
Stanislaus 
River 

Monitoring Non-lethal:  
Harassment, handling 
stress, delayed 
migration 
 
Lethal:  Mortality 

Non-lethal take of 10-25 adults per 
year from the counting weir on the 
lower Stanislaus River, based on 
past years’ encounter rates (and 
under current population levels) and 
a longer sampling season of  
September through March.  
 
Incidental mortalities are expected 
to be no more than 2 adults per 
year. 

Incidental take is 
expected to increase as 
the population increases. 
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Table 13-4.  Summary of incidental take of Southern DPS of green sturgeon. 
Life Stage/ 

Habitat 
Type 

Stressor Type of incidental take Amount or Extent of Take:  
Short term 

Amount or Extent of Take:  
Long term 

Adult 
immigration 
and holding 

RBDD gates may 
be closed starting 
June 15 of each 
year until 2012. 

Non-lethal: passage blocked, 
more energy consumed, less 
fecundity, studies 
 
Lethal: downstream passage 
of adults under gates  
 

Non-lethal take of adults for 
studies provided in Appendix 
2-B 
 
The extent of incidental take is 
all green sturgeon at the tail 
end of the spawning migration 
that are precluded access 
above RBDD on or after June 
15.   
 
Injury, impingement, or 
mortality of adults migrating 
downstream when RBDD 
gates are down are also 
exempt, contingent on 
notification requirement (see 
section 13.1.2.2). 

None starting in 2012 directly 
or indirectly resulting from 
RBDD when the gates are up 
year round 
 

Spawning RBDD gates may 
be closed starting 
June 15 of each 
year until 2012. 

Non-lethal:  eggs suffocate, 
physiological effects, delayed 
hatch, greater predation on 
eggs due to accumulation of 
predators below RBDD. 

All green sturgeon that spawn 
downstream of RBDD after the 
RBDD gates close on or after 
June 15 

None starting in 2012 directly 
or indirectly resulting from 
RBDD when the gates are up 
year round 
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Life Stage/ 
Habitat 

Type 

Stressor Type of incidental take Amount or Extent of Take:  
Short term 

Amount or Extent of Take:  
Long term 

Embryo 
incubation 
 
 

Water temperatures 
warmer than life 
history stage 
requirements from 
RBDD to Hamilton 
City. 

Lethal and sub-lethal take:  
Mortality of eggs and fry 
resulting from less suitable 
water quality, including 
suffocation of eggs from less 
flow, physiological effects, 
delayed hatch, and greater 
predation on eggs and fry due 
to presence of non-native 
introduced warm-water 
species. 

Extent of incidental take is 
water temperatures from 
RBDD to Hamilton City that 
exceed life history stage 
requirements following the 
implementation of Action 
Suite I.2. 
 
Frequency expected to increase 
during multiple dry/critically 
dry years 
 
If TCP performance goals in 
the RPA action are exceeded, 
then take is exceeded for this 
action, and Reclamation shall 
reinitiate consultation 

Considerably less than short 
term (if any), as more green 
sturgeon will spawn upstream 
of RBDD when the gates are 
up year round 

Eggs, 
larvae, 
juvenile, 
adults 

Studies in 
Appendix 2-B 

Non-lethal:  adults for 
radiotelemetry, egg 
extraction; juvenile tagging, 
lab experiments  
 
Lethal:  Eggs, larvae, and 
juveniles collected for genetic 
sampling 
 
 

Amounts of lethal and non-
lethal take according to the 
proposed studies in Appendix 
2-B, including:  
 
Up to 10 adult green sturgeon 
annually for 3 years.  Of those, 
up to 2 females and 4 males 
will be also spawned. 
 
Up to 100 juvenile wild green 
sturgeon will be captured and 
retained per year for 3 years.   

Same as short term until 
studies are completed 
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Life Stage/ 
Habitat 

Type 

Stressor Type of incidental take Amount or Extent of Take:  
Short term 

Amount or Extent of Take:  
Long term 

Juvenile 
rearing 

Increased juvenile 
mortality related to 
emigration when 
RBDD gates are 
closed from June 15 
through August 31 

Lethal take:  Mortality 
resulting from predation  
 
 

Extent of incidental take is all 
juveniles exposed to predation 
as they pass through Lake Red 
Bluff and RBDD from June 
15-August 31 of each year. 
 
Incidental take will be 
exceeded if RBDD gates go 
down any time outside of the 
June 15-August 31 time period 

None starting in 2012 when 
the gates are up year round 

Juvenile 
rearing 

Reduced quality of 
juvenile rearing 
habitat related to 
the formation of 
Lake Red Bluff 
when the RBDD 
gates are in. 

Non-lethal take:  Reduction 
in rearing habitat quality and 
quantity; change in riparian 
habitat, change in river 
conditions, change in food 
supply. 

Extent of incidental take is the 
6-mile long Lake Red Bluff 
that forms annually from June 
15 through August 31 when 
the RBDD gates are down. 
 
Incidental take will be 
exceeded if Lake Red Bluff is 
created (i.e., when the RBDD 
gates go down) any time 
outside of June 15-August 31 

None starting in 2012 when 
the gates are up year round 
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Life Stage/ 
Habitat 

Type 

Stressor Type of incidental take Amount or Extent of Take:  
Short term 

Amount or Extent of Take:  
Long term 

Eggs, 
larvae, 
juvenile-- 
rearing 

Screened CVP 
diversions on the 
Sacramento River 
to the Delta 

Non-lethal:  Harassment 
 
Lethal:  Mortality 

Extent of incidental take is all 
eggs, larvae, and juveniles 
exposed to the screens. Type 
of incidental take would 
include harassment for those 
eggs, larvae, and juveniles that 
would be returned to the river 
unharmed through the 
bypasses.  Lethal take through 
entrainment into the diversions 
is expected for a portion of the 
eggs and larvae.  

Same as short term 
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Life Stage/ 
Habitat 

Type 

Stressor Type of incidental take Amount or Extent of Take:  
Short term 

Amount or Extent of Take:  
Long term 

Juvenile 
rearing 

Unscreened CVP 
diversions  

Lethal:  Mortality Extent of incidental take is all 
juveniles exposed to and 
entrained (with subsequent 
mortality) through unscreened 
CVP diversions.  This take is 
exempted for an interim 5 
years, pending future section 7 
consultations on individual 
contract renewals and/or 
individual fish screens 
associated with the AFSP and 
implementation of RPA Action 
I.5.   
 
Incidental take is exceeded if a 
CVP contractor exceeds their 
diversion volume or if 
currently compliant screens are 
removed or allowed to lapse 
into disrepair to the point that 
they no longer meet NMFS 
fish screening criteria (NMFS 
1997a). 

Less than short-term, as each 
unscreened CVP diversion is 
screened through the CVPIA 
AFSP.  
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Life Stage/ 
Habitat 

Type 

Stressor Type of incidental take Amount or Extent of Take:  
Short term 

Amount or Extent of Take:  
Long term 

Juvenile and 
subadult 
 
 

Cumulative direct 
and indirect loss 
and salvage 
associated with 
export operations 
(DCC operations, 
loss in Delta 
interior, loss at 
export facilities, 
creation of artificial 
freshwater system, 
altered 
hydrodynamics). 
 

Non-lethal:  entrainment into 
Central and South Delta, 
harassment, handling, and 
research at the export 
facilities during the salvage 
and CHTR process. 
 
Lethal:  Indirect mortality 
associated with predation, 
direct mortality associated 
with the Federal and State 
fish facilities and the CHTR 
process. 
 

Various RPA actions, like 
OMR flow management and 
export curtailments, reduce (1) 
the potential for indirect 
predation, and (2) the potential 
for entrainment at the export 
facilities. 
 
Various RPA actions at the 
fish facilities will reduce 
entrainment loss and salvage 
of those fish.  Green sturgeon 
salvage and loss is highly 
variable, but is not expected to 
exceed the 10-year historical 
average of 74 and 106 
juveniles, respectively, per 
year. 
 
If performance goals in any 
applicable RPA action (that 
has them) are exceeded, then 
take is exceeded for that 
action, and Reclamation shall 
reinitiate consultation 

Take will be further reduced 
with implementation of 
measures to reduce pre-screen 
loss, improve screening 
efficiency, and improve 
predator control methods in 
Clifton Court Forebay and at 
the “end of the pipe.” 
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Life Stage/ 
Habitat 

Type 

Stressor Type of incidental take Amount or Extent of Take:  
Short term 

Amount or Extent of Take:  
Long term 

Adults and 
juveniles 

Monitoring as 
provided in RPA 
section 11.2.1.3 

Non-lethal:  Harassment, 
capture, handling 
 
Lethal:  Mortality through 
stress 

The amount of non-lethal take 
is all adults and juveniles that 
are captured and handled, 
including incidental mortalities 
that will likely occur through 
standard monitoring 
techniques. 

Same as short term 

Green 
Sturgeon 
juveniles, 
subadults, 
adults 

Treatment of 
Clifton Court 
Forebay with 
Cobber-based 
herbicides 

Sublethal:  diminishing 
olfactory responses by 
altering membrane potentials 
and responses to odor stimuli, 
altering cellular membrane 
function.   
 
Lethal:  mortality. 

4 days between July 1 and 
August 31, up to twice per 
season 

4 days between July 1 and 
August 31, up to twice per 
season 
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13.1.2  Operation of CVP and SWP Dams and Reservoirs 
 
13.1.2.1  Flood Control Operations 
 
Heavy rainfall within upstream basins during the winter and spring months is likely to trigger 
flood control operations and reservoir releases to downstream areas at CVP and SWP reservoirs 
in 10-25% of the years, resulting in short-term, high flow, events in Clear Creek, the upper 
Sacramento River, American River and the Stanislaus River.  Extremely high flow events may: 

• scour Chinook salmon and steelhead redds, and result in the injury and mortality of 
Chinook salmon and steelhead eggs and sac-fry; 

• displace and disperse sac-fry and larval fish stages downstream into unsuitable habitats 
for their life stage.   

• strand and isolate winter-run, spring-run, and CV steelhead fry and juveniles from the 
mainstem river channels.  If additional high flow events do not follow within a short 
period of time, these isolated juveniles may be lost to predation, lethal water temperatures 
conditions, or dessication. 

 
Flood control releases can occur multiple times a year, depending on the Corps’ flood control 
curves for filling project reservoirs.  In general, these impacts are less than an unregulated river 
due to the presence of the dam.  The frequency of occurrence is likely to increase with 
implementation of the RPA, due to maintaining higher storage levels through the winter months 
in Shasta Reservoir.   
 
Take of adult winter-run, spring-run, CV steelhead, and green sturgeon is not anticipated due to 
flood control operations.   
 
13.1.2.2  Red Bluff Diversion Dam 
 
Delays to upstream migration of adult winter-run, spring-run, CV steelhead, and green sturgeon 
at the RBDD are expected to decrease considerably due to the extended gate openings in the 
RPA, and completely eliminated after completion of the Red Bluff Pumping Plant.  Average 
delays of 11 days (range from 1- 40 days) have been reported by radio-tagging experiments on 
spring-run (USFWS 1990).  Delays in migration are expected to increase the chance that 
spawning will be unsuccessful.  In 10-25 percent of years (dry and critical), it is expected that 
some adult spring-run spawners will be unable to access tributary streams above the RBDD, due 
to low flows and thermal barriers developing at the tributary mouth during the time the fish were 
delayed in their migration.  The potential amount of take is difficult to predict, but take will be 
reduced due to interim gate openings until 2012, and completely eliminated after 2012 when the 
new pumping plant becomes operational.  Likewise, approximately 30 percent of adult green 
sturgeon are blocked from spawning above RBDD under current operations.  The level of 
spawning success below RBDD is unknown, but is presumed to be lower than in the river 
reaches above RBDD.  Incidental take in the form of migration delays, pre-spawn mortality, 
lower fecundity, increased juvenile predation, and reduced rearing habitat associated with the 
interim operations of the RBDD (incidental take is not expected with gates out year round 
starting in year 2012) 
 



Interim operations at RBDD for green sturgeon provide for 18-inch gate openings.  These gate 
openings, coupled with a considerably reduced duration of gates down operation (2.5 months 
compared to 4 months plus a provision for a 10-day emergency closure from the 2004 CVP/SWP 
operations Opinion), would likely allow adult green sturgeon to pass downstream underneath the 
RBDD gates uninjured.  A provision in RPA Action I.3.3 allows the RBDD technical team to 
modify the opening to 12 inches if necessary to maintain the structural integrity of the dam 
and/or adequate attraction flows for salmonids at the fish ladders, or in consideration of other 
real-time fish migratory issues.  In the event that adult green sturgeon are impinged, injured, or 
suffer mortality as a result of implementing RPA Action I.3.3, that incidental take is covered.  As 
a condition of this take authorization, any observation of an impinged, injured or dead green 
sturgeon must reported within 24 hours to the NMFS Sacramento Area Office Supervisor At 
(916) 930-3600, followed by written documentation through electronic mail to 
maria.rea@noaa.gov. 
 
13.1.2.3  Water Temperatures and Flows 
 
In wet and above normal years, water temperatures are in the preferred range for winter-run, 
spring-run, CV steelhead, and green sturgeon for at least a portion of: (1) Clear Creek from 
Whiskeytown Dam to the Powerline Crossing Road (RM 5); (2) the Sacramento River from 
Keswick Dam to Red Bluff; (3) the American River from Nimbus Dam to Watt Avenue; and (5) 
the Stanislaus River from Goodwin Dam to Riverbank.   
 
Dry hydrologic conditions or moderate precipitation will create low instream flows below CVP 
and SWP controlled reservoirs.  Operation of the reservoirs during these hydrologic conditions 
will result in some incidental take, including: 

• dewatering of some winter-run, spring-run, and CV steelhead redds, and egg and pre-
emergent fry mortality. 

• mortality of juvenile CV steelhead resulting from high water temperatures (e.g., Clear 
Creek and American River). 

• Reduced availability and suitability of winter-run, spring-run, and CV steelhead habitat 
for juvenile rearing and emigration. 

• Adult salmonids not being able to reach spawning areas within tributary streams by 
creating thermal barriers and subjecting them to increased poaching or predation in 
summer holding pools. 

 
13.1.3  Maintenance of Project Facilities 
 
13.1.3.1  Screened and Unscreened Water Diversions 
 
Take from each screened CVP diversion that meets NMFS (1997a) fish screen criteria is 
expected to be less than the 5 percent (of the fish exposed to the screen).  NMFS (1997a) were 
specifically designed to protect fry-sized salmonids, and green sturgeon eggs and larvae are 
smaller.  Therefore, a greater proportion of green sturgeon eggs and larvae than salmonid fry are 
expected to be entrained (and die) at the screened CVP diversions.  Non-lethal take is expected 
to occur as juvenile fish are bypassed through and around pumps back to the river.  Additional 
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mortality occurs from predation at fixed release sites, since predators learn to take advantage of a 
steady supply of disoriented fish.   
 
The CVP/SWP operations BA analyzed the impact 123 unscreened diversions located 
downstream of RBDD based on previous studies at unscreened diversions (Hanson 2001), and 
average juvenile passage from 1994 through 1999 at RBDD (Gaines and Martin 2002 op. cit. 
CVP/SWP operations BA).  Timing and quantity of diversions was based on the monthly 
averages for CVP contractors with unscreened diversions from 1964 through 2003.  A summary 
of the estimated entrainment by month is presented in table 13-5.  Adequate funding of the 
CVPIA - AFSP (RPA Action I.5) is expected to reduce the amount and extent of juvenile loss to 
unscreened diversions. 
 
Take for unscreened CVP diversions is authorized for an interim 5 years, pending future section 
7 consultations on individual contract renewals and/or individual fish screens associated with the 
AFSP and implementation of RPA Action I.5.  Prior to the 5-year time frame, NMFS will 
reassess the status of screening or protecting fish from these diversions and assess the status of 
this incidental take exemption. 
 
Table 13-5.  Estimated monthly entrainment of juvenile salmonids for 123 unscreened 
diversions in the Sacramento River based on historic water usage (Project + Base supply) 
and fish passage estimates from 1994 to 1999 at Red Bluff Diversion Dam (summarized 
from Tables 11-12 through 11-16 in the CVP/SWP operations BA). 
 April May June July August Sept. Oct. Total 
Average flow 
(cfs) 

10,404 9,435 11,110 13,082 9,683 6,730 7,013 

Winter-run 4 2 0 342 3,545 3,241 308 7,442
Spring-run  439 82 3 0 0 0 14 538
O. mykiss 18 132 37 26 117 62 2 394
Fall-run 6,754 4,237 3,645 1,788 685 53 1 17,163
Late fall-run 371 285 127 196 495 117 23 1,613
Green sturgeon 0 24 36 96 43 1 0 200
 
13.1.4  Monitoring and Research Studies Associated with Project Operations and Facilities 
 
The adaptive management process described in the Proposed Action, is based on the continuation 
of monitoring programs both upstream and in the Delta.  The information obtained from these 
programs is used in making real time decisions regarding project operations.  Incidental take for 
these monitoring programs can be quantified and has been previously authorized under 
individual section 10 permits, but presented here as they are interdependent with CVP/SWP 
operations.  Upstream monitoring consists of fish ladder counts at RBDD; carcass surveys; redd 
counts; and juvenile monitoring on Clear Creek, Sacramento River (RBDD trapping, Knights 
Landing, Sacramento Trawl), American River, and other tributaries.  In the Delta, monitoring 
consists of Chipps Island Trawl, Tracy and Skinner Fish Collection Facilities (described later), 
and CCWD monitoring at Old River, Rock Slough and the new Victoria Canal diversions.  On 
the San Joaquin River, juvenile monitoring will continue with trawling at Mossdale and in the 
Stanislaus River. 
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Fisheries studies that capture and collect juvenile CV steelhead in the Stanislaus River by screw 
traps will evaluate New Melones Reservoir operations on anadromous salmonids.  Based on past 
sampling by screw traps at the Oakdale sampling site, up to 60 steelhead smolts and pre-smolts 
may be captured and released below the trapping site.  Previous sampling experience with screw 
traps in the Stanislaus River indicates that all captured steelhead can be maintained in good 
physical condition and released unharmed back into the river.  
 
Non-lethal take, and any associated incidental mortalities, associated with all monitoring 
required in this Opinion are covered through this ITS, including, but not limited to, 
implementation of the Steelhead Monitoring Program (e.g., through fyke nets on the Sacramento 
River, rotary screw traps, weirs, and acoustic tagging studies), implementation of the CVPIA 
Tracy Fish Facility Program research studies, SWP CHTR studies, and creation of a new 
monitoring site located on the Sacramento River between RBDD and Knights Landing.   
 
Additional take is associated with proposed monitoring and research studies linked with the 
movements and behavior of green sturgeon in the Sacramento River and Delta systems as part of 
the RPA for RBDD.  Study designs require that up to 10 adult green sturgeon be captured 
annually for 3 years (30 fish) and tagged with internal acoustic transmitters.  Each year, up to 6 
adult green sturgeon will be retained for spawning purposes prior to tagging (2 females and 4 
males), and then subsequently released back into the river.  Furthermore, up to 100 juvenile wild 
green sturgeon will be captured and retained per year for 3 years (300 fish).  The fish will be 
grown out to a size at which they can also be successfully tagged with acoustic transmitters and 
released back into the Sacramento River and Delta systems to monitor movements and behavior.  
Depending on the success of the captive hatchery produced juvenile green sturgeon population, 
wild fish will be replaced with captive stock as they become available.  The above take is 
expected to be non-lethal.  However, incidental mortalities resulting from the green sturgeon 
monitoring and research studies are covered in this ITS. 
 
13.1.5  Operations in the Delta 
 
In the Delta, incidental take in the form of death, injury, and harm to juvenile and adult winter-
run, spring-run, CV steelhead, and southern DPS of green sturgeon is anticipated due to changes 
in the Delta hydrology created by the operation of the DCC gates and at Jones (CVP) and Harvey 
Banks (SWP) export pumping plants (Delta pumping plants).  This take includes reduced 
survival of juvenile winter-run, spring-run, CV steelhead, and green sturgeon diverted through 
the DCC into the central Delta from:  (1) elevated water temperatures and poorer water quality 
within the central Delta; (2) losses due to entrainment at unscreened water diversions within the 
central Delta; (3) predation associated with the waterways of the central and southern Delta; (4) 
reverse flow conditions as a result of CVP/SWP pumping; and (5) direct loss at the Delta 
pumping facilities within the southern Delta.  In addition, delays and increased straying are 
expected when adult salmonids encounter the backside of the DCC gates in the closed position 
after moving upstream through the Mokelumne River system from the San Joaquin River system.   
 
CV steelhead emigrating from the San Joaquin River basin will also face mortality, injury, and 
harm through greater diversion into the Old River, Turner Cut, and Columbia Cut due to the 
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influence of the CVP/SWP export pumps.  Negative flows in Old and Middle River will increase 
exposure time to higher water temperature, increased predation, increased contaminants, and 
direct losses at CVP/SWP export pumps.  Incidental take through the collection, handling, 
trucking, and release of salvaged juveniles and adults at the Tracy and Skinner Fish Collection 
Facilities is expected to decrease as exports and negative OMR flows are reduced due this RPA 
and the USFWS’ Opinion on delta smelt.   
 
Incidental take at the unscreened Rock Slough diversion into Contra Costa Canal is expected to 
continue in the near-term (next 3 years), but at much lower levels than historically due to:  (1) 
less volume of water diverted, (2) greater use of other screened facilities to compensate for Rock 
Slough diversions, and (3) construction activities associated with the enclosing the canal.   In the 
long-term take is expected to be non-existent due to canal encasement and construction of a new 
fish screen at the Rock Slough Headworks (Reclamation 2009). 
 
Operation of the DCC gates and Delta pumping plants are expected to cause mortality of winter-
run, spring-run, green sturgeon, and CV steelhead emigrating from the Sacramento River basin 
through entrainment into the central Delta where survival rates are expected to be demonstrably 
reduced compared to the mainstem Sacramento River and northern Delta channels.  In most 
years these losses will be minimized by intermittent DCC gate closures from October through 
January and mandatory closures from February 1 to May 20 (SWRCB, D-1641).  Current 
mortality of winter-run, spring-run and CV steelhead juveniles that are diverted into the central 
Delta ranges from 33 to 95 percent (Brandes and McLain 2001, USFWS 2001-2004) depending 
on a variety of factors.  These mortalities are generally attributed to increased residence time, a 
longer migration route, reverse flows, altered salinity gradient, predation, elevated water 
temperatures, contaminants, and reduced food supply (CDFG 1998; McEwan 2001, Vogel 2004) 
with an estimated reduction of the population entering the Delta from the upper Sacramento 
River basin of 5 to 20 percent due to the losses in the Delta interior.  While losses at the CVP and 
SWP Delta pumping facilities can generally be quantified through observations of salvaged fish 
at the Tracy and Skinner Fish collection facilities, the difference in through-Delta mortality as a 
result of proposed operation of the Delta pumping plants is difficult to detect and quantify 
because dead or injured juvenile fish cannot be readily observed or accounted for. Overall, 
implementation of the RPA actions are expected to reduce the level of mortality at the export 
pumps (i.e., through DCC gate closures, OMR flow restrictions, new flow criteria for the San 
Joaquin River, and implementation of the actions in the USFWS’ 2008 biological opinion to 
protect Delta smelt. 
 
13.1.6  Quantification of Incidental Take at the CVP and SWP Delta Pumping Facilities 
 
Loss of winter-run, spring-run and CV steelhead juveniles is monitored at the CVP and SWP 
Delta pumping facilities utilizing different methods, as provided below. 
 
Expanded losses based on salvaged fish are quantified in table 13-6.  These numbers are difficult 
to assess due to the difficulty in determining the race of the salvaged salmonids, which is 
determined based on the size of the fish at date of capture from look-up tables.  There is 
significant overlap in the size criteria, especially between spring-run and fall-run.   
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Table 13-6.  Combined CVP/SWP salvage and loss by ESA-lised species, hatchery and wild 
fish combined from 1993-2009 (source:  CDFG database). 

  Steelhead Spring-
run 

Winter-
run Green Sturgeon 

Year Salvage Lossa Lossb,c Lossc Salvage Lossd 
1993 16,972     1,922    
1994 1,361    1,004    
1995 2,437   38,581 1,351 125 166 
1996 5,380   33,466 7,611 108 144 
1997 963   57,083 518 113 150 
1998 1,008   28,259 2,886 112 149 
1999 2,571   128,172 4,173 108 144 
2000 9,272   98,801 8,307 21 28 
2001 12,819 38,270 41,396 23,392 15 20 
2002 3,590 9,435 14,581 10,048 84 112 
2003 12,850 29,526 42,904 29,551 18 24 
2004 9,773 22,852 11,575 26,591 0 0 
2005 3,597 6,960 30,927 5,337 16 21 
2006 3,797 11,654 13,633 3,853 204 271 
2007 5,635 9,070 5,257 5,332 185 246 
2008 3,831 9,529 12,005 6,901 8 11 
2009e 1,312 3,098 6,916 1,461 0 0 
total 97,168 140,394 563,556 140,238 1,117 1,485 

average  5,715 15,599 37,570 8,249 74 106 
 a Steelhead loss expansion based on Chinook salmon loss rates for CVP and SWP (Clark 2009), 
 
b 

Spring-run loss represents only those fish identified by length-at-size, unknown how many spring-run are actually salvaged. 

 
c 

Winter-run and spring-run losses include ad-clipped fish 
 d Green sturgeon loss assumes 95 percent louver efficiency (Kynard and Horgan 2001) with cleaning loss applied (i.e., salvage 

(1/.75) = time louvers are lifted out of water.  Cleaning time varies from 4 hrs/day to 12 hrs/day, depending on debris load, 
averaged to 6 hrs/day or 25% of time 

 
e 

2009 salvage numbers are preliminary as of 5/04/09 

 
The losses in table 13-3 do not include losses at the Tracy Fish Facility when the louvers are 
raised for cleaning, nor does it include predation losses at the release site.  
 
13.1.6.1  Juvenile Winter-Run 
 
In an effort to better identify juvenile Chinook salmon, DWR has conducted genetic studies for 
several years at the CVP and SWP fish facilities.  Although preliminary, these studies have 
shown roughly 50 percent of those fish identified by size as winter-run are genetically winter-run 
(Sheila Greene, pers. comm. 2008).  Based on the actions provided in the RPA to minimize 
direct and indirect losses, combined incidental take of juvenile winter-run will not exceed 2 
percent (based on size criteria described above, which is actually approximately 1 percent 
genetically determined winter-run) of the estimated JPE between the CVP and SWP pumping 
plants. 
 
13.1.6.2  Juvenile Spring-Run 
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Similar to winter-run, genetic studies have been conducted on spring-run (based on the size of 
the fish at date of capture from look-up tables) at the CVP and SWP fish facilities to determine 
its genetic race.  Although preliminary, these studies have shown that less than 50 percent of 
those fish identified by size as winter-run are genetically winter-run (most were genetically fall-
run).  However, for Chinook salmon, the losses are probably overestimated due to the inability to 
identify individuals to race (e.g., most Chinook salmon reported to be within the spring-run size 
category are actually fall-run).   
 
Incidental take of yearling spring-run is based on observations of CWT late fall-run uniquely 
marked at Coleman National Fish Hatchery and released in the upper Sacramento Basin as 
spring-run surrogates.  These uniquely marked late fall-run are expected to serve as appropriate 
surrogates for spring-run because they would be released to begin their emigration and 
smoltification passage through the Delta at approximately the same time and size as wild spring-
run.  Spring-run surrogate release groups will be identified by NMFS, in consultation with 
USFWS and CDFG.  Since the surrogates would experience the same conditions in the 
Sacramento River, NMFS anticipates that they will be entrained at the export facilities at 
comparable rates to the wild fish.  Using marked late fall-run as surrogates, incidental take of 
spring-run is not expected to exceed 1 percent.  Take will be calculated with the standard loss 
estimation procedures applicable at the respective fish collection facilities. 
 
Due to expanded monitoring efforts in the upstream tributaries, wild spring-run juveniles are 
being tagged with CWTs as they migrate downstream to the Sacramento River.  In 2003, there 
were 97,529 tagged in Butte Creek and 36,415 tagged in the Yuba River (CDFG 2004b).  Since 
it is standard practice at the Delta Fish Collection Facilities to kill all Chinook salmon that are 
CWT tagged for identification purposes, a certain amount of lethal take is expected for these 
wild spring-run.  In the 2002-2003 Sacramento River winter-run Chinook Incidental Take Report 
(DWR 2004), no wild spring-run were reported at the Delta fish collection facilities, however six 
tags were recovered from the USFWS Sacramento trawl and Chipps Island trawl studies in April 
and May.  NMFS expects that in April and May a small number of tagged wild spring-run will 
be entrained and therefore killed during the sampling process (i.e., 10 minute counts) at the Delta 
Fish Collection Facilities.  
 
13.1.6.3  Juvenile Steelhead 
 
Although estimates of steelhead abundance exist (e.g., figures 4-4 and 5-12), NMFS is not aware 
of any DPS-wide estimate of CV steelhead abundance in order to determine an appropriate level 
of incidental take.  Therefore, until population estimates can be made that are representative of 
the DPS, the incidental take will be based on the historical salvage.   
 
Incidental take of steelhead is based on yearly observations of unmarked steelhead at the CVP’s 
Tracy and SWP’s Skinner fish collection facilities during the period of October 1 through 
September 30.  Until a suitable JPE is developed, the combined cumulative salvage of unmarked 
juvenile and adult CV steelhead at the CVP and SWP Delta pumping facilities is not expected to 
exceed 3,000 unmarked juvenile and adult CV steelhead.  Generally, these fish are returned alive 
to the Delta waters through the collection, trucking and release program at the CVP and SWP 
pumping facilities. 
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Given the current status of CV steelhead in the Southern Sierra Nevada Diversity Group, and that 
at the export facilities, the origin of steelhead cannot be determined, incidental take of CV 
steelhead will be revisited under term and condition 13.4.2(a) and again following results of the 
acoustic tagging studies pursuant to RPA Action IV.2.2. 
 
13.1.6.4  Green Sturgeon 
 
There is no known population estimate for green sturgeon in order to determine an appropriate 
level of incidental take.  Therefore, until a population estimate can be made, the incidental take 
will be based on the historical salvage.  Green sturgeon salvage and loss is highly variable, but is 
not expected to exceed the 10-year historical average of 74 and 106 juveniles, respectively, per 
year.  As the Proposed Action is implemented in the future, the green sturgeon population is 
expected to increase to varying degrees, resulting in an increase in incidental take.  Therefore, 
incidental take should be reassessed at every NMFS status review (i.e., every 5 years) and 
adjusted as new information becomes available.   
 
13.1.7  Fish Facilities Studies 
 
Incidental take associated with Fish Facilities studies and evaluations are conducted with the 
objective of improving the fish salvage process (table 13-5).  These studies include incidental 
take that occurs above and beyond the normal salvage operations due to additional handing and 
stress associated with such actions as gill netting, electro-shocking, and seining within or around 
the facility.  No direct mortality was reported in 2008, however, the estimated non-lethal take 
based on salvage data and run timing was 232 winter-run, 6,679 spring-run, 791 steelhead, and 
11 green sturgeon (table 13-7).  Studies are also conducted on fish collection, trucking, and 
handling at the Skinner Fish Facility.  The added stress of these studies on fish could potentially 
disrupt feeding, reduce the health, and impair the smoltification process. 
 
Table 13-7.  Estimated incidental take associated with studies conducted at the Tracy Fish 
Facility based on historical salvage data from 1998-2002. 

Estimated incidental take from Tracy Fish Facility Studies 2008- 2010 

Proposed Studies Winter-run Spring-run Steelhead** 
  

Green  
Sturgeo
n 

  

Non-
letha

l 
Letha

l

Non-
letha

l
Letha

l
Non-
lethal

Letha
l 

Non-
lethal Lethal

Abandoned Intake 
Channel 0 0 0 0 0 0 0 1
CO2 Predator Removal 16 1 38 1 25 1 1 1
Fish Holding 18 0 0 0 6 0 1 0
Holding Tank Screen 2 0 268 0 6 0 2 0
Debris Study 0 1 2 1 0 1 1 1
New Secondary 
System (lab) 0 0 0 0 0 0 0 0
Predator Numbers 12 60 29 60 19 60 0 0
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Above Ground Tank 5 0 4 0 3 0 1 0
Crab Screen Study 36 0 445 0 118 0 1 0
Full Facility Evaluation 71 0 2888 0 161 0 1 0
Holding Tank Swirl 
Test 71 0 2895 0 132 0 1 0
Louver Cleaning Test 0 1 0 1 2 1 1 1
Predator Impacts for 
VAMP 1 0 110 0 319 24 1 0

Total by species* 232 63 6679 63 791 87 11 4
*2008 actual mortality reported = 0       
**steelhead includes hatchery+ wild       

 
13.1.8  CCWD Diversion 
 
From 1994 to 1996, CDFG estimated expanded juvenile losses (i.e., entrainment losses plus 
losses due to predation) of 257 winter-run, 2,215 spring-run, and 738 steelhead.  Since NMFS’ 
2004 CVP/SWP operations Opinion was issued, CCWD initiated several improvements that 
reduce the entrainment at the Rock Slough diversion.  These include:  (1) the Canal Encasement 
Project currently under construction; (2) the Alternative Intake Project scheduled to be 
completed in the summer of 2010; (3) reduced diversions at Rock Slough, since Old River Intake 
became operational in 1998; and (4) a Water Use Efficiency Program.  The Canal Encasement 
Project will eliminate tidal flows into the unscreened canal, significantly reducing entrainment, 
predation, and improving the feasibility of screening the Rock Slough intake.  In addition, due to 
other agreements with CDFG, SWRCB, and USFWS, the CCWD must cease diversions for 30 
days in April in order to protect larval delta smelt that can become entrained in the fish screen.  
These operating criteria minimize contact between juvenile salmonids and their food supply, and 
the fish screen, in the spring.  Direct losses due to entrainment are not expected to exceed 5 
winter-run juveniles, 10 spring-run juveniles, and 10 steelhead annually based on the last 10 
years of monitoring behind the Pumping Plant and Headworks (table 13-8).  This incidental take 
does not account for extrapolated losses due to predation in the Contra Costa Canal and losses 
through the pumping plant.   
 
Under CVPIA section 3406(b)(5), Reclamation is required to construct a fish screen at CCWD’s 
Rock Slough intake.  The USFWS granted Reclamation an extension on fish screen construction 
until December 2008.  On March 26, 2009, Reclamation again requested a 10-year extension of 
the construction completion date until 2018 and amendment of the Los Vaqueros Biological 
Opinion (letter from Carl Dealy, Reclamation, to Susan Moore, USFWS).  If, and when, a fish 
screen is eventually built on Rock Slough, incidental take is not expected to occur.  At such time 
as a fish screen on Rock Slough becomes operational, the authorized incidental take in this ITS 
will no longer apply. 
 
Table 13-8.  Summary of ESA listed fish captured at the Rock Slough Headworks and 
Pumping Plant #1 and water diverted from 1998-2008 (Source CVP/SWP operations BA 
table 13-30). 
Year 199

8 
199
9 

200
0 

200
1 

200
2 

200
3 

200
4 

200
5 

200
6 

200
7 

200
8 

total
s 

 778



Winter 1 0 0 0 0 0 0 0 0 0 0 1 
Spring 0 0 0 0 0 0 6 4 4 0 0 14 
Fall/LF 0 0 3 0 0 0 7 10 1 0 0 21 
Steelhea
d (Ad-
clip) 

0 0 0 0 0 0 0 0 0 0 8 8 

Steelhea
d (no-
clip) 

0 0 0 0 0 0 0 3 2 1 0 6 

Steelhea
d 
unknown 

0 0 0 0 0 0 0 1 0 0 0 1 

Green 
Sturgeon 

0 0 0 0 0 0 0 0 0 0 0 0 

Water 
diverted 
in TAF 

68 43 51 27 36 27 31 35 43 39 6 408 

 
13.1.9  Implementation of Sacramento River Basin Salmonid Rearing Habitat 
Improvements (i.e., RPA Action Suite I.6) 
 
Rearing habitat improvement projects described in the RPA could be implemented in the 
mainstem Sacramento River and in any part of the tributary subbasins (e.g., Feather River, 
American River, San Joaquin River, and Clear Creek).  Some habitat projects will have negative 
effects during construction (e.g., increased turbidity, sediments, short-term and temporary 
disturbances, and contamination from machinery).  These are expected to be minor, occur only at 
the project scale, and persist for a short time.  The inundation of the Yolo Bypass is expected to 
cause incidental take from these short-term adverse effects, and from predation within the project 
area from non-native introduced fish species. 
 
Take of listed salmonids resulting from rearing habitat improvement projects developed to 
implement this RPA and authorized, funded, or carried out by Reclamation and DWR that are 
consistent in type, design, and implementation to those covered by the ESA Section 7 Formal 
Programmatic Consultation and Magnuson-Stevens Fishery Conservation and Management Act 
Essential Fish Habitat Consultation for the Implementation of the CVPIA and CALFED CY 
2003-2010, falls within the take provisions of that Biological Opinion (NMFS 2003).  Take 
resulting from projects that fall outside of the explicit criteria in the CVPIA or CALFED 
Opinions will require separate and subsequent consultation. 
 
13.1.10  Operation of the Nimbus Fish Hatchery Steelhead Program 
 
The RPA requires actions to ensure that the Nimbus Fish Hatchery Steelhead Program does not 
reduce the viability of the listed steelhead residing in the lower American River (i.e., below 
Nimbus Dam).  NMFS considers fish that are the offspring of hatchery and wild, or hatchery fish 
that spawn in-river, to be natural, non-hatchery fish.  Thus, the juveniles that result from 
hatchery fish spawning in-river would be protected under the ESA (e.g., progeny of hatchery 
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spring-run that spawn in the Feather River, or progeny of hatchery-reared steelhead that spawn in 
the American River would be considered listed under the ESA).  Incidental take associated with 
the Nimbus Fish Hatchery Steelhead Program is covered through this ITS for an interim period 
of 2 years from issuance of this Opinion, with the expectation that a Nimbus Fish Hatchery 
HGMP will be completed at that time and subsequent take will be authorized through the 4(d) 
process. 
 
Nimbus Fish Hatchery annually handles wild steelhead that return with hatchery steelhead up the 
fish ladder.  Current hatchery protocol is to release all unclipped steelhead back to the river to 
spawn.  These fish undergo some handling stress and disorientation in the process.  Adults may 
be delayed from spawning by 1 to 2 days, or may drop back downstream from the stress of 
handling.   Additional stress will result from those fish that encounter the hatchery barrier weir 
and are blocked from migrating further upstream to spawn.  These fish may become injured 
while trying to pass through the weir and drop back downstream.  Steelhead and salmon have 
been observed to drop back downstream after entering fish ladders and encountering barrier 
weirs at RBDD and Iron Gate Hatchery on the Klamath River.  It is likely that steelhead that 
drop back downstream on the American River will either spawn later in time or stray into other 
rivers to spawn. 
 
Based on the historical rate of steelhead that enter the Nimbus Fish Hatchery (table 13-9), NMFS 
anticipates that less than 150 wild steelhead will enter the Nimbus Fish Hatchery annually.  The 
number of unmarked steelhead that encounter the Nimbus Fish Hatchery represents a significant 
(i.e., 30 to 50 percent) portion of the in-river spawning population below Nimbus Dam.  The 
average in-river population is 300 adult spawners based on redd counts from 2002 through 2007 
(Hannon and Deason 2007). 
 
Table 13-9.  Steelhead adult returns to Nimbus Fish Hatchery (source: CVP/SWP 
operations BA) 

Year total return 
(hatchery + wild) 

Number unclipped 
(wild) 

Percent unclipped 

2001 2,877 50 1.7 
2002 1,253 69 5.5 
2003 873 27 3.1 
2004 1,741 17 1.0 
2005 2,772 118 4.3 
2007 2,673 116 4.3 

 
An unquantifiable amount of take is also anticipated as a result of the interrelated and 
interdependent effects of Nimbus Fish Hatchery operations.  These effects primarily stem from 
straying, competition for space, and hybridization between wild fish and hatchery-produced 
salmon and steelhead.  A recent report examining the decline of the Sacramento River fall-run 
found that hatcheries have reduced the variation and diversity of the overall abundance of 
Chinook salmon in the Central Valley, leaving them unsuited to handle varying changes in ocean 
conditions (Lindley et al. 2009).  Remnant populations of spring-run and winter-run were found 
better suited to cope with recent changes in ocean conditions because of life-history diversity that 
can buffer environmental changes (e.g., spawning in summer, or at higher elevations leads to 
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delayed ocean entry at a larger size than fall-run) that confers survival advantages upon entry 
into the ocean environment.   
 
13.1.11  Fish Passage Program 
 
RPA Action V, NF4, requires the implementation of a Pilot Reintroduction Program, in January 
2013.  As there is currently only one population of winter-run, non-lethal take will be exempted 
for the number of adult winter-run determined by the Interagency Fish Passage Steering 
Committee, pursuant to Action V, NF3, #1 and 3, as necessary, for the pilot program, provided 
that NMFS concurs in writing with the specific handling procedures associated with the Fish 
Passage Pilot Plan.  NMFS does not anticipate any pre-spawn mortality associated with the pilot 
program.  However, any incidental mortality associated with the pilot program is covered. 
 
Incidental take through this ITS is not covering spring-run above Shasta Dam on the Sacramento 
River, CV steelhead above Folsom Dam on the American River, or CV steelhead above New 
Melones Dam on the Stanislaus River.  The Interagency Fish Passage Steering Committee shall 
convene and determine the best source population of spring-run and steelhead to utilize for each 
of the rivers in this pilot reintroduction program.  Once this is established, Reclamation shall 
apply for an ESA section 10(a)(1)(A) research permit to cover the activities. 
 
In addition, NMFS is not approving any incidental take coverage for the long-term fish passage 
actions.  
 
13.2   Effect of the Take  
 
In the accompanying formal biological opinion, NMFS has determined that the anticipated level 
of incidental take associate with project operations, as modified by the RPA, is not likely to 
jeopardize the continued existence of winter-run, spring-run, CV steelhead, or Southern DPS of 
green sturgeon. 
 
13.3   Reasonable and Prudent Measures  
 
NMFS believes the following reasonable and prudent measures are necessary and appropriate to 
minimize take of winter-run, spring-run, CV steelhead, and the Southern DPS of green sturgeon. 
 
1.  Reclamation and DWR shall monitor the extent of incidental take of winter-run, spring-run, 

green sturgeon, and CV steelhead, associated with the operation of the CVP’s Jones and 
SWP’s Harvey Banks pumping facilities. 

 
2.  Reclamation shall seek to develop an alternative technique to quantify incidental take of listed 

anadromous salmonid species at the Federal and State export facilities. 
 
3.  Reclamation shall minimize the adverse effects of flow fluctuations associated with CVP-

controlled stream operations on listed anadromous fish species spawning, egg incubation, 
and fry and juvenile rearing. 
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4.  Reclamation and DWR shall monitoring all incidental take associated with CVP and SWP 
operations. 

 
5.  Reclamation and DWR shall annually report to NMFS the incidental take resulting from the 

implementation of the Proposed Action. 
 
13.4  Terms and Conditions 
 
Reclamation and DWR must comply or ensure compliance by their contractor(s) with the 
following terms and conditions, which implement the reasonable and prudent measures described 
above. These terms and conditions are non-discretionary. 
 
1.  Reclamation and DWR shall monitor the extent of incidental take of winter-run, spring-run, 

green sturgeon, and CV steelhead, associated with the operation of the CVP’s Jones and 
SWP’s Harvey Banks pumping facilities. 

 
 a. Reclamation and DWR shall calculate winter-run, spring-run, CV steelhead, and 

Southern DPS of green sturgeon loss at the Jones and Banks pumping plants on a real-
time basis from October 1 through June 30 each year.  Loss and salvage shall be 
computed using formulas developed in consultation with CDFG and USFWS and 
approved by NMFS. 

 
 b. Reclamation and DWR shall monitor the loss of juvenile winter-run at the CVP and SWP 

Delta pumping facilities and will use that information to determine whether the 
anticipated level of loss is likely to exceed the authorized level of 2 percent, 
cumulatively, of the estimated number of juvenile winter-run entering the Delta annually.   

 
 c. Reclamation and DWR shall monitor the loss of identified spring-run surrogate release 

groups at the CVP and SWP Delta pumping facilities and use that information to 
determine whether the cumulative estimated level of loss is expected to exceed 1%.   

 
d. Reclamation and DWR shall monitor the salvage of CV steelhead at the CVP and SWP 

Delta pumping facilities and use that information to determine whether the cumulative 
estimated level of salvage is expected to exceed 3,000 unclipped steelhead (juveniles and 
adults combined) at the CVP and SWP Delta pumping facilities.  Incidental take of CV 
steelhead shall be reported as salvage and calculated loss.  

 
e. Reclamation and DWR shall monitor the loss of juvenile green sturgeon at the CVP and 

SWP Delta pumping facilities and use that information to determine whether the 
cumulative estimated level of loss is expected to exceed 110 juveniles annually (previous 
10-year average).  

 
f. If the estimated rate of loss approaches the incidental take level anticipated for any of the 

anadromous fish species at the SWP Harvey Banks pumping facility combined with the 
estimated take at the CVP Jones pumping facility is exceeded, Reclamation and DWR 
shall immediately convene the WOMT to explore additional measures which can be 
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g.  DWR shall collect additional data at the Clifton Court Forebay, the John Skinner Fish 

Collection Facility, and the Harvey Banks pumping plant to monitor the incidental take of 
winter-run, spring-run, steelhead, and green sturgeon and to develop and implement 
improvements to pumping facility operations to further reduce or minimize losses of 
listed salmonids. 

 
h.  DNA tissue samples and CWT samples from juvenile winter-run, spring-run, and 

steelhead at the Tracy and Skinner fish collection facilities shall be collected by DWR or 
CDFG for genetic analysis or tag removal/reading pursuant to the sampling protocols 
established by the IEP Salmon Genetics Project Work Team.  Tissues shall be stored at 
the CDFG tissue bank at Rancho Cordova for subsequent analysis by Oregon State 
University or similar lab approved by NMFS.  Whole fish or heads for CWT processing 
and identification shall be stored at the USFWS Bay/Delta Office in Stockton.  All 
samples shall be clearly marked according to office protocol and a log maintained at each 
storage facility. 

 
b.  Reclamation and DWR shall submit weekly reports to the interagency DAT and an 

annual written report to NMFS describing, as a minimum, the estimated salvage and loss 
of winter-run, spring-run, steelhead, and green sturgeon associated with operations of the 
Jones and Harvey Banks pumping facilities, respectively.   

 
2.  Reclamation shall seek to develop an alternative technique to quantify incidental take of listed 

anadromous salmonid species at the Federal and State export facilities. 
 

a.  In coordination with NMFS, Reclamation shall select and fund an independent contractor 
to determine the best technique to quantify incidental take of winter-run, spring-run, CV 
steelhead, and the Southern DPS of green sturgeon at the Federal and State export 
facilities.  Reclamation shall submit a final report to NMFS by December 31, 2010, 
summarizing the recommendations for quantifying incidental take, with the selection of a 
proposed technique.  The technique for quantifying take shall be implemented 
immediately upon NMFS’ concurrence.  In the event that this measure is not 
implemented immediately and reflected in the annual report per term and condition 3.a. 
below, take authorization for CV steelhead shall cease on December 31, 2011.  Incidental 
take, especially for CV steelhead, but for the other listed anadromous fish species as well, 
may be adjusted based on the application of the new technique to quantify incidental take 
at the Federal and State export facilities.  

 
3.  Reclamation shall minimize the adverse effects of flow fluctuations associated with CVP-

controlled stream operations on listed anadromous fish species spawning, egg incubation, 
and fry and juvenile rearing. 
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a.  Reclamation shall schedule maximum ramping down rates of non-Glory Hole (i.e., non-
flood control) releases from Whiskeytown Reservoir according to the table, below 
(estimated at RM 3.03).  Ramping rates for releases greater than 300 cfs shall be made 
after consultation with the Clear Creek Technical Team, considering:  time of year, time 
of day, timing the change to occur with natural changes in-flow and/or turbidity, size of 
fish present in the creek, species and protected status of vulnerable fish, the amount of 
water required, and relative costs or benefits of proposed flow.  Reclamation shall time 
flow decreases so that the most juvenile Chinook salmon and steelhead experience the 
stage decrease during darkness.  Maximum ramping rate of flow releases from 
Whiskeytown Dam into Clear Creek shall be accomplished based on the following targets 
within the precision of the outlet works or the City of Redding powerplant equipment.  

 
Discharge Ramping Rate 
600-330 cfs 16 cfs / hour 
330-105 cfs 15 cfs / hour 
105-50 cfs 14 cfs / hour 

 
b.  During periods outside of flood control operations and to the extent controllable during 

flood control operations, Reclamation shall ramp down releases in the American River 
below Nimbus Dam as follows: 

 
Lower American River 

Daily Rate of Change (cfs) 
Amount of decrease 

in 24 hrs (cfs) 
Maximum change 

per step (cfs) 

20,000 to 16,000 4,000 1,350 

16,000 to 13,000 3,000 1,000 

13,000 to 11,000 2,000 700 

11,000 to 9,500 1,500 500 

9,500 to 8,300 1,200 400 

8,300 to 7,300 1,000 350 

7,300 to 6,400 900 300 

6,400 to 5,650 750 250 

5,650 to 5,000 650 250 

<5,000 500 100 
 

 c.  During periods outside of flood control operations and to the extent controllable during 
flood control operations, Reclamation shall ramp releases in the Stanislaus River below 
Goodwin Dam as follows: 

  
Existing Release Level 

(cfs) 

 
Rate of Increase 

(cfs) 

 
Rate of Decrease 

(cfs) 
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at or above 4,500 

  
500 per 4 hours 

  
500 per 4 hours    

2,000 to 4,499 
   

500 per 2 hours 
   

500 per 4 hours    
500 to 1,999 

   
250 per 2 hours 

   
200 per 4 hours    

300 to 499 
   

100 per 2 hours 
   

100 per 4 hours 
 
4.  Reclamation and DWR shall monitor all incidental take associated with CVP and SWP 

operations. 
 
 a.  Reclamation shall implement all aspects of RPA section 11.2.1.3 
 
5.  Reclamation and DWR shall annually report to NMFS the incidental take resulting from the 

implementation of the Proposed Action. 
 

a. Reclamation and DWR shall provide an annual written report to NMFS no later than 
October 1 of each year.  This report shall provide the data gathered and summarize the 
results of winter-run, spring-run, CV steelhead, and green sturgeon monitoring and 
incidental take associated with the CVP and SWP operations.  All mortalities must be 
minimized and reported, including those from special studies conducted during salvage 
operations.   

 
b. Reclamation and DWR shall provide reports and updates to NMFS by the specified dates, 

as provided in various RPA actions (e.g., section 11.2.1.3 #3, Action I.1.3, Action Suite 
I.2). 

 
c. Unless otherwise specified during the implementation of these terms and conditions, all 

reports and updates shall be sent to:  
 

Supervisor 
Sacramento Area Office 
National Marine Fisheries Service 
650 Capitol Mall, Suite 8-300 
Sacramento California  95814-4706 
FAX: (916) 930-3629 
Phone: (916) 930-3600 

 
 
14.0  CONSERVATION RECOMMENDATIONS 
 
Section 7(a)(1) of the ESA directs Federal agencies to utilize their authorities to further the 
purposes of the ESA by carrying out conservation programs for the benefit of endangered and 
threatened species.  Conservation recommendations are discretionary agency activities to 
minimize or avoid adverse effects of a proposed action on listed species or critical habitat, to 
help implement recovery plans, or to develop information.  NMFS thinks the following 
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conservation recommendations are consistent with these obligations, and therefore, should be 
implemented by Reclamation: 
 
1.  In proposing the SRWRP for a future section 7 consultation, Reclamation should first ensure 

that Shasta Reservoir storage and cold water pool requirements are met, as provided in RPA 
Action I.2.2, and that all construction-related and operational impacts of the SRWRP, both 
upstream and in the Delta, are analyzed in consideration of the operations and effects on 
listed species and critical habitats of the CVP and SWP that were analyzed in this 
consultation. 

 
2.  Reclamation and DWR should continue to work with the BDCP process to develop a 

scientifically-based, alternative conveyance program for the Delta that conserves all ESA-
listed anadromous fish species in the Central Valley.  This effort should evaluate a new point 
of diversion in the Sacramento River without adding new stressors to listed fish and their 
critical habitats.  If NMFS determines that locations and operations are available which 
minimize adverse effects to all listed species and designated critical habitats, then 
Reclamation and DWR should pursue alternative locations and operations for Delta 
diversions. 

 
3.  Reclamation should continue to fund CALFED ERP restoration actions, consistent with 

previous commitment and funding levels, and to fulfill CALFED ROD commitments.  DWR 
should support continued state funding to CDFG to further implementation of the CALFED 
ERP. 

 
4.  Reclamation should conduct studies to determine the economic feasibility and extent of 

biological benefits to listed species and critical habitats of completely removing the RBDD 
from the Sacramento River. 

 
5.  DWR should continue to fund the Amended Delta Fish Agreement (Amendment) to mitigate,  

compensate for, and enhance habitat for anadromous salmonids in the Central Valley.  Past 
actions under this agreement have improved upstream habitats and conditions for spring-run, 
fall-run, and steelhead and have contributed to the current status of the species.  Ongoing 
actions identified in the Amendment should be continued, if the benefits of past actions are to 
be maintained.  NMFS expects that this Amendment will also support implementation of 
actions specified in this RPA, such as re-introduction of winter-run to Battle Creek and 
habitat improvements at the Yolo Bypass, Liberty Island and other areas. 
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1.

STATE WATER RESOURCES CONTROL BOARD
RESOLUTION NO. 95-24

ADOPTION OF THE WATER QUALITY CONTROL PLAN
FOR THE

SAN FRANCISCO BAY/SACRAMENTO-SAN JOAQUIN DELTA ESTUARY

WHEREAS:

1. The State Water Resources Control Board (SWRCB) is
responsible for the regulation of activities and factors
which may affect the quality of the waters of the state. 
(Wat. Code §§ 13000, 13001.)  

2. The SWRCB has undertaken a proceeding under its water quality
authority at Water Code section 13000 et seq. to establish a
water quality control plan that will supersede (1) the Water
Quality Control Plan for Salinity for the San Francisco
Bay/Sacramento-San Joaquin Delta Estuary adopted May 1991
(1991 Plan) in SWRCB Resolution No. 91-34 and (2) the Water
Quality Control Plan for the Sacramento-San Joaquin Delta and
Suisun Marsh, adopted August 1978 in SWRCB Resolution
No. 78-43. 

3. The SWRCB commenced this proceeding on March 25, 1994 by
issuing a notice of a series of public workshops to review
the existing standards for the San Francisco Bay/Sacramento-
San Joaquin Delta Estuary (Bay-Delta Estuary).  The SWRCB
held six public workshops in April through October 1994 and
the SWRCB staff held three additional public workshops in
September and October 1994.  Notice of all workshops was sent
to all parties who indicated an interest in receiving notice.

4. During the workshops, the SWRCB urged the interested parties
to develop alternatives for revising the previous water
quality objectives for the Bay-Delta Estuary.  The Department
of Fish and Game, Bay Institute of San Francisco, Delta
Wetlands and United States Environmental Protection Agency
developed proposals for the SWRCB to consider.  The SWRCB
evaluated these alternatives in its environmental review for
the development of a draft Bay-Delta plan.  After
negotiations, a number of parties reached an agreed-upon
recommendation to the SWRCB for changes in the Bay-Delta
water quality objectives.  This agreement is called the
"Principles for Agreement" and was signed on behalf of
numerous interest groups and governmental agencies on
December 15, 1994.  The SWRCB used several elements of this
agreement (with some modifications) and the other
recommendations from interested parties in preparing the
draft plan.



2.

5. The SWRCB released the first draft of the Water Quality
Control Plan for the San Francisco Bay/Sacramento-San Joaquin
Delta Estuary (Bay-Delta Plan) for public review and comment
on December 15, 1994.  On January 3, 1995, the SWRCB issued a
notice of public hearing for consideration of the plan, in
accordance with state and federal requirements.  The notice
was sent to all interested parties and was published.  On
January 24, 1995, the SWRCB released a draft environmental
report appendix to the draft Bay-Delta Plan.  The SWRCB held
the public hearing on February 23, 1995.  The comment period
for the draft Bay-Delta Plan and the appended Environmental
Report closed March 10, 1995. 

6. The Bay-Delta Plan will protect the same beneficial uses that
were protected by the 1991 Plan.  The definitions of the
beneficial uses, however, have been changed nonsubstantively
to ensure consistency with the SWRCB's current policy and
uniform direction to the Regional Water Quality Control
Boards. 

The water quality objectives for municipal and industrial
beneficial uses and for agricultural beneficial uses are
unchanged from the 1991 Plan except that the effective date
of the agricultural salinity objectives for the southern
Delta stations on the Old River has been extended from
January 1, 1996 to December 31, 1997. 

The objectives for fish and wildlife beneficial uses for
salinity and temperature in the 1991 Plan, and the flow and
operational objectives in the 1978 Plan that were not
superseded by the 1991 Plan have been replaced with a
complete new set of objectives for fish and wildlife. 

7. The SWRCB has considered all the oral and written comments
that were submitted and, in accordance with the SWRCB's
regulations (23 Cal. Code Regs. § 3779), has prepared
responses to the comments containing significant
environmental points as well as responding to other comments.

8. The portions of the Bay-Delta Plan consisting of the Water
Quality Control Plan for the San Francisco Bay/Sacramento-San
Joaquin Delta Estuary and the appended Environmental Report,
have been revised in response to the comments received from
the interested parties and the Responses to Comments has been
added as a second appendix. 

9. The Bay-Delta Plan will be reviewed periodically in
compliance with Water Code section 13240 and federal Clean
Water Act section 303(c) (33 U.S.C. § 1313(c)).
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10. The Bay-Delta Plan supplements the other water quality
control plans that cover the Bay-Delta Estuary; together they
include all necessary elements of water quality control plans
in accordance with Water Code sections 13241 and 13242 and
federal requirements.

    11. In compliance with the California Environmental Quality Act,
the SWRCB has prepared the Bay-Delta Plan under a program
certified under Public Resources Code section 21080.5 as a
substitute document for an environmental impact report or a
negative declaration.  The SWRCB has reviewed the
Environmental Report which is appended to the Bay-Delta Plan
and has considered the information in it.

    12. Appendix I of the Bay-Delta Plan, at Chapter XIV, identifies
significant or potentially significant environmental effects
that may or will occur if the Bay-Delta Plan is implemented,
and makes findings with respect to the measures that may be
used to mitigate any significant environmental effects of
implementation.  Those findings are incorporated herein by
reference.  (See Pub. Res. Code §§ 21080.5(d)(2)(i) and
21081, 14 Cal. Code Regs. §§ 15091 and 15093, and 23 Cal.
Code Regs. § 3780.) 

    13. Newly adopted water quality standards and water quality
standards that have been revised after a periodic review are
to be submitted to the United States Environmental Protection
Agency (U.S. EPA) for approval.  Other portions of water
quality control plans, such as the program of implementation
are to be submitted to U.S. EPA as part of the continuing
planning process but do not require approval.  The SWRCB does
not concede that it is required under the federal Clean Water
Act to submit all parts of this plan to the U.S. EPA for
approval.  In the view of the SWRCB, the objectives for flow
and operations are not subject to U.S. EPA approval, although
the SWRCB recognizes that the U.S. EPA may disagree.

//
//
//
//
//
//
//
//
//
//
//
//
//
//
//
//
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THEREFORE BE IT RESOLVED:

1. That the SWRCB adopts the Bay-Delta Plan in accordance with
Water Code section 13170, including the appended
Environmental Report and the Responses to Comments. 

2. That the Executive Director is directed to forward the Bay-
Delta Plan to the U.S. EPA for review and approval in
accordance with requirements of the federal Clean Water Act
(33 U.S.C. § 1251 et seq.). 

CERTIFICATION

The undersigned, Administrative Assistant to the Board, does
hereby certify that the foregoing is a full, true, and correct
copy of a resolution duly and regularly adopted at a meeting of
the State Water Resources Control Board held on May 22, 1995.

AYE: John P. Caffrey
Mary Jane Forster
Marc Del Piero
James M. Stubchaer
John W. Brown

NO: None

ABSENT: None

ABSTAIN: None

/s/ Walt Pettit, for                   
Maureen Marché

 Administrative Assistant to the Board
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BAY-DELTA PLAN

Water Quality Control Plan for the
San Francisco Bay/Sacramento-San Joaquin Delta Estuary

CHAPTER I.  INTRODUCTION

The San Francisco Bay/Sacramento-San Joaquin Delta Estuary (Bay-Delta Estuary or Estuary)
(Figure 1) is important to the natural environment and economy of California.  The watershed of
the Bay-Delta Estuary provides drinking water to two-thirds of the State's population and water
for a multitude of other urban uses, and it supplies some of the State's most productive
agricultural areas, both inside and outside of the Estuary.  The Bay-Delta Estuary itself is one of
the largest ecosystems for fish and wildlife habitat and production in the United States. 
However, historical and current human activities (e.g., water development, land use, wastewater
discharges, introduced species, and harvesting), exacerbated by variations in natural conditions,
have degraded the beneficial uses of the Bay-Delta Estuary, as evidenced by the declines in the
populations of many biological resources of the Estuary.

The State Water Resources Control Board (SWRCB) has previously adopted water quality
control plans and policies to protect the water quality and to control the water resources which
affect the beneficial uses of the Bay-Delta Estuary.  These plans and policies have been adopted
consistent with section 13000 et seq. of Division 7 of the California Water Code (Stats. 1969,
Chapter 482) and pursuant to the authority contained in section 13170 (Stats. 1971, Chapter
1288).  This plan supersedes both the Water Quality Control Plan for the Sacramento-San
Joaquin Delta and Suisun Marsh, adopted August 1978 (1978 Delta Plan), and the Water Quality
Control Plan for Salinity for the San Francisco Bay/Sacramento-San Joaquin Delta, adopted May
1991 (1991 Bay-Delta Plan).  The SWRCB will review this plan every three years to ensure that
it adequately protects beneficial uses.  The SWRCB will implement this plan principally through
the adoption of a water right decision.

Documentation of the SWRCB's considerations in developing this water quality control plan is
contained in the appendix titled "Environmental Report, Appendix 1 to Water Quality Control
Plan for the San Francisco Bay/Sacramento-San Joaquin Delta Estuary".  SWRCB responses to
comments received in conjunction with the public hearing on this plan is contained in the
appendix titled "Response to Comments, Appendix 2 to Water Quality Control Plan for the San
Francisco Bay/Sacramento-San Joaquin Delta Estuary".
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A.  Purpose and Scope

The purpose of this plan is to establish water quality control measures which contribute to the
protection of beneficial uses in the Bay-Delta Estuary.  Like all water quality control plans, this
plan consists of:  (1) beneficial uses to be protected; (2) water quality objectives for the
reasonable protection of beneficial uses; and (3) a program of implementation for achieving the
water quality objectives.  Together, the beneficial uses and the water quality objectives
established to protect them are called water quality standards under the terminology of the
federal Clean Water Act.

This plan provides the component of a comprehensive management package for the protection
of the Estuary's beneficial uses that involves salinity (from saltwater intrusion and agricultural
drainage) and water project operations (flows and diversions), as well as a dissolved oxygen
objective.  This plan supplements other water quality control plans adopted by the SWRCB and
regional water quality control boards (RWQCBs), and State policies for water quality control
adopted by the SWRCB, relevant to the Bay-Delta Estuary watershed.  These other plans and
policies establish water quality standards and requirements for parameters such as toxic
chemicals, bacterial contamination, and other factors which have the potential to impair
beneficial uses or cause nuisance.

Water quality control policies and plans relevant to the protection of beneficial uses of the Bay-
Delta Estuary include:  (1) Statement of Policy With Respect to Maintaining High Quality
Waters in California (SWRCB Resolution No. 68-16); (2) State Policy for Water Quality
Control (adopted by motion on July 6, 1972); (3) Water Quality Control Policy for Enclosed
Bays and Estuaries (SWRCB Resolution No. 74-43); (4) Water Quality Control Policy on the
Use and Disposal of Inland Waters Used for Power Plant Cooling (SWRCB Resolution No. 75-
58); (5) Water Quality Control Plan for Control of Temperature in the Coastal and Interstate
Waters and Enclosed Bays and Estuaries of California (adopted by the SWRCB on September
18, 1975); (6) Policy With Respect to Water Reclamation in California (SWRCB Resolution No.
77-1); (7) Sources of Drinking Water Policy (SWRCB Resolution No. 88-63); (8) Pollutant
Policy Document for the San Francisco Bay/Sacramento-San Joaquin Delta (SWRCB
Resolution No. 90-67); (9) Water Quality Control Plan, San Francisco Bay Basin (including
future changes to this plan as the changes take effect); and (10) Water Quality Control Plans,
Central Valley Basin (including future changes to these plans as the changes take effect).

This plan establishes water quality objectives that will ensure reasonable protection of the
beneficial uses and will prevent nuisance.  It also recommends other controls.  Overall, this
document provides planning for reasonable controls on the factors which have been identified as
likely contributors to the declines in aquatic resources in the Bay-Delta Estuary.  Consistent with
the intent of the State Legislature, as expressed in the Porter-Cologne Water Quality Control Act
of 1969, as amended (Porter-Cologne Act) (Wat. Code §13000 et seq.), these objectives and
recommendations are intended to attain the goal of the highest water quality which is reasonable,
considering all demands being made and to be made on those waters and the total values



4

involved, beneficial and detrimental, economic and social, tangible and intangible.  Reasonably
foreseeable effects of implementation of this plan are evaluated in the environmental report
appended to this plan.  Other effects of implementation must be evaluated as the precise
measures to implement this plan are developed.

This plan, in conjunction with RWQCB plans, other SWRCB plans and policies, and programs
under the jurisdictions of other agencies, such as the Central Valley Project Improvement Act
(CVPIA), provides a coordinated and comprehensive ecosystem approach to protection of the
beneficial uses of the Bay-Delta Estuary.

Most of the objectives in this plan will be implemented by assigning responsibilities to water
rights holders because the factors to be controlled are primarily related to flows and diversions. 
This plan, however, is not to be construed as establishing the responsibilities of water rights
holders.  Nor is this plan to be construed as establishing the quantities of water that any
particular water rights holder or group of water rights holders may be required to release or
forego to meet objectives in this plan.  The SWRCB will consider, in a future water rights
proceeding or proceedings, the nature and extent of water rights holders' responsibilities to meet
these objectives.  Water Code section 1258 charges the SWRCB, when it acts on water
appropriations, to consider water quality control plans, and it authorizes the SWRCB to subject
the appropriations to terms and conditions that are necessary to carry out the plans.  It does not,
however, impair the SWRCB's discretion to decide whether to impose such conditions or the
conditions to be imposed.  If necessary after the water rights proceeding, this plan could be
amended to reflect any changes that may be needed to ensure consistency between the plan and
the water right decision.

B.  Background

Regulation of the Bay-Delta Estuary has occurred through the adoption of water right decisions,
water quality control policies, and water quality control plans.  A brief summary of the principal
decisions, policies, and plans relevant to the Estuary is provided below.

In February 1961, the State Water Rights Board (predecessor to the SWRCB) adopted Water
Right Decision 990, which approved water rights for the federal Central Valley Project (CVP). 
The Board did not attach specific water quality standards as terms and conditions of the CVP
permits; however, it did reserve jurisdiction to impose such requirements in the future.

The development of water quality standards for the Sacramento-San Joaquin Delta (Delta) began
with the adoption of agricultural salinity standards as terms and conditions of Water Right
Decision 1275, which approved water rights for the State Water Project (SWP) in May 1967.  In
response to the concern by the Secretary of the Interior that existing standards for the Delta did
not adequately protect municipal, industrial, agricultural, and fishery uses, the SWRCB (newly
created by the amalgamation of the State Water Rights Board and the State Water Quality Control
Board) adopted a water quality control policy for the Delta through Resolution 68-17 in 1968.
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This policy supplemented a water quality control policy for the Delta that was developed by the
Central Valley RWQCB and adopted by the SWRCB in June 1967.  In accordance with a
commitment made in Resolution 68-17 to supplement the salinity standards, the SWRCB
adopted Water Right Decision 1379 (D-1379) in July 1971.  D-1379, which required the CVP
and the SWP to meet standards for non-consumptive fish and wildlife uses in addition to
agricultural, municipal, and industrial consumptive uses, was stayed by action of the court in
October 1971 as a result of litigation.

In 1971, the RWQCBs adopted, and the SWRCB approved, interim water quality control plans
for the 16 planning basins in the State, including the Delta and Suisun Marsh.  These regional
water quality control plans marked the completion of the first phase of a comprehensive
statewide planning effort.  Subsequently, long-term standards for the Delta and Suisun Marsh
were established in the regional plans for the Sacramento-San Joaquin Delta Basin and the San
Francisco Bay Basin, which were approved by the SWRCB in 1975 and 1976, respectively. 
Meanwhile, in April 1973, the SWRCB adopted a water quality control plan, through Resolution
73-16, which supplemented the State water quality control policies for the Delta.

In August 1978, the SWRCB exercised its reservation of jurisdiction over the water right
permits for the CVP and the SWP by adopting Water Right Decision 1485 (D-1485).  At the
same time, the SWRCB adopted the 1978 Delta Plan.  Together, the 1978 Delta Plan and
D-1485 revised existing standards for flow and salinity in the Delta's channels and ordered the
Bureau of Reclamation (USBR) and the Department of Water Resources (DWR) to meet these
standards by either reducing pumping, or releasing water stored in upstream reservoirs, or both. 
To address the continuing uncertainty associated with possible future project facilities and the
need for additional information on the Estuary's ecosystem, the SWRCB committed to review
the 1978 Delta Plan in 10 years.

In July 1987, the SWRCB began proceedings to reexamine water quality objectives for the Bay-
Delta Estuary and consider how water right permits would be modified to meet the new
objectives.  In May 1991, the SWRCB adopted the 1991 Bay-Delta Plan with objectives for
salinity, dissolved oxygen, and temperature.  The 1991 Bay-Delta Plan was subsequently
submitted to the U.S. Environmental Protection Agency (USEPA) for approval.  In September
1991, the USEPA approved all of the salinity objectives for municipal, industrial, and
agricultural beneficial uses, and the dissolved oxygen objective for fish and wildlife beneficial
uses.  The USEPA stated that the other fish and wildlife objectives were disapproved because of
their failure to protect estuarine habitat and other fish and wildlife beneficial uses.  As required
under federal regulations (40 CFR 131.22) when a state does not adopt changes in standards
recommended by the USEPA upon notification of approval or disapproval of a state's standards,
the USEPA initiated promulgation of water quality standards for the Bay-Delta Estuary.  In
January 1994, the USEPA published draft standards for the Estuary in the Federal Register (59
Fed. Reg. 813).
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To coordinate the parallel State and federal Bay-Delta resource management activities, the
Governor's Water Policy Council of the State of California (Council) and the Federal
Ecosystem Directorate (FED), comprised of State and federal resource agencies collectively
known as CALFED, entered into a Framework Agreement in June 1994.  The purpose of the
agreement is to establish a comprehensive program for coordination and communication
between the Council and the FED regarding environmental protection and water supply
dependability in the Bay-Delta Estuary and its watershed.  The CALFED agreement identifies
three areas where both State and federal interests and responsibilities are interrelated, and
coordination and cooperation are particularly important:  (1) formulation of water quality
standards for the Estuary; (2) improved coordination of federal and State water project
operations with regulatory requirements; and (3) development of a long-term solution to fish
and wildlife, water supply reliability, flood control, and water quality problems in the Bay-
Delta Estuary.  In accordance with the Framework Agreement, the administrator of the USEPA
signed final federal standards for the Estuary on December 14, 1994 (published in January
1995 at 60 Fed. Reg. 4664)1.

Meanwhile, in March 1994, the SWRCB commenced proceedings to review the 1978 and
1991 Bay-Delta plans.  A series of six SWRCB public workshops and three SWRCB staff
workshop sessions were held from April through October 1994 to seek comments and
recommendations regarding the content of a new water quality control plan for the Bay-Delta
Estuary.  Several issues were addressed at the workshops including:  the selection of standards
for review; level of protection; effects of Delta and upstream diversions on beneficial uses;
causes of declines in aquatic resources; methods for analyzing water supply, environmental,
economic, and social effects of proposed standards; Endangered Species Act issues; interim
implementation of standards by the CVP and the SWP; and the technical bases for alternative
sets of proposed standards submitted to the SWRCB during the proceedings.  The SWRCB
released the first draft of this plan on December 15, 1994 and subsequently released a draft
Environmental Report, which is appended to the plan and documents the SWRCB's analysis of
the needs for and the effects of implementing the plan, for public review.

In the workshops that preceded the December 15, 1994 draft of this plan, the SWRCB
encouraged the parties to submit proposals for standards to be included in this plan.  The
SWRCB further encouraged the parties to negotiate agreements with other parties in which the
parties would jointly recommend standards to the SWRCB for inclusion in this plan.  These
proposals are included in the discussion of alternative sets of standards in Chapter XI of the
Environmental Report.  They include the USEPA's September 1994 draft standards, a proposal
submitted by the Department of Fish and Game (DFG), and the "Principles for Agreement on

                                                  
    1  The preamble to the USEPA's December 15, 1993 proposed rule for Bay-Delta standards states that "it is EPA's
longstanding policy that the federal regulations will be withdrawn if a State adopts and submits standards that in the
Agency's judgment meet the requirements of the [Clean Water] Act."  (59 Fed. Reg. 813, January 6, 1994).  Also, the
Principles for Agreement, discussed in this section, commits the USEPA to withdraw the federal standards when the
SWRCB adopts a final plan consistent with the Principles for Agreement.
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Bay-Delta Standards Between the State of California and the Federal Government" (Principles
for Agreement).  Only the Principles for Agreement, which was formulated by CALFED and
representatives of several urban, agricultural, and environmental groups, is a broad-based
agreement that represents most of the interest groups involved in the SWRCB's proceedings. 
On December 15, 1994, the participating interest groups signed the Principles for Agreement.

The Principles for Agreement, which is intended to be effective for three years, contains
proposed Bay-Delta water quality objectives and outlines additional agreements regarding the
federal Endangered Species Act, funding for non-flow related measures, and other institutional
issues.  This water quality control plan is based on the record compiled by the SWRCB during
its proceedings and is consistent with the Principles for Agreement.

C.  Legal Authority

1.  General.  The SWRCB has prepared this water quality control plan under the Porter-
Cologne Act.  The RWQCBs have the primary responsibility for formulating and adopting
water quality control plans for their respective regions (Wat. Code §13240), but the SWRCB
also is authorized, under Water Code section 13170, to adopt water quality control plans in
accordance with the provisions of section 13240 et seq2.  The SWRCB's authority includes,
but is not limited to, waters for which water quality standards are required by the federal Clean
Water Act.  (Wat. Code §13170)  When the SWRCB adopts a water quality control plan, it
supersedes regional water quality control plans for the same waters to the extent of any
conflict.  (Wat. Code §13170)  Before adopting a water quality control plan pursuant to section
13170, the SWRCB must consider all relevant management agency agreements which are
intended to protect a specific beneficial use of water.  (Wat. Code §13170.1)

Fundamentally, a water quality control plan consists of establishment, for the waters within a
specified area, of the beneficial uses to be protected, water quality objectives, and a program
of implementation.  (Wat. Code §13050(j))  Components in this plan will, when implemented:
 (1) carry out provisions of the reasonable use doctrine (Cal. Const. Art. X, §2; Wat. Code
§§100, 275, and 1050); (2) protect public trust resources (See National Audubon Society v.
Superior Court (1983) 33 Cal.3d 419, 189 Cal.Rptr. 346); and (3) carry out statutory principles
pertaining to water rights (Wat. Code §§183, 1243, 1243.5, 1251, 1253, and 1256-1258).  This
plan addresses the interrelated fields of water quality and water supply and plans for their
coordination.  Because this plan will be implemented principally through changes in water
rights, it necessarily plans for as-yet undetermined water rights changes that will accomplish
its purposes.

This plan includes an environmental report prepared in compliance with Public Resources
Code section 21080.5.  As discussed in the Environmental Report in section B.3 of Chapter I,

                                                  
    2  The SWRCB also has authority to adopt State policy for water quality control under Water Code section 13140.
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the SWRCB's basin planning program has been certified by the Secretary for Resources as
meeting the requirements of Public Resources Code section 21080.5.  (14 Cal. Code Regs.
§15251(g))  Section 21080.5 authorizes State agencies acting under a certified program to
assess the environmental effects of their actions within the decision-making document instead
of in a separate environmental impact report or negative declaration.

The basin planning program under Water Code section 13000 et seq. includes not only the
fundamental components of a water quality control plan but also other components, as needed,
for carrying out the SWRCB's broad obligations and policies under the Porter-Cologne Act. 
The complete plan will, when implemented, affect water rights, water supply, pollutants that
are discharged to the waters of the Bay-Delta Estuary, and activities of other agencies who will
carry out recommendations in this plan.

A discussion of the legal authority pertaining to each of the three fundamental components of a
water quality control plan follows.

2.  Beneficial Uses.  A water quality control plan must establish beneficial uses.  (Wat. Code
§13050(j))  Beneficial uses serve as a basis for establishing water quality objectives.  The
beneficial uses to be protected were established in the 1978 Delta Plan and the 1991 Bay-Delta
Plan.  Since all of the beneficial uses exist and there were no requests for changes in the
beneficial uses, these uses are carried over in this plan from the earlier plans.  Their
definitions, however, have been modified nonsubstantively to ensure consistency and
uniformity with the use definitions in other plans.

3.  Water Quality Objectives.  A water quality control plan must contain such water quality
objectives as are needed to ensure the reasonable protection of beneficial uses and the
prevention of nuisance.  (Wat. Code §13241)  At the least, the SWRCB must consider, in
establishing objectives, the beneficial uses, the environment of the hydrographic unit, the
water quality that could be achieved, economic considerations, the need for housing, and the
need to develop and use recycled water.  (Wat. Code §13241)

The Central Valley and San Francisco Bay RWQCBs have adopted water quality objectives
for many properties and characteristics of the Bay-Delta Estuary.  In most cases, the SWRCB
does not wish to supersede those objectives.  Therefore, the SWRCB's Bay-Delta plans
historically established or amended primarily objectives for which implementation includes
regulation of water diversion and use3; i.e., situations in which water supply activities affect
water quality.  Until the SWRCB adopted the 1991 Bay-Delta Plan, the Bay-Delta plans
contained objectives only for salinity, flow, and water project operations.  This plan amends or
carries over the objectives for salinity and dissolved oxygen in the 1991 Bay-Delta Plan, and
includes objectives for flow and water project operations in the Bay-Delta Estuary.

                                                  
    3  Some of the Bay-Delta objectives require water quality regulation as well as water supply regulation.
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The objectives for flow and water project operations amend objectives in the 1978 Delta Plan. 
The SWRCB did not amend these objectives in the 1991 Bay-Delta Plan, but it specifically
retained the option of revising these objectives later.  Although most water quality control plans
do not regulate flow or water project operations, flow and water project operations are within the
scope of objectives that can be adopted in a water quality control plan under the Porter-Cologne
Act.

The State water quality law encompasses a broad scope of parameters that can be regulated
using water quality objectives4.  A water quality objective is defined under State law as "the
limits or levels of water quality constituents or characteristics which are established for the
reasonable protection of beneficial uses of water or the prevention of nuisance within a specific
area."  (Wat. Code §13050(h))  "Quality of the water" is defined as the "chemical, physical,
biological, bacteriological, radiological, and other properties and characteristics of water which
affect its use."  (Wat. Code §13050(g))

Several features of these definitions support the establishment under State law of objectives for
flow and project operations.  Water quality, as defined, includes physical properties and
characteristics of water which affect its use.  (Wat. Code §13050(g))  In the Bay-Delta Estuary,
the rate and quantity of flow, the direction of flow, and the operations of the water projects,
including their export pumping, are physical properties or characteristics of the water.  These
parameters have an impact on the beneficial uses of the Estuary.  A water quality objective sets
limits on the water's characteristics, so as to reasonably protect the beneficial uses of the water. 
(Wat. Code §13050(h))

The Porter-Cologne Act and contemporaneous statutory enactments were intended to coordinate
the control of water quality and water rights under State law.  (See Stats. 1969, Ch. 482)  The
legislative history indicates that water quality regulation should be comprehensive and should
not stop with water quality impairment that is caused by discharges of waste.  Including
objectives for flow or water project operations in a water quality control plan adopted under the
Water Code is consistent with the legislative intent.  (See Final Report of the Study Panel to the
California State Water Resources Control Board Study Project, Water Quality Control Program,
issued March 1969)  Several sections of the Water Code were added or amended to address the
need to consider the effects on water quality of water diversions and use.  Water Code section
174 (enacted by Stats. 1967, Ch. 284) combines the State's water quality and water rights
functions in the SWRCB.

Concurrent with combining the State's water quality and water rights functions, the Legislature
linked water rights and water quality proceedings by enacting Water Code section 1258.  (Stats.
1967, Ch. 284)  Two years later, the Porter-Cologne Act was enacted, establishing the current

                                                  
    4  State law differs from federal law in this respect.  While objectives can be adopted under State law for all
parameters that affect water quality, the federal Clean Water Act does not authorize the USEPA to adopt criteria (the
USEPA usually treats criteria as if they are the equivalent of objectives under State law) for the rate of flow of water,
salinity intrusion caused by water diversion and use, or water project operations.  
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water quality regulatory framework.  (Stats. 1969, Ch. 482)  The Porter-Cologne Act also added
new sections, and amendments to existing sections, which apply to water rights regulation. 
Water Code section 1258 was amended to its current form, which requires the SWRCB to
consider terms and conditions implementing water quality control plans when it acts on water
right applications.  Water Code section 1257, as amended, requires the SWRCB, in considering
water right applications, to consider the relative benefit to be derived from all beneficial uses of
the water concerned, including any uses specified to be protected in any relevant water quality
control plan.  Water Code section 1242.5 was added, authorizing the SWRCB to approve
appropriation by storage of water to be released for the purpose of protecting or enhancing the
quality of other waters.  Water Code section 1243.5 was added, requiring the SWRCB to take
into account when it decides how much water is available for appropriation, if it is in the public
interest, the amounts of water needed to remain in the source for protection of beneficial uses. 
The section provides that beneficial uses include any uses specified to be protected in any
relevant water quality control plan.

4.  Program of Implementation.  A program of implementation for achieving water quality
objectives shall include, but not be limited to:  (1) a description of the nature of actions which
are necessary to achieve the objectives, including recommendations for appropriate action by
any entity, public or private; (2) a time schedule for the actions to be taken; and (3) a description
of surveillance to be undertaken to determine compliance with the objectives.  (Wat. Code
§13242)

5.  USEPA Approval of This Plan.  After adopting this water quality control plan, the SWRCB
will submit this plan to the USEPA for approval under the federal Clean Water Act (33 U.S.C.
section 1251 et seq.).  To the extent that this plan addresses matters outside the scope of the
Clean Water Act, this plan will be provided to the USEPA for its consideration as a matter of
State/federal comity.  When the USEPA approves this plan, the USEPA is expected to withdraw
the standards it has adopted.  When the USEPA withdraws its standards, the objectives and
beneficial uses in this plan that are water quality standards within the meaning of the Clean
Water Act will be California's water quality standards for purposes of the Clean Water Act.

In addition to Clean Water Act section 303(c), some of the matters in this plan are within the
scope of Clean Water Act section 208 or 319.  Some matters also are a part of the continuing
planning process under section 303(e).  Even though the SWRCB will submit this plan to the
USEPA for approval, the SWRCB does not concede that it is required under the Clean Water
Act to submit all parts of this plan to the USEPA.  In the view of the SWRCB, the objectives for
flow and operations are not subject to USEPA approval, but the USEPA may disagree. 
Assuming the USEPA has authority under the Clean Water Act to approve these objectives, the
SWRCB believes that the USEPA could not adopt standards for these parameters under the
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Clean Water Act5.  If the USEPA attempted to adopt such standards, it could fundamentally
interfere with the State's water allocation authority under section 101(g) of the Clean Water
Act6.

Further, any concerns that the USEPA's approval of standards will enhance its regulatory
authority are unfounded.  The USEPA's approval of this water quality control plan will not give
the USEPA authority to enforce the plan's flow, operations, and salinity intrusion objectives. 
The USEPA's authority directly to enforce water quality standards is limited to requiring permits
for discharges from point sources to navigable waters; all other enforcement of standards is left
to the states.  (See 33 U.S.C. §1342)  None of the flow, operations, and salinity intrusion
objectives in this plan can be attained by regulating discharges from point sources.

This does not mean that the USEPA lacks other regulatory authority.  The USEPA's regulatory
authority to protect beneficial uses is independent of the existence of water quality standards. 
Under Clean Water Act section 404, the USEPA has authority to veto permits for the discharge
of dredged or fill material into navigable waters.  With this authority, the courts have allowed
the USEPA to veto dredge and fill permits for projects that will result in adverse effects on
beneficial uses, even when the construction itself will not directly cause the adverse effects. 
(See Riverside Irrigation District v. Andrews (1985) 758 F.2d 508; United States v. Akers
(1986) 785 F.2d 814; James City County v. Environmental Protection Agency (1993) 12 F.3d
1330, cert. denied 115 S.Ct. 87 (1994))  Thus, even in the absence of federal standards for flow
and operations, the USEPA could restrict the construction of new Delta facilities and their
operations.

                                                  
    5  The SWRCB reserves its arguments regarding the USEPA's authority to adopt standards for flow and operations,
including standards for salinity intrusion.  The SWRCB's legal comments regarding the USEPA's authority are set forth
in the SWRCB's comments on the USEPA's January 6, 1994 draft standards, which were provided to the USEPA on
March 11, 1994.

    6  The Supreme Court, in PUD No. 1 of Jefferson County v. Washington Dep't of Ecology (1994) 114 S.Ct. 1900,
upheld a state's ability to impose an instream flow requirement under Clean Water Act section 401 to protect fish
habitat which had been designated as a beneficial use in a water quality standard under Clean Water Act section 303. 
In reaching this result, the Supreme Court rejected arguments based on Clean Water Act section 101(g) that water
quantities could not be regulated under the Clean Water Act.  The Supreme Court pointed out that insufficient flows
can cause water quality violations, and that reduced habitat caused by low flows may constitute pollution.  The Court's
narrow interpretation of section 101(g) allows regulation of water users by a state to prevent their having an adverse
effect on water quality, but does not go so far as to allow a fundamental interference by the USEPA with a state's water
allocation authority.



12

CHAPTER II.  BENEFICIAL USES

The waters of the Bay-Delta Estuary serve a multitude of beneficial uses, both within the Estuary
and throughout the State.  Historically, these beneficial uses have been classified under three
broad categories:  municipal and industrial, agricultural, and fish and wildlife.

This chapter sets forth the beneficial uses established for the Bay-Delta Estuary which are to be
protected by this plan.  These uses, and a summary of each, are presented below.  These uses are
unchanged from the 1991 Bay-Delta Plan; however, nonsubstantive changes to the definitions of
the uses have been made to ensure consistency with the SWRCB's current policy and uniform
direction to the RWQCBs.

Municipal and Domestic Supply (MUN) - Uses of water for community, military, or individual
water supply systems including, but not limited to, drinking water supply.

Industrial Service Supply (IND) - Uses of water for industrial activities that do not depend
primarily on water quality including, but not limited to, mining, cooling water supply, hydraulic
conveyance, gravel washing, fire protection, and oil well repressurization.

Industrial Process Supply (PROC) - Uses of water for industrial activities that depend primarily
on water quality.

Agricultural Supply (AGR) - Uses of water for farming, horticulture, or ranching including, but
not limited to, irrigation, stock watering, or support of vegetation for range grazing.

Ground Water Recharge (GWR) - Uses of water for natural or artificial recharge of ground water
for purposes of future extraction, maintenance of water quality, or halting of saltwater intrusion
into freshwater aquifers.

Navigation (NAV) - Uses of water for shipping, travel, or other transportation by private,
military, or commercial vessels.

Water Contact Recreation (REC-1) - Uses of water for recreational activities involving body
contact with water, where ingestion of water is reasonably possible.  These uses include, but are
not limited to, swimming, wading, water-skiing, skin and scuba diving, surfing, white water
activities, fishing, or use of natural hot springs.

Non-Contact Water Recreation (REC-2) - Uses of water for recreational activities involving
proximity to water, but not normally involving body contact with water, where ingestion of
water is reasonably possible.  These uses include, but are not limited to, picnicking, sunbathing,
hiking, beachcombing, camping, boating, tidepool and marine life study, hunting, sightseeing, or
aesthetic enjoyment in conjunction with the above activities.
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Shellfish Harvesting (SHELL) - Uses of water that support habitats suitable for the collection of
filter-feeding shellfish (e.g., clams, oysters, and mussels) for human consumption, commercial,
or sports purposes.

Commercial and Sport Fishing (COMM) - Uses of water for commercial or recreational
collection of fish, shellfish, or other organisms including, but not limited to, uses involving
organisms intended for human consumption or bait purposes.

Warm Freshwater Habitat (WARM) - Uses of water that support warm water ecosystems
including, but not limited to, preservation or enhancement of aquatic habitats, vegetation, fish,
or wildlife, including invertebrates.

Cold Freshwater Habitat (COLD) - Uses of water that support cold water ecosystems including,
but not limited to, preservation or enhancement of aquatic habitats, vegetation, fish, or wildlife,
including invertebrates.

Migration of Aquatic Organisms (MIGR) - Uses of water that support habitats necessary for
migration or other temporary activities by aquatic organisms, such as anadromous fish.

Spawning, Reproduction, and/or Early Development (SPWN) - Uses of water that support high
quality aquatic habitats suitable for reproduction and early development of fish.

Estuarine Habitat (EST) - Uses of water that support estuarine ecosystems including, but not
limited to, preservation or enhancement of estuarine habitats, vegetation, fish, shellfish, or
wildlife (e.g., estuarine mammals, waterfowl, shorebirds).

Wildlife Habitat (WILD) - Uses of water that support estuarine ecosystems including, but not
limited to, preservation and enhancement of terrestrial habitats, vegetation, wildlife (e.g.,
mammals, birds, reptiles, amphibians, invertebrates), or wildlife water and food sources.

Rare, Threatened, or Endangered Species (RARE) - Uses of water that support habitats
necessary, at least in part, for the survival and successful maintenance of plant or animal species
established under State or federal law as being rare, threatened, or endangered.
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CHAPTER III.  WATER QUALITY OBJECTIVES

This chapter establishes water quality objectives which, in conjunction with the water quality
objectives for the Bay-Delta Estuary that are included in other SWRCB-adopted water quality
control plans and in the water quality control plans for the Central Valley and San Francisco Bay
basins, when implemented, will:  (1) provide reasonable protection of municipal, industrial, and
agricultural beneficial uses; (2) provide reasonable protection of fish and wildlife beneficial uses
at a level which stabilizes or enhances the conditions of aquatic resources; and (3) prevent
nuisance.  These water quality objectives are established to attain the highest water quality
which is reasonable, considering all demands being made on the waters of the Estuary.

The water quality objectives in this plan apply to the waters of the San Francisco Bay system
and the legal Sacramento-San Joaquin Delta, as specified by the objectives.  Tables 1, 2, and 3
contain the water quality objectives for the protection of municipal and industrial, agricultural,
and fish and wildlife beneficial uses, respectively.

A.  Water Quality Objectives for Municipal and Industrial Beneficial Uses

The water quality objectives in Table 1 are included for the reasonable protection of the
beneficial uses, MUN, IND, and PROC, from the effects of salinity intrusion.  These municipal
and industrial objectives also provide protection for the beneficial uses of REC-1, REC-2, and
GWR.  These objectives are unchanged from the 1991 Bay-Delta Plan.

B.  Water Quality Objectives for Agricultural Beneficial Uses

The water quality objectives in Table 2 are included for the reasonable protection of the
beneficial use, AGR, from the effects of salinity intrusion and agricultural drainage in the
western, interior, and southern Delta.  With the exception of the effective date of the salinity
objectives for the southern Delta stations on Old River, these objectives are unchanged from the
1991 Bay-Delta Plan.

C.  Water Quality Objectives for Fish and Wildlife Beneficial Uses

The objectives for the protection of fish and wildlife beneficial uses are established for the
following parameters:  dissolved oxygen, salinity (expressed as electrical conductivity), Delta
outflow, river flows, export limits, and Delta Cross Channel gate operation.  Unlike water
quality objectives for parameters such as dissolved oxygen, temperature, and toxic chemicals,
which have threshold levels beyond which adverse impacts to the beneficial uses occur, there
are no defined threshold conditions that can be used to set objectives for flows and project
operations.  Instead, the available information indicates that a continuum of protection exists. 
Higher flows and lower exports provide greater protection for the bulk of estuarine resources up
to the limit of unimpaired conditions.  Therefore, these objectives must be set based on a
subjective determination of the reasonable needs of all of the consumptive and  nonconsumptive
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demands on the waters of the Estuary.  As the long-term planning process for the Estuary, cited
in the Framework Agreement, is developed and implemented, these objectives will be evaluated
and modified, as necessary, to provide a level of protection predicated on more optimal physical
facilities and management actions.

The water quality objectives in Table 3 are included for the reasonable protection of the
following beneficial uses:  EST, COLD, WARM, MIGR, SPWN, WILD, and RARE.  These fish
and wildlife beneficial uses also provide protection for the beneficial uses of SHELL, COMM,
and NAV.  The objectives in Table 3, together with the program of implementation and the
requirements of other water quality control plans and policies, provide comprehensive
protection for the fish and wildlife beneficial uses in the Estuary.  These objectives replace the
objectives for fish and wildlife in the 1978 Delta Plan and the 1991 Bay-Delta Plan.

A dissolved oxygen objective is included to protect fall-run salmon migration in the lower San
Joaquin River.  This objective is unchanged, with the exception of including a provision for a
compliance schedule, from the 1991 Bay-Delta Plan.

Salinity objectives for the lower San Joaquin River are included to protect striped bass spawning
habitat.  Salinity objectives for the managed portions of the Suisun Marsh are included for the
protection of channel and soil water salinities which affect the vegetative composition of the
marshlands.  These objectives are based on standards in D-1485 and the Suisun Marsh
Preservation Agreement (SMPA) among the DWR, USBR, DFG, and Suisun Resource
Conservation District (SRCD).  A narrative objective for the brackish tidal marshes of Suisun
Bay is included to protect the remnant tidal marshes.

Delta outflow objectives are included for the protection of estuarine habitat for anadromous
fishes and other estuarine-dependent species.  Sacramento and San Joaquin river flow objectives
are included to provide attraction and transport flows and suitable habitat for various life stages
of aquatic organisms, including Delta smelt and chinook salmon.  A narrative objective for
salmon protection is included to ensure increased natural production of salmon.

Objectives for export limits are included to protect the habitat of estuarine-dependent species by
reducing the entrainment of various life stages by the major export pumps in the southern Delta.
 An objective for closure of the Delta Cross Channel gates is included to reduce the diversion of
aquatic organisms into the interior Delta where they are more vulnerable to entrainment by the
major export pumps and local agricultural diversions.
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             INTERAGENCY        WATER
COMPLIANCE             STATION                                                                                                         YEAR          TIME

                  LOCATION                  NUMBER (RKI [1])   PARAMETER          DESCRIPTION (UNIT)                 TYPE [2]     PERIOD            VALUE

   Table 1 WATER QUALITY OBJECTIVES FOR
MUNICIPAL AND INDUSTRIAL BENEFICIAL USES

      Contra Cosfa Canal       C-5 Chloride (CI¯ ) Maximum mean daily 150 mg/I
      at Pumping Plant #1 (CHCCC06) CI¯  for at least the number                  No. of days each Calendar
                   -or- of days shown during           Year ≤ 150 mg/l CI¯
     San Joaquin River at D-12 (near) the Calendar Year. Must be  W     240 (66%)
Antioch Water Works Intake (RSAN007) provided in intervals of not AN     190 (52%)

less than two weeks duration. BN     175 (48%)
(Percentage of Calendar Year  D     165 (45%)
shown in parenthesis)  C     155 (42%)

      Contra Costa Canal       C-5 Chloride (CI¯ ) Maximum mean daily (mg/I)   All Oct-Sep         250
      at Pumping Plant #1 (CHCCC06)
                  -and-
     West Canal at mouth      C-9
  of Clifton Court Forebay (CHWST0)
                  -and-
   Delta-Mendota Canal     DMC-1
  at Tracy Pumping Plant (CHDMC004)
                  -and-
         Barker Sbugh at                 -----
 North Bay Aqueduct Intake (SLSAR3)
                  -and-
    Cache Slough at City of     C-19
          Vallejo Intake [3] (SLCCH16)

[1]  River Kilometer Index station number.
[2]  The Sacramento Valley 40-30-30 water year hydrologic classification index (see page 23) applies for determinations of water year type.
[3]  The Cache Slough objective to be effective only when water is being diverted from this location.
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Table 2 WATER QUALITY OBJECTIVES FOR

AGRICULTURAL BENEFICIAL USES

COMPLIANCE
LOCATION

INTERAGENCY
STATION
NUMBER (RKI [1]) PARAMETER DESCRIPTION (UNIT) [2]

WATER
YEAR

TYPE [3]
TIME

PERIOD & VALUE

WESTERN DELTA

Sacramento River
at Emmaton

D-22
(RSAC092)

Electrical Con-
ductivity  (EC)

Maximum 14-day running
average of mean daily EC
(mmhos/cm)

W
AN
BN
D
C

0.45 EC
April 1 to

date shown
Aug 15
Jul 1

Jun 20
Jun 15

----

EC from date
shown to
Aug 15 [4]

----
0.63
1.14
1.67
2.78

San Joaquin River
at Jersey Point

D-15\
(RSAN018)

Electrical Con-
ductivity  (EC)

Maximum 14-day running
average of mean daily EC
(mmhos/cm)

W
AN
BN
D
C

0.45 EC
April 1 to

date shown
Aug 15
Aug 15
Jun 20
Jun 15

----

EC from date
shown to
Aug 15 [4]

----
----

0.74
1.35
2.20

INTERIOR DELTA

South Fork Mokelumne
River

at Terminous

C-13
(RSMKL08)

Electrical Con-
ductivity  (EC)

Maximum 14-day running
average of mean daily EC
(mmhos/cm)

W
AN
BN
D
C

0.45 EC
April 1 to

date shown
Aug 15
Aug 15
Aug 15
Aug 15

----

EC from date
shown to
Aug 15 [4]

----
----
----
----

0.54

San Joaquin River
at San Andreas Landing

C-4
(RSAN032)

Electrical Con-
Ductivity  (EC)

Maximum 14-day running
average of mean daily EC
(mmhos/cm)

W
AN
BN
D
C

0.45 EC
April 1 to

date shown
Aug 15
Aug 15
Aug 15
Jun 25

----

EC from date
shown to
Aug 15 [4]

----
----
----

0.58
0.87

SOUTHERN DELTA

Maximum 30-day running
average of mean daily EC
(mmhos/cm)

All Apr-Aug
Sep-Mar

-or-

0.7
1.0

San Joaquin River at
Airport Way Bridge,

Vernalis
-and-

San Joaquin River at
Brandt Bridge site

-and-
Old River near
Middle River [5]

-and-
Old River at

Tracy Road Bridge [5]

C-10
(RSAN112)

C-6
(RSAN073)

C-8
(ROLD69)

P-12
(ROLD59)

Electrical Con-
ductivity  (EC)

                              If a three-party contract has been implemented among the
                              DWR, USBR, and SDWA, that contract will be  reviewed prior to
                              implementation of the above and, after also considering the
                             needs of other beneficial uses, revisions will be made to the
                             objectives and compliance/monitoring locations noted, as
                             appropriate.

EXPORT AREA

All Oct-Sep 1.0Electrical Con-
ductivity  (EC)

Maximum monthly
average of mean daily EC
(mmhos/cm)

West Canal at mouth of
Clifton Court Forebay

-and-

Delta-Mendota Canal at
Tracy Pumping Plant

C-9
(CHWST0)

DMC-1
(CHDMC004)

[1]   River Kilometer Index station number.

[2]   Determination of compliance with an objective expressed as a running average begins on the last day of the averaging period.  If the

       objective is not met on the last day of the averaging period, all days in the averaging period are considered out of compliance.

[3]  The Sacramento Valley 40-30-30 water year hydrologic classification index (see page 23) applies for determinations of water year type.

[4]  When no date is shown, EC limit continues from April 1.

[5]  The EC objectives shall be implemented at this location by December 31, 1997.



18

Table 3                             WATER QUALITY OBJECTIVES FOR
FISH AND WILDLIFE BENIFICIAL USES

COMPLIANCE
 LOCATION

INTERAGENCY
STATION

NUMBER(RKI 1[]) PARAMETER
DESCRIPTION

(UNIT) [2]
WATER YEAR TYPE

[3] TIME PERIOD VALUE

DISSOLVED OXYGEN

San Joaquin River between Turner Cut &
Stockton

(RSAN050-
RSAN061)

Dissolved
Oxygen (DO)

Minimum DO  (mg/l) All Sep-Nov 6.0 [4]

SALMON PROTECTION
narrative Water quality conditions shall be maintained, together with otehr

measures in the watershed, sufficient to achieve a doubling of
natural production of chinook salmon from the average production
of 1967-1991, consistent with the provisions of State and federal
law.

SAN JOAQUIN RIVER SALINITY

San Joaquin River at and between 
Jersey Point and Prisoners Point [5]

D-15 (RSAN018)
-and-

D-29 (RSAN038)

Electrical
Conductivity

(EC)

Maximum 14-day
running average of

mean daily
EC(mmhos/cm)

W,AN,BN,D Apr-May 0.44  [6]

EASTERN SUISUN MARSH SALINITY

Sacramento River at Collinsville
-and-

Montezuma Slought at National Steel
-and-

Montezuma Slough near Beldon Landing

C-2 (RSAC081)

S-64 (SLMZU25)

S-49 (SLMZU11)

Electrical
Conductivity

(EC)

Maximum monthly
average of both daily
high tide EC values

(mmhos/cm), or
demonstrate that

equivalent or better
protection will be

provided at the location

All Oct
Nov-Dec

Jan
Feb-Mar
Apr-May

19.0
15.5
12.5
8.0
11.0

WESTERN SUISUN MARSH SALINITY

Chadbourne Slough at Sunrise Duck
Club
-and-

Suisun Slough, 300 feet south of Volanti
Slough
-and-

Cordelia Slough at Ibis Club
-and-

Goodyear Slough at Morrow Island
Clubhouse

-and-
Water supply intakes for waterfowl

management areas on Van Sickle and
Chipps islands

S-21 [7]
(SLCBN1)

S-42  [8]
(SLSUS12)

S-97 [8]
(SLCRD06)

S-35 [8]
(SLGYR03)

No locations
specified

Electrical
Conductivity

(EC)

Maximum monthly
average of both daily
high tide EC values

(mmhos/cm), or
demonstrate that

equivalent or better
protection will be

provided at the location

All but
deficiency

period

Deficiency
period [9]

Oct
Nov
Dec
Jan

Feb-Mar
Apr-May

Oct
Nov

Dec-Mar
Apr
May

19.0
16.5
15.5
12.5
8.0
11.0

19.0
16.5
15.6
14.0
12.5

BRACKISH TIDAL MARSHES OF SUISUN BAY

narrative [10]
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Table 3 WATER QUALITY OBJECTIVES FOR
FISH AND WILDLIFE BENIFICIAL USES

(continued)

COMPLIANCE
 LOCATION

INTERAGENCY
STATION

NUMBER(RKI 1[]) PARAMETER
DESCRIPTION

(UNIT) [2]

WATER YEAR
TYPE [3] TIME

PERIOD VALUE

DELTA OUTFLOW
Net Delta
Outflow Index
(NDOI) (11)

Minimum monthly
average (12) NDOI (cfs)

All Jan 4,500 [13]

All Feb-Jun [14]
W,AN Jul 8,000
BN 6,500
D 5,000
C 4,000

W,AN,BN Aug 4,000
D 3,500
C 3,000
All Sep 3,000

W,AN,BN,D Oct 4,000
C 3,000

W,AN,BN,D Nov-Dec 4,500
C 3,500

RIVER FLOWS

Sacramento River at Rio Vista D-24
(RSAC101)

Flow rate Minimum monthly
average [15] flow rate 

(cfs)

All
W,AN,BN,D

C
W,AN,BN,D

C

Sep
Oct

Nove-Dec

3,000
4,000
3,000
4,500
3,500

San Joaquin River at Airport Way Bridge,
Vernalis

C-10
(RSAN112)

Flow rate Minimum monthly
average [16] flow rate 

(cfs) [17]

W,AN
BN,D

C

W
AN
BN
D
C
All

Feb-Apr 14
and

May 16-Jun

Apr 15-
May 15 [18]

Oct

2,130 or 3,420
1,420 or 2,280
710 or 1,140

7,330 or 8,620
5,730 or 7,020
4,620 or 5,480
4,020 or 4,880
3,110 or 3,540

1,000 [19]

EXPORT LIMITS

Combined export
rate [20]

Maximum 3-day running
average (cfs)

Maximum percent of
Delta inflow diverted [23]
[24]

All

All

All

Apr 15-
  May 15 [21]

Feb-Jun

Jul-Jan

[22]

35% Delta inflow [25]

65% Delta inflow

DELTA CROSS CHANNEL GATES CLOSURE

Delta Cross Channel at Walnut Grove –– Closure of gates Closed gates All Nov-Jan
Feb-May 20

May 21-
    Jun 15

[26]
----

[27]
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Table 3 Footnotes

[1] River Kilometer Index station number.

[2] Determination of compliance with an objective expressed as a running average begins on the last
day of the averaging period.  If the objective is not met on the last day of the averaging period, all
days in the averaging period are considered out of compliance.

[3] The Sacramento Valley 40-30-30 Water Year Hydrologic Classification Index (see page 23) applies
unless otherwise specified.

[4] If it is infeasible for a waste discharger to meet this objective immediately, a time extension or
schedule of compliance may be granted, but this objective must be met no later than September 1,
2005.

[5] Compliance will be determined at Jersey Point (station D15) and Prisoners Point (station D29).

[6] This standard does not apply in May when the best available May estimate of the Sacramento River
Index for the water year is less than 8.1 MAF at the 90% exceedence level.  [Note:  The Sacramento
River Index refers to the sum of the unimpaired runoff in the water year as published in the DWR
Bulletin 120 for the following locations:  Sacramento River above Bend Bridge, near Red Bluff;
Feather River, total unimpaired inflow to Oroville Reservoir; Yuba River at Smartville; and American
River, total unimpaired inflow to Folsom Reservoir.]

[7] The effective date for objectives for this station is October 1, 1995.

[8] The effective date for objectives for this station is October 1, 1997.

[9] A deficiency period is:  (1) the second consecutive dry water year following a critical year; (2) a dry
water year following a year in which the Sacramento River Index (described in footnote 6) was less
than 11.35; or (3) a critical water year following a dry or critical water year.

[10] Water quality conditions sufficient to support a natural gradient in species composition and wildlife
habitat characteristic of a brackish marsh throughout all elevations of the tidal marshes bordering
Suisun Bay shall be maintained.  Water quality conditions shall be maintained so that none of the
following occurs:  (a) loss of diversity; (b) conversion of brackish marsh to salt marsh; (c) for animals,
decreased population abundance of those species vulnerable to increased mortality and loss of
habitat from increased water salinity; or (d) for plants, significant reduction in stature or percent cover
from increased water or soil salinity or other water quality parameters.

[11] Net Delta Outflow Index (NDOI) is defined in on page 25.

[12] For the May-January objectives, if the value is less than or equal to 5,000 cfs, the 7-day running
average shall not be less than 1,000 cfs below the value; if the value is greater than 5,000 cfs, the 7-
day running average shall not be less than 80% of the value.

[13] The objective is increased to 6,000 cfs if the best available estimate of the Eight River Index for
December is greater than 800 TAF.  [Note:  The Eight River Index refers to the sum of the
unimpaired runoff as published in the DWR Bulletin 120 for the following locations:  Sacramento
River flow at Bend Bridge, near Red Bluff; Feather River, total inflow to Oroville Reservoir; Yuba
River flow at Smartville; American River, total inflow to Folsom Reservoir; Stanislaus River, total
inflow to New Melones Reservoir; Tuolumne River, total inflow to Don Pedro Reservoir; Merced
River, total inflow to Exchequer Reservoir; and San Joaquin River, total inflow to Millerton Lake.]
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[14] The minimum daily Delta outflow shall be 7,100 cfs for this period, calculated as a 3-day running
average.  This requirement is also met if either the daily average or 14-day running average EC at
the confluence of the Sacramento and the San Joaquin rivers is less than or equal to 2.64
mmhos/cm (Collinsville station C2).  If the best available estimate of the Eight River Index (described
in footnote 13) for January is more than 900 TAF, the daily average or 14-day running average EC at
station C2 shall be less than or equal to 2.64 mmhos/cm for at least one day between February 1
and February 14; however, if the best available estimate of the Eight River Index for January is
between 650 TAF and 900 TAF, the operations group established under the Framework Agreement
shall decide whether this requirement will apply, with any disputes resolved by the CALFED policy
group.  If the best available estimate of the Eight River Index for February is less than 500 TAF, the
standard may be further relaxed in March upon the recommendation of the operations group
established under the Framework Agreement, with any disputes resolved by the CALFED policy
group.  The standard does not apply in May and June if the best available May estimate of the
Sacramento River Index (described in footnote 6) for the water year is less than 8.1 MAF at the 90%
exceedence level.  Under this circumstance, a minimum 14-day running average flow of 4,000 cfs is
required in May and June.  Additional Delta outflow objectives are contained in Table A on page 26.

[15] The 7-day running average shall not be less than 1,000 cfs below the monthly objective.

[16] Partial months are averaged for that period.  For example, the flow rate for April 1-14 would be
averaged over 14 days.  The 7-day running average shall not be less than 20% below the flow rate
objective, with the exception of the April 15-May 15 pulse flow period when this restriction does not
apply.

[17] The water year classification will be established using the best available estimate of the 60-20-20
San Joaquin Valley Water Year Hydrologic Classification (see page 24) at the 75% exceedence
level.  The higher flow objective applies when the 2 ppt isohaline (measured as 2.64 mmhos/cm
surface salinity) is required to be at or west of Chipps Island.

[18] This time period may be varied based on real-time monitoring.  One pulse, or two separate pulses of
combined duration equal to the single pulse, should be scheduled to coincide with fish migration in
San Joaquin River tributaries and the Delta.  The time period for this 31-day flow requirement will be
determined by the operations group established under the Framework Agreement.

[19] Plus up to an additional 28 TAF pulse/attraction flow during all water year types.  The amount of
additional water will be limited to that amount necessary to provide a monthly average flow of 2,000
cfs.  The additional 28 TAF is not required in a critical year following a critical year.  The pulse flow
will be scheduled by the operations group established under the Framework Agreement.

[20] Combined export rate for this objective is defined as the Clifton Court Forebay inflow rate (minus
actual Byron-Bethany Irrigation District diversions from Clifton Court Forebay) and the export rate of
the Tracy pumping plant.

[21] This time period may be varied based on real-time monitoring and will coincide with the San Joaquin
River pulse flow described in footnote 18.  The time period for this 31-day export limit will be
determined by the operations group established under the Framework Agreement.

[22] Maximum export rate is 1,500 cfs or 100% of 3-day running average of San Joaquin River flow at
Vernalis, whichever is greater.  Variations to this maximum export rate are authorized if agreed to by
the operations group established under the Framework Agreement.  This flexibility is intended to
result in no net water supply cost annually within the limits of the water quality and operational
requirements of this plan.  Variations may result from recommendations of agencies for protection of
fish resources, including actions taken pursuant to the State and federal Endangered Species Act. 
Disputes within the operations group will be resolved by the CALFED policy group.  Any agreement
on variations will be effective immediately and will be presented to the Executive Director of the
SWRCB.  If the Executive Director does not object to the variations within 10 days, the variations will
remain in effect.



22

[23] Percent of Delta inflow diverted is defined on page 25.  For the calculation of maximum percent Delta
inflow diverted, the export rate is a 3-day running average and the Delta inflow is a 14-day running
average, except when the CVP or the SWP is making storage withdrawals for export, in which case
both the export rate and the Delta inflow are 3-day running averages.

[24] The percent Delta inflow diverted values can be varied either up or down.  Variations are authorized
subject to the process described in footnote 22.

[25] If the best available estimate of the Eight River Index (described in footnote 13) for January is less
than or equal to 1.0 MAF, the export limit for February is 45% of Delta inflow.  If the best available
estimate of the Eight River Index for January is greater than 1.5 MAF, the February export limit is
35% of Delta inflow.  If the best available estimate of the Eight River Index for January is between 1.0
MAF and 1.5 MAF, the export limit for February will be set by the operations group established under
the Framework Agreement within the range of 35% to 45%.  Disputes within the operations group will
be resolved by the CALFED policy group.

[26] For the November-January period, close Delta Cross Channel gates for up to a total of 45 days, as needed  
for the protection of fish.  The timing of the gate closure will be determined by the operations group 
established under the Framework Agreement.

[27] For the May 21-June 15 period, close Delta Cross Channel gates for a total of 14 days.  The timing of
the gate closure shall be based on the need for the protection of fish and will be determined by the
operations group established under the Framework Agreement. Variations in the number of days of
gate closure are authorized if agreed to by the operations group established under the Framework
Agreement.  Variations shall result from recommendations from agencies for the protection of fish
resources, including actions taken pursuant to the State and federal Endangered Species Acts.  The
process for the approval of variations shall be similar to that described in footnote 22.
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Wet

Above
Normal

Below
Normal

Dry

FOOTNOTE 2 FOR TABLE 1 AND FOOTNOTE 3 FOR TABLES 2 AND 3

YEAR TYPE 2

All Years for All Objectives

Critical

Index
Millions of Acre-Feet

7.8

6.5

5.4

9.2

Sacramento Valley
Water Year Hydrologic Classification

Year classification shall be determined by computation of the following equation:

INDEX  =  0.4 * X + 0.3 * Y + 0.3 * Z

  Where: X     = Current year’s April – July
Sacramento Valley unimpaired runoff

Y     = Current October – March
Sacramento Valley unimpaired runoff

Z     = Previous year’s index1

The Sacramento Valley unimpaired runoff for the current water year
(October 1 of the preceding calendar year through September 30 of
the current calendar year), as published in California Department of
Water Resources Bulletin 120, is a forecast of the sum of the

following locations: Sacramento River above Bend Bridge, near Red
Bluff; Feather River, total inflow to Oroville Reservoir; Yuba River at
Smartville; American River, total inflow to Folsom Reservoir.
Preliminary determinations of year classification shall be made in
February, March, and April with final determination in May.  These
preliminary determinations shall be based on hydrologic conditions to
date plus forecasts of future runoff assuming normal precipitation for
the remainder of the water year.

Index
Classification   Millions of Acre-Feet (MAF)

Wet……………….…… Equal to or greater than 9.2

Above Normal………. Greater than 7.8 and less than 9.2

Below Normal……….. Equal to or less than 7.8 and greater than 6.5

Dry……………….…… Equal to or less than 6.5 and greater than 5.4

Critical……………….. Equal to or less than 5.4

1
 A cap of 10.0 MAF is put on the previous year’s index (Z) to account for required flood control reservoir releases

during wet years.
2

The year type for the preceding water year will remain in effect until the initial forecast of unimpaired runoff for the
current water year is available.
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Wet

Above
Normal

Below
Normal

Dry

FOOTNOTE 17 FOR TABLE 3

YEAR TYPE 2

All Years for All Objectives

Critical

Index
Millions of Acre-Feet

3.1

2.5

2.1

3.8

San Joaquin Valley
Water Year Hydrologic Classification

Year classification shall be determined by computation of the following equation:

INDEX  =  0.6 * X + 0.2 * Y + 0.2 * Z

  Where: X     = Current year’s April – July
San Joaquin Valley unimpaired runoff

Y     = Current October – March
San Joaquin Valley unimpaired runoff

Z     = Previous year’s index1

The San Joaquin Valley unimpaired runoff for the current water year
(October 1 of the preceding calendar year through September 30 of
the current calendar year), as published in California Department of
Water Resources Bulletin 120, is a forecast of the sum of the

following locations: Stanislaus River, total flow to New Melones
Reservoir; Tuolumne River, total inflow to Don Pedro Reservoir;
Merced River, total flow to Exchequer Reservoir; San Joaquin River,
total inflow to Millerton Lake. Preliminary determinations of year
classification shall be made in February, March, and April with final
determination in May.  These preliminary determinations shall be
based on hydrologic conditions to date plus forecasts of future runoff
assuming normal precipitation for the remainder of the water year.

Index
Classification   Millions of Acre-Feet (MAF)

Wet……………….…… Equal to or greater than 3.8

Above Normal………. Greater than 3.1 and less than 3.8

Below Normal……….. Equal to or less than 3.1 and greater than 2.5

Dry……………….…… Equal to or less than 2.5 and greater than 2.1

Critical……………….. Equal to or less than 2.1

1
 A cap of 4.5 MAF is put on the previous year’s index (Z) to account for required flood control reservoir releases during

wet years.
2

The year type for the preceding water year will remain in effect until the initial forecast of unimpaired runoff for the
current water year is available.
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FOOTNOTES 11 AND 23 FOR TABLE 3

NDOI and PERCENT INFLOW DIVERTED 1

The NDOI and the percent inflow diverted, as described in this footnote, shall be computed daily by the DWR and
the USBR using the following formulas (all flows are in cfs):

where DELTA INFLOW = SAC + SRTP + YOLO + EAST + MISC + SJR

SAC = Sacramento River at Freeport mean daily flow for the previous day; the 25-hour tidal cycle measurements
from 12:00 midnight to 1:00 a.m. may be used instead.

SRTP = Sacramento Regional Treatment Plant average daily discharge for the previous week.
YOLO = Yolo Bypass mean daily flow for the previous day, which is equal to the flows from the Sacramento Weir,

Fremont Weir, Cache Creek at Rumsey, and the South Fork of Putah Creek.
EAST = Eastside Streams mean daily flow for the previous day from the Mokelumne River at Woodbridge,

Cosumnes River at Michigan Bar, and Calaveras River at Bellota.
MISC = Combined mean daily flow for the previous day of Bear Creek, Dry Creek, Stockton Diverting Canal, French

Camp Slough, Marsh Creek, and Morrison Creek.
SJR = San Joaquin River flow at Vernalis, mean daily flow for the previous day.

where NET DELTA CONSUMPTIVE USE = GDEPL - PREC

GDEPL = Delta gross channel depletion for the previous day based on water year type using the DWR's latest Delta
land use study.2

PREC = Real-time Delta precipitation runoff for the previous day estimated from stations within the Delta.

and where DELTA EXPORTS 3 = CCF + TPP + CCC + NBA

CCF = Clifton Court Forebay inflow for the current day.4

TPP = Tracy Pumping Plant pumping for the current day.
CCC = Contra Costa Canal pumping for the current day.
NBA = North Bay Aqueduct pumping for the current day.

_____________________

1 Not all of the Delta tributary streams are gaged and telemetered.  When appropriate, other methods of estimating stream flows, such as
correlations with precipitation or runoff from nearby streams, may be used instead.

2 The DWR is currently developing new channel depletion estimates.  If these new estimates are not available, DAYFLOW channel depletion
estimates shall be used.

3 The term "Delta Exports" is used only to calculate the NDOI.  It is not intended to distinguish among the listed diversions with respect to
eligibility for protection under the area of origin provisions of the California Water Code.

4 Actual Byron-Bethany Irrigation District withdrawals from Clifton Court Forebay shall be subtracted from Clifton Court Forebay inflow. 
(Byron-Bethany Irrigation District water use is incorporated into the GDEPL term.)

         NDOI = DELTA INFLOW - NET DELTA CONSUMPTIVE USE - DELTA EXPORTS

PERCENT INFLOW DIVERTED = (CCF + TPP) ÷÷ DELTA INFLOW



FOOTNOTE 14 FOR TABLE 3

TABLE A
Number of Days When Maximum Daily Average Electrical Conductivity of 2.64   mmhos/cm Must Be Maintained at Specified Location  [a]

PMI [b]
Chipps Island

(Chipps Island Station D10) PMI [b]
Port Chicago

   (Port Chicago Station C14)  [d] PMI [b]
Port Chicago

   (Port Chicago Station C14)  [d]

(TAF) (TAF) (TAF)

FEB MAR APR MAY JUN FEB MAR APR MAY JUN FEB MAR APR MAY JUN

≤≤ 500 0 0 0 0 0 0 0 0 0 0 0 5250 27 29 25 26 6

750 0 0 0 0 0  250 1 0 0 0 0 5500 27 29 26 28 9

1000 28 [c] 12 2 0 0 500 4 1 0 0 0 5750 27 29 27 28 13

1250 28 31 6 0 0 750 8 2 0 0 0 6000 27 29 27 29 16

1500 28 31 13 0 0 1000 12 4 0 0 0 6250 27 30 27 29 19

1750 28 31 20 0 0 1250 15 6 1 0 0 6500 27 30 28 30 22

2000 28 31 25 1 0 1500 18 9 1 0 0 6750 27 30 28 30 24

2250 28 31 27 3 0 1750 20 12 2 0 0 7000 27 30 28 30 26

2500 28 31 29 11 1 2000 21 15 4 0 0 7250 27 30 28 30 27

2750 28 31 29 20 2 2250 22 17 5 1 0 7500 27 30 29 30 28

3000 28 31 30 27 4 2500 23 19 8 1 0 7750 27 30 29 31 28

3250 28 31 30 29 8 2750 24 21 10 2 0 8000 27 30 29 31 29

3500 28 31 30 30 13 3000 25 23 12 4 0 8250 28 30 29 31 29

3750 28 31 30 31 18 3250 25 24 14 6 0 8500 28 30 29 31 29

4000 28 31 30 31 23 3500 25 25 16 9 0 8750 28 30 29 31 30

4250 28 31 30 31 25 3750 26 26 18 12 0 9000 28 30 29 31 30

4500 28 31 30 31 27 4000 26 27 20 15 0 9250 28 30 29 31 30

4750 28 31 30 31 28 4250 26 27 21 18 1 9500 28 31 29 31 30

5000 28 31 30 31 29 4500 26 28 23 21 2 9750 28 31 29 31 30

5250 28 31 30 31 29 4750 27 28 24 23 3 10000 28 31 30 31 30

≥≥ 5500 28 31 30 31 30 5000 27 28 25 25 4 >10000 28 31 30 31 30

[a]
The requirement for number of days the maximum daily average electrical conductivity (EC) of 2.64 mmhos per centimeter (mmhos/cm) must be maintained at Chipps Island and Port Chicago can also be met with maximum 14-day running average EC of 2.64
mmhos/cm, or 3-day running average NDOIs of 11,400 cfs and 29,200 cfs, respectively.  If salinity/flow objectives are met for a greater number of days than the requirements for any month, the excess days shall be applied to meeting the requirements for the
following month.  The number of days for values of the PMI between those specified in this table shall be determined by linear interpolation.

[b]
PMI is the best available estimate of the previous month's Eight River Index.  (Refer to Footnote 13 for Table 3 for a description of the Eight River Index.)

[c]
When the PMI is between 800 TAF and 1000 TAF, the number of days the maximum daily average EC of 2.64 mmhos/cm (or maximum 14-day running average EC of 2.64 mmhos/cm, or 3-day running average NDOI of 11,400 cfs) must be maintained at Chipps
Island in February is determined by linear interpolation between 0 and 28 days.

[d]
This standard applies only in months when the average EC at Port Chicago during the 14 days immediately prior to the first day of the month is less than or equal to 2.64 mmhos/cm.
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CHAPTER IV.  PROGRAM OF IMPLEMENTATION

The success of this plan in protecting the beneficial uses of the Bay-Delta Estuary as part of a
comprehensive management package depends on the adequate and timely implementation of the
measures described in this chapter.  The program of implementation consists of four general
components:  (1) measures within SWRCB authority over water diversion and use which
implement the water quality objectives; (2) measures requiring a combination of SWRCB water
quality and water rights authorities and actions by other agencies to implement the objectives;
(3) recommendations to other agencies to improve fish and wildlife habitat conditions; and (4) a
monitoring and special studies program.  The specific actions identified within these components
include time schedules for implementation, if appropriate.  If no time schedule is included,
implementation should be immediate.

The DWR and the USBR have an ongoing responsibility to implement the municipal and
industrial, and agricultural objectives pursuant to D-1485.  As discussed above, these objectives
are unchanged in this plan.  The DWR and the USBR will continue to implement these
objectives for now, but the SWRCB may reallocate responsibility for these objectives, as well as
the new fish and wildlife objectives, in a water rights proceeding that will be conducted after this
plan is adopted.  In the water rights proceeding, the SWRCB will consider the responsibilities of
all of the water rights holders who divert water from the watershed of the Bay-Delta Estuary. 
The DWR and the USBR also are required by D-1485 to implement the fish and wildlife
objectives in the 1978 Delta Plan.

A.  Implementation Measures Within SWRCB Authority Over Water Diversion and Use

The SWRCB will initiate a water rights proceeding following adoption of this water quality
control plan.  The water rights proceeding will address the water supply-related objectives in this
plan through the amendment of water rights under the authority of the SWRCB.  The water
supply-related objectives include those for Delta outflow, river flows, export limits, the Delta
Cross Channel gates, and salinity control for the protection of municipal and industrial supply,
agricultural supply (excluding salinity objectives for protection of southern Delta agriculture,
which are discussed in section B.4 of this chapter), and fish and wildlife.  The water right
decision, which is anticipated before June 1998, will allocate responsibility for meeting the
objectives among water rights holders in the Bay-Delta Estuary watershed and establish terms
and conditions in appropriate water rights.

In appropriate cases, the SWRCB will also use its Clean Water Act section 401 water quality
certification authority.  In particular, where construction or operation of a hydroelectric project
may affect compliance with water quality objectives and water quality certification is required for
issuance or renewal of a Federal Energy Regulatory Commission (FERC) license, the SWRCB
will use its water quality certification authority to apply the water quality objectives set by this
plan.
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Prior to adoption of the water right decision, the USBR intends to meet San Joaquin River flow
requirements, in accordance with the March 6, 1995 U.S. Fish and Wildlife Service (USFWS)
biological opinion for the threatened Delta smelt, which are consistent with the San Joaquin
River flow objectives in this plan.  These flows are interim flows and will be reevaluated as to
timing and magnitude, up or down, within the next three years.  During the three-year period,
decisions by the FERC or other regulatory orders may increase flows to the Estuary required of
upstream water users.  These flows will be considered by the SWRCB in its allocation of
responsibility among the water rights holders in the watershed during the water rights
proceeding.

B.  Implementation Measures Requiring SWRCB Water Quality and Water Rights
Authority and Multi-Agency Cooperation

Implementation of four water quality objectives in this plan will require measures by the
SWRCB, under both its water quality and water rights authorities, in concert with actions taken
by other agencies.  These objectives are:  (1) the dissolved oxygen objective for the San Joaquin
River; (2) the narrative objective for salmon protection; (3) the narrative objective for the tidal
brackish marshes of Suisun Bay; and (4) the salinity objectives for southern Delta agriculture.  A
summary of implementation measures for these objectives is provided below.

1.  San Joaquin River dissolved oxygen objective.  Factors which contribute to low levels of
dissolved oxygen in the lower San Joaquin River include:  the Stockton Wastewater Treatment
Plant; upstream sources of biochemical oxygen demand (BOD); the deepened Stockton ship
channel; the commercial use of the dead-end portion of the ship channel; the enlarged turning
basin at the Port of Stockton; and low river flows in the fall.  Feasible measures to implement the
dissolved oxygen objective in this plan include:  (1) regulating the effluent discharged from the
Stockton Wastewater Treatment Plant and other upstream discharges that contribute to the BOD
load; (2) providing adequate flows in the San Joaquin River; and (3) installing barriers at
locations (e.g., head of Old River) to increase flows in the river past Stockton.  Wastewater
discharges to the river are currently regulated by the Central Valley RWQCB.  The RWQCB is
requiring the City of Stockton to make improvements in its wastewater treatment plant to achieve
reduced BOD loadings.  This plan's objectives for flows in the San Joaquin River at Vernalis are
expected to contribute to achieving the dissolved oxygen objective, and additional flow-related
measures will be considered by the SWRCB during the water rights proceeding.  The DWR and
the USBR are evaluating the effectiveness of a barrier at the head of Old River, as described
more fully in section C.5 of this chapter.

2.  Narrative objective for salmon protection.  It is uncertain whether implementation of the
numeric objectives in this plan alone will result in achieving the narrative objective for salmon
protection.  Therefore, in addition to the timely completion of a water rights proceeding to
implement river flow and operational requirements which will help protect salmon migration
through the Bay-Delta Estuary, other measures may be necessary to achieve the objective of
doubling the natural production of chinook salmon from average 1967-1991 levels.  This
narrative objective is consistent with the anadromous fish doubling goals of the CVPIA; thus,
prompt and efficient actions taken to implement this CVPIA goal, in concert with other
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recommended actions in this plan, are important to achieving the narrative salmon protection
objective.  Monitoring results will be considered in the ongoing review to evaluate achievement
of this objective and the development of numeric objectives to replace it.

3.  Narrative objective for brackish tidal marshes of Suisun Bay.  Implementation of the
numeric objectives in this plan, particularly the Delta outflow objectives, will likely result in
achieving the narrative objective for the brackish tidal marshes of Suisun Bay.  However,
because the extent of the effectiveness of the numeric objectives in providing water quality
conditions necessary to achieve a brackish marsh throughout all elevations of tidal marsh
bordering Suisun Bay is still uncertain, additional measures by other agencies are recommended
under section C.14 of this chapter, including the formation of a Suisun Marsh Ecological Work
Group.  Among the actions indicated in section C.14, the work group will identify specific
measures to implement the narrative objective and make recommendations to the SWRCB in the
ongoing review to evaluate achievement of this objective and the development of numeric
objectives to replace it.

4.  Southern Delta agricultural salinity objectives.  Elevated salinity in the southern Delta is
caused by low flows, salts imported in irrigation water by the State and federal water projects,
and discharges of land-derived salts, primarily from agricultural drainage.  Implementation of the
objectives will be accomplished through the release of adequate flows to the San Joaquin River
and control of saline agricultural drainage to the San Joaquin River and its tributaries. 
Implementation of the agricultural salinity objectives for the two Old River sites shall be phased
in so that compliance with the objectives is achieved by December 31, 1997.

This plan's objectives for flows in the San Joaquin River at Vernalis are expected to contribute to
achieving the salinity objectives in the southern Delta.  Presently, the USBR is responsible for
meeting Vernalis salinity objectives through the release of water from New Melones Reservoir,
as required under Water Right Decision 1422.  Additional releases from other reservoirs for fish
and wildlife protection in San Joaquin River tributaries may be required through ongoing FERC
proceedings.  Implementation of the SWRCB's Nonpoint Source Management Plan, adopted in
1988, and recommended activities of the multi-agency San Joaquin Valley Drainage Program
(SJVDP), discussed below, will also contribute to achieving the salinity objectives.  Additionally,
the Central Valley RWQCB should continue its salt load reduction program, initiated in response
to adoption of the 1991 Bay-Delta Plan, to reduce annual salt loads discharged to the San Joaquin
River by at least 10 percent and to adjust the timing of such discharges from low flow to high
flow periods.  These source control and drainage management measures will decrease the need
for releases of water from New Melones.  The SWRCB will evaluate implementation measures
for the southern Delta agricultural salinity objectives in the water rights proceeding.
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San Joaquin Valley Drainage Program.  Agricultural drainage in the San Joaquin Valley
is a significant source of salts to the upper Estuary.  In December 1991, the USBR, USFWS, U.S.
Natural Resources Conservation Service (NRCS), U.S. Geological Survey (USGS), DWR, DFG,
Department of Food and Agriculture (DFA), and SWRCB signed a Memorandum of
Understanding (MOU) for the implementation of a 1991 multi-agency plan for the management
of agricultural subsurface drainage on the westside San Joaquin Valley, titled "A Strategy for
Implementation of the Management Plan for Agricultural Subsurface Drainage and Related
Problems on the Westside San Joaquin Valley".  This MOU outlines agreements made among the
agencies to implement the SJVDP's 1990 document, "A Management Plan for Agricultural
Subsurface Drainage and Related Problems on the Westside San Joaquin Valley". 
Implementation of the management measures identified in these documents, including measures
for reducing salt loads in the San Joaquin River and for achieving southern Delta salinity
objectives, contributes to the protection of beneficial uses in the Bay-Delta Estuary.  Although
some of the measures are currently underway, further implementation is necessary to achieve the
goals of the program.  The SWRCB makes the following recommendations regarding salinity
management, as described in the 1991 report:

• Source Control.  Source control consists mainly of on-farm improvements in the
application of irrigation water to reduce the source of deep percolation. Source control
also includes land retirement in which irrigation is ceased in areas which:  overlay
shallow ground water with elevated selenium levels; have soils that are difficult to
drain; contribute disproportionately to drainage problems; or have low economic
returns.  Source control will reduce the amount of drainage water produced.

The SWRCB has supported, and will continue to support, source control projects
through the State Revolving Fund loan program.  The Central Valley RWQCB should
continue its efforts, with the technical support of the NRCS and the DWR, to achieve
additional source control on agricultural lands in the San Joaquin Valley.  In addition to
these efforts, the DWR, USBR, and NRCS should execute their commitments to
support demonstration projects for source control.  The DFA should execute its
commitment to conduct research on the selection of irrigation methods and crops for
water and salt management.

• Drainage Reuse.  Drainage reuse is a planned system of drainage water reuse on
progressively more salt-tolerant plants.  Drainage reuse will concentrate salts and trace
elements for easier containment and safe disposal.

The ongoing and planned research and demonstration projects to develop drainage reuse
technologies, and drainage treatment and disposal technologies, should continue and be
completed.  These projects include:  DWR funding research on the impacts of reuse on
wildlife; DFG conducting field studies on the impacts of reuse on wildlife; DFG and
USFWS evaluating the potential impacts of agroforestry plantation on wildlife;
continued DFA and NRCS testing and demonstrating agroforestry and the use of
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halophyte plants; DFA providing quality control and coordination of demonstration
projects; NRCS assisting farmers to plan, design, and manage drainage reuse programs;
and USGS providing technical assistance and analysis regarding ground water and
effluent storage to effect reuse of drainage water.

• Evaporation Systems.  Evaporation systems consist of drainage water evaporation
ponds planned for storage and evaporation of drainage water.  Currently, evaporation
ponds are the only means available for storage and disposal of drainage water in much
of the southern San Joaquin Valley.

The agencies committed to implementing the programs regarding evaporation systems
should continue or initiate the identified activities.  These activities include:  DWR and
USFWS funding, and DFG and USFWS conducting, studies on the impacts of
evaporation ponds on wildlife; DWR supporting demonstration projects of evaporation
pond design improvements; DFG continuing to coordinate work with the Central Valley
RWQCB, which is responsible for ensuring that ponds conform to the applicable water
quality control plan; USBR funding demonstration projects for new or improved
evaporation pond technologies; and NRCS working with farmers to develop and
evaluate pond design and management criteria.  In implementing their programs, the
DWR, USFWS, and DFG should include field testing and demonstration projects to
avoid or minimize wildlife hazards.

• Ground Water Management.  Ground water management is planned pumping from deep
within the semi-confined aquifer in places where near-surface water tables can be
lowered and the water pumped is of suitable quality for irrigation or wildlife habitat.

The activities that are identified in the 1991 report should be implemented.  These
activities include:  DWR development of a monitoring program; USGS hydrologic
analyses required to implement demonstration projects to test ground water
management; NRCS technical assistance to local agencies and farmers in the
development and demonstration of on-farm high water table management; and USBR
development of a program to encourage ground water management through incentives
provided by water transfers.

• Institutional Measures.  Institutional measures include tiered water pricing, improved
scheduling of water deliveries, water transfers and marketing, and formation of regional
drainage management organizations to aid in implementing other recommendations of
the SJVDP.

The agencies committed to supporting institutional changes necessary to implement the
SJVDP recommendations should continue or initiate the identified activities.  These
activities include:  DWR actions to encourage and support methods such as tiered water
pricing and water marketing; USBR initiation of trial arrangements for funding drainage
projects; and USFWS assistance in drafting comprehensive legislation to authorize and
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fund the SJVDP's 1990 management plan.  The SWRCB has committed to participate
in a study of the use of an environmental recovery fund and price controls in water
markets.

• Discharges to the San Joaquin River.  Controlled and limited discharges of agricultural
drainage water to the San Joaquin River must occur in a manner that meets water
quality objectives.  This may be best accomplished by coordinating the release of
drainage water with higher flows in the river during the winter and spring periods when
more dilution water is available, and when transport of drainage water would be
consistent with fish migration needs.  Adequate coordination may require the execution
of agreements with dischargers, waste discharge requirements that restrict the discharge
of drainage water to the river, or time-specific waste discharge prohibitions.

The agencies committed to implementing actions related to the drainage water
discharge to the San Joaquin River should continue or initiate the activities identified by
the SJVDP.  These activities include:  completion of the five-year interagency effort by
the San Joaquin River Management Program (established and funded by the State
Legislature, and led by the DWR) to develop a plan which includes management of
agricultural drainage to the river; DWR and USBR real-time salt monitoring program
for the river (with the cooperation of the Central Valley RWQCB); USGS
investigations of surface water and ground water interaction to evaluate the quantity,
quality, and timing of ground water contributions to the river; DFG and USFWS
monitoring of the effects of implementing discharge controls to the river on fish and
wildlife; and USBR planning for the San Luis Unit which could contribute substitute
water supply and provide water control facilities needed to convey drainage water to the
San Joaquin River downstream of the confluence with the Merced River.  The SWRCB,
with the support and cooperation of appropriate entities, is willing to consider the
concept of a discharger with high productivity soils purchasing another discharger's
waste load allocation, once developed, in the San Joaquin River basin.

In addition to the planned measures identified by the SJVDP, these agencies and the
affected water districts should consider taking advantage of winter flood flows to
remove salts from low-lying areas in the San Joaquin Valley, either as part of a flood
control program or pursuant to a permit from the SWRCB to appropriate water during
high flow events.  Also, the operators of wetlands receiving new water from the USBR
under the CVPIA should participate in real-time management of their discharges to
ensure that they do not cause violation of water quality objectives.  If funding is needed
for further work on salt discharge management, the Central Valley RWQCB could seek
a grant under Clean Water Act section 319(h).

Out-of-Valley Disposal of Salts.  In addition to the short-term management measures to
reduce salt loading to the San Joaquin River and Delta, described above, it is necessary to begin
planning for a long-term solution to the San Joaquin Valley drainage problem.
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Inadequate drainage, and accumulating salts and trace elements, are increasingly persistent
problems in many parts of the San Joaquin Valley.  These drainage problems threaten water
quality, agriculture, fish and wildlife, and public health.  Ultimately, it will be necessary for the
in-basin management of salts to be supplemented by the disposal of salts outside of the San
Joaquin Valley for protection of these beneficial uses to continue.

The USBR should reevaluate alternatives for completing a drain to discharge salts from
agricultural drainage outside of the San Joaquin Valley and pursue appropriate permits.  This
evaluation should include the development of information on the potential effects on fish and
wildlife habitat and populations in the receiving waters, and the physical, institutional, and
economic feasibility of the various alternatives.  Current State law prohibits the discharge of San
Joaquin Valley agricultural drainage water to the Monterey Bay, and it is not the intent of this
plan to reopen this issue.

C.  Recommendations to Improve Habitat Conditions

There are numerous actions that can be taken, in addition to establishing and implementing water
quality objectives for the Bay-Delta Estuary, to improve fish and wildlife beneficial uses in the
Estuary.  These actions involve improvements to habitat conditions both inside and outside of the
Estuary, many of which are under the authorities of other agencies.

The SWRCB acknowledges that, as provided by the Principles for Agreement, there is an
ongoing effort by State agencies, the federal government, and agricultural, urban, and
environmental interests to identify, fund, and implement, as warranted, measures to address the
broader non-flow-related range of factors potentially affecting water quality and habitat in the
Bay-Delta Estuary.  Potential measures under consideration by these entities include those that
would be implemented outside of the Estuary itself.  This effort, in connection with the other
measures to implement the objectives in this plan, is seen as part of a comprehensive program to
provide better protection for the biological resources that depend on the Bay-Delta Estuary.  The
SWRCB recognizes that this effort may result in recommendations to other entities, public and
private, that are new or different from those included in this plan and described below (parts 1-
14).  The SWRCB intends to consider incorporating any such recommendations in future
proceedings to the extent appropriate.

Funding of these activities is expected to require a substantial financial commitment. 
Approximately 60 million dollars per year over the next three years should be allocated for this
purpose.  A portion of the funds needed for these activities will come from a prioritization of
existing programs.  Additional funds will be secured through a combination of federal and State
appropriations, user fees, and other sources, as required.  In the multi-party process established
under the Principles for Agreement, water users groups, State and federal agencies, and
environmental interests will determine priorities and financial commitments for the
implementation of these activities.  If funding by the parties is not forthcoming, the SWRCB will
support legislation and consider other actions to secure funding for these purposes in connection
with the water rights proceeding.
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1.  Reduce losses of all life stages of fishes to unscreened water diversions.  Unscreened
agricultural, municipal, and industrial water diversions entrain large numbers of eggs, larvae, and
juvenile fishes in the Sacramento and San Joaquin river watersheds and the Delta.

To provide better protection for aquatic resources in the Bay-Delta Estuary, the National Marine
Fisheries Service (NMFS) should continue its work on requirements for unscreened diversions
on the Sacramento River.  In addition, the NMFS, USFWS, and DFG should institute a program
to evaluate water diversions within the San Joaquin River and the Delta.  To reduce entrainment
in the rivers and the Delta, these agencies should assess whether:  (1) changes in the timing of
diversions could be made to avoid peak concentrations of all life stages of fishes; and (2) changes
in the management of water uses would be feasible to avoid entraining large numbers of fish.  In
evaluating Delta diversions, these agencies should:  (1) decide where screens are needed; (2)
consider whether diversion points should be relocated or consolidated; and (3) give their
recommendations on changes in points of diversion to the SWRCB for consideration in a water
rights proceeding.  The SWRCB may use its authority to allow inspections of diversion facilities
in cases where the other agencies are unable to obtain access.

This program should include the collection of data regarding the size and approach velocity of
diversions, and the proximity of fish to the diversions when they are operating.  The responsible
agencies should complete the following actions by the dates indicated:

June 1996 Develop performance criteria for diversions (e.g., screen types and sizes,
approach velocities, etc.).

June 1996 Develop testing specifications to assess if diversions are having an
unreasonable effect on fish.

June 1996 Develop incentives to encourage diverters to consolidate and relocate
diversions to the least environmentally sensitive locations.

June 1997 Notify diverters of the performance criteria (requirements) for their
diversions and a time schedule for completing the requirements.

June 1997 Develop a monitoring program to be implemented upon installation of
entrainment control devices.

June 1999 Develop necessary environmental documentation and require installation
of entrainment control devices at the highest priority diversions.

June 2004 Develop necessary environmental documentation and require installation
of entrainment control devices at selected lower priority diversions.
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2.  Reduce entrainment by, and improve fish survival at, the SWP and CVP export
facilities.  Despite the presence of screens at the diversions of the SWP and CVP in the southern
Delta, substantial fish mortality is associated with the operations of these facilities.

The DWR and the USBR, in consultation with the DFG, USFWS, and NMFS, should evaluate
and implement all feasible measures and programs to reduce entrainment and mortality of fish
salvaged at the facilities of the Harvey O. Banks and Tracy pumping plants.  These measures
should include:  (1) monitoring entrainment on a real-time basis to identify periods of peak
susceptibility of various species; (2) coordinating operations of the two diversions, including
interchangeable pumping, to reduce combined losses; (3) increasing screening efficiency; (4)
improving fish salvage and handling; and (5) predator control at the SWP and CVP intakes.  The
SWRCB will consider requiring implementation of these measures and programs in the water
rights proceeding following adoption of this plan.

3.  Review and modify, if necessary, existing commercial and sport harvesting regulations. 
Current levels of sport and commercial fishing may be contributing to reduced fish populations
in the Bay-Delta Estuary.

The DFG, California Fish and Game Commission, Pacific Fisheries Management Council, and
NMFS should take the following actions within their respective authorities:  (1) develop and
implement a fisheries management program to provide short-term protection for aquatic species
of concern through seasonal and area closures, gear restrictions to reduce capture and mortality of
sub-legal fish, and other appropriate means; (2) review immediately, and then at least every two
years, and modify, if necessary, existing harvest regulations to ensure that they adequately protect
aquatic species; and (3) seek changes in trawling methods used by the commercial shrimp
industry to reduce the incidental take of other aquatic species, either through an agreement with
the industry or through regulations.

4.  Reduce illegal harvesting.  Illegal harvesting, which has a certain but unquantified impact on
fisheries of the Bay-Delta Estuary, is particularly of concern for striped bass and chinook salmon.
 The DFG estimates that poaching claims about 500,000 undersized striped bass and an
uncounted number of salmon annually.

The DWR and the DFG should expand the current illegal harvest enforcement program. 
Additionally, the DFG should develop and implement an educational program to curb poaching
of fishery resources.

5.  Evaluate the effectiveness of barriers as a means of improving fish survival in the Delta.
 The USBR currently operates the Delta Cross Channel gates to meet standards adopted by the
SWRCB and other agencies.  The use of additional gates or other barriers in other Delta channels
shows promise for helping to improve the survival of certain fish species, especially chinook
salmon and steelhead trout.  However, the effectiveness of such barriers, including the effects on
other species and water quality in the central Delta, requires further evaluation.
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The DWR and the USBR, in consultation with the DFG, USFWS, and NMFS, should:  (1) test
the use of barriers at the head of Old River and at other strategic locations within the lower San
Joaquin River and Delta as a means of improving survival of migrating chinook salmon in the
spring and fall; and (2) evaluate the advisability of closing Georgiana Slough by using either a
physical barrier or an acoustic barrier.  The barriers should be constructed if it is determined that
they are effective and will neither harm other species, such as Delta smelt, nor have other
significant adverse effects on the environment.  If construction of barriers makes compliance
with the water quality objectives in this water quality control plan problematic, the DWR or the
USBR should request a change in this water quality control plan.

6.  Reduce the impacts of introduced species on native species in the Estuary.  The
intentional and accidental introduction of non-native species has caused major changes in the
composition of aquatic resources in the Bay-Delta Estuary; however, the exact impacts of
existing introduced species on native species in the Estuary are not clear.

The DFG, USFWS, and NMFS should:  (1) pursue programs to determine the impacts of
introduced species, including striped bass, on the native aquatic resources of the Estuary, and the
potential benefits of control measures; and (2) determine where ballast water can be released
without posing a threat of infestation or spread of aquatic nuisance species, and limit the release
of ballast water to those areas (by new legislation, if needed).  The DFG should also:  (1)
continue its efforts under the Fish and Game Code sections 6430-6439 concerning introduced
species, enacted in 1992; and (2) consider preparing a comprehensive management plan under
the federal Nonindigenous Aquatic Nuisance Prevention and Control Act of 1990 (U.S.C.
§§4701-4751) to obtain technical and financial assistance to eliminate the environmental, public
health, and safety risks associated with aquatic nuisance species.  Additionally, the California
Fish and Game Commission should deny all requests for the introduction of new aquatic species
into the watershed of the Bay-Delta Estuary unless it finds, based on strong, reliable evidence,
that an introduction will not have deleterious effects on native species.

7.  Improve hatchery programs for species of concern.  Hatchery production of various fish
species that use the Bay-Delta Estuary serves to:  mitigate the loss of stream spawning and
rearing habitat due to the construction of dams; mitigate increasing harvesting pressure; and
provide short-term support for various species until other programs to improve fish survival in
the Estuary and its watershed are implemented.  Because hatchery production compromises
genetic diversity and often results in increased harvesting pressure on natural fish stocks, it
should complement, not substitute, measures to improve the natural production and survival of
fish species.

The DFG, NMFS, and USFWS should:  (1) carefully examine and periodically reexamine the
role and contribution of existing hatchery production for various fish species (e.g., chinook
salmon, steelhead trout, striped bass) and experimental hatchery programs (e.g., Delta smelt),
including a consideration of the need for genetic diversity and maintaining the integrity of
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different salmon runs; (2) evaluate strategies for improving the survival of hatchery fish, before
and after release, including diet and pre-release conditioning, selection of the life stage and size
of fish to be released, timing releases relative to the presence or absence of other species, and
using multiple release locations; and (3) with the USBR, take steps to rehabilitate the Coleman
Fish Hatchery, and to construct, if advisable, the Keswick Hatchery on the Sacramento River and
a hatchery in the San Joaquin River watershed.

8.  Minimize losses of salmon and steelhead due to flow fluctuations.  Releases of water from
the dams on most of the rivers tributary to the Delta can influence the locations where chinook
salmon and steelhead trout spawn.  Higher flows in the reaches below a dam can lead to
spawning at locations in the riverbed that may be dewatered by subsequent reduced flows before
the eggs hatch.  These reductions in flow can strand fry in side channels and shallow backwaters
that are isolated from the main river channel.  While short-term increases in flow from storms
often cannot be avoided, flow fluctuations due to scheduled releases of water can be managed to
reduce adverse impacts on downstream fisheries.

The DFG, USFWS, and NMFS, in consultation with the DWR and the USBR, should: 
(1) evaluate the impoundment releases upstream of the Delta, considering factors that include the
allowable size of flow reductions, appropriate ramping rates for increasing or decreasing flows,
and flood control operations; (2) make recommendations, where appropriate, for changes in the
operations of those impoundments to minimize adverse impacts on fishes caused by flow
fluctuations; and (3) where appropriate, seek agreements from dam operators or make
recommendations to the SWRCB for necessary changes in the water rights of these facilities.

9.  Expand the gravel replacement and maintenance programs for salmonid spawning
habitat.  The construction of dams on the major tributaries of the Delta has blocked the
movement of gravel eroding from upstream areas and has caused sediments to infiltrate the
remaining gravels.  Reduction in the availability of the riverbed gravels required for salmonid
spawning limits the success of chinook salmon and steelhead trout reproduction in the watershed
of the Bay-Delta Estuary.

The DWR, the USBR, and other agencies that currently conduct gravel replacement and
spawning habitat improvement programs on the Sacramento and San Joaquin river systems
should continue and, where possible, increase their efforts in the reaches where salmonids are
likely to spawn.

10.  Evaluate alternative water conveyance and storage facilities of the SWP and CVP in
the Delta.  The current water diversion facilities of the CVP and the SWP in the southern Delta
adversely impact fish populations.  These facilities or alternative facilities are needed to meet
water supply demands in areas south and west of the Delta.  Various alternatives have been
identified to minimize impacts to fish while meeting water supply demands.  The proposed
alternatives include construction of a water diversion intake on the Sacramento River equipped
with state-of-the-art fish screens, isolated and through-Delta water conveyance facilities, and new
water storage facilities within and south of the Delta.
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Consistent with the Framework Agreement regarding a long-term Bay-Delta Estuary solution, the
agreement's signatory agencies should:  (1) evaluate the feasibility, biological impacts and
benefits, and likely operational criteria of various alternatives to the current water diversion
facilities in the southern Delta; and (2) based on the evaluation, develop a project(s) that will
meet the dual goals of minimizing impacts to aquatic resources while providing a reasonable
supply of water for export.

11.  Develop an experimental study program on the effects of pulse flows on fish eggs and
larvae in the Delta.  The magnitude of freshwater outflow passing through the Delta affects the
geographic distribution of many planktonic fish eggs and larvae.  The egg and larval stages of
many fish species occur in the Delta during a relatively short period of time in the spring (April-
June).  When there is high freshwater outflow, the planktonic eggs and larvae are moved
downstream into Suisun Bay where they are less susceptible to entrainment at the SWP and CVP
diversions and at other diversion points within the Delta.  Absent high outflows, the eggs and
larvae tend to remain in the Delta.  Short-term artificial increases in freshwater flows (pulse
flows) can be used to move the eggs and larvae downstream into Suisun Bay.  To improve the
efficiency of water used for this purpose, it would be helpful to experimentally quantify the
magnitude and duration of pulse flows needed to move a substantial proportion of fish eggs and
larvae into Suisun Bay.

The DWR and the USBR should conduct experiments to investigate and evaluate the biological
benefits of pulse flows to move planktonic fish eggs and larvae into Suisun Bay.  These
experiments, which should be conducted as soon as feasible, should:  (1) involve flows released
from both the Sacramento and San Joaquin rivers; (2) include real-time biological monitoring to
determine the most favorable times for the pulse flows and the effects of the pulse flows on the
eggs and larvae; (3) determine whether short-term pulse flows have a lasting benefit or whether,
when outflows are reduced after a pulse flow, the larval fish are drawn back into interior Delta
areas; and (4) take into account base flows and availability of water supplies.  If results of the
experiments were obtained soon enough, they could be used to refine potential pulse flow
requirements in a water right decision implementing this water quality control plan.

12.  Implement actions needed to restore and preserve marsh, riparian, and upland habitat
in and upstream of the Delta.  Most of the historical fish and wildlife habitat in the Delta and
throughout the Central Valley has been eliminated or disturbed.  The construction of dams for
water storage on nearly all of the Bay-Delta Estuary's tributary streams and the conversion of
natural habitat to croplands eliminated significant amounts of habitat for species in the Central
Valley.  In the Delta, less than 100,000 acres of the total 738,000 acres remains as marsh,
riparian, and upland habitat.  The remainder of the area is highly altered due to conversion to
agricultural land, industrial and urban development, and actions for flood control and navigation,
such as dredging channels and riprapping banks.
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Furthermore, many of the alterations that have already occurred require extensive ongoing
maintenance, which also disrupts fish and wildlife habitat.  Restoration of fish and wildlife
habitat in and upstream of the Delta would benefit many species of the Bay-Delta Estuary.

State and federal agencies should require, to the extent of their authorities, habitat restoration in
the Delta and upstream of the Delta as a condition of approving projects.  For example, the Delta
Protection Commission, in all of its actions under the Delta Protection Act of 1992 (Public
Resources Code section 29700 et seq.) which provides for the coordination of local land use
decisions in the Delta, should consider the need to restore and preserve marsh, riparian, and
upland habitat in the Delta.  The DFG, when it considers approving stream alterations, and the
DFG, USFWS, and NMFS, when they consider projects that affect endangered species, should
consider habitat requirements.  The U.S. Army Corps of Engineers should consider habitat
requirements in connection with applications for permits under Clean Water Act section 404. 
The Federal Emergency Management Agency should consider habitat requirements in
establishing flood insurance requirements and levee standards.  Within their authorities, these
agencies should provide for:  (1) levee setback requirements; (2) improvements in the
productivity of aquatic areas throughout the Central Valley; (3) reductions in the depth of
selected Delta channels, by using either dredge material from navigational channels or natural
infill, to restore more productive shallows and shoals; (4) conversion of low-lying Delta islands
to habitat areas; and (5) other habitat enhancement measures.  The SWRCB will consider habitat
requirements where needed to meet water quality standards under the Clean Water Act when
approving section 401 certifications.  Additionally, responsible governmental agencies and
private parties should institute programs to increase riverine cover in the Bay-Delta Estuary
watershed, if demonstrated to be effective in lowering water temperatures by providing shading.

13.  Implement temperature control measures to reduce adverse impacts on salmon and
steelhead.  Cool water temperatures are important for the successful spawning, egg incubation,
and juvenile rearing of chinook salmon and steelhead trout in rivers of the Central Valley.  Water
temperature is primarily influenced by seasonal changes in ambient air temperatures, the
temperature of water released from rim reservoirs, and agricultural drainage return flows.

The USBR should, as soon as possible, implement the proposal for constructing a temperature
curtain at Shasta Reservoir, which will permit the selective withdrawal of water from various
locations within the water column while continuing to generate hydroelectric power. 
Additionally, the operators of other rim reservoirs should evaluate the impacts of their operations
on downstream water temperatures and take actions to correct any significant adverse impacts on
salmonid survival due to temperature.  The SWRCB will consider incorporating appropriate
temperature standards into water right permits of rim reservoir operators.  The Central Valley
RWQCB should evaluate best management practices that could be implemented to reduce the
impact of agricultural drainage return flows on the temperature of Central Valley rivers.



40

14.  Implement measures to appropriately control Suisun Marsh soil and channel water
salinities, including actions identified in the SMPA.  The objectives for the Suisun Marsh in
this plan regulate salinity in the channels of the marsh for the purpose of providing irrigation
water for the managed wetlands that will bring soil water salinities into the range capable of
supporting the plants characteristic of a brackish marsh.  Four entities, the DWR, DFG, USBR,
and SRCD, negotiated and signed the SMPA, which proposes changes in the salinity objectives
for Suisun Marsh in certain dry and critical water years.  The SMPA objectives, like the
objectives adopted for the Suisun Marsh in the 1978 Delta Plan, would regulate channel water
salinity.  The soil water salinity, which is not directly regulated, depends upon the irrigation
practices used by the various property owners of the managed wetlands in the Suisun Marsh.  To
provide more consistent protection for the managed wetlands in Suisun Marsh and the species
these wetlands support, management practices should be used that will promote adequate soil
salinity levels.  With more uniform water distribution, it may be possible to protect the beneficial
uses of water more efficiently than under current practices.

The DWR, USBR, DFG, and SRCD should:  (1) continue the actions, including facility plans,
identified for implementation of the SMPA; (2) conduct a study to determine the relationship
between channel water salinity and soil water salinity under alternative management practices
(including an assessment of whether the current channel water salinity objectives are needed to
support the beneficial uses and whether different water quality objectives, including soil water
salinity objectives, would provide equivalent or better protection for the beneficial uses if
favorable management practices also are used); and (3) employ, together with the property
owners in the Suisun Marsh, a watermaster to direct the timing and amounts of water diverted in
the marsh to ensure that the water is used efficiently and the protection of beneficial uses is
maximized.  Additionally, pursuant to Public Resources Code section 9962, the SRCD should
oversee and enforce water management plans for achieving water quality objectives for salinity
in the Suisun Marsh.  If possible, the watermaster should be employed under the provisions of
Part 4, Division 2 of the Water Code (Wat. C. §§4000-4407), under which the parties could
negotiate an agreement that includes the property owners in the marsh.  The agreement should
determine the rights to the use of water from the channels of the Suisun Marsh among the various
claimants, and should specify rules for managing the water in the marsh to maximize the salinity
control benefits of the water.  To be valid, the agreement would have to be recorded in the office
of the county recorder for Solano County, in which the Suisun Marsh is situated.  Alternatively or
conjunctively, the parties to the SMPA and the San Francisco Bay Conservation and
Development Commission should establish a Suisun Marsh watermaster to help implement water
management plans on private seasonal wetlands (i.e., managed diked wetlands).

Additionally, the DWR should convene a Suisun Marsh Ecological Work Group, consisting of
representatives of the SWRCB, San Francisco Bay RWQCB, DWR, DFG, San Francisco Bay
Conservation and Development Commission, USBR, USFWS, NMFS, USEPA, National
Biological Survey, SRCD, Ducks Unlimited, California Waterfowl Association, National
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Audubon Society, California Native Plant Society, and other interested parties.  The work group
will:  (1) evaluate the beneficial uses and water quality objectives for the Suisun Bay and Suisun
Marsh ecosystem; (2) assess the effects on Suisun Bay and Suisun Marsh of the water quality
objectives in this plan and the federal Endangered Species Act biological opinions; (3) identify
specific measures to implement the narrative objective for tidal brackish marshes of Suisun Bay
and make recommendations to the SWRCB regarding achievement of the objective and
development of numeric objectives to replace it; (4) identify and analyze specific public interest
values and water quality needs to preserve and protect the Suisun Bay/Suisun Marsh ecosystem;
(5) identify studies to be conducted that will help determine the types of actions necessary to
protect the Suisun Bay area, including Suisun Marsh; (6) perform studies to evaluate the effect of
deep water channel dredging on Suisun Marsh channel water salinity; (7) perform studies to
evaluate the impacts of urbanization in the Suisun Marsh on the marsh ecosystem; and (8)
develop a sliding scale between the normal and deficiency objectives for the western Suisun
Marsh7.

D.  Monitoring and Special Studies Program

A monitoring and special studies program should be established to provide physical, chemical,
and biological data that will:  (1) provide baseline information and determine compliance with
the water quality objectives in this plan; (2) evaluate the response of the aquatic habitat and
organisms to the objectives; and (3) increase understanding of the large-scale characteristics and
functions of the Estuary ecosystem to better predict system-wide responses to management
options.  Since these last two goals include more than routine monitoring elements, they are
referred to in this plan as "special studies".  The monitoring and special studies program will be
implemented by the SWRCB through the water right decision.

The monitoring and special studies program is predicated on the ongoing monitoring efforts of
the Interagency Ecological Program (IEP), of which the SWRCB is a participant.  The program
will be coordinated with both IEP and non-IEP monitoring activities, such as the San Francisco
Estuary Institute's San Francisco Estuary Regional Monitoring Program and the monitoring
activities associated with the CVPIA, to minimize duplication and facilitate the exchange of data.
 Between the adoption of this plan and the adoption of the water right decision, the IEP
monitoring and special studies program will be revised to account for the requirements of this
plan; therefore, only general aspects of the program are presented here.

                                                
    7  The USBR, DWR, DFG, and SRCD are working together to develop a sliding scale between SMPA normal and
deficiency standards for the western Suisun Marsh based on the previous month's Eight River Index.  The sliding scale
will result in standards more consistent with the hydrologic conditions in the Estuary on a monthly basis, and will more
closely reflect the natural hydrodynamic linkage between the Suisun Bay, Suisun Marsh, and the Delta.  The sliding
scale will also avoid setting western Suisun Marsh standards based on the hydrology for an entire year (normal versus
deficiency) in advance.  When the four agencies, in cooperation with the entire work group, have developed and agreed
upon a sliding scale, they will petition the SWRCB to adopt it for the western Suisun Marsh and will incorporate it into
the SMPA.
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A preliminary compliance and baseline monitoring program is provided in Table 4.  Figure 2
shows the locations of the monitoring stations on a map of the Estuary.  The SWRCB recognizes
that a more appropriate compliance and baseline monitoring program may be developed by the
IEP once the participating agencies and interested parties have fully assessed the new information
requirements.  Until a final compliance monitoring program is established through the water right
decision, the SWRCB will work with the DWR, the USBR, and interested parties to develop
modifications to the monitoring program.

A special studies program similar to that being conducted by the IEP at the time of adoption of
this plan should be continued.  As with compliance and baseline monitoring, the SWRCB
recognizes that these studies, and their associated monitoring activities, may need to be modified
to reflect the objectives in this plan and new knowledge about the Bay-Delta system.  The special
studies should emphasize understanding the ecological responses of species of special concern to
water project operations resulting from implementation of this plan, and should enhance
knowledge of how the Estuary responds to factors other than the operational impacts of water
development facilities.  As a member of the IEP, the SWRCB will work with all interested
parties in developing a responsive special studies program.

As it may use the results of special studies as input to any decisions that it will make during the
triennial review of this plan, the SWRCB urges the agencies and interested parties to work
cooperatively to develop the special studies program.  The SWRCB believes that the studies
should be subjected to a peer review process to reduce controversy concerning the design of the
studies and the interpretation of their results.

The agencies and interested parties are also developing a near-real-time monitoring program to
assist the operations group acting pursuant to the Principles for Agreement.  The SWRCB will
participate in the development of that program, as it will affect the way in which the SWP and
the CVP are operated to comply with the objectives in this plan.
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Table 4.  Water Quality Compliance and Baseline Monitoring

 Station
Number

Station
Description Cont.

Rec.1

Physical/
Chem-
ical2

Multi-
para-

meter3

Phyto-
plank-
ton4

Zoo-
plank-
ton4

Ben-
thos4

C2         n Sacramento River @ Collinsville *

C3         Ù Sacramento River @ Greens Landing * * *

C4         n San Joaquin River @ San Andreas Ldg. *

C5         n Contra Costa Canal @ Pumping Plant #1 *

C6         n San Joaquin River @ Brandt Bridge site *

C7         Ù San Joaquin River @ Mossdale Bridge *

C8         n Old River near Middle River *

C9          • West Canal at mouth of CCForebay Intake * *

C10        • San Joaquin River near Vernalis * *

C13        n Mokelumne River @ Terminous *

C14        n Sacramento River @ Port Chicago *

C19        n Cache Slough @ City of Vallejo Intake *

D4         Ù Sacramento River above Point Sacramento * * * *

D6         Ù Suisun Bay @ Bulls Head Pt. nr. Martinez * * * * *

D7         Ù Grizzly Bay @ Dolphin nr. Suisun Slough * * * *

D8         Ù Suisun Bay off Middle Point near Nichols * * *

D10        • Sacramento River @ Chipps Island * *

D12        • San Joaquin River @ Antioch Ship Canal * *

D15        n San Joaquin River @ Jersey Point *

D16        Ù San Joaquin River @ Twitchell Island * *

D22        • Sacramento River @ Emmaton *

D24        • Sacramento River below Rio Vista Bridge * *

D26        Ù San Joaquin River @ Potato Point * * *

D28A     Ù Old River near Rancho Del Rio * * * * *

D29        n San Joaquin River @ Prisoners Point *

D41        Ù San Pablo Bay near Pinole Point * * *

D41A     Ù San Pablo Bay nr. mouth of Petaluma R. *

DMC1     • Delta-Mendota Canal at Tracy Pump. Plt. *

P8         Ù San Joaquin River @ Buckley Cove * * * * *

P12        n Old River @ Tracy Road Bridge *

MD10     Ù Disappointment Slough near Bishop Cut * * *

S21        n Chadbourne Slough @ Sunrise Duck Club *

S35        n Goodyear Sl. @ Morrow Is. Clubhouse *

S42        • Suisun Slough 300' so. of Volanti Slough * *

S49        n Montezuma Slough near Beldon Landing *

S64        n Montezuma Slough @ National Steel *

S97        n Cordelia Slough @ Ibis Club *

NZ032    Ù Montezuma Slough, 2nd bend from mouth *

NZ080    Ù San Joaquin River, 549 meters upstream of
light 26

*

(continued)

n  Compliance monitoring station          Ù  Baseline monitoring station             •  Compliance and baseline monitoring station
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Table 4.  Water Quality Compliance and Baseline Monitoring (continued)

 Station
Number

Station
Description Cont.

Rec.1
Physical/
Chem-
ical2

Multi-
para-

meter3

Phyto-
plank-
ton4

Zoo-
plank-
ton4 Ben-

thos4

---       n Sacramento R. (I St. Bridge to Freeport)
(RSAC155)

*

---       n San Joaquin R. (Turner Cut to Stockton)
(RSAN050-RSAN061)

*

---       n Barker Sl. at No. Bay Aqueduct (SLBAR3) *

---       n Water supply intakes for waterfowl
management areas on Van Sickle Island and
Chipps Island

*

n  Compliance monitoring station          Ù  Baseline monitoring station             •  Compliance and baseline monitoring station

1 Continuous recorder only (EC, dissolved oxygen, and/or temperature) for purpose of compliance.  For
municipal and industrial intake chlorides objectives, EC can be monitored and converted to chlorides.

2 Physical/chemical monitoring is conducted monthly at discrete sites and includes the following
parameters:  water column depth, secchi, nutrient series (inorganic and organic N-P), water temperature,
dissolved oxygen, electrical conductivity, turbidity, and chlorophyll a.  In addition, on-board recording
for vertical and horizontal profiles is conducted intermittently for the following parameters:  water
temperature, dissolved oxygen, electrical conductivity, turbidity, and chlorophyll a.

3 Multi-parameter monitoring is conducted continuously and provides telemetered data on the following
parameters:  water temperature, pH, dissolved oxygen, electrical conductivity, turbidity, chlorophyll a,
wind speed and direction, solar radiation, air temperature, and tidal elevation.

4 Sampling occurs monthly at discrete sites.

____________________________________________________________________________________________
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PREFACE

On May 22, 1995, the State Water Resources Control Board (SWRCB) adopted the Water
Quality Control Plan for the San Francisco Bay/Sacramento-San Joaquin Delta Estuary
(1995 Bay/Delta Plan or Bay/Delta Plan) which establishes objectives for the protection of
municipal, agricultural, and fish and wildlife beneficial uses in the Bay/Delta Estuary.
The 1995 Bay/Delta Plan includes objectives in the Bay/Delta Estuary for Delta outflow,
Sacramento and San Joaquin river flows, salinity, dissolved oxygen, and State Water Project
(SWP) and Central Valley Project (CVP) operations.

On July 27, 1995, the SWRCB filed a Notice of Preparation (NOP) of an Environmental Impact
Report (EIR) for the development of a water right decision to implement requirements for the
San Francisco Bay/Sacramento-San Joaquin Delta Estuary.  The project is defined as a water
right decision that (1) identifies the responsibility of water right holders in the Bay/Delta Estuary
watershed to achieve the flow, operational, and water quality requirements in the 1995 Bay/Delta
Plan and allocates responsibility according to established principles of water law; (2) may
authorize the combined use of the CVP and the SWP points of diversion in the Delta; 
(3) requires actions to improve habitat conditions in the central valley; and (4) requires measures 
to improve water supply reliability for users of water within and from the Bay/Delta Estuary
watershed.  The NOP requested input from all interested parties on the scope and content of the
EIR.

Public workshops were held on four days in August, September, and November 1995.  Based on
comments received at these workshops indicating that the NOP did not provide sufficient project
detail, a revised NOP was issued in December 1995.  During 1996, nine additional days of
workshops were held to discuss issues arising from the revised NOP.  The SWRCB staff
convened a technical workshop on March 18, 1997, to review the analytical methods being used
to calculate water availability when water right priorities are used to implement the 1995
Bay/Delta Plan flow objectives (Flow Alternatives 3 and 4).

The Draft EIR for Implementation of the 1995 Bay/Delta Water Quality Control Plan, Volume I
(Chapters I through XII) was issued in November 1997.  Volumes II (Chapter XIII - Alternatives
for Implementing the Joint Points of Diversion) and III (Appendices) were issued on December
15, 1997.  The Draft EIR was circulated to interested parties with a 45-day review commencing
with the release of Volumes II and III, with comments to be received by January 30, 1998.
Because interested parties requested additional review time, the comment period on the Draft
EIR was extended to April 1, 1998.

A Notice of Public Hearing, dated December 2, 1997, was issued for the consideration of 
(1) alternatives to implement water quality objectives for the San Francisco Bay/Sacramento-San
Joaquin Delta Estuary, (2) a petition to change points of diversion of the CVP and the SWP in
the southern Delta, and (3) a petition to change places of use and purpose of use of the CVP.
The petition to change places of use and purpose of use of the CVP is the subject of a separate
EIR.



Volume IV of the Draft EIR, was issued on May 26, 1998.  Volume IV contains revisions to
Chapters V, VI, and XIII to include the provisions of the San Joaquin River Agreement (1) as an
alternative for implementing the flow objectives in the 1995 Bay/Delta Plan (Flow Alternative 8)
and (2) as an alternative for implementing the petition for joint use of the SWP and CVP points
of diversion in the Delta (Joint POD Alternative 9).  Chapters V and VI were also revised to
correct errors in the original modeling of Flow Alternative 5.  Volume IV was circulated for a
45-day review with comments due by July 13, 1998.

The SWRCB received 104 letters on the Draft EIR, representing the comments of 125 parties.
The letters are available for review in their entirety on the SWRCB website
(http://www.waterrights.ca.gov/baydelta).  The comments and response-to-comments are
included as Volume III of the Final EIR.
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LADWP
LORP

City of Los Angeles, Department of Water and Power
Lower Owens River Project

MCWRA Monterey County Water Resources Agency

MID Modesto Irrigation District

MMWD Marin Municipal Water District

MOU Memorandum of Understanding

MWD Metropolitan Water District of Southern California

NBA North Bay Aqueduct
NEPA National Environmental Policy Act

NID Nevada Irrigation District

NMFS National Marine Fisheries Service
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NRA National Recreation Area

NWR
OHV

National Wildlife Refuge
Off-Highway Vechicle
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OWID Oroville-Wyandotte Irrigation District

PCWA Placer County Water Agency

PEIS Programmatic Environmental Impact Statement

PG&E Pacific Gas and Electric Company

POD Point of Diversion

PSA DWR planning subarea

RWQCB Regional Water Quality Control Board

SANJASM USBR San Joaquin Operations Model

SCE Southern California Edison

SCVWD Santa Clara Valley Water District

SCWA Solano County Water Agency

SDWA South Delta Water Agency

SDWMP South Delta Water Management Program

SEW Suisun Ecological Workgroup

SFEP San Francisco Estuary Project

SFWD San Francisco Water District

SID Solano Irrigation District

SJR San Joaquin River

SJRIO San Joaquin River Input/Output Model

SJRIO San Joaquin River Input/Output Model

SJRMP San Joaquin River Management Plan

SJVDP San Joaquin Valley Drainage Program

SMPA Suisun Marsh Preservation Agreement

SMSCG Suisun Marsh Salinity Control Gate

SMUD Sacramento Municipal Utility District

SR Storage Releases

SRA State Recreation Area

SRCD Suisun Resource Conservation District

SRDWA Sacramento River and Delta Water User's Association

SSWD South Sutter Water District

SW Supplemental Water

SWP State Water Project

SWRCB State Water Resources Control Board

SWTR Surface Water Treatment Rule

TBP
TCP

South Delta Temporary Barriers Project
Traditional Cultural Property

TID Turlock Irrigation District
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UC University of California

USBR United States Bureau of Reclamation

USCOE
USDOI

United States Army Corps of Engineers
United States Department of the Interior

USEPA United States Environmental Protection Agency

USFS United States Forest Service

USFWS United States Fish and Wildlife Service

USGS United States Geological Survey

VA Veterans Administration

WCWD Western Canal Water District

WD
WFP

Water District
Water Forum Proposal

WMA
WSCT

Wildlife Management Area
Western Suisun Marsh Salinity Control Test

WWTP Stockton Wastewater Treatment Plant

YCFC&WCD Yolo County Flood Control and Water Conservation District

YCWA Yuba County Water Agency

YOY Young of Year
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EXECUTIVE SUMMARY

In 1995, the State Water Resources Control Board (SWRCB) adopted a water quality control plan
(Bay/Delta Plan or Plan) for the San Francisco Bay/Sacramento-San Joaquin Delta Estuary
(Bay/Delta or Estuary).  The Plan identifies municipal and industrial, agricultural, and fish and wildlife
beneficial uses for waters of the estuary, and specifies objectives to protect these uses.  The
objectives consist of numeric objectives for flow; numeric objectives for water quality constituents
(salinity and dissolved oxygen); numeric operational constraints for the State Water Project (SWP)
and the Central Valley Project (CVP); a narrative objective for the protection of salmon; and a
narrative objective for the protection of brackish tidal marshes in Suisun Marsh.

Most of the objectives in the 1995 Bay/Delta Plan are currently implemented through biological
opinions issued by the U.S. Fish and Wildlife Service and the National Marine Fisheries Service for
protection of delta smelt and winter-run chinook salmon, respectively, and through SWRCB Water
Right Decision 1485 (D-1485) and SWRCB Order WR 98-9.  Order WR 98-9 is an interim order
expiring on December 31, 1999.  Under the biological opinions, D-1485, and the interim order,
responsibility for meeting most of the objectives is assigned to the SWP, operated by the California
Department of Water Resources (DWR), and the CVP, operated by the U.S. Bureau of
Reclamation (USBR).  The DWR and the USBR have agreed to implement the objectives until the
SWRCB adopts a water right decision that allocates responsibility to meet the Plan objectives.  The
proposed project is an administrative action to implement the Plan by allocating responsibility for
achieving the Plan objectives to water right holders whose diversions affect the beneficial uses of
water in the estuary.  The proposed project also includes consideration of whether and under what
conditions combined use of the SWP and CVP points of diversion should be authorized.

As required by the California Environmental Quality Act (CEQA), the SWRCB prepared
environmental documentation on the impact of adopting the Plan.  The Environmental Report (ER) is
a programmatic document that provides a foundation for this final Environmental Impact Report
(FEIR).

This FEIR analyzes alternative actions for implementing the 1995 Plan and the environmental
impacts of those alternatives.  Most of the potential actions will implement one group of objectives
independently of actions to implement other groups of objectives.  As a result, many combinations
of actions could be taken to implement the Plan.  The FEIR does not identify a preferred alternative,
but rather categorizes the objectives into groups and identifies various “sets” of alternatives that
could be taken to implement each group of objectives.  Any decision of the SWRCB to implement
the 1995 Bay/Delta Plan will fall within the range of alternatives described and analyzed within this
document.

The FEIR analyzes the following sets of alternatives:  (1) alternatives for implementing the flow
objectives, (2) alternatives for implementing Suisun Marsh salinity objectives, (3) alternatives for
implementing salinity control measures in the San Joaquin River Basin, (4) alternatives for
implementing southern Delta salinity alternatives (other than Vernalis), (5) alternatives for
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implementing the dissolved oxygen objective, and (6) alternatives for implementing combined use of
points of diversion.  Tables ES-1 through ES-6 summarize the important aspects of each of the
alternatives in the different sets.  The FEIR also analyzes the cumulative impacts of implementing the
flow objectives in concert with other closely related past, present, and reasonably foreseeable future
projects. 

The environmental impacts associated with the different sets of alternatives are analyzed at the
project level for the flow and combined use of points of diversion alternatives, and at the
programmatic level for the other sets of alternatives.  The base case, or “no project alternative” for
this FEIR is necessarily the same as the base case for the ER because this project is a continuation
of the project that resulted in the adoption of the Plan.  The base case is characterized by the flow
conditions that would have occurred with historical hydrology at the present level of development
under regulatory requirements that most likely would be in effect if the SWRCB does not approve
the project.  The applicable regulatory requirements are specified in D-1485, D-1422, and the
upstream biological opinion for winter run chinook salmon.

This FEIR identifies significant adverse impacts associated with the alternatives and mitigation
measures to reduce impacts to less than significant levels, where possible.  The alternatives to
implement the dissolved oxygen objectives are not expected to have significant adverse
environmental impacts; therefore, the dissolved oxygen objective is not discussed further in this
summary.

A. FLOW OBJECTIVES ALTERNATIVES

Implementation of the flow objectives alternatives (Table ES-1) affects water supplies which may, in
turn, cause associated environmental impacts.  However, because the DWR and the USBR have
voluntarily complied with the flow objectives in the Bay/Delta Plan since 1995, many of the
environmental effects of implementing the flow objectives have already been experienced.  In most
instances, the impacts identified in the FEIR are similar to impacts already experienced.

1. Water Supply Impacts

The Bay/Delta Plan increases the quantity of water dedicated to protection of aquatic resources in
the estuary.  Consequently, water deliveries for municipal and agricultural uses decline.  The identity
of the parties subject to delivery reductions will depend on the allocation method selected by the
SWRCB in its water rights decision implementing the Plan.  Over the long term, annual average
delivery reductions will be approximately 350,000 acre feet while in critically dry periods the annual
average delivery reductions will be approximately 800,000 acre feet.
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Table ES-1
Flow Objectives Alternatives

Alternative
Regulatory

Requirements Responsible Parties Details
1 D-1485 & D-1422;

Upstream BO for
winter-run chinook
salmon

DWR and USBR Base Case or “No Project” Alternative.  These
regulatory requirements would be in effect if the
SWRCB does not approve the project.

2 1995 Bay/Delta Plan DWR and USBR The DWR and the USBR are mutually responsible
for meeting the objectives except for the Vernalis
flow objectives that are the exclusive responsibility
of the USBR.

3 1995 Bay/Delta Plan Major Post-1914
Appropriative Water
Right Holders in the
Delta Watershed

Holders of water rights with a cumulative face
value in excess of 5,000 acre-feet per year share
responsibility for meeting the flow objectives
based on the watershed protection statutes and
water right priorities.  The Friant Project is assumed
to be inbasin with respect to the Delta. 

4 1995 Bay/Delta Plan Major Post-1914
Appropriative Water
Right Holders in the
Delta Watershed

Same as Alternative 3 except most of the deliveries
through the Friant-Kern Canal are assumed to be
CVP exports subject to watershed protection
statutes.

5 1995 Bay/Delta Plan Reservoir Water Right
Holders identified in
Tables II-7 and II-8

Monthly average flow requirements are established
for each of the major watersheds tributary to the
Delta.  Responsibility is assigned to water right
holders with storage in foothill reservoirs that
control downstream flow and upstream reservoirs
with capacity of at least 100 TAF where use is
consumptive.

6 1995 Bay/Delta Plan DWR and USBR Same as Alternative 2 except the USBR meets
Vernalis flow objectives by releases from the Delta-
Mendota Canal into the San Joaquin River.  Water
is also released to meet the consumptive use
requirement of the South Delta Water Agency.

7 1995 Bay/Delta Plan
as modified by the
Letter of Intent (LOI)

DWR and USBR;
Parties to the
Letter of Intent

Same as Alternative 2 except the Vernalis pulse
flow objective is replaced by the target flows in the
LOI.  Some water users in the San Joaquin Basin
provide a share of flows in the San Joaquin River
as specified in the LOI.

8 1995 Bay/Delta Plan
as modified by the
San Joaquin River
Agreement (SJRA)

DWR and USBR;
Parties to the
San Joaquin River
Agreement

Same as Alternative 2 except the Vernalis pulse
flow objective is replaced by the target flows in the
SJRA.  Export limits during the pulse flow period
are replaced by target limits in the SJRA. Members
of the San Joaquin River Group provide a share of
the flows to meet the Vernalis target flows.
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Table ES-2
Suisun Marsh Salinity Objectives Alternatives

Alternative
Regulatory

Requirements New Facilities
Green Valley Creek
Flow Augmentation Other Actions

1 D-1485 None None None
2 D-1485 Cordelia-Goodyear

Ditch and Goodyear
Slough Tide Gate.
Minor construction on
N. Bay Aqueduct.

Up to 80 cfs as needed
from N. Bay Aqueduct
to meet western marsh
objectives.

None

3 1995 Bay/Delta Plan None None None
4 1995 Bay/Delta Plan Cordelia-Goodyear

Ditch and Goodyear
Slough Tide Gate.
Minor construction on
N. Bay Aqueduct.

Up to 80 cfs as needed
from N. Bay Aqueduct
to meet
western Marsh
objectives.

None

5 1995 Bay/Delta Plan None None SMPA Amend. III
management actions
plus September
SMSCG operations
as needed

6 1995 Bay/Delta Plan Minor construction on
Putah-South Canal and
N. Bay Aqueduct

As needed from all
sources until
objectives are met in
western marsh.

None

Table ES-3
Salinity Control Alternatives in the San Joaquin Basin

Alternative Action
1 No Water Quality Action Taken.
2 All Grasslands Water District wetland releases made during March and April are

shifted to February when March Vernalis salinity objectives may be exceeded.
3 Discharge of subsurface agricultural drainage is not authorized for up to three months

when assimilative capacity is not available in the San Joaquin River.
4 Combination of Salinity Control Alternatives 2 and 3.
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Table ES-4
Southern Delta Salinity Objectives Alternatives

Alternative
Regulatory
Requirements Barrier Locations

1 D-1485 Temporary Barriers at Middle River, Head of Old River, and
Old River at Tracy Road Bridge.

2 1995 Bay/Delta Plan Temporary Barriers at Middle River, Head of Old River, and
Old River at Tracy Road Bridge.

3 1995 Bay/Delta Plan Permanent Barriers at Middle River, Grantline Canal, Head of
Old River and Old River at Tracy Road Bridge.

Table ES-5
Dissolved Oxygen Objectives Alternatives

 Alternative
Regulatory

Requirements
Quantity of Stockton
WWTP Discharge Barrier Operations

1 D-1485 1996 Levels Temporary Barrier at Head of
Old River

2 1995 Bay/Delta Plan 1996 Levels Temporary Barrier at Head of
Old River

3 1995 Bay/Delta Plan 1996 Levels Permanent Barrier at Head of
Old River

4 1995 Bay/Delta Plan 1996 Discharge Quantity,
CBOD & Ammonia Effluent
Limits as Specified by
CVRWQCB

Permanent Barrier at Head of
Old River

2. Aquatic Resources

The principal purpose of implementing the flow objectives is to improve conditions for aquatic
resources in the Delta.  The analysis in the FEIR indicates that this purpose is achieved.  The flow
alternatives generally result in reduced entrainment and the adverse effects of reverse flows in the
critical period for spawning, rearing, and outmigration of many aquatic species in the Delta.  The
abundance of many Delta species shows a significant positive relationship with Delta outflow in the
spring months.  In the spring months, Delta outflow under the flow alternatives is greater than in the
base case which improves conditions for spawning and survival of aquatic resources.  Due to
changes in Delta exports and outflow, implementation of the flow alternatives is predicted to have
beneficial effects on through-Delta survival of juvenile chinook salmon and steelhead, and on
abundance of longfin smelt, Sacramento splittail, starry flounder, Crangon franciscorum, and
Neomysis mercedis, compared to the base case. 
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Table ES-6
Joint Point of Diversion Alternatives

Alternative
Regulatory

Requirements Actions

1 D-1485, D-1422, and
Upstream BO for winter-
run chinook salmon

JPOD authorized to make up export deficiencies occurring
under D-1485 in May and June.  Identical to Flow
Alternative Base Case.

2 1995 Bay/Delta Plan JPOD not authorized and all water quality objectives are
met.

3 1995 Bay/Delta Plan JPOD authorized for CVP deliveries to the Cross Valley
Canal, Musco Olive, Tracy Golf Course, and the Veterans’
Administration cemetery.  JPOD use limited by terms and
conditions in SWP and CVP water right permits.  SWP
restrictions imposed by USCOE PN 5820-A in effect.

4 1995 Bay/Delta Plan JPOD authorized as described in Alt. 3 and to provide a
net benefit to fish and wildlife.  Exports lost by either
project as a result of diversion reductions to benefit fish
may be made up within twelve months using either or
both PODs.  Modeling assumes exports are reduced
during the April/May pulse flow period.  Reductions made
up through use of JPOD in other months. 

5 1995 Bay/Delta Plan JPOD authorized for deliveries to any SWP or CVP export
area. JPOD use limited by terms and conditions in SWP
and CVP water right permits.  SWP restrictions imposed
by PN 5820-A in effect.

6 1995 Bay/Delta Plan as
modified by the Letter
of Intent

JPOD authorized as described in Alt. 5 except that San
Joaquin River flows at Vernalis are as specified in the
Letter of Intent. 

7 1995 Bay/Delta Plan JPOD authorized as described in Alt. 5 except that
restrictions imposed by PN 5820-A are not in effect.  The
ISDP barriers are installed and operated.

8 1995 Bay/Delta Plan JPOD authorized as described in Alt. 7 except the SWP
and CVP diversions are limited only by the combined
physical capabilities of the pumping plants and by each
project’s annual authorized diversion.  1995 demand level
modeled for the SWP and 2020 demand level modeled for
the CVP. 

9 1995 Bay/Delta Plan as
modified by the
San Joaquin River
Agreement

JPOD authorized as described in Alt. 5 except the Vernalis
pulse flows and export limits are replaced by the target
values in the San Joaquin River Agreement. 

Despite the generally positive impact of the implementation of the flow alternatives, there may be
negative effects on some life stages of aquatic resources.  In some months, the flow alternatives
result in higher Delta exports and greater reverse flows than in the base case.   Flow Alternative 5
could result in higher exports in some spring months, which may negatively affect young-of-the-year
striped bass abundance.  Flow Alternative 6 would increase the percentage of Sacramento River
water that enters the San Joaquin River.  This could adversely affect the imprinting of juvenile
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chinook salmon emigrating from the San Joaquin Basin in April and May.  The significance of this
potential impact is not known.

Implementation of the flow alternatives may result in significant impacts to reservoir fisheries at one
or more upstream reservoirs, due to reduction or fluctuation in storage levels during critical time
periods for warmwater fish reproduction.

Potential impacts on striped bass under Alternative 5 could be mitigated through additional stocking.
 If significant effects on reservoir fisheries are observed, mitigation could include additional fish
planting, habitat improvement through planting of shoreline vegetation, addition of habitat structures,
or improved management of shoreline grazing practices.

3. Groundwater

The decrease in surface water deliveries associated with implementation of the flow objectives will
increase groundwater use.  Increased groundwater use can cause land subsidence, groundwater
overdraft, groundwater quality degradation, and declines in agricultural productivity. 

Impacts to groundwater can be mitigated through conservation and water transfers.  In addition,
land subsidence impacts can be mitigated by limiting groundwater pumping and by land retirement. 
Overdraft and groundwater quality deterioration impacts can be mitigated by adopting groundwater
management plans, establishing a groundwater management agency by statute, cropping pattern
changes requiring lower consumptive water use, and conjuctive use programs.  The potential for
decreased agricultural productivity can be mitigated by blending groundwater supplies with surface
water supplies, and shifting to different or more salt tolerant crops.

4. Energy

Implementation of the flow alternatives results in higher net hydropower generation by the SWP and
the CVP because exports are reduced.  The increased groundwater pumping to replace surface
water supplies (described in the previous section) could lead to increased pumping lifts and
increases in energy consumption.  The alteration of hydroelectric power generation and consumption
patterns along with increased groundwater pumping may result in the increased use of fossil-fuel
generation, thereby increasing air pollution.  This impact may not be entirely mitigable; however,
other sources of energy generation are available including nuclear, geothermal, biomass, solar
thermal, solar photovoltaic, and wind generation.  Additionally, this impact can be partially mitigated
through off-peak pumping operations.

5. Recreation, Scenic Quality and Cultural Resources

Implementation of the flow objectives will improve conditions for aquatic resources that live in or
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migrate through the Delta, increasing their populations.  Such improvements may result in increased
commercial and sport fishing opportunities as well as nonconsumptive recreational opportunities. 
The Plan requires closure of the Delta Cross Channel gates to improve migratory conditions for
salmon smolts.  Closure of the gates, however, impedes navigation between the Sacramento and
Mokelumne rivers impacting Delta recreation.  This impact is unmitigable.

Modeling results indicate that the flow alternatives could have the effect of lowering water levels in
reservoirs earlier in the season, for longer periods, or below the levels than would otherwise occur
at certain reservoirs compared to the base case.  Consequently, recreation, scenic quality and
cultural resources could be impacted at some upstream reservoirs.  The significance of these
modeling results is difficult to quantify because the natural hydrology already results in substantial
reservoir level fluctuations.  Modeled reservoir operations may not coincide with real-time
operations by reservoir owners.

Recreation impacts at reservoirs can be mitigated by modification or relocation of facilities (such as
boat ramps and marinas) to accommodate lower water levels.  Impacts to cultural resources can be
mitigated by inventorying and evaluating cultural resources at affected reservoirs, preserving and
protecting the resources in place where possible, or excavating and documenting the historic values
and information of the resources.  Impacts to scenic quality are potentially unmitigable.

B. SUISUN MARSH SALINITY OBJECTIVES ALTERNATIVES

The 1995 Bay/Delta Plan contains salinity objectives for Suisun Marsh channels to protect the
beneficial uses of the managed marsh.  Suisun Marsh Alternative 5 is identified in the FEIR as the
environmentally superior alternative, and its implementation is not expected to have significant
adverse effects within the marsh.

Some of the Suisun Marsh alternatives (Table ES-2) include flow augmentation in the western marsh
to achieve the western Marsh objectives.  Such flow increases could adversely affect both terrestrial
and aquatic species in the Marsh.  Four terrestrial endangered species present in the marsh require
brackish conditions for survival and could be affected by additional freshwater inflow.  Flow
augmentation with water diverted from the Sacramento River could attract salmon and delta smelt
into areas of unsuitable habitat, or result in increased entrainment at the point of diversion, thus
having an impact on these species.

C. SOUTHERN DELTA SALINITY OBJECTIVES

The Bay/Delta Plan contains salinity objectives for the southern Delta to protect the quality of the
water available for irrigated agriculture.  Southern Delta salinity concentrations can be improved by
construction and operation of permanent barriers in the southern Delta (Table ES-4).  Permanent
barriers are a component of the Interim South Delta Program (currently part of the South Delta
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Improvements Program) now under review by the DWR.  Operation of permanent barriers
improves water levels and water circulation in the southern Delta.

Notwithstanding the benefits, construction and operation of the barriers have the potential to cause
significant impacts to water levels and salinity, aquatic resources, terrestrial biological resources,
recreation, navigation and transportation.  The relative magnitude of impacts to various aquatic
species and habitat as a consequence of the barriers cannot be quantified.  Many southern Delta
locations see significant improvements in minimum water levels at certain times of the year as a result
of barrier operations; however, under some circumstances, construction of permanent barriers
reduces water levels.

Mitigation measures are proposed by the DWR in the Interim South Delta Program DEIR to
mitigate or reduce impacts to aquatic resources, terrestrial biological resources, recreation,
navigation and transportation.

D. JOINT POINTS OF DIVERSION ALTERNATIVES

The FEIR analyzes the impact of implementing the use of combined or “joint” points of diversion
(JPOD) by the DWR and USBR in the southern Delta.  Approval of the petition would authorize
the DWR to divert water from the Delta at the CVP's Tracy Pumping Plant and would authorize the
USBR to divert water from the Delta at the SWP's Banks Pumping Plant. 

Implementation of the JPOD will help reduce the water supply impacts of implementing the
Bay/Delta Plan and thus, lessen the environmental effects.  For example, the JPOD could reduce the
water supply impacts to water users in the San Joaquin Basin, thereby reducing the groundwater
overdraft and subsidence impacts of implementing the Plan.  Modeling studies show that the use of
the JPOD can increase average annual CVP deliveries to export areas by up to 247,000 acre feet,
depending on the JPOD alternative selected.

The FEIR analyzes seven alternatives to implement the JPOD and two base cases (Table ES-6).
One base case assumes that the 1995 Bay/Delta Plan is not implemented and the regulatory
requirements are specified in D-1485, D-1422 and the upstream biological opinion for winter-run
chinook salmon.  The second base case assumes Bay/Delta Plan implementation.  The second base
case was evaluated because the DWR and the USBR have been voluntarily complying with the Plan
since 1995.  Unless indicated otherwise, the impacts discussed below are in comparison to the
1995 Bay/Delta Plan base case.

1. Aquatic Resources

The JPOD can be used to improve conditions for fish by increasing operational flexibility of the
projects.  Project pumping can be foregone at times that are harmful to fish and the lost yield
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recovered at a later time when conditions for fish are more favorable.  JPOD Alternative 4 will
provide greater protection for aquatic resources than Alternatives 3 and 5-9 because the combined
use of points of diversion is used primarily for the benefit of aquatic resources.  Modeling analysis
shows that exports would be reduced in the spring months under the JPOD alternatives compared
to base cases, potentially reducing entrainment in the critical period for spawning, rearing, and
outmigration of many aquatic species in the Delta. 

Most of the JPOD alternatives will increase exports on an annual average basis.  Therefore, the
JPOD alternatives could result in increased entrainment and other export-related effects in the Delta
in the July to January period (except September) due to increased Delta exports.  Survival of
yearling spring-run chinook salmon emigrating through the Delta could be reduced because their
emigration period (fall and winter) coincides with the period of increased exports. 

The abundance of many Delta species shows a significant positive relationship with Delta outflow in
the spring months.  Delta outflow is expected to change with the implementation of the JPOD
alternatives but the effects are not expected to be as significant as entrainment effects.  Delta outflow
generally decreases compared to the Bay/Delta Plan base case between July and January and
increases during February and March because of pumping shifts.

In general, the use of the JPOD is not predicted to adversely impact the through-Delta survival of
juvenile chinook salmon and steelhead, or the abundance of delta smelt, Sacramento splittail, starry
flounder, longfin smelt, and Crangon franciscorum, compared to the Bay/Delta Plan condition. 
However, JPOD Alternative 6 is predicted to have a slight adverse impact on survival of San
Joaquin River fall-run chinook salmon smolts through the Delta compared to the Bay/Delta Plan
condition.  Alternatives 7 and 8 are predicted to have adverse impacts on young-of-the-year striped
bass abundance compared to the Bay/Delta Plan condition.

Modeling studies indicate that implementation of the JPOD alternatives could result in significant
impacts to reservoir fisheries in certain CVP reservoirs, due to reduction or fluctuation in storage
levels during critical time periods.  The magnitude of this adverse effect will depend on operational
decisions made by the CVP.

If operations under the JPOD alternatives result in increased entrainment, the entrainment could be
mitigated through regulatory constraints applied to operations on a real-time basis.  Measures that
could be used during critical time periods to reduce or avoid entrainment include switching
diversions between SWP and CVP facilities if entrainment is high at one of the facilities, re-
operation of the Delta Cross Channel gates, or reduction or termination of increased exports
resulting from joint use of the SWP and CVP points of diversion.  Potential impacts on striped bass
under Joint POD Alternatives 7 and 8 could be mitigated through additional stocking.  If significant
effects on reservoir fisheries are observed, mitigation could include additional fish planting, habitat



State Water Resources Control Board                                                                                                Executive Summary

FEIR for Implementation of the ES-11                                             November 1999
1995 Bay/Delta Water Quality Control Plan

improvement through planting of shoreline vegetation, addition of habitat structures, or improved
management of shoreline grazing practices.

  

2. Energy

The JPOD could cause a reduction in groundwater pumping and an associated increase in net
energy generation.  However this potential benefit could be offset by a decrease in net hydropower
generation resulting from increased export pumping.  Thus, the possibility exists that fossil fuel
consumption could increase.  If this occurs, the effect is not entirely mitigable.  Off-peak pumping
and other energy sources are available to partially mitigate this impact as listed in section A.4 of this
summary. 

3. Recreation and Cultural Resources

Modeling results indicate that the JPOD could cause lower water levels in some SWP and CVP
reservoirs in the off-season during critically dry periods, which could affect recreation and cultural
resources.  If there are impacts, modification or relocation of facilities (such as boat ramps and
marinas) to accommodate lower water levels would help to mitigate the impact to recreation at
affected reservoirs.  Impacts to cultural resources can be mitigated by inventorying and evaluating
cultural resources at affected reservoirs, preserving and protecting the resources in place where
possible, or excavating and documenting the historic values and information of the resources.

E. CUMULATIVE IMPACTS ASSESSMENT

Implementation of the flow objectives in concert with other closely related past, present and
reasonably forseeable future projects was assessed for cumulative impacts.  Cumulative impacts
were assessed at the 2020 level of development.  Under the regulatory requirements of the Plan,
increased future water demands will result in higher exports and reduced Delta outflow compared to
the present level of development.  Consequently, aquatic resources sensitive to these parameters
could be negatively affected in comparison to current demand levels.
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CHAPTER I.  INTRODUCTION

The San Francisco Bay/Sacramento-San Joaquin Delta Estuary (Bay/Delta Estuary, Bay/Delta, or
Estuary) is a large ecosystem providing habitat for numerous fish and wildlife species.  Water that
flows through the Bay/Delta Estuary supplies a portion of the domestic water supply for over 
two-thirds of the population of the State of California and irrigates several million acres of farmlands
(DWR 1994).

On May 22, 1995, the State Water Resources Control Board (SWRCB) adopted the Water
Quality Control Plan for the San Francisco Bay/Sacramento-San Joaquin Delta Estuary
(1995 Bay/Delta Plan or Bay/Delta Plan) which establishes objectives for the protection of
municipal, agricultural, and fish and wildlife beneficial uses in the Bay/Delta Estuary (SWRCB
1995).  The 1995 Bay/Delta Plan includes objectives in the Bay/Delta Estuary for Delta outflow,
Sacramento and San Joaquin river flows, salinity, dissolved oxygen, and State Water Project
(SWP) and Central Valley Project (CVP) operations.  The SWRCB intends to implement the
1995 Bay/Delta Plan primarily through its water right authority, but water quality-related measures
may also be required.  The responsibility to implement the 1995 Bay/Delta Plan objectives will be
assigned in an order of the SWRCB to water right holders and other parties who affect attainment
of the objectives.  The order will be prepared following a hearing.

A. PURPOSE OF REPORT

The purpose of this environmental impact report (EIR) is to disclose and analyze the significant
environmental effects of alternatives for implementing the objectives in the 1995 Bay/Delta Plan and
to identify, where appropriate, ways to avoid, reduce, or compensate for environmental damage. 
This report and other evidence will be considered by the SWRCB during its preparation of an order
to implement the 1995 Bay/Delta Plan.  The SWRCB may also use this report in subsequent
proceedings related to implementation of the 1995 Bay/Delta Plan.

The SWRCB was required to comply with the requirements of the California Environmental Quality
Act (CEQA) when it adopted the 1995 Bay/Delta Plan under its water quality authority. 
Appendix 1 of the 1995 Bay/Delta Plan, the Environmental Report (ER), was prepared to fulfill the
SWRCB's CEQA obligation.  The ER, though not an EIR, is a substitute document, prepared under
authority granted by the Secretary of Resources in Public Resources Code section 21080.5 and
Title 14, California Code of Regulations (CCR), section 15251(g).  The Deputy Secretary and
General Counsel of the California Resources Agency (CRA) has advised the SWRCB that an
environmental analysis prepared under section 21080.5 can be used as a programmatic document if
it meets the criteria in Title 14, CCR, section 15168 (CRA 1995).  The ER meets the required
criteria, and therefore this EIR should be considered a tiered programmatic document, building upon
and incorporating by reference the ER.
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The effects of implementation of most of the 1995 Bay/Delta Plan's objectives by the SWP and the
CVP are analyzed in the ER; other alternatives are not analyzed.  In order to facilitate comparison
of the alternatives, some of the analysis of the alternative in which the SWP and the CVP are
responsible for meeting the 1995 Bay/Delta Plan's objectives is repeated in this EIR.

B. BACKGROUND

The background discussion for the proposed action is divided into two parts:  (1) institutional setting
and (2) recent regulatory actions affecting the Bay/Delta Estuary.

1. Institutional Setting

a. SWRCB.  The SWRCB was formed in 1967 when the State Water Rights Board and the
State Water Quality Control Board were merged by the Legislature.  The SWRCB is composed of
five full-time appointees of the Governor.  Under its dual legal authority, the SWRCB allocates
rights to the use of surface water and, together with the nine Regional Water Quality Control Boards
(RWQCB), protects water quality in all waters of the State.

The Porter-Cologne Act is the basic water quality control law for California, and it is administered
by the SWRCB and the RWQCBs (Water Code section 13000 et seq.).  The SWRCB and the
RWQCBs also implement portions of the federal Clean Water Act.  One of the principal functions
of the SWRCB and the RWQCBs is to prepare water quality control plans.  Water quality control
plans are blueprints for water quality control.  The plans identify beneficial uses of waters, water
quality objectives for the reasonable protection of beneficial uses, and programs of implementation
for the water quality objectives.  In most cases, water quality objectives are not directly
enforceable.  In order to ensure their implementation, water quality objectives usually are
implemented through waste discharge requirements or water right permits.  In addition, Water Code
section 1258 provides that the SWRCB shall consider water quality control plans when it acts on
water rights.

The SWRCB and the RWQCBs have adopted water quality control plans that cover all areas of
the State.  There are two types of water quality control plans: water quality control plans adopted
by the SWRCB and regional water quality control plans adopted by the RWQCBs.  Water quality
control plans adopted by the SWRCB supersede any regional water quality control plans for the
same waters to the extent that there is any conflict.

The portions of the water quality control plans that fall under the jurisdiction of the federal Clean
Water Act require approval by the U.S. Environmental Protection Agency (USEPA). When
approved by the USEPA, the water quality objectives and beneficial use designations become
water quality standards under the federal Clean Water Act.
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The SWRCB is also charged with administering the State's water right system.  The principal
authority the SWRCB used in the past to implement Bay/Delta Plans was its water right authority
because the issues addressed in these plans were largely related to flow and water project
operations. 

b. Water Right System .  California has established a water right system that allows for the
orderly allocation and use of its water supply.  Although California law recognizes several types of
rights to surface water, riparian and appropriative rights are the most common.

A riparian right exists by reason of ownership of land abutting a stream or other body of water.  The
right allows a water user to divert from the natural flow of a stream for use on land within the
watershed of the source.  Seasonal storage of water is not allowed under a riparian right.  Riparian
rights are correlative.  If there is insufficient water for the reasonable requirements of all the riparian
users, the available supply must be shared relative to the needs of each user.  With certain limited
exceptions, riparian water users have first priority to the use of the natural flow in a river.  Water
remaining after riparian users have taken their share is available to appropriators.  No permit or
license is necessary to divert water under claim of riparian right; however, a record of water use
under riparian claim should be established by filing a Statement of Water Diversion and Use with the
SWRCB.

Unlike riparian rights, an appropriative right carries a priority relative to other appropriative rights. 
The water user who is first in time is entitled to the full quantity of water specified under the right
before junior appropriators may exercise their rights. Appropriative water rights fall into two general
categories: pre-1914 appropriative water rights and post-1914 appropriative water rights.  No
permit or license is necessary to divert water under claim of pre-1914 appropriative right; however,
a record of water use under claim of pre-1914 appropriative right should be established by filing a
Statement of Water Diversion and Use with the SWRCB.  Since 1914, appropriative rights have
been obtained by receiving a permit or license from the SWRCB or its predecessor agencies.  All
new appropriators must file an application with the SWRCB and obtain a permit before diverting
water.  In granting permits, the SWRCB determines whether the water will be put to beneficial use,
how much water may be taken, when and where it can be taken, and necessary conditions to
protect the environment, the public trust and prior rights.  If the water is diverted and applied to
beneficial use in accordance with the terms of the permit for a period of years, a license may be
issued confirming the extent of the permittee's right.

The SWRCB has authority to amend an existing water right by invoking: (1) its reserved jurisdiction
over certain permits under Water Code section 1394; (2) its continuing authority to prevent waste
and unreasonable use, or unreasonable method of use or diversion of water under the California
Constitution, Article X, section 2; or (3) its continuing authority to protect public trust uses of water.
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The largest water projects in the Central Valley are the CVP, operated by the U.S. Bureau of
Reclamation (USBR), and the SWP, operated by the California Department of Water Resources
(DWR).  The watershed protection and area of origin statutes (Water Code sections 11460 and
10505 et seq.) accord first priority to water rights for use within the watershed, and areas
immediately adjacent.  The water rights for the CVP and SWP are subject to these provisions, and
diversions for export by these projects are restricted until the needs in the watershed, including
protections for beneficial uses in the Estuary, are met.  At present, these two water right holders are
responsible, pursuant to Water Right Decision 1485 (D-1485), Order WR 98-09, and the federal
biological opinions, for meeting Bay/Delta Estuary water quality objectives.

2. History of SWRCB Action

Regulation of the Bay/Delta Estuary has occurred through the adoption of water right decisions,
water quality control policies, and water quality control plans.  A brief summary of the principal
decisions, policies, and plans relevant to the Bay/Delta Estuary is provided below.

In February 1961, the State Water Rights Board (predecessor to the SWRCB) adopted Water
Right Decision 990, which approved water rights for the CVP.  The Board did not attach specific
water quality standards as terms and conditions of the CVP permits; however, it did reserve
jurisdiction to impose such requirements in the future.

The development of water quality standards for the Bay/Delta Estuary began with the adoption of
agricultural salinity standards as terms and conditions of Water Right Decision 1275, which
approved water rights for the SWP in May 1967.  In response to the concern by the Secretary of
the Interior that existing standards for the Delta did not adequately protect municipal, industrial,
agricultural, and fishery uses, the SWRCB (newly created by the amalgamation of the State Water
Rights Board and the State Water Quality Control Board) adopted a water quality control policy
for the Delta through Resolution 68-17 in 1968.  This policy supplemented a water quality control
policy for the Delta that was developed by the Central Valley RWQCB and adopted by the
SWRCB in June 1967.  In accordance with a commitment made in Resolution 68-17 to supplement
the salinity standards, the SWRCB adopted Water Right Decision 1379 (D-1379) in July 1971. 
D-1379, which required the CVP and the SWP to meet standards for non-consumptive fish and
wildlife uses in addition to agricultural, municipal, and industrial consumptive uses, was stayed by
action of the court in October 1971 as a result of litigation.

In 1971, the RWQCBs adopted, and the SWRCB approved, interim water quality control plans for
the 16 planning basins in the State, including the Delta and Suisun Marsh.  These regional water
quality control plans marked the completion of the first phase of a comprehensive statewide planning
effort.  Subsequently, long-term standards for the Delta and Suisun Marsh were established in the
regional plans for the Sacramento-San Joaquin Delta Basin and the San Francisco Bay Basin, which
were approved by the SWRCB in 1975 and 1976, respectively.  Meanwhile, in April 1973, the
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SWRCB adopted a water quality control plan, through Resolution 73-16, which supplemented the
State water quality control policies for the Bay/Delta Estuary.

In August 1978, the SWRCB exercised its reservation of jurisdiction over the water right permits
for the CVP and the SWP by adopting D-1485.  At the same time, the SWRCB adopted the 1978
Water Quality Control Plan for the Sacramento-San Joaquin Delta and Suisun Marsh (1978 Delta
Plan).  Together, the 1978 Delta Plan and D-1485 revised existing standards for flow and salinity in
the Delta's channels and ordered the USBR and the DWR to meet these standards by either
reducing pumping, or releasing water stored in upstream reservoirs, or both.  To address the
continuing uncertainty associated with possible future project facilities and the need for additional
information on the Estuary's ecosystem, the SWRCB committed to review the 1978 Delta Plan in
10 years.

Following the adoption of D-1485, the USBR and the DWR protested numerous water right
applications within the Delta watershed.  The protests alleged that diversions by new applicants at
certain times would force the SWP and the CVP to release stored water to meet the Delta
objectives in D-1485.  As an interim solution, the SWRCB adopted Standard Water Right Permit
Term 91 and placed it in permits issued on applications filed after August 16, 1978.  Term 91
prohibits permittees from diverting water being released from project reservoirs to meet Delta water
quality objectives or other inbasin entitlements. SWRCB Order 81-15 specifies a procedure for
determining when this condition is occurring.

A hearing on water availability was held by the SWRCB in April 1983.  Decision 1594, adopted in
November 1983, extended Term 91 to all permittees whose permits are subject to the SWRCB’s
reserved jurisdiction for potential Delta obligations, and with direct diversion of greater than one
cubic foot per second (cfs) or storage of greater than 100 acre feet (AF).

The SWRCB started the hearings to amend the 1978 Delta Plan and D-1485 in July 1987.  A draft
water quality control plan, which contained objectives for water quality and flow-related
parameters, was issued in November 1988.  The draft plan met intense opposition, and it was
withdrawn in January 1989.

After withdrawing the 1988 draft plan, the SWRCB bifurcated the process.  It first prepared a draft
water quality control plan that did not include flow and export objectives.  The plan was to be
followed by a water right decision that would include flow and export objectives and allocate
responsibility to meet all the of the objectives.  In May 1991, the SWRCB adopted the 1991 Water
Quality Control Plan for Salinity for the San Francisco Bay/Sacramento-San Joaquin Delta Estuary
(1991 Bay/Delta Plan) which included objectives for salinity, dissolved oxygen, and temperature. 
Litigation ensued.  In September 1991, the USEPA disapproved most of the fish and wildlife
objectives in the plan.  Meanwhile, the SWRCB began preparing an EIR to support a water right
decision.
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In April 1992, Governor Pete Wilson announced a new water policy.  Among other provisions, the
policy requested the SWRCB to initiate a hearing process to develop interim protections to stop the
decline of fish and wildlife resources in the Bay/Delta Estuary.

The SWRCB conducted a water right hearing during the summer of 1992.  Draft Water Right
Decision 1630 (D-1630) was released in December 1992.  Draft D-1630 proposed interim water
right terms and conditions to protect the Bay/Delta Estuary.  On April 1, 1993, the Governor
requested that the SWRCB cease its work on draft D-1630 and instead work on long-term
protections, and the SWRCB concurred.  The SWRCB cited two reasons for withdrawing draft
D-1630.  First, regulatory requirements for the Bay/Delta Estuary were being established through
the federal Endangered Species Act (ESA), and these requirements would benefit a broad range of
species.  The National Marine Fisheries Service (NMFS) issued a biological opinion under the
authority of the ESA on February 12, 1993 (NMFS 1993) which included regulatory requirements
to avoid jeopardy to winter-run chinook salmon.  Also, the U.S. Fish and Wildlife Service
(USFWS) listed the delta smelt as a threatened species under the ESA in March 1993, and it
informed the SWRCB that the biological opinion would probably establish further requirements in
the Estuary.  The biological opinion was issued on February 4, 1994 (USFWS 1994).  Second, the
wet year of 1993 ended the 1987-1992 drought, which was a substantial factor in the decline of
Bay/Delta aquatic resources, and uncontrolled runoff was benefiting the fishery. Under these
circumstances, the interim water right decision was deemed unnecessary.

Because the SWRCB had not adopted new objectives to replace the disapproved objectives in the
1991 Bay/Delta Plan, the USEPA published draft water quality standards for the Bay/Delta Estuary
on January 6, 1994 (USEPA 1994).  In March 1994, the SWRCB gave notice of a series of
workshops to review the 1991 Bay/Delta Plan.

In the summer of 1994, the State and federal agencies with responsibility for management of
Bay/Delta resources signed a Framework Agreement (Framework 1994) in which the agencies
agreed to cooperate in three areas.  First, the SWRCB would update and revise its 1991 Bay/Delta
Plan to meet federal Clean Water Act requirements.  Next, the SWRCB would initiate a water right
proceeding to implement the requirements in the plan.  Second, a group would be formed,
consisting of representatives of the California Department of Fish and Game (DFG), DWR,
SWRCB, USFWS, NMFS, USEPA, and USBR, to facilitate the coordination of water project
operations with all of the regulatory requirements in the Delta.  Third, the State and federal agencies
agreed to undertake a joint long-term solution finding process for the Bay/Delta Estuary.

On December 15, 1994, representatives of the State and federal governments and urban,
agricultural (principally urban and agricultural water exporters), and environmental interests agreed
to the implementation of an interim Bay/Delta protection plan effective for three years.  The
protection plan and the institutional agreements necessary to implement the plan are contained in a
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document, titled "Principles for Agreement on Bay/Delta Standards between the State of California
and the Federal Government" (Principles Agreement) (Principles 1994).  The SWRCB released the
draft 1995 Bay/Delta Plan on the same day.  The draft 1995 Bay/Delta Plan was consistent with,
but not exactly the same as, the Principles Agreement.  A hearing was held on the draft 1995
Bay/Delta Plan on February 23, 1995, and the 1995 Bay/Delta Plan was adopted on May 22,
1995.

The Principles Agreement calls for immediate implementation by the SWP and the CVP through
reconsultation of the biological opinions for winter-run chinook salmon and delta smelt.  The
biological opinions were amended for this purpose by the USFWS and the NMFS in March 1995
and May 1995, respectively (USFWS 1995, NMFS 1995).

The USEPA published its final rule regarding water quality standards for the Bay/Delta Estuary in
January 1995 (USEPA 1995a).  However, the Principles Agreement states that the USEPA will
withdraw the rule if the SWRCB adopts approvable water quality objectives.  In September 1995,
the USEPA approved the 1995 Bay/Delta Plan based on its determination that the 1995 Bay/Delta
Plan protects the beneficial uses of the Bay/Delta Estuary and complies with the requirements of the
Clean Water Act (USEPA 1995b).  The USEPA has not yet satisfied its commitment to withdraw
its January 1995 Bay/Delta standards.

On February 28, 1995, the DWR and the USBR filed a joint petition requesting the SWRCB to
amend the water right permits of the SWP and the CVP in order to eliminate inconsistencies
between the permits' conditions and the objectives in the 1995 Bay/Delta Plan.  The SWRCB
adopted Water Right Order 95-6 (WR 95-6) on June 8, 1995 for this purpose.  WR 95-6 was an
interim order that expired either (1) upon adoption by the SWRCB of a comprehensive water right
decision that allocates final responsibilities for meeting the 1995 Bay/Delta Plan objectives or
(2) on December 31, 1998, whichever came first.  On December 3, 1998, the effective term of the
changes approved in WR 95-6 was extended until December 31, 1999, when the SWRCB
adopted Order WR 98-09.

C. LEGAL CONSIDERATIONS REGARDING PREPARATION AND USE OF THIS
REPORT

This EIR is prepared under Public Resources Code section 21100 et seq. by the SWRCB.  This
EIR contains environmental information and analysis of a range of potential alternative actions
allocating responsibility to meet the water quality objectives in the 1995 Bay/Delta Plan and other
measures to protect public trust resources.  No preferred alternative is identified in this EIR.  Any
decision of the SWRCB will fall within the range of potential alternative actions described and
analyzed within this final EIR.   The SWRCB intends that formulation of the decision, whether it
reflects one of the alternatives in the EIR, a combination of the EIR's alternatives, or a variant of one
of the EIR's alternatives, will not result in addition of "significant new information" to the EIR within
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the meaning of Public Resources Code section 21092.1.  (See Laurel Heights Improvement
Association of San Francisco, Inc. v. The Regents of the University of California (1993)
26 Cal.Rptr.2d 231, 6 Cal.4th 1112.)

This EIR is a subsequent EIR, following the ER that was prepared in connection with adoption of
the 1995 Bay/Delta Plan.  As is explained in the ER, the ER is a programmatic document which was
prepared, not only to analyze the effects of adopting the 1995 Bay/Delta Plan, but also to analyze
the then-known effects of implementing the objectives in the 1995 Bay/Delta Plan.  The whole
project is defined in the ER as follows:

"The project is the review, and amendment where appropriate, of both the
SWRCB's objectives for protection of fish and wildlife in the Bay/Delta Estuary and
the program of implementation for achieving the objectives and protecting the
beneficial uses.  The program of implementation includes actions the SWRCB will
undertake to achieve the objectives and recommendations to other entities for
actions that will contribute to achieving the objectives and improve habitat
conditions for fish and wildlife."

The SWRCB has adopted the first part of the project, which is the 1995 Bay/Delta Plan
containing the water quality objectives, the plan for implementation, and the
recommendations to other entities.  This EIR addresses the effects of alternative measures
that will implement the objectives in the 1995 Bay/Delta Plan1 through allocation of
responsibility to specific water right holders, and it builds upon and incorporates by
reference the ER.

In accordance with Title 14, CCR, section 15168(d), the ER provides part of the basis for
determining whether the implementation of the water quality objectives will have significant effects. 
It also is incorporated herein by reference repeatedly to deal with regional influences, secondary
effects, certain cumulative impacts, broadly applicable actions within the alternatives, and other
factors that apply to the program as a whole.  (See section 15168(d), supra.)

                                                
     1  In addition to analyzing the effects of a range of alternatives for implementing the objectives in the 1995 Bay/Delta
Plan, this EIR addresses the effects of alternatives for action by the SWRCB regarding a petition for approval of joint use of
the SWP and CVP points of diversion and rediversion in the southern Delta.  The SWRCB plans to consider whether and
under what terms and conditions to approve the petition, when it considers allocating responsibility to implement the
objectives in the 1995 Bay/Delta Plan.
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CHAPTER II.  PROJECT DESCRIPTION

This chapter describes the project being analyzed in this EIR.  The chapter includes the following
sections:  (A) Project Definition, (B) Statement of Goals, (C) Bay/Delta Plan Objectives, 
(D) Existing Conditions, and (E) Description of Alternatives.

The project analyzed in this EIR will be implemented under the SWRCB's authority to supervise the
exercise of all water rights in California, under the public trust doctrine, and under Water Code
section 275.  Water Code section 275 implements the reasonableness doctrine set forth at
California Constitution Article X, section 2.  (See  National Audubon Society v. Superior Court
(1983) 33 Cal.3d 419 [189 Cal. Rptr. 346, 357]; Peabody v. Vallejo (1935) 2 Cal.2d 351 
[40 P.2d 486]; In re Water of Hallett Creek Stream System (1988) 44 Cal.3d 448 [243 Cal. Rptr.
887, 901], note 16; Imperial Irrigation District v. State Water Resources Control Board
(1986) 186 Cal.App.3d 1160 [231 Cal. Rptr. 283].)  Based on these authorities, the SWRCB has
continuing authority over all appropriations or other diversions of water for use. (SMPA 1998)

A. PROJECT DEFINITION

The project is a SWRCB decision that: (1) allocates responsibility to implement the objectives in the
1995 Bay/Delta Plan and (2) may authorize the combined use of the DWR and the USBR points of
diversion in the Delta.

B. STATEMENT OF GOALS

The SWRCB's goals for the water right decision are to:

1. Implement the 1995 Bay/Delta Plan;
2. Provide meaningful regulatory stability through the administration of water rights;
3. Protect prior water rights;
4. Develop, conserve, and utilize water in the public interest;
5. Provide comprehensive, multi-species protection for the public trust resources of the Bay/Delta

Estuary;
6. Equitably distribute the responsibility of meeting the objectives contained in the 1995 Bay/Delta

Plan consistent with applicable law.

C. BAY/DELTA PLAN OBJECTIVES

The 1995 Bay/Delta Plan contains a description of the beneficial uses of water in the Bay/Delta
Estuary, water quality objectives to protect the beneficial uses, and a program of implementation for
the objectives.  The following objectives for protection of municipal and industrial beneficial uses
(Table II-1), agricultural beneficial uses (Table II-2), and fish and wildlife beneficial uses 
(Table II-3) are contained in the Plan.
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             INTERAGENCY        WATER
COMPLIANCE            STATION                                                                                                  YEAR          TIME

                 LOCATION              NUMBER (RKI [1])   PARAMETER         DESCRIPTION (UNIT)                 TYPE [2]     PERIOD        VALUE

Table II-1
Water Quality Objectives For

Municipal and Industrial Beneficial Uses

      Contra Cosfa Canal       C-5 Chloride (CI  ̄) Maximum mean daily 150 mg/I
      at Pumping Plant #1 (CHCCC06) CI  ̄ for at least the number                  No. of days each Calendar
                   -or- of days shown during           Year ≤ 150 mg/l CI¯
     San Joaquin River at D-12 (near) the Calendar Year. Must be  W     240 (66%)
Antioch Water Works Intake (RSAN007) provided in intervals of not AN     190 (52%)

less than two weeks duration. BN     175 (48%)
(Percentage of Calendar Year  D     165 (45%)
shown in parenthesis)  C     155 (42%)

      Contra Costa Canal       C-5 Chloride (CI  ̄) Maximum mean daily (mg/I)   All Oct-Sep         250
      at Pumping Plant #1 (CHCCC06)
                  -and-
     West Canal at mouth      C-9
  of Clifton Court Forebay (CHWST0)
                  -and-
   Delta-Mendota Canal     DMC-1
  at Tracy Pumping Plant (CHDMC004)
                  -and-
         Barker Sbugh at                 -----
 North Bay Aqueduct Intake (SLSAR3)
                  -and-
    Cache Slough at City of     C-19
          Vallejo Intake [3] (SLCCH16)

[1]  River Kilometer Index station number.
[2]  The Sacramento Valley 40-30-30 water year hydrologic classification index (see Figure II-1) applies for determinations of water year type.
[3]  The Cache Slough objective to be effective only when water is being diverted from this location.
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Table II-2

Water Quality Objectives For Agricultural Beneficial Uses

COMPLIANCE
LOCATION

INTERAGENCY
STATION

NUMBER (RKI [1])

PARAMETER DESCRIPTION
(UNIT) [2]

WATER
YEAR

TYPE [3]
TIME

PERIOD & VALUE

WESTERN DELTA

Sacramento River

at Emmaton

D-22
(RSAC092)

Electrical Con-
ductivity  (EC)

Maximum 14-day running
average of mean daily EC
(mmhos/cm)

W
AN
BN
D
C

0.45 EC
April 1 to

date shown
Aug 15
Jul 1

Jun 20
Jun 15

----

EC from date
shown to

Aug 15 [4]
----
0.63
1.14
1.67
2.78

San Joaquin River
at Jersey Point

D-15\
(RSAN018)

Electrical Con-
ductivity  (EC)

Maximum 14-day running
average of mean daily EC
(mmhos/cm)

W
AN
BN
D
C

0.45 EC
April 1 to

date shown
Aug 15
Aug 15
Jun 20
Jun 15

----

EC from date
shown to

Aug 15 [4]
----
----
0.74
1.35
2.20

INTERIOR DELTA

South Fork Mokelumne River
at Terminous

C-13
(RSMKL08)

Electrical Con-
ductivity  (EC)

Maximum 14-day running
average of mean daily EC
(mmhos/cm)

W
AN
BN
D
C

            0.45 EC
April 1 to

date shown
Aug 15
Aug 15
Aug 15
Aug 15

----

   EC from date
shown to

Aug 15 [4]
----
----
----
----
0.54

San Joaquin River
at San Andreas Landing

C-4
(RSAN032)

Electrical Con-
Ductivity  (EC)

Maximum 14-day running
average of mean daily EC
(mmhos/cm)

W
AN
BN
D
C

0.45 EC
            April 1 to

date shown
Aug 15
Aug 15
Aug 15
Jun 25

----

EC from date
shown to

Aug 15 [4]
----
----
----
0.58
0.87

SOUTHERN DELTA

Maximum 30-day running
average of mean daily EC
(mmhos/cm)

All Apr-Aug
Sep-Mar

-or -

0.7
1.0

San Joaquin River at
Airport Way Bridge, Vernalis

-and-
San Joaquin River at
Brandt Bridge site

-and-
Old River near

Middle River [5]
-and-

Old River at
Tracy Road Bridge [5]

C-10
(RSAN112)

C-6
(RSAN073)

C-8
(ROLD69)

P-12
(ROLD59)

Electrical Con-
ductivity  (EC)

                              If a three-party contract has been implemented among the
                              DWR, USBR, and SDWA, that contract will be  reviewed prior to
                              implementation of the above and, after also considering the
                             needs of other beneficial uses, revisions will be made to the
                             objectives and compliance/monitoring locations noted, as
                             appropriate.

EXPORT AREA

All Oct-Sep 1.0Electrical Con-
ductivity  (EC)

Maximum monthly
average of mean daily EC
(mmhos/cm)

West Canal at mouth of
Clifton Court Forebay

-and-

Delta-Mendota Canal at
Tracy Pumping Plant

C-9
(CHWST0)

DMC-1
(CHDMC004)

[1]   River Kilometer Index station number.

[2]   Determination of compliance with an objective expressed as a running average begins on the last day of the averaging period.  If the

       objective is not met on the last day of the averaging period, all days in the averaging period are considered out of compliance.

[3]  The Sacramento Valley 40-30-30 water year hydrologic classification index (see page 23) applies for determinations of water year type.

[4]  When no date is shown, EC limit continues from April 1.

[5]  The EC objectives shall be implemented at this location by December 31, 1997.
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Table II-3
WATER QUALITY OBJECTIVES FOR FISH AND WILDLIFE BENIFICIAL USES

COMPLIANCE LOCATION

INTERAGENCY
STATION

NUMBER(RKI
1[]) PARAMETER

DESCRIPTION (UNIT)
[2] WATER YEAR TYPE [3] TIME PERIOD VALUE

DISSOLVED OXYGEN

San Joaquin River between Turner Cut &
Stockton

(RSAN050-
RSAN061)

Dissolved
Oxygen (DO)

Minimum DO  (mg/l) All Sep-Nov 6.0 [4]

SALMON PROTECTION
narrative Water quality conditions shall be maintained, together with otehr

measures in the watershed, sufficient to achieve a doubling of
natural production of chinook salmon from the average production
of 1967-1991, consistent with the provisions of State and federal
law.

SAN JOAQUIN RIVER SALINITY

San Joaquin River at and between  Jersey
Point and Prisoners Point [5]

D-15 (RSAN018)
-and-

D-29 (RSAN038)

Electrical
Conductivity

(EC)

Maximum 14-day
running average of mean

daily EC(mmhos/cm)

W,AN,BN,D Apr-May 0.44  [6]

EASTERN SUISUN MARSH SALINITY

Sacramento River at Collinsville
-and-

Montezuma Slought at National Steel
-and-

Montezuma Slough near Beldon Landing

C-2 (RSAC081)

S-64 (SLMZU25)

S-49 (SLMZU11)

Electrical
Conductivity

(EC)

Maximum monthly
average of both daily
high tide EC values

(mmhos/cm), or
demonstrate that

equivalent or better
protection will be

provided at the location

All Oct
Nov-Dec

Jan
Feb-Mar
Apr-May

19.0
15.5
12.5
8.0
11.0

WESTERN SUISUN MARSH SALINITY

Chadbourne Slough at Sunrise Duck Club
-and-

Suisun Slough, 300 feet south of Volanti
Slough
-and-

Cordelia Slough at Ibis Club
-and-

Goodyear Slough at Morrow Island
Clubhouse

-and-
Water supply intakes for waterfowl

management areas on Van Sickle and
Chipps islands

S-21 [7]
(SLCBN1)

S-42  [8]
(SLSUS12)

S-97 [8]
(SLCRD06)

S-35 [8]
(SLGYR03)

No locations
specified

Electrical
Conductivity

(EC)

Maximum monthly
average of both daily
high tide EC values

(mmhos/cm), or
demonstrate that

equivalent or better
protection will be

provided at the location

All but
deficiency

period

Deficiency
period [9]

Oct
Nov
Dec
Jan

Feb-Mar
Apr-May

Oct
Nov

Dec-Mar
Apr
May

19.0
16.5
15.5
12.5
8.0
11.0

19.0
16.5
15.6
14.0
12.5

BRACKISH TIDAL MARSHES OF SUISUN BAY

narrative [10]

[1]   River Kilometer Index station number.

[2]   Determination of compliance with an objective expressed as a running average begins on the last day of the averaging period.  If the

       objective is not met on the last day of the averaging period, all days in the averaging period are considered out of compliance.

[3]  The Sacramento Valley 40-30-30 water year hydrologic classification index (see page 23) applies for determinations of water year type.

[4]  When no date is shown, EC limit continues from April 1.

[5]  The EC objectives shall be implemented at this location by December 31, 1997.

_________________________________________________________
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Table II-3 (continued)
WATER QUALITY OBJECTIVES FOR FISH AND WILDLIFE BENIFICIAL USES

COMPLIANCE LOCATION

INTERAGENCY
STATION

NUMBER(RKI 1[]) PARAMETER
DESCRIPTION

(UNIT) [2]
WATER YEAR

TYPE [3]
TIME

PERIOD VALUE

DELTA OUTFLOW
Net Delta Outflow
Index (NDOI)
(11)

Minimum monthly
average (12) NDOI (cfs)

All Jan     4,500 [13]

Alll                      Feb-Jun              [14]
W,AN   Jul          8,000
BN           6,500
D          5,000
C          4,000

W,AN,BN    Aug            4,000
D          3,500
C          3,000

All    Sep          3,000
W,AN,BN,D       Oct          4,000

C           3,000
W,AN,BN,D     Nov-Dec             4,500

C           3,500

RIVER FLOWS

Sacramento River at Rio Vista D-24
(RSAC101)

Flow rate Minimum monthly
average [15] flow rate 

(cfs)

All
W,AN,BN,D

C
W,AN,BN,D

C

Sep
Oct

Nove-Dec

3,000
4,000
3,000
4,500
3,500

San Joaquin River at Airport Way Bridge,
Vernalis

C-10
(RSAN112)

Flow rate Minimum monthly
average [16] flow rate 

(cfs) [17]

W,AN
BN,D

C

W
AN
BN
D
C
All

Feb-Apr 14
and

May 16-Jun

Apr 15-
May 15 [18]

Oct

2,130 or 3,420
1,420 or 2,280
710 or 1,140

7,330 or 8,620
5,730 or 7,020
4,620 or 5,480
4,020 or 4,880
3,110 or 3,540

1,000 [19]

EXPORT LIMITS

Combined export
rate [20]

Maximum 3-day running
average (cfs)

Maximum percent of
Delta inflow diverted
[23] [24]

All

All

All

Apr 15-
  May 15 [21]

Feb-Jun

Jul-Jan

[22]

35% Delta inflow [25]

65% Delta inflow

DELTA CROSS CHANNEL GATES CLOSURE

Delta Cross Channel at Walnut Grove –– Closure of gates Closed gates All Nov-Jan
Feb-May 20

May 21-
    Jun 15

[26]
----

[27]
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Table II-3 Footnotes

[1] River Kilometer Index station number.

[2] Determination of compliance with an objective expressed as a running average begins on the last
day of the averaging period.  If the objective is not met on the last day of the averaging period, all
days in the averaging period are considered out of compliance.

[3] The Sacramento Valley 40-30-30 Water Year Hydrologic Classification Index (see Figure II-1)
applies unless otherwise specified.

[4] If it is infeasible for a waste discharger to meet this objective immediately, a time extension or
schedule of compliance may be granted, but this objective must be met no later than September 1,
2005.

[5] Compliance will be determined at Jersey Point (station D15) and Prisoners Point (station D29).

[6] This standard does not apply in May when the best available May estimate of the Sacramento
River Index for the water year is less than 8.1 MAF at the 90% exceedence level.  [Note:  The
Sacramento River Index refers to the sum of the unimpaired runoff in the water year as published in
the DWR Bulletin 120 for the following locations:  Sacramento River above Bend Bridge, near Red
Bluff; Feather River, total unimpaired inflow to Oroville Reservoir; Yuba River at Smartville; and
American River, total unimpaired inflow to Folsom Reservoir.]

[7] The effective date for objectives for this station is October 1, 1995.

[8] The effective date for objectives for this station is October 1, 1997.

[9] A deficiency period is:  (1) the second consecutive dry water year following a critical year; (2) a dry
water year following a year in which the Sacramento River Index (described in footnote 6) was less
than 11.35; or (3) a critical water year following a dry or critical water year.

[10] Water quality conditions sufficient to support a natural gradient in species composition and wildlife
habitat characteristic of a brackish marsh throughout all elevations of the tidal marshes bordering
Suisun Bay shall be maintained.  Water quality conditions shall be maintained so that none of the
following occurs:  (a) loss of diversity; (b) conversion of brackish marsh to salt marsh; (c) for
animals, decreased population abundance of those species vulnerable to increased mortality and
loss of habitat from increased water salinity; or (d) for plants, significant reduction in stature or
percent cover from increased water or soil salinity or other water quality parameters.

[11] Net Delta Outflow Index (NDOI) is defined in Figure II-3.

[12] For the May-January objectives, if the value is less than or equal to 5,000 cfs, the 7-day running
average shall not be less than 1,000 cfs below the value; if the value is greater than 5,000 cfs, the
7-day running average shall not be less than 80% of the value.
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[13] The objective is increased to 6,000 cfs if the best available estimate of the Eight River Index for
December is greater than 800 TAF.  [Note:  The Eight River Index refers to the sum of the
unimpaired runoff as published in the DWR Bulletin 120 for the following locations:  Sacramento
River flow at Bend Bridge, near Red Bluff; Feather River, total inflow to Oroville Reservoir; Yuba
River flow at Smartville; American River, total inflow to Folsom Reservoir; Stanislaus River, total
inflow to New Melones Reservoir; Tuolumne River, total inflow to Don Pedro Reservoir; Merced
River, total inflow to Exchequer Reservoir; and San Joaquin River, total inflow to Millerton Lake.]

[14] The minimum daily Delta outflow shall be 7,100 cfs for this period, calculated as a 3-day running
average.  This requirement is also met if either the daily average or 14-day running average EC at
the confluence of the Sacramento and the San Joaquin rivers is less than or equal to 2.64
mmhos/cm (Collinsville station C2).  If the best available estimate of the Eight River Index
(described in footnote 13) for January is more than 900 TAF, the daily average or 14-day running
average EC at station C2 shall be less than or equal to 2.64 mmhos/cm for at least one day
between February 1 and February 14; however, if the best available estimate of the Eight River
Index for January is between 650 TAF and 900 TAF, the operations group established under the
Framework Agreement shall decide whether this requirement will apply, with any disputes resolved
by the CALFED policy group.  If the best available estimate of the Eight River Index for February is
less than 500 TAF, the standard may be further relaxed in March upon the recommendation of the
operations group established under the Framework Agreement, with any disputes resolved by the
CALFED policy group.  The standard does not apply in May and June if the best available May
estimate of the Sacramento River Index (described in footnote 6) for the water year is less than 8.1
MAF at the 90% exceedence level.  Under this circumstance, a minimum 14-day running average
flow of 4,000 cfs is required in May and June.  Additional Delta outflow objectives are contained in
Table II-4.

[15] The 7-day running average shall not be less than 1,000 cfs below the monthly objective.

[16] Partial months are averaged for that period.  For example, the flow rate for April 1-14 would be
averaged over 14 days.  The 7-day running average shall not be less than 20% below the flow rate
objective, with the exception of the April 15-May 15 pulse flow period when this restriction does not
apply.

[17] The water year classification will be established using the best available estimate of the 60-20-20
San Joaquin Valley Water Year Hydrologic Classification (see Figure II-2) at the 75% exceedence
level.  The higher flow objective applies when the 2-ppt isohaline (measured as 2.64 mmhos/cm
surface salinity) is required to be at or west of Chipps Island.

[18] This time period may be varied based on real-time monitoring.  One pulse, or two separate pulses
of combined duration equal to the single pulse, should be scheduled to coincide with fish migration
in San Joaquin River tributaries and the Delta.  The operations group established under the
Framework Agreement will determine the time period for this 31-day flow requirement.

[19] Plus up to an additional 28 TAF pulse/attraction flow during all water year types.  The amount of
additional water will be limited to that amount necessary to provide a monthly average flow of 2,000
cfs.  The additional 28 TAF is not required in a critical year following a critical year.  The pulse flow
will be scheduled by the operations group established under the Framework Agreement.
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[20] Combined export rate for this objective is defined as the Clifton Court Forebay inflow rate (minus
actual Byron-Bethany Irrigation District diversions from Clifton Court Forebay) and the export rate of
the Tracy pumping plant.

[21] This time period may be varied based on real-time monitoring and will coincide with the San
Joaquin River pulse flow described in footnote 18.  The operations group established under the
Framework Agreement will determine the time period for this 31-day export limit.

[22] Maximum export rate is 1,500 cfs or 100% of 3-day running average of San Joaquin River flow at
Vernalis, whichever is greater.  Variations to this maximum export rate are authorized if agreed to
by the operations group established under the Framework Agreement.  This flexibility is intended
to result in no net water supply cost annually within the limits of the water quality and operational
requirements of this plan.  Variations may result from recommendations of agencies for protection
of fish resources, including actions taken pursuant to the State and federal Endangered Species
Act.  The CALFED policy group will resolve disputes within the operations group.  Any agreement
on variations will be effective immediately and will be presented to the Executive Director of the
SWRCB.  If the Executive Director does not object to the variations within 10 days, the variations
will remain in effect.

[23] Percent of Delta inflow diverted is defined in Figure II-3.  For the calculation of maximum percent
Delta inflow diverted, the export rate is a 3-day running average and the Delta inflow is a 14-day
running average, except when the CVP or the SWP is making storage withdrawals for export, in
which case both the export rate and the Delta inflow are 3-day running averages.

[24] The percent Delta inflow diverted values can be varied either up or down.  Variations are authorized
subject to the process described in footnote 22.

[25] If the best available estimate of the Eight River Index (described in footnote 13) for January is less
than or equal to 1.0 MAF, the export limit for February is 45% of Delta inflow.  If the best available
estimate of the Eight River Index for January is greater than 1.5 MAF, the February export limit is
35% of Delta inflow.  If the best available estimate of the Eight River Index for January is between
1.0 MAF and 1.5 MAF, the export limit for February will be set by the operations group established
under the Framework Agreement within the range of 35% to 45%.  The CALFED policy group will
resolve disputes within the operations group.

[26] For the November-January period, close Delta Cross Channel gates for a total of 45 days.  The
operations group established under the Framework Agreement will determine the timing and
duration of the gate closure.

[27] For the May 21-June 15 period, close Delta Cross Channel gates for a total of 14 days.  The
operations group established under the Framework Agreement will determine the timing and
duration of the gate closure.
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Wet

Above
Normal

Below
Normal

Dry

           YEAR TYPE 2

               All Years for All Objectives
  

Critical

Index
Millions of Acre-Feet

7.8

6.5

5.4

9.2

Figure II-1
Sacramento Valley

Water Year Hydrologic Classification

Year classification shall be determined by computation of the following equation:

INDEX  =  0.4 * X + 0.3 * Y + 0.3 * Z

  Where: X    = Current year’s April – July
Sacramento Valley unimpaired runoff

Y    = Current October – March
Sacramento Valley unimpaired runoff

Z    = Previous year’s index1

The Sacramento Valley unimpaired runoff for the current water year
(October 1 of the preceding calendar year through September 30 of
the current calendar year), as published in California Department of
Water Resources Bulletin 120, is a forecast of the sum of the following
locations: Sacramento River above Bend Bridge, near Red Bluff; Feather
River, total inflow to Oroville Reservoir; Yuba River at Smartville;
American River, total inflow to Folsom Reservoir.  Preliminary
determinations of year classification shall be made in February, March,
and April with final determination in May.  These preliminary
determinations shall be based on hydrologic conditions to date plus
forecasts of future runoff assuming normal precipitation for the
remainder of the water year.

Index
Classification    Millions of Acre-Feet (MAF)

Wet……………… Equal to or greater than 9.2

Above Normal….. Greater than 7.8 and less than 9.2

Below Normal….. Equal to or less than 7.8 and greater than 6.5

Dry…………….... Equal to or less than 6.5 and greater than 5.4

Critical………..… Equal to or less than 5.4

 1
 A cap of 10.0 MAF is put on the previous year’s index (Z) to account for required flood control reservoir releases during wet years.

 2  The year type for the preceding water year will remain in effect until the initial forecast of unimpaired runoff for the current water year is available.

wrims wrims
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Wet

Above
Normal

Below
Normal

Dry

YEAR TYPE 2

All Years for All
Objectives

Critical

Index
Millions of Acre-Feet

3.1

2.5

2.1

3.8

Figure II-2
San Joaquin Valley

Water Year Hydrologic Classification

Year classification shall be determined by computation of the following equation:

INDEX  =  0.6 * X + 0.2 * Y + 0.2 * Z

  Where:        X   = Current year’s April – July
San Joaquin Valley unimpaired runoff

        Y   = Current October – March
San Joaquin Valley unimpaired runoff

       Z   = Previous year’s index1

The San Joaquin Valley unimpaired runoff for the current water
year (October 1 of the preceding calendar year through September 30 of the
current calendar year), as published in California Department of Water
Resources Bulletin 120, is a forecast of the sum of the following locations:
Stanislaus River, total flow to New Melones Reservoir; Tuolumne River, total
inflow to Don Pedro Reservoir; Merced River, total flow to Exchequer
Reservoir; San Joaquin River, total inflow to Millerton Lake. Preliminary
determinations of year classification shall be made in February, March, and
April with final determination in May.  These preliminary determinations shall
be based on hydrologic conditions to date plus forecasts of future runoff
assuming normal precipitation for the remainder of the water year.

Index
Classification    Millions of Acre-Feet (MAF)

Wet……………… Equal to or greater than 3.8

Above Normal….. Greater than 3.1 and less than 3.8

Below Normal….. Equal to or less than 3.1 and greater than 2.5

Dry………………. Equal to or less than 2.5 and greater than 2.1

Critical………….. Equal to or less than 2.1

1
 A cap of 4.5 MAF is put on the previous year’s index (Z) to account for required flood control reservoir releases during wet years.

2   The year type for the preceding water year will remain in effect until the initial forecast of unimpaired runoff for the current
water year is available.
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Figure II-3
NDOI and PERCENT INFLOW DIVERTED 1

The NDOI and the percent inflow diverted, as described in this footnote, shall be computed daily by the
DWR and the USBR using the following formulas (all flows are in cfs):

where DELTA INFLOW = SAC + SRTP + YOLO + EAST + MISC + SJR

SAC = Sacramento River at Freeport mean daily flow for the previous day; the 25-hour tidal cycle
measurements from 12:00 midnight to 1:00 a.m. may be used instead.

SRTP = Sacramento Regional Treatment Plant average daily discharge for the previous week.
YOLO = Yolo Bypass mean daily flow for the previous day, which is equal to the flows from the

Sacramento Weir, Fremont Weir, Cache Creek at Rumsey, and the South Fork of Putah Creek.
EAST = Eastside Streams mean daily flow for the previous day from the Mokelumne River at Woodbridge,

Cosumnes River at Michigan Bar, and Calaveras River at Bellota.
MISC = Combined mean daily flow for the previous day of Bear Creek, Dry Creek, Stockton Diverting

Canal, French Camp Slough, Marsh Creek, and Morrison Creek.
SJR = San Joaquin River flow at Vernalis, mean daily flow for the previous day.

where NET DELTA CONSUMPTIVE USE = GDEPL - PREC

GDEPL = Delta gross channel depletion for the previous day based on water year type using the DWR's latest
Delta land use study.2

PREC = Real-time Delta precipitation runoff for the previous day estimated from stations within the Delta.

and where DELTA EXPORTS 3 = CCF + TPP + CCC + NBA

CCF = Clifton Court Forebay inflow for the current day.4

TPP = Tracy Pumping Plant pumping for the current day.
CCC = Contra Costa Canal pumping for the current day.
NBA = North Bay Aqueduct pumping for the current day.
_____________________

       1 Not all of the Delta tributary streams are gaged and telemetered.  When appropriate, other methods of
estimating stream flows, such as correlations with precipitation or runoff from nearby streams, may be used
instead.

       2 The DWR is currently developing new channel depletion estimates.  If these new estimates are not available,
DAYFLOW channel depletion estimates shall be used.

       3 The term "Delta Exports" is used only to calculate the NDOI.  It is not intended to  distinguish  among the
listed diversions with respect to eligibility for protection under the area of origin provisions of the California
Water Code.

       4 Actual Byron-Bethany Irrigation District withdrawals from Clifton  Court  Forebay shall be subtracted from
Clifton Court  Forebay inflow.  (Byron-Bethany Irrigation District water use is incorporated into the GDEPL
term.

NDOI = DELTA INFLOW - NET DELTA CONSUMPTIVE USE - DELTA EXPORTS

PERCENT INFLOW DIVERTED = (CCF + TPP) ÷ DELTA INFLOW
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D. EXISTING CONDITIONS

CEQA requires an EIR to include "a description of the environment in the vicinity of the project as it
exists before the commencement of the project" (Public Resources Code section 15125).  The
description of the existing conditions is the baseline against which the environmental impacts of a
project and alternative actions are assessed.  This section discusses the approach used in this EIR to
assess the impacts of the various alternative methods of implementing the 1995 Bay/Delta Plan.

The environment of the Bay/Delta Estuary and upstream areas is the result of complex interactions
and numerous changing conditions.  Defining existing conditions in such a variable environment is
problematic; the definition can change depending on the parameter being considered and the range
of variability it exhibits.  Hydrologic conditions can vary dramatically from year to year, but future
conditions will likely be within the range of past events.  For purposes of analysis in this EIR,
parameters strongly dependent on hydrology, such as water supply, will be modeled to the extent
feasible using streamflow and precipitation data from the period of record, 1922-1994, at the
present level of development.  Where this is not practicable, the SWRCB will model impacts for a
shorter period that still exhibits significant variability.

Some parameters, such as aquatic resource conditions, exhibit annual variability, but conditions have
changed substantially over time.  Conditions that occurred early in the period of record are not likely
to be repeated; therefore, it is not appropriate to define these years as representing existing
conditions for these parameters.  Also, the fluid and variable nature of hydrology does not lend itself
to a strictly defined set of circumstances, but rather dictates a consideration of different water-year
types together with an estimate of the demands that would be placed on the water resource during
those year types.  To take into account the natural variability without misstating the current
demands, this EIR estimates the existing conditions for aquatic resources using recent historic
conditions.  The period includes a representative range of hydrology, is well documented, and
describes aquatic resource conditions prior to implementation of the 1995 Bay/Delta Plan.  The
recent historic period used in the analysis differed for each of the aquatic species considered,
depending on the availability and suitability of data to represent existing conditions.

Other parameters, such as land use, change over time but do not exhibit significant annual variability.
These types of parameters are defined by the conditions in a single, recent year.

Regulatory requirements also change periodically, but show little annual variability.  Currently, the
SWP and the CVP operate to meet the requirements in the biological opinions for delta smelt and
winter-run chinook salmon and SWRCB Order WR 98-09.  In combination, these requirements
are essentially the same as the objectives in the 1995 Bay/Delta Plan.  However, when the SWRCB
began reviewing objectives for the Bay/Delta, regulatory requirements in D-1485 and the upstream
conditions in the biological opinion for winter-run chinook salmon were in effect.  Accordingly, the
SWRCB defined the requirements in D-1485 and the upstream conditions in the biological opinion
for winter-run chinook salmon as the existing conditions for the purpose of analyzing the effects of
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implementing the 1995 Bay/Delta Plan.  The ER, Appendix I of the 1995 Bay/Delta Plan, is a
programmatic document under CEQA, and it meets the requirements for a Programmatic EIR.  As
explained in the ER, the project is the review of both the fish and wildlife objectives and the
program of implementation for achieving the objectives and protecting the beneficial uses.  Because
the water right action for which this subsequent EIR is prepared will implement the objectives in the
1995 Bay/Delta Plan, it is part of the overall program that commenced with the review of the fish
and wildlife objectives.  To be consistent with the earlier part of this program, this EIR uses an
existing condition description that varies minimally1 from the existing condition used in the 1995
Bay/Delta Plan and contains the same regulatory requirements.  D-1485 conditions will again go
into effect if the SWRCB does not take action by December 31, 1999.  Therefore, the existing
condition with D-1485 regulatory requirements also constitutes the no-project alternative.

Environmental documents on other current projects, including the CALFED program, the Delta
Wetlands Project for which the SWRCB is a lead agency, and the Central Valley Project
Improvement Act implementation, are using the 1995 Bay/Delta Plan objectives as their point of
reference or existing condition for CEQA analysis.  The 1995 objectives describe today's regulatory
conditions in the Bay/Delta, even though compliance with these objectives might not be permanent
and could be replaced with either weaker or more stringent requirements in the future.  The purpose
of using an existing condition in a CEQA analysis is to determine the significant impacts of the
proposed project.  In this case, using the 1995 Bay/Delta Plan objectives as a base for comparison
in addition to using the D-1485 requirements may reveal some significant impacts that otherwise
would go unnoticed.  The purpose of this EIR is to disclose and analyze all the significant impacts so
that the SWRCB can make its water right decision knowing all of the potential impacts of the
alternatives before it.  Accordingly, this EIR uses the current compliance with the 1995 Bay/Delta
objectives as a further point of reference against which it compares the other alternatives to
determine the significant effects of the alternatives.

E. DESCRIPTION OF ALTERNATIVES

This final EIR analyzes a broad range of alternatives in order to disclose possible impacts.  This EIR
does not include a preferred alternative.  The SWRCB’s decision may differ somewhat from any of
the alternatives in the EIR.  The impacts of the decision, whether it is one of the alternatives in the
EIR, a combination of the EIR's alternatives, variants of the EIR's alternatives, or alternatives
developed through negotiations by the parties, should be adequately identified and analyzed in this
report.  The principal assumptions incorporated into the modeling for these alternatives are provided
in Chapter IV of this report.

                                                
     1  This EIR's existing conditions differ from those in the ER by (1) not including the Cross Valley Canal
deliveries since these deliveries will be considered for approval in the water right proceeding;  (2) including the
new flows required by the Federal Energy Regulatory Commission in the Tuolumne and Mokelumne rivers; (3)
not including a 70 TAF annual limitation on deliveries from New Melones Reservoir for salinity control in the
southern Delta; (4) using an updated hydrology model.
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The alternatives in this report are divided into the following six, separable categories:  (1) flow
objectives, (2) Suisun Marsh salinity objectives, (3) salinity control actions in the San Joaquin Basin,
(4) southern Delta salinity objectives (excluding Vernalis), (5) dissolved oxygen objectives, and 
(6) combined use of SWP and CVP points of diversion in the Delta. A separate set of alternatives is
analyzed for each of these six categories. 

The categories described above do not include all of the objectives in the Bay/Delta Plan.  The
remaining objectives, which include export limits, Delta Cross Channel gates operation, and
narrative objectives are treated in the following manner.  The Bay/Delta Plan establishes objectives
for the operation of the SWP and the CVP export facilities in the Delta and for the Delta Cross
Channel gates.  Because the DWR and the USBR control the export facilities, and the USBR
controls the Delta Cross Channel gates, all of the alternatives, with the exception of the No Project
alternative, assume that the DWR and the USBR are responsible for complying with these
objectives.  In the No Project alternative, the SWP and the CVP are responsible for meeting the 
D-1485 standards for the operation of the export facilities and the Delta Cross Channel gates.

Alternatives for the two narrative objectives in the Bay/Delta Plan, the narrative salmon objective
and the narrative Suisun Marsh objective, are not considered in this EIR.  Compliance with the
other objectives in the Bay/Delta Plan may be sufficient to achieve these objectives.  A period of
actual operation to the numerical objectives, coupled with adequate monitoring, is required before a
determination can be made whether additional implementation measures are needed.  If the narrative
objectives are not met, the SWRCB will consider further actions under its water right and water
quality authorities to meet these objectives.  Such actions could include developing numerical
objectives to replace the two narrative objectives.  This issue will be considered in the next triennial
review of the Bay/Delta Plan, and if appropriate, separate numerical objectives will be developed to
replace the narrative objectives.  In response to the SWRCB recommendation, the DWR has
convened the multi-agency Suisun Ecological Work Group (SEW) to address, among other tasks,
the Suisun Marsh narrative objective. The SEW plans to provide its recommendation to the
SWRCB in time for the next triennial review.

The Vernalis salinity objectives for the protection of agricultural uses are also treated in a different
manner than the other objectives.  Actions to achieve these objectives are contained in two
categories of alternatives:  the flow objectives and the salinity control actions in the San Joaquin
Basin.  Presently, under the requirements of D-1422, the USBR is responsible for achieving the
Vernalis salinity objectives through releases of water from New Melones Reservoir.  D-1422 states
that the water quality objectives in the decision will be modified to conform with the most up-to-
date objectives, implying continuing responsibility of the USBR to achieve the objectives even when
the objectives change.  Under all of the flow objective alternatives, the USBR continues to be
exclusively responsible for the release of water to meet the salinity objectives at Vernalis.  This
responsibility is based on the language in D-1422 and on the observation that construction of the
CVP has substantially increased salinity loads and reduced flows in the San Joaquin River
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 (WPRS 1980, Grober 1996).  However, in order to minimize the need for water releases, this EIR 
also analyzes alternatives for salinity control actions in the San Joaquin Basin.

1. Flow Objectives Alternatives

For purposes of the analysis in the EIR, the flow objectives include:  (1) the Delta outflow
objectives, (2) salinity objectives in the Delta that occasionally control Delta outflow, (3) the flow
objectives on the Sacramento River at Rio Vista, (4) the flow objectives on the San Joaquin River
at Vernalis, and (5) the salinity objectives on the San Joaquin River at Vernalis. Detailed
descriptions of the assumptions used in the DWRSIM modeling of the Flow, Joint POD, and
Cumulative Impacts alternatives are provided in Volume 2, Appendix 2.

a. Flow Alternative 1 (No Project).  CEQA requires that an EIR evaluate a "No Project"
alternative.  Flow Alternative 1 is the "No Project Alternative."  As stated in Section D, above, the
existing regulatory requirements could be defined as either D-1485 requirements or as the current
compliance with the 1995 Bay/Delta Plan and Order WR 98-09.  However, because Order WR
98-09 is an interim document which expires on December 31, 1999, regulatory requirements will
revert to those in D-1485 if the SWRCB does not approve the project and issue a decision
permanently implementing the 1995 Bay/Delta Plan.  Therefore, under this alternative, the SWP and
the CVP are solely responsible for meeting the objectives required by D-1485 and the CVP is
solely responsible for meeting the objectives required by D-1422.  Condition 3 of D-1485 allows
limited use of the joint point of diversion to recover pumping foregone in May and June for the
protection of striped bass.

b. Flow Alternative 2.  Flow Alternative 2 assigns responsibility for meeting the 1995
Bay/Delta Plan flow objectives solely to the SWP and the CVP.  Vernalis flow objectives are met
by releases from New Melones Reservoir, and are the exclusive responsibility of the CVP.

c. Flow Alternative 3.  Flow Alternative 3 assigns responsibility for meeting the 1995
Bay/Delta Plan flow objectives to water right holders based on the water right priority system.
Water right holders share responsibility to implement flow objectives; however, the SWP and the
CVP are responsible for ensuring that the objectives are achieved.  Junior appropriative water right
holders are required to cease diversions before senior appropriative water right holders are
affected.  Under severe drought conditions, however, all water right holders could be directed to
cease diversions if no flow is available to satisfy their rights.

In most cases, the priority of post-1914 appropriative rights is determined by the date that an
application for a permit is filed, with those filing earliest receiving a more senior priority.  The priority
of appropriative water right holders who initiated use of water prior to December 19, 1914 is
determined by either the date notice of the appropriation was filed under the Civil Code, or by the
date water was first put to beneficial use.  Pre-1914 appropriative water right holders and riparian
water right holders would not be affected until all post-1914 appropriators ceased diversions. 
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Rediversions of water supplied under contract with operators of upstream storage facilities would
not be directly affected by this alternative, but could be indirectly affected when the rights of the
upstream provider are affected.

Alternative 3 includes the assumption that water rights for the SWP and the CVP exports of natural
and abandoned flows are junior in priority to all inbasin water rights in the Central Valley because of
the watershed protection statute which states:

"In the construction and operation by the department [of Water Resources] of any project
under the provisions of this part a watershed or area wherein water originates, or an area
immediately adjacent thereto which can conveniently be supplied with water therefrom,
shall not be deprived by the department directly or indirectly of the prior right to all of the
water reasonably required to adequately supply the beneficial needs of the watershed,
area, or any of the inhabitants or property owners therein." (Water Code section 11460)

The CVP serves water to users in the Tulare Lake Basin and the Kern River watershed from the
San Joaquin River.  Under this alternative the CVP deliveries to the Tulare Lake Basin and the Kern
River watershed are assumed to be inbasin deliveries.

The impacts of imposing this alternative on the SWP and the CVP and on those water right holders
identified in Table II-5 are evaluated in this report.  Table II-5 identifies water right holders with
consumptive, post-1914 appropriative water rights with a cumulative face value in excess of 
5,000 acre feet per year.  This group constitutes approximately 95 percent of the total face value of 
post-1914 appropriative rights.  The face value is an index calculated by multiplying the direct 
diversion period by the maximum diversion amount and adding this figure to the maximum authorized 
storage.  The resulting quantity is modified, if appropriate, by any maximums for these quantities specified 
in the permits.

Under this alternative, water right holders in Table II-5 are assigned to groups based on their
priority.  Groups of appropriators are directed to cease diversions to storage and direct diversions
when flow is inadequate to meet outflow objectives and satisfy diversion needs.  Tracking SWP and
CVP reservoir releases identifies this condition.  Because the SWP and the CVP export projects
are junior in water right priority, all other water right holders can continue to divert until the SWP
and CVP are releasing previously stored water in an amount in excess of their inbasin obligations
and exports.  When this condition is reached, all water right holders in a group are notified that there
is no water available for diversion under their rights.  Water right holders receiving such notification
are required to cease diverting or to contract for supplemental water supplies.  The number of
groups of water right holders receiving notification is based on the amount of water necessary to
ensure that the SWP and CVP storage releases do not exceed their downstream inbasin and export
delivery obligations.
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This procedure is similar to a process presently in effect through Standard Water Right Permit 
Term 91.  Term 91 is included in most water right permits for the direct diversion of one cubic foot 
per second or more or diversion to storage of 100 acre feet per year or more of water in the Central
Valley issued after 1968.  Term 91 is based on the rationale that, because the SWP and the CVP
export projects are junior in priority to all other water users in the basin, the downstream obligations
of the projects are their exports plus carriage water.  Therefore, water right holders subject to Term
91 must cease diversions when storage releases from the SWP and the CVP exceed exports plus
carriage water.  Under this alternative, Term 91 would be modified and added to certain post-1914
appropriative water rights.  This EIR analyzes the effect of including the modified term in all water
right permits in Table II-5.  Extension of Term 91 to appropriators with priority dates senior to the
SWP and the CVP requires modification of the term because the projects' inbasin contract
deliveries become, in some cases, an additional storage release obligation.  This methodology could
be extended, as part of a future proceeding, to all post-1914 water rights which are presently too
small for inclusion in Table II-5.

The CVP has two types of inbasin contractors:  water supply contractors and settlement
contractors.  Settlement contractors have independent water rights and their contracts provide a
supplemental supply.  Water supply contractors have no independent water rights.  Some water
supply contracts are limited to interim water supplies.  The contract specifies that water is expected
to be available for only a limited time.  Water supply contractors divert water under the CVP's
inbasin rights at all times, and settlement contractors divert under the CVP's water rights when
necessary.  When uncontrolled flow is inadequate to supply the contractors' diversions and other
higher priority diversions, the contractors redivert releases from CVP storage.  The CVP, therefore,
can have storage release obligations in excess of exports and carriage water at some times, and
these obligations must be incorporated into a new water right term that can be extended to water
right holders shown in Table II-5.  Similar contractual obligations exist for the SWP although in
smaller quantities.

Water right holders in the San Joaquin Basin are required to meet the Vernalis flow objective under
this alternative.  Because this alternative assumes there are no export projects subject to the
watershed protection statute in the San Joaquin Basin, these users are required to cease diversion in
order of priority when flow is inadequate to meet flow objectives at Vernalis.  The impacts of
imposing this alternative on the water right holders identified in Table II-6 are evaluated in this
report.  Table II-6 lists all of the water right holders in Table II-5 that are located in the San Joaquin
Basin.

A detailed description of the calculations used to determine water availability under this alternative is
provided in Chapter IV section F of this report.
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Table II-5
Major Central Valley Water Rights by Priority Group

Priority Max Total Primary Secondary Storage
Group Appl Id File Date Status DSA   Last Name (Company) Dir Div Storage DD Season DD Season Season

1 A029471 04/20/89 P 65 KNAGGS 5.5 C 0 4/15-6/30
1 A028453 05/15/85 P 65 UPPER SWANSTON RANCH INC 45 C 0 5/1-10/1
1 A027853 08/29/83 P 24 ST SUPERY VINEYARDS & WINERY 11 C 0 4/1-5/31
1 A027852 08/29/83 P 24 ST SUPERY VINEYARDS & WINERY 11 C 350 5/1-8/15 11/1-5/15
1 A027586 11/17/82 P 49 U S FISH & WILDLIFE SERVICE (Merced NWR) 9 C 0 12/15-5/31
1 A027546 09/30/82 P 49 NEW STONE WATER DISTRICT 55 C 0 1/1-12/31
1 A027213 02/18/82 P 12 LEON W ETCHEPARE ESTATE 29.8 C 0 2/15-6/30 9/1-11/1
1 A027007 09/15/81 P 59 WOODBRIDGE IRRIGATION DISTRICT 3 C 0 2/1-10/31
1 A026875 06/16/81 L 49 MENEFEE RIVER RANCH COMPANY 15.9 C 0 1/1-10/31
1 A026757 03/19/81 P 49 MENEFEE HILL RANCH COMPANY 11 C 0 1/1-12/31
1 A026695 01/27/81 P 65 CONAWAY CONSERVANCY GROUP 100 C 0 4/15-9/30
1 A026492 08/13/80 P 24 MAGOON ESTATE LIMITED 0 56 11/1-4/30
1 A026098 09/25/79 P 69 GARDEN HIGHWAY MUTUAL WATER CO 0.25 C 0 4/1-6/15 9/1-10/31
1 A025911 02/01/79 P 24 MAGOON ESTATE LIMITED 0 58 10/1-4/30
1 A025883 12/06/78 L 69 AKIN RANCH, A PARTNERSHIP 6.7 C 0 5/1-6/30 9/1-9/30
1 A025793 07/20/78 P 12 WALLACE BROTHERS 17 C 0 7/1-8/31
1 A025792 07/20/78 P 12 WALLACE BROTHERS 17 C 0 7/1-8/31
1 A025751 05/31/78 P 69 CITY OF YUBA CITY 21 C 0 1/1-6/30 10/1-12/31
1 A025727 05/01/78 P 70 NATOMAS CENTRAL MUTUAL WATER CO 168 C 0 10/1-4/1
1 A025717 04/12/78 L 69 GORRILL LAND COMPANY 20 C 0 4/1-9/30
1 A025616 12/22/77 P 65 CITY OF WEST SACRAMENTO 62 C 0 1/1-6/30 9/1-12/31
1 A025516A 09/30/77 P 55 CONTRA COSTA WATER DISTRICT 115 C 9,640 1/1-12/31 1/1-12/31
1 A025231 01/04/77 L 61 CROOK 0 50 2/1-6/15
1 A025030 03/26/76 L 17 GRAEAGLE LAND & WATER CO 0.95 C 0 5/1-10/30
1 A024961 12/29/75 P 55 RECLAMATION DISTRICT #2068 55 C 0 3/1-10/31
1 A024646 07/19/74 L 24 ST SUPERY VINEYARDS & WINERY 0 30 11/1-4/30
1 A024635 07/03/74 P 24 MAGOON ESTATE LIMITED 0 10,000 10/1-4/30
1 A024590 04/10/74 P 69 CA DEPT OF FISH & GAME 35 C 0 3/1-6/15
1 A024432 08/06/73 L 24 ST SUPERY VINEYARDS & WINERY 0 31 11/1-5/31
1 A024297 02/01/73 P 24 MAGOON ESTATE LIMITED 0 3,000 10/1-4/30
1 A024296C 02/01/73 P 24 MAGOON ESTATE LIMITED 0 5,350 10/1-4/30
1 A024296B 02/01/73 P 24 MAGOON ESTATE LIMITED 0 200 10/1-4/30
1 A024296A 02/01/73 P 24 MAGOON ESTATE LIMITED 0 1,450 10/1-4/30
1 A023946 12/09/71 P 12 WALLACE BROTHERS 17 C 0 4/1-6/30 9/1-9/30
1 A023945 12/09/71 P 12 WALLACE BROTHERS 17 C 0 4/1-6/30 9/1-9/30
1 A023838 08/11/71 L 70 SOUTH SUTTER WATER DISTRICT 1.35 C 0 4/1-6/30 9/1-9/30
1 A023834 08/02/71 P 24 ST SUPERY VINEYARDS & WINERY 0 1,045 9/15-5/31
1 A023757 04/12/71 P 69 BROWNS VALLEY IRRIGATION DISTRICT 70 C 0 11/1-6/30
1 A023690 01/25/71 P 70 SOUTH SUTTER WATER DISTRICT 25 C 0 4/1-6/30 9/1-10/31
1 A023672 01/14/71 P 24 ST SUPERY VINEYARDS & WINERY 0 1,045 9/15-5/31
1 A023416 12/19/69 P 59 RANCHO MURIETA COMMUNITY SERVICES DIST 6 C 4,050 11/1-5/31 11/1-5/31
1 A023280 05/19/69 L 61 S X RANCH INC 0 4,620 10/1-3/31
1 A023249 03/19/69 L 24 ST SUPERY VINEYARDS & WINERY 0 49 11/1-5/1
1 A023248 03/19/69 L 24 ST SUPERY VINEYARDS & WINERY 0 32 11/1-5/1
1 A023247 03/19/69 L 24 ST SUPERY VINEYARDS & WINERY 0 47 11/1-5/1
1 A023246 03/19/69 L 24 ST SUPERY VINEYARDS & WINERY 0 49 11/1-4/30
1 A023201 12/26/68 P 15 RECLAMATION DISTRICT #1004 140 C 0 9/15-1/31 4/1-6/15
1 A023045 05/15/68 L 69 GARDEN HIGHWAY MUTUAL WATER CO 32.7 C 0 4/1-4/30
1 A023031 04/18/68 P 49 GRAVELY FORD WATER DISTRICT 0 5,000 10/1-6/1
1 A023005 03/12/68 L 12 GLENN COLUSA IRRIGATION DIST 2 C 0 4/1-6/30 9/1-12/31
1 A022980 02/07/68 L 40 PINE MOUNTAIN LAKE ASSOCIATION 0 7,650 10/1-5/31
1 A022427 03/17/66 L 61 HOT SPRINGS VALLEY IRRIGATION DIST 0 20,000 10/1-4/30
1 A022333 11/12/65 L 69 FORAKER 40 C 340 4/1-6/15 4/1-6/15
1 A022321 10/25/65 L 69 GORRILL LAND COMPANY 25.8 C 580 4/1-6/15 4/1-6/15
1 A022309 10/08/65 L 70 NATOMAS CENTRAL MUTUAL WATER CO 14 C 0 3/1-6/30 9/1-10/31
1 A022102 04/12/65 L 70 SOUTH SUTTER WATER DISTRICT 40.3 C 0 4/1-6/15 9/1-10/31
1 A022061 02/25/65 P 14 PARADISE IRRIGATION DIST 0 8,800 10/1-5/31
1 A022039 02/05/65 L 69 RANCHO ESQUON PARTNERS 66 C 0 4/1-6/15
1 A021945 10/22/64 P 22 U S BUREAU OF RECLAMATION (Sugar Pine Lake) 18 C 15,400 11/1-7/1 11/1-7/1
1 A021443 08/23/63 P 17 CA DEPT OF WATER RESOURCES (Davis Lake) 0 34,000 10/1-6/30
1 A021206 03/26/63 L 69 CREPS 10 C 0 4/15-6/30 9/1-12/15
1 A020904 08/20/62 L 61 S X RANCH INC 0 1,920 10/15-5/1
1 A020877 07/27/62 L 24 MAGOON ESTATE LIMITED 0 1,287 9/15-6/30
1 A020876 07/27/62 L 24 MAGOON ESTATE LIMITED 0 1,310 9/15-6/30
1 A020698 04/04/62 L 65 MAINE PRAIRIE WATER DIST 96 C 0 3/1-7/1 9/1-11/1
1 A020376 08/31/61 L 65 SWANSTON 15.7 C 0 5/1-6/30 9/1-9/30
1 A020245 06/05/61 P 55 CONTRA COSTA WATER DISTRICT 0 95,850 11/1-6/30
1 A020017 03/06/61 P 67 NEVADA IRRIGATION DIST 200 C 18,000 9/1-6/30 11/1-6/30
1 A019934 01/27/61 P 24 U S BUREAU OF RECLAMATION (Lake Berryessa) 0 7,500 11/1-5/31
1 A019890 12/21/60 L 24 MAGOON ESTATE LIMITED 0 1,381 9/15-6/30
1 A019309 03/14/60 L 61 SOUTH FORK IRRIGATION DISTRICT 0 2,240 11/1-4/15
1 A019304 03/11/60 P 39 U S BUREAU OF RECLAMATION (New Melones) 0 1,420,000 11/1-6/30
1 A019229 02/11/60 L 55 RECLAMATION DISTRICT #2068 42 C 0 11/1-3/1
1 A019149 12/23/59 P 39 CALAVERAS COUNTY WATER DIST 365 C 79,200 3/1-7/1 11/1-6/30
1 A019145 12/23/59 L 62 GEORGE P DENNY III TRUST 0 6,400 11/1-4/1
1 A019087 11/19/59 L 65 SWANSTON 0.92 C 0 5/1-6/30 9/1-9/30
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1 A019086 11/19/59 L 65 SWANSTON 10 C 0 5/1-6/30 9/1-9/30
1 A019083 11/16/59 L 69 AGRIVEST CORP 1.2 C 0 5/1-6/30 9/1-10/31
1 A018844 07/06/59 L 17 CA DEPT OF WATER RESOURCES (Frenchman Lake) 0 4,962 11/1-6/1
1 A018812 06/19/59 P 32 U S BUREAU OF RECLAMATION (New Hogan Lake) 200 C 325,000 11/1-5/1 11/1-5/1
1 A018774 06/08/59 L 49 EL NIDO IRRIGATION DISTRICT 0 5,000 11/1-4/15
1 A018733 05/22/59 P 45 U S BUREAU OF RECLAMATION (Hidden Lake) 0 74,000 12/1-4/30
1 A018714 05/15/59 P 43 U S BUREAU OF RECLAMATION (Eastman Lk) 0 143,000 11/1-5/31
1 A018527 02/11/59 L 65 MAINE PRAIRIE WATER DIST 2.11 C 0 5/1-11/1
1 A018488 01/26/59 L 69 AKIN RANCH, A PARTNERSHIP 1 C 0 4/15-9/15
1 A018372 10/15/58 L 12 OLIVE PERCY DAVIS TRUST 7.6 C 0 4/1-6/15 9/1-10/1
1 A018115 04/30/58 P 11 U S BUREAU OF RECLAMATION (Black Butte Res) 200 C 160,000 11/1-4/30
1 A018087 04/08/58 P 22 PLACER COUNTY WATER AGENCY 800 C 66,000 11/1-7/1 11/1-7/1
1 A018085 04/07/58 P 22 PLACER COUNTY WATER AGENCY 1225 C 249,000 11/1-7/1 11/1-7/1
1 A018075 03/31/58 L 55 GALEN WHITNEY & EST OF H B WHITNEY 3 C 0 6/1-10/1
1 A018025 03/05/58 P 69 CITY OF YUBA CITY 15.6 C 0 1/1-7/1 9/1-12/31
1 A018005 02/18/58 L 69 CA DEPT OF FISH & GAME (Gray Lodge Wildlife Area) 15 C 0 9/1-6/30
1 A017971 02/03/58 L 55 MCCORMACK 2.2 C 0 4/15-10/1
1 A017966 01/29/58 L 49 MCMULLIN RECL DISTRICT #2075 8.22 C 0 4/1-4/30
1 A017948 01/17/58 L 55 SAN JOAQUIN RIVER WATER USERS CO, INC 4.75 C 0 3/1-11/15
1 A017664 06/20/57 L 65 MAINE PRAIRIE WATER DIST 2 C 0 5/1-11/30
1 A017605 05/14/57 P 59 JACKSON VALLEY IRRIGATION DIST 50 C 30,000 3/1-5/31 11/1-5/31
1 A017493 03/01/57 L 65 MAINE PRAIRIE WATER DIST 2 C 0 4/1-11/30
1 A017491 03/01/57 L 65 MAINE PRAIRIE WATER DIST 2 C 0 4/1-10/31
1 A017488 03/01/57 L 65 MAINE PRAIRIE WATER DIST 2 C 0 4/1-10/31
1 A017487 03/01/57 L 65 MAINE PRAIRIE WATER DIST 2 C 0 4/15-11/15
1 A017468 02/19/57 L 55 STEPHENS II 5.5 C 0 4/1-10/31
1 A017376 11/28/56 P 58 U S BUREAU OF RECLAMATION (Whiskeytown) 3,600 C 250,000 11/1-4/1 11/1-4/1
1 A017066 05/02/56 L 12 PRINCETON-CODORA-GLENN IRRIGATION DIST 50 C 0 4/1-6/30 9/1-10/31
1 A016985 04/03/56 L 15 TISDALE IRRIGATION & DRAINAGE CO 15 C 0 5/1-6/15
1 A016952 03/20/56 L 17 CA DEPT OF WATER RESOURCES (Frenchman Lake) 0 30,000 11/1-6/1
1 A016950 03/20/56 P 17 CA DEPT OF WATER RESOURCES (Davis lake) 0 49,000 10/1-6/30
1 A016688 10/24/55 P 22 GEORGETOWN DIVIDE PUBLIC UTILTY DIST 30 C 4,000 11/1-8/1 11/1-8/1
1 A016677 10/20/55 L 15 SUTTER MUTUAL WATER COMPANY 7.5 C 0 4/1-6/15 9/1-10/31
1 A016604 09/15/55 L 49 GALLO CATTLE COMPANY, A PARTNERSHIP 10 C 0 1/1-12/31
1 A016401 05/31/55 L 69 TUDOR MUTUAL WATER COMPANY 32 C 0 4/1-10/1
1 A016399 05/27/55 L 69 CA DEPT OF FISH & GAME (Gray Lodge Wildlife Area) 50 C 0 9/1-6/15
1 A016362 05/05/55 P 12 RIDGE CUT FARMS 14.52 C 0 4/1-6/30 9/1-9/30
1 A016361 05/05/55 P 12 KNAGGS 65.36 C 0 4/1-6/30 9/1-9/30
1 A016329 04/21/55 L 49 JOSEPH GALLO FARMS 27 C 0 4/1-11/1 11/1-4/1
1 A016219 01/26/55 L 62 HAMMOND RESERVOIR IRRIGATION ASSN 0 348 10/1-3/31
1 A016212 01/17/55 P 22 GEORGETOWN DIVIDE PUBLIC UTILTY DIST 75 C 0 11/1-8/1
1 A016186 12/23/54 L 41 MERCED IRRIGATION DISTRICT 0 605,000 10/1-7/1
1 A016154 11/29/54 L 17 PACIFIC GAS & ELECTRIC COMPANY 0.33 C 0 1/1-12/31
1 A016142 11/18/54 L 59 RANCHO MURIETA COMMUNITY SERVICES DIST 1.24 C 45 5/1-10/31 10/1-5/1
1 A016136 11/15/54 L 49 MENEFEE RIVER RANCH COMPANY 3.2 C 0 2/1-6/15
1 A016060 09/22/54 P 70 CITY OF SACRAMENTO 175 C 0 11/1-8/1
1 A015975 08/02/54 P 16 YOLO COUNTY F C & W C DIST 0 50,000 10/1-5/15
1 A015893 06/04/54 L 69 GARDEN HIGHWAY MUTUAL WATER CO 0.7 C 0 5/1-11/1
1 A015867 05/10/54 L 69 PARROTT INVESTMENT COMPANY 5.9 C 0 3/1-7/15
1 A015866 05/10/54 L 15 M & T INCORPORATED 5.9 C 0 3/1-7/15
1 A015856 04/30/54 L 70 WILLIAM NICHOLAS TRUST 35.3 C 0 3/15-11/15
1 A015795 03/24/54 L 70 OSTERLI 7.34 C 0 4/1-10/15
1 A015748 02/25/54 L 17 PACIFIC GAS & ELECTRIC COMPANY 0.0232 C 0 1/1-12/31
1 A015745 02/23/54 L 70 WILLEY 18.6 C 0 4/1-10/31
1 A015734 02/18/54 L 70 OSTERLI 8.23 C 0 4/1-9/30
1 A015710 02/02/54 L 69 MCPHERRIN LAND CO 10 C 0 4/1-6/15 9/1-10/1
1 A015706 01/28/54 L 24 MAGOON ESTATE LIMITED 0 1,222 10/1-6/1
1 A015698 01/21/54 L 55 CECCARINI 30.2 C 0 4/1-11/1
1 A015628 12/02/53 L 49 GALLO BEAR CREEK RANCH 38 C 0 4/1-10/31
1 A015606 11/09/53 L 70 OSTERLI 14.54 C 0 4/1-9/30
1 A015587 10/27/53 L 69 SUTTER EXTENSION WATER DISTRICT 35 C 0 4/15-6/30 9/1-9/30
1 A015574 10/09/53 P 67 YUBA COUNTY WATER AGENCY 0 514,000 10/1-6/30
1 A015572 10/08/53 L 70 NATOMAS CENTRAL MUTUAL WATER CO 131 C 0 4/1-6/30
1 A015468 08/19/53 L 69 MCGOWAN BROTHERS 25 C 0 4/1-6/15 9/1-10/31
1 A015467 08/19/53 L 69 MCGOWAN RICE RANCH 25 C 0 4/1-6/15 9/1-10/31
1 A015414 07/16/53 L 62 PACIFIC GAS & ELECTRIC COMPANY 0.039 C 0 1/1-12/31
1 A015406 07/08/53 L 69 CA DEPT OF FISH & GAME 22.2 C 0 4/1-11/1
1 A015392 06/29/53 L 65 TUTTLE 21.2 C 0 4/1-9/30
1 A015250 03/23/53 L 55 A STEFFAN RANCH 22.7 C 0 3/1-11/30 12/1-3/1
1 A015204 02/20/53 P 67 YUBA COUNTY WATER AGENCY 0 246,000 10/1-6/30
1 A015179 01/29/53 L 69 SUTTER EXTENSION WATER DISTRICT 31 C 0 4/1-6/30 9/1-10/1
1 A015178 01/29/53 L 69 SUTTER EXTENSION WATER DISTRICT 15 C 0 4/1-6/30 9/1-10/1
1 A015177 01/29/53 L 69 SUTTER EXTENSION WATER DISTRICT 20 C 0 4/1-6/30 9/1-10/1
1 A015095 11/25/52 L 69 AKIN RANCH, A PARTNERSHIP 11.6 C 0 4/15-10/1
1 A015017 09/15/52 L 69 CA DEPT OF FISH & GAME 6 C 0 4/15-9/15
1 A014907 07/11/52 L 55 RECLAMATION DISTRICT #548 82 C 0 1/1-12/31
1 A014867 06/19/52 L 69 ETCHEVERRY-IRIGOYEN 15 C 0 4/1-10/1

(cont.)
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1 A014858A 06/16/52 P 39 U S BUREAU OF RECLAMATION (New Melones Lk) 0 980,000 11/1-6/30
1 A014858B 06/16/52 P 39 U S BUREAU OF RECLAMATION (New Melones Lk) 2250 C 0 11/1-6/30
1 A014804 05/12/52 L 70 SOUTH SUTTER WATER DISTRICT 330 C 58,370 5/1-9/1 10/1-6/30
1 A014803 05/12/52 P 69 FEATHER WATER DISTRICT 130 C 0 1/1-12/31
1 A014686 02/21/52 L 69 DAVIS, HELEN 3 C 0 5/1-10/1
1 A014665 01/31/52 L 69 SUTTER EXTENSION WATER DISTRICT 25 C 0 4/15-11/1
1 A014649 01/21/52 L 12 CAVE 20.1 C 0 4/1-10/1
1 A014619 01/14/52 L 12 ZUMWALT MUTUAL WATER CO 0.5 C 0 4/1-10/15
1 A014588 11/26/51 L 69 SUTTER EXTENSION WATER DISTRICT 29 C 0 5/1-9/15
1 A014582 11/19/51 L 49 CA DEPT OF FISH & GAME (Los Banos Wildlife Area) 47 C 0 1/1-12/31
1 A014546 11/02/51 L 69 MCPHERRIN LAND CO 15 C 0 4/1-11/1
1 A014544 11/01/51 L 55 ZANETTI 13 C 0 4/1-12/31
1 A014443 08/24/51 P 69 CA DEPT OF WATER RESOURCES (Oroville) 7,545 C 3,542,100 1/1-12/31 9/1-7/31
1 A014430 08/15/51 L 70 SOUTH SUTTER WATER DISTRICT 2 C 0 4/1-11/1
1 A014415 08/03/51 L 69 GARDEN HIGHWAY MUTUAL WATER CO 23 C 0 5/1-11/1
1 A014378 06/28/51 L 12 MAXWELL IRRIGATION DIST 3 C 0 3/1-11/30
1 A014354 06/20/51 L 69 MCGOWAN RICE RANCH 7.4 C 0 4/1-10/1
1 A014316 05/21/51 L 69 U S FISH & WILDLIFE SERVICE (Butte Sink NWR) 2.4 C 0 5/1-9/1
1 A014127 01/16/51 L 40 TURLOCK I D & MODESTO I D 0 1,046,800 11/1-7/31
1 A014113 12/28/50 P 17 OROVILLE-WYANDOTTE IRRIGATION DIST 700 C 117,300 1/1-12/31 11/1-7/1
1 A014023 10/28/50 L 55 AUGUSTA BIXLER FARMS 18.5 C 0 1/1-12/31
1 A014022 10/26/50 L 55 AUGUSTA BIXLER FARMS 9.5 C 0 1/1-12/31
1 A013976 10/03/50 L 58 IGO ONO COMMUNITY SERVICE DIST 0.8 C 0 4/1-11/1
1 A013957 09/20/50 P 67 OROVILLE-WYANDOTTE IRRIGATION DIST 300 C 35,000 5/1-11/1 1/1-7/1
1 A013919 08/25/50 L 12 MAXWELL IRRIGATION DIST 11.6 C 0 5/1-12/1
1 A013873 07/31/50 P 67 BROWNS VALLEY IRRIGATION DISTRICT 0 40,000 10/1-6/1
1 A013846 07/15/50 L 17 PACIFIC GAS & ELECTRIC COMPANY 0 60 10/1-5/1
1 A013769 06/01/50 L 17 PACIFIC GAS & ELECTRIC COMPANY 0.078 C 0 1/1-12/31
1 A013765 05/31/50 L 17 PACIFIC GAS & ELECTRIC COMPANY 0.056 C 0 1/1-12/31
1 A013735 05/15/50 L 12 MAXWELL IRRIGATION DIST 7 C 0 4/15-10/1
1 A013715 05/02/50 L 55 SAN JOAQUIN RIVER WATER USERS CO, INC 22.1 C 0 1/1-12/31
1 A013710 04/28/50 L 69 CREPS 4.7 C 0 4/15-12/15
1 A013628 03/10/50 L 49 BROCCHINI 0.75 C 0 3/1-11/1
1 A013590 02/20/50 L 15 OJI BROTHERS, A CO-PARTNERSHIP 2.87 C 0 4/1-10/1
1 A013541 01/13/50 L 49 WEAVER 45 C 0 11/1-7/1
1 A013454 11/09/49 L 15 ANDREOTTI 13.5 C 0 4/1-10/1
1 A013452 11/09/49 L 12 PROVIDENT IRRIGATION DIST 3.25 C 0 4/1-10/1
1 A013371 10/01/49 P 22 U S BUREAU OF RECLAMATION (Folsom) 700 C 300,000 11/1-8/1 11/1-7/1
1 A013370 10/01/49 P 22 U S BUREAU OF RECLAMATION (Folsom) 8,000 C 1,000,000 11/1-8/1 11/1-7/1
1 A013349 09/12/49 L 69 SUTTER EXTENSION WATER DISTRICT 2.66 C 0 4/15-10/15
1 A013323 08/31/49 L 69 MCGOWAN RICE RANCH 7 C 0 4/1-10/1

2 A013175 06/27/49 L 49 CHOWCHILLA WATER DISTRICT 90 C 50,000 3/1-7/31 11/1-5/1
2 A013156 06/16/49 P 29 EAST BAY MUNICIPAL UTILITY DIST 194 C 353,000 12/1-7/1 12/1-7/1
2 A013148 06/10/49 L 55 PETERSEN ESTATE COMPANY 18 C 0 4/15-10/15
2 A013130 06/02/49 P 67 BROWNS VALLEY IRRIGATION DISTRICT 0 20,000 10/1-5/1
2 A013093A 05/13/49 P 39 CALAVERAS COUNTY WATER DIST 0 5,000 11/1-7/1
2 A013091 05/13/49 P 39 CALAVERAS COUNTY WATER DIST 0 63,000 11/1-7/1
2 A013031 04/18/49 L 65 KNAGGS 3 C 0 4/15-10/1
2 A013008 03/30/49 L 69 MCGOWAN BROTHERS 14.2 C 0 4/1-10/1
2 A013002 03/25/49 L 12 OLIVE PERCY DAVIS TRUST 1 C 0 4/1-10/1
2 A013001 03/25/49 L 12 OLIVE PERCY DAVIS TRUST 0.27 C 0 4/1-10/1
2 A013000 03/25/49 L 12 OLIVE PERCY DAVIS TRUST 5 C 0 4/1-10/1
2 A012997 03/23/49 L 12 KNAGGS 2.98 C 0 4/1-10/1
2 A012996 03/23/49 L 12 KNAGGS 2.11 C 0 4/1-10/1
2 A012995 03/23/49 L 12 KNAGGS 1.72 C 0 4/1-10/1
2 A012926 02/07/49 L 69 DAVIS, HELEN 3 C 0 4/1-10/1
2 A012912 01/25/49 P 39 CALAVERAS COUNTY WATER DIST 7 C 0 11/1-7/1
2 A012910 01/25/49 P 39 CALAVERAS COUNTY WATER DIST 400 C 0 3/1-7/1
2 A012842 12/02/48 P 29 NORTH SAN JOAQUIN WATER CONS DIST 80 C 20,000 12/1-7/1 12/1-7/1
2 A012716 09/27/48 P 24 U S BUREAU OF RECLAMATION (Lake Berryessa) 116 C 320,000 1/1-12/31 11/1-5/31
2 A012648 08/12/48 L 59 WOODBRIDGE IRRIGATION DISTRICT 18.25 C 0 1/1-12/31
2 A012635 08/06/48 L 49 W P RODUNER CATTLE & FARMING CO 23.4 C 0 3/1-12/1
2 A012622 07/29/48 P 22 CITY OF SACRAMENTO 1200 C 314,000 11/1-8/1 11/1-8/1
2 A012578 06/30/48 P 24 U S BUREAU OF RECLAMATION (Lake Berryessa) 900 C 600,000 2/1-11/15 11/1-5/31
2 A012490 04/28/48 L 49 OAKDALE I D & SOUTH SAN JOAQUIN I D 0 64,500 10/1-7/1
2 A012470B 04/13/48 L 15 PELGER MUTUAL WATER COMPANY 53.5 C 4/1-11/1
2 A012470A 04/13/48 L 15 SUTTER MUTUAL WATER COMPANY 35.9 C 0 4/1-11/1
2 A012437 03/25/48 L 69 U S FISH & WILDLIFE SERVICE (Butte Sink NWR) 4.6 C 0 5/1-9/1
2 A012421 03/19/48 P 22 GEORGETOWN DIVIDE PUBLIC UTILITY DIST 50 C 20,000 11/1-8/1 11/1-8/1
2 A012412 03/17/48 L 12 OLIVE PERCY DAVIS TRUST 6 C 0 4/1-10/1
2 A012389 03/08/48 P 16 LAKE COUNTY F C & W C D 0 41,000 10/1-4/1
2 A012371 03/02/48 L 69 CORDUA IRRIGATION DISTRICT 50 C 0 4/1-11/1
2 A012367 03/01/48 P 70 CARMICHAEL WATER DISTRICT 25 C 0 1/1-12/31
2 A012342A 02/20/48 P 59 JACKSON VALLEY IRRIGATION DIST 60 C 6,000 11/1-5/31 11/1-5/31
2 A012321 02/13/48 P 22 CITY OF SACRAMENTO 310 C 275,000 11/1-8/1 11/1-8/1
2 A012286 02/02/48 L 55 CITY OF VALLEJO 31.52 C 0 1/1-12/31

(cont.)
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2 A012263 01/26/48 L 61 U S FISH & WILDLIFE SERVICE (Colusa NWR) 0 1,100 10/1-4/1
2 A012256 01/23/48 L 12 KNAGGS 9 C 0 4/1-10/1
2 A012230A 01/06/48 L 69 SUTTER EXTENSION WATER DISTRICT 1.92 C 0 4/1-10/1
2 A012140 10/29/47 P 70 CITY OF SACRAMENTO 500 C 0 11/1-8/1
2 A012125 10/08/47 L 12 GLENN COLUSA IRRIGATION DIST 11 C 0 4/20-9/30
2 A012115 09/30/47 L 12 U S FISH & WILDLIFE SERVICE (Colusa NWR) 8 C 0 4/15-11/1
2 A012074 09/08/47 L 65 CONAWAY CONSERVANCY GROUP 9.4 C 0 4/15-10/31
2 A012073 09/08/47 L 65 CONAWAY CONSERVANCY GROUP 165.25 C 0 4/1-10/31
2 A011959 06/24/47 L 12 ZUMWALT MUTUAL WATER CO 15 C 0 4/1-9/15
2 A011958 06/24/47 L 12 MAXWELL IRRIGATION DIST 13.5 C 0 4/15-10/1
2 A011957 06/24/47 L 12 MAXWELL IRRIGATION DIST 65.5 C 0 4/15-10/1
2 A011956 06/24/47 L 12 MAXWELL IRRIGATION DIST 8.5 C 0 4/1-10/1
2 A011955 06/24/47 L 12 MAXWELL IRRIGATION DIST 14 C 0 4/15-10/1
2 A011953 06/23/47 L 15 SUTTER MUTUAL WATER COMPANY 7.5 C 0 4/1-10/1
2 A011926 06/09/47 L 12 STRAIN 22 C 0 4/15-9/15
2 A011925 06/09/47 L 12 STRAIN 8 C 0 4/15-9/15
2 A011910 05/29/47 L 65 RIVER GARDEN FARMS COMPANY 19 C 0 4/1-9/15
2 A011903 05/26/47 L 12 OTTENWALTER 8.1 C 0 4/1-10/1
2 A011902 05/26/47 L 12 GOETTE FARMS, INC & EST OF 9 C 0 4/1-10/1
2 A011901 05/26/47 L 12 GOETTE FARMS, INC 8 C 0 4/1-9/15
2 A011900 05/26/47 L 12 ARCH J CAMPBELL, TRUSTEE 16.4 C 0 4/1-10/1
2 A011899 05/26/47 L 12 RECLAMATION DISTRICT #108 75 C 0 4/1-10/1
2 A011888A 05/22/47 L 12 OTTENWALTER 6.7 C 0 4/1-10/1
2 A011887 05/22/47 L 55 GALEN WHITNEY & EST OF H B WHITNEY 11.7 C 0 3/1-11/15
2 A011886 05/22/47 L 12 ASH 15 C 0 4/15-10/1
2 A011881 05/15/47 L 12 WALLACE BROTHERS 13 C 0 4/15-10/1
2 A011878 05/13/47 L 65 ESTATE OF E L WALLACE 34 C 0 4/15-10/15
2 A011855 05/05/47 L 12 RIDGE CUT FARMS 13.7 C 0 4/15-9/15
2 A011854 05/05/47 L 12 RIDGE CUT FARMS 13.7 C 0 4/15-9/15
2 A011847 04/28/47 L 55 UNION ISLAND MUTUAL WATER CO, INC 14.1 C 0 1/1-12/31
2 A011792B 03/24/47 P 39 CALAVERAS COUNTY WATER DIST 0 78,500 11/1-7/1
2 A011688 01/08/47 L 49 U S FISH & WILDLIFE SERVICE (San Luis NWR) 20.2 C 0 1/1-12/31
2 A011687 01/08/47 L 49 U S FISH & WILDLIFE SERVICE (San Luis NWR) 40.9 C 0 1/1-12/31
2 A011653 12/10/46 L 49 W P RODUNER CATTLE & FARMING CO 40 C 0 12/1-6/1
2 A011632 11/21/46 L 69 U S FISH & WILDLIFE SERVICE (Sutter NWR) 25 C 0 6/1-10/30
2 A011618 11/14/46 L 15 ANDREOTTI 5.5 C 0 4/1-10/1
2 A011389 05/03/46 P 16 YOLO COUNTY F C & W C DIST 0 250,000 10/1-6/30
2 A011349 03/26/46 L 69 U S FISH & WILDLIFE SERVICE (Sutter NWR) 5 C 0 4/15-10/1
2 A011319 03/15/46 L 69 SUTTER EXTENSION WATER DISTRICT 3 C 0 5/1-10/31
2 A011314 03/12/46 L 12 ZUMWALT MUTUAL WATER CO 11.7 C 0 4/1-10/15
2 A011281 02/11/46 L 62 HAMMOND RESERVOIR IRRIGATION ASSN 15 C 0 4/1-10/10
2 A011274 02/04/46 L 15 A & F BOEGER CORPORATION 15 C 0 4/15-10/15
2 A011268 01/25/46 L 55 STEPHENS II 21 C 0 3/1-11/1
2 A011242 12/26/45 L 12 HOLZAPFEL 22 C 0 3/15-11/1
2 A011199 10/29/45 P 24 U S BUREAU OF RECLAMATION (Lake Berryessa) 0 1,000,000 11/1-5/31
2 A011194 10/26/45 L 55 MCCORMACK 7 C 0 4/15-10/15
2 A011193 10/25/45 L 17 PACIFIC GAS & ELECTRIC COMPANY 0.25 C 0 1/1-12/31
2 A011192 10/25/45 L 17 PACIFIC GAS & ELECTRIC COMPANY 0.18 C 0 1/1-12/31
2 A011141 09/04/45 L 55 SPANOS 6.69 C 0 2/1-11/1
2 A011105 07/13/45 L 49 OAKDALE I D & SOUTH SAN JOAQUIN I D 0 98,000 10/1-7/1
2 A011058 05/25/45 L 69 CHRISTENSON 15 C 0 4/1-10/1
2 A011047 05/09/45 L 49 CHOWCHILLA WATER DISTRICT 11.4 C 0 2/1-11/1
2 A011028 04/12/45 L 12 ZUMWALT MUTUAL WATER CO 96 C 0 4/1-10/15
2 A011025 04/06/45 L 69 CREPS 2 C 0 5/1-10/1
2 A011011 03/20/45 L 12 BALSDON RANCH 28 C 0 3/15-10/15
2 A011003A 03/09/45 L 49 TRIANGLE T RANCH INCORPORATED 17.5 C 0 2/1-7/1
2 A010978 02/10/45 L 49 OAKDALE I D & SOUTH SAN JOAQUIN I D 0 25,000 12/1-5/1
2 A010951 01/11/45 L 15 OJI BROTHERS, A CO-PARTNERSHIP 7.82 C 0 4/15-10/15
2 A010905 10/26/44 L 69 DAVIS, HELEN 2.5 C 0 5/1-10/1

3 A010872 08/30/44 L 49 OAKDALE I D & SOUTH SAN JOAQUIN I D 0 80,000 1/1-12/31
3 A010769 02/16/44 L 69 DAVIS, HELEN 0.55 C 0 4/1-11/1
3 A010739 12/21/43 L 69 DANNA & DANNA INC 14 C 0 4/1-10/1
3 A010658 06/16/43 L 15 SUTTER MUTUAL WATER COMPANY 7.52 C 0 3/1-10/31
3 A010572 12/11/42 L 49 MERCED IRRIGATION DISTRICT 257 C 0 3/30-8/1
3 A010529 08/22/42 L 69 SUTTER EXTENSION WATER DISTRICT 234 C 0 4/1-10/31
3 A010417 03/25/42 L 15 WALLACE CONSTRUCTION INC 11 C 0 4/15-10/1
3 A010407 03/17/42 L 61 BIG VALLEY MUTUAL WATER CO 0 2,865 10/1-6/1
3 A010363 01/16/42 L 15 WESTERMANN FARMS 9.4 C 0 2/1-12/1
3 A010358 01/12/42 L 69 RUDD FARMING, INC 11.53 C 0 4/1-10/31
3 A010240 07/17/41 L 59 WOODBRIDGE IRRIGATION DISTRICT 114.4 C 0 5/1-8/31 11/1-1/31
3 A010221 06/13/41 L 70 SOUTH SUTTER WATER DISTRICT 250 C 40,000 3/1-6/30 9/1-10/31 10/1-6/30
3 A010215 06/03/41 L 55 BANDONI 8 C 0 1/1-12/31
3 A010190 04/28/41 L 70 CAMP FAR WEST IRRIGATION DIST 0 5,000 5/1-6/1
3 A010068 11/20/40 L 55 CECCARINI 9.65 C 0 3/1-12/1
3 A010030 10/08/40 L 69 GIUSTI 21.05 C 0 4/1-11/1
3 A009997 09/06/40 L 49 TURLOCK I D & MODESTO I D 1200 C 0 2/1-11/30
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3 A009987 08/22/40 L 15 POUNDSTONE 7.1 C 0 4/1-10/15
3 A009927 06/10/40 L 69 CORDUA IRRIGATION DISTRICT 40 C 0 4/1-11/1
3 A009899 05/16/40 L 69 HALLWOOD IRRIGATION COMPANY 100 C 0 4/1-11/1
3 A009886 04/29/40 L 17 PACIFIC GAS & ELECTRIC COMPANY 0.28 C 0 1/1-12/31
3 A009834 02/21/40 L 49 BROCCHINI 3.89 C 0 3/1-12/1
3 A009806 01/19/40 L 65 SWANSTON 25.4 C 0 4/1-10/1
3 A009760 11/03/39 L 15 SUTTER MUTUAL WATER COMPANY 250 C 0 1/1-12/31
3 A009737 09/22/39 L 15 PREMIERE FARMLAND PARTNERS III LTD PART 100 C 0 4/1-10/1
3 A009666 07/17/39 L 49 OAKDALE IRRIGATION DISTRICT 1.68 C 0 5/1-11/1
3 A009625 06/19/39 L 69 MCGOWAN RICE RANCH 15 C 0 4/1-10/1
3 A009515 03/01/39 L 69 CHRISTENSON 15 C 0 3/1-10/1
3 A009367 08/02/38 P 51 U S BUREAU OF RECLAMATION (Contra Costa Canal) 250 C 0 1/1-12/31
3 A009366 08/02/38 P 51 U S BUREAU OF RECLAMATION (Contra Costa Canal) 200 C 0 1/1-12/31
3 A009364 08/02/38 P 58 U S BUREAU OF RECLAMATION (Shasta) 9,000 C 1,303,000 1/1-12/31 10/1-6/30
3 A009363 08/02/38 P 58 U S BUREAU OF RECLAMATION (Shasta) 1,000 C 310,000 1/1-12/31 10/1-7/1
3 A009325 06/24/38 L 69 WESTROPE RANCHES, LTD 6.7 C 0 4/1-11/1
3 A009320 06/14/38 L 55 LEONARDO 8.1 C 0 1/1-12/31
3 A009182 11/20/37 L 55 PARADISE MUTUAL WATER COMPANY 6 C 0 11/1-4/1
3 A009095 08/24/37 L 12 U S FISH & WILDLIFE SERVICE (Sacramento NWR) 8 C 0 1/1-12/31
3 A009094 08/24/37 L 12 U S FISH & WILDLIFE SERVICE (Sacramento NWR) 17 C 0 1/1-12/31
3 A009093 08/24/37 L 12 U S FISH & WILDLIFE SERVICE (Sacramento NWR) 23 C 0 1/1-12/31
3 A009092 08/24/37 L 12 U S FISH & WILDLIFE SERVICE (Sacramento NWR) 12 C 0 1/1-12/31
3 A008986 06/04/37 L 69 BROWNS VALLEY IRRIGATION DISTRICT 3 C 0 4/1-10/31
3 A008931 04/01/37 L 15 ANDREOTTI 3 C 0 4/1-10/1
3 A008892 02/03/37 L 49 OAKDALE IRRIGATION DISTRICT 4.54 C 0 5/1-11/1
3 A008830 11/13/36 L 69 ROBERT LEAL & ELYSIAN FARMS, INC 12.54 C 0 4/1-11/1
3 A008631 04/08/36 L 12 MAXWELL IRRIGATION DIST 63 C 0 3/15-11/1
3 A008581 03/10/36 L 69 RUDD FARMING, INC 3 C 0 4/15-10/1
3 A008496 11/14/35 L 17 GRAEAGLE LAND & WATER CO 4 C 0 1/1-12/31
3 A008495 11/14/35 L 17 GRAEAGLE LAND & WATER CO 13.75 C 1,500 1/1-12/31 11/1-6/1
3 A008489A 11/08/35 L 55 MCCORMACK 1.65 C 0 1/1-12/31
3 A008338 05/22/35 L 55 CHURCH OF JESUS CHRIST OF L D S (Byron Tract) 14 C 0 1/1-12/31
3 A008238 02/11/35 L 49 EL NIDO IRRIGATION DISTRICT 0 5,066 11/1-4/15
3 A008213 01/15/35 L 15 M & T INCORPORATED 3 C 0 4/1-12/30
3 A008188 12/01/34 L 15 M & T INCORPORATED 100 C 0 1/1-12/31
3 A008187 12/01/34 L 69 PARROTT INVESTMENT COMPANY 100 C 0 1/1-12/31
3 A008180 11/27/34 P 67 NEVADA IRRIGATION DIST 225 C 45,000 1/1-12/31 11/1-6/30
3 A008177 11/27/34 L 67 NEVADA IRRIGATION DIST 2.7 C 680 1/1-12/31 11/1-6/30
3 A007989 06/22/34 L 69 AGRIVEST CORP 17.82 C 0 5/1-10/1
3 A007988 06/22/34 L 69 DAVIS, HELEN 18.75 C 0 3/1-10/31
3 A007886 03/29/34 L 15 SUTTER MUTUAL WATER COMPANY 7.32 C 0 3/1-10/1
3 A007860 03/05/34 L 61 SOUTH FORK IRRIGATION DISTRICT 0 17,000 11/1-4/15
3 A007641D 08/04/33 L 70 WILLIAM NICHOLAS TRUST 6.3 C 0 4/1-9/30
3 A007641B 08/04/33 L 70 OSTERLI 9.6 C 0 4/1-9/30
3 A007641A 08/04/33 L 70 WILLEY 26.4 C 0 4/1-9/30
3 A007012 07/20/31 L 49 STEVINSON WATER DIST 73 C 0 3/1-11/1
3 A006963 05/19/31 L 49 BROCCHINI 6.75 C 0 3/1-12/31
3 A006807 09/27/30 L 49 EL NIDO IRRIGATION DISTRICT 3.8 C 0 11/1-4/15
3 A006743 07/21/30 L 69 BUTTE SLOUGH IRRIGATION COMPANY 55 C 0 4/1-9/30

4 A006711 06/25/30 L 49 TURLOCK I D & MODESTO I D 800 C 0 2/1-11/30
4 A006702 06/16/30 L 67 NEVADA IRRIGATION DIST 20 C 0 4/15-9/30
4 A006587 03/05/30 L 55 CHURCH OF JESUS CHRIST OF L D S (Byron Tract) 23.7 C 0 1/1-12/31
4 A006582 03/04/30 L 69 WESTROPE RANCHES, LTD 34 C 0 4/1-10/31
4 A006529 01/09/30 L 70 NEVADA IRRIGATION DIST 8 C 0 4/1-11/1
4 A006522 01/03/30 L 59 STOCKTON EAST WATER DISTRICT 13.75 C 11,500 1/1-6/15 11/1-6/1
4 A006486 11/14/29 L 15 PREMIERE FARMLAND PARTNERS III LTD PART 55.5 C 0 4/1-10/1
4 A006348 06/26/29 L 69 AGRIVEST CORP 12.82 C 0 4/1-10/1
4 A006316 06/05/29 L 55 NUSS 9.25 C 0 3/1-12/1
4 A006229 03/26/29 L 68 NEVADA IRRIGATION DIST 120 C 0 4/1-10/31
4 A006130 12/04/28 L 39 PACIFIC GAS & ELECTRIC COMPANY 0 5,360 11/1-7/1
4 A006114 11/09/28 L 49 W P RODUNER CATTLE & FARMING CO 11 C 0 2/1-6/15
4 A006111 11/05/28 L 49 STEVINSON WATER DIST 120 C 0 3/1-11/1
4 A005997 07/27/28 L 17 PACIFIC GAS & ELECTRIC COMPANY 2.25 C 0 1/1-12/31
4 A005996 07/27/28 L 17 PACIFIC GAS & ELECTRIC COMPANY 0.3 C 0 1/1-12/31
4 A005916 05/16/28 L 15 POUNDSTONE 6.92 C 0 4/1-10/15
4 A005807 01/20/28 L 59 WOODBRIDGE IRRIGATION DISTRICT 300 C 0 2/1-10/31
4 A005754 11/12/27 L 69 AKIN RANCH, A PARTNERSHIP 13.7 C 0 4/1-10/1
4 A005724 10/17/27 L 49 STEVINSON WATER DIST 163 C 0 3/1-11/1
4 A005648D 07/30/27 P 29 CALAVERAS COUNTY WATER DIST 4 C 150 1/1-12/31 12/1-5/30
4 A005648B 07/30/27 P 59 JACKSON VALLEY IRRIGATION DIST 50 C 0 1/1-12/31
4 A005648A 07/30/27 L 49 OAKDALE I D & SOUTH SAN JOAQUIN I D 0 60,000 10/1-7/1
4 A005645A 07/30/27 L 25 U S BUREAU OF RECLAMATION (Jenkinson Lake) 32.5 C 14,800 11/1-4/14 6/16-6/30 11/1-6/30
4 A005644A 07/30/27 P 22 GEORGETOWN DIVIDE PUBLIC UTILTY DIST 100 C 20,000 11/1-8/1 11/1-8/1
4 A005638 07/30/27 P 46 U S BUREAU OF RECLAMATION (Friant) 5,000 C 1,210,000 2/1-10/31 11/1-8/1
4 A005632 07/30/27 P 67 YUBA COUNTY WATER AGENCY 1593 C 490,000 9/1-6/30 10/1-6/30
4 A005630 07/30/27 P 69 CA DEPT OF WATER RESOURCES (Oroville) 1,400 C 380,000 1/1-12/31 9/1-7/31
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4 A005626 07/30/27 P 58 U S BUREAU OF RECLAMATION (Shasta) 8000 C 3,190,000 9/1-6/30 10/1-6/30

5 A005386 03/21/27 L 49 BANK OF AMERICA NT & SA 20 C 0 1/1-12/31
5 A005359 02/17/27 L 65 CHURCH OF JESUS CHRIST OF L D S (Deseret Farms) 4.26 C 0 4/1-10/31
5 A005316 12/24/26 L 49 MCMULLIN RECL DISTRICT #2075 48.75 C 0 1/1-12/31
5 A005248 10/29/26 L 55 BANTA-CARBONA IRRIGATION DIST 25.14 C 0 2/1-11/30
5 A005209B 09/15/26 L 55 CA DEPARTMENT OF CORRECTIONS 4.8 C 0 1/1-12/31
5 A005209A 09/15/26 L 55 COSE 6.403 C 0 1/1-12/31
5 A005193 09/08/26 P 67 NEVADA IRRIGATION DIST 0 50,000 1/1-6/30 10/1-6/30
5 A005155 08/13/26 L 55 ISLAND RECLAMATION DIST #2062 49.24 C 0 1/1-12/31
5 A005153B 08/13/26 L 55 CA DEPARTMENT OF CORRECTIONS 5.1 C 0 1/1-12/31
5 A005153A 08/13/26 L 55 COSE 7 C 0 1/1-12/31
5 A005110 07/17/26 L 69 PARROTT INVESTMENT COMPANY 20 C 0 1/1-12/31
5 A005109 07/17/26 L 15 M & T INCORPORATED 20 C 0 1/1-12/31
5 A005092 07/10/26 L 55 GIANELLI 13.52 C 0 2/15-12/15
5 A005047 06/08/26 L 55 GIKAS 16.68 C 0 4/1-11/1
5 A004991 04/13/26 L 55 PESCADERO RECLAMATION DIST NO 2058 88.37 C 0 10/31-5/1
5 A004959 03/15/26 L 69 CA DEPT OF FISH & GAME (Gray Lodge Wildlife Area) 15 C 0 4/1-12/15
5 A004945 03/05/26 L 55 RECLAMATION DISTRICT #2039 78.6 C 0 1/1-12/31
5 A004944 03/05/26 L 55 RECLAMATION DISTRICT #2038 71.74 C 0 1/1-12/31
5 A004943 03/05/26 L 55 RECLAMATION DISTRICT #2037 85.45 C 0 1/1-12/31
5 A004942 03/05/26 L 55 PALM TRACT COMPANY 30.8 C 0 1/1-12/31
5 A004902 01/28/26 L 65 CHURCH OF JESUS CHRIST OF L D S (Deseret Farms) 8.12 C 0 4/1-10/31
5 A004901 01/28/26 L 65 CHURCH OF JESUS CHRIST OF L D S (Deseret Farms) 22 C 0 4/1-10/31
5 A004889 01/15/26 L 24 MAGOON ESTATE LIMITED 0 100 9/15-5/1
5 A004862 12/14/25 L 69 RANCHO ESQUON PARTNERS 18 C 0 4/1-11/30
5 A004851 11/30/25 L 22 PACIFIC GAS & ELECTRIC COMPANY 0 300 12/1-6/30
5 A004743 08/22/25 L 70 CARMICHAEL WATER DISTRICT 10 C 0 5/1-11/1
5 A004699 07/15/25 L 15 PREMIERE FARMLAND PARTNERS III LTD PART 2 C 0 4/15-9/30
5 A004665 06/30/25 L 69 GORRILL LAND COMPANY 15 C 0 4/1-9/30
5 A004664 06/30/25 L 69 GORRILL LAND COMPANY 21.7 C 0 4/1-9/15
5 A004663 06/30/25 L 69 RANCHO ESQUON PARTNERS 13.8 C 0 4/1-9/15
5 A004637 06/15/25 L 55 MORAN 12.44 C 0 3/15-12/1
5 A004613 06/02/25 L 15 PREMIERE FARMLAND PARTNERS III LTD PART 0.5 C 0 4/1-10/31
5 A004524 03/31/25 L 62 PACIFIC GAS & ELECTRIC COMPANY 1 C 0 1/1-12/31
5 A004513 03/20/25 L 55 R & M RANCH,  A PARTNERSHIP 12.72 C 0 4/1-12/31
5 A004512 03/20/25 L 55 R & M RANCH,  A PARTNERSHIP 5.79 C 0 4/1-12/31
5 A004470 02/20/25 L 55 PARADISE MUTUAL WATER COMPANY 14.14 C 0 4/1-11/1
5 A004460 02/14/25 L 49 RIVER JUNCTION RECL DIST NO 2064 72.29 C 0 3/1-10/1
5 A004452 02/10/25 L 55 YAMADA BROTHERS 31.69 C 0 4/1-11/15
5 A004432 01/27/25 L 55 DAL PORTO 16.13 C 0 3/1-11/1
5 A004364 12/13/24 L 15 WALLACE CONSTRUCTION INC 7.25 C 0 3/1-11/1
5 A004351 12/04/24 L 65 CHURCH OF JESUS CHRIST OF L D S (Deseret Farms) 0.37 C 0 5/1-10/1
5 A004276 10/24/24 L 55 GRUNAUER JR 29.87 C 0 3/1-12/1
5 A004275 10/24/24 L 55 OHLENDORF 17.5 C 0 3/1-12/1
5 A004237 09/26/24 L 49 TWIN OAKS IRRIGATION COMPANY 21.91 C 0 2/15-10/15
5 A004228 09/22/24 L 29 EAST BAY MUNICIPAL UTILITY DIST 310 C 209,950 1/1-12/31 10/1-7/15
5 A004124 07/31/24 L 65 SWEETWATER COMPANY 7.12 C 0 1/1-12/31
5 A004123 07/31/24 L 65 SWEETWATER COMPANY 11.64 C 0 11/1-3/31
5 A004101 07/18/24 L 55 RECLAMATION DISTRICT #999 12.8 C 0 5/1-10/1
5 A004100 07/18/24 L 55 RECLAMATION DISTRICT #999 111.88 C 0 5/1-10/1
5 A004099 07/18/24 L 55 RECLAMATION DISTRICT #999 4.82 C 0 5/1-10/1
5 A004000 05/23/24 L 69 PACIFIC GAS & ELECTRIC COMPANY 2.5 C 0 9/1-6/1
5 A003990 05/15/24 L 59 MCGURK 12 C 0 4/1-11/15
5 A003914 03/21/24 L 55 MCCORMACK WILLIAMSON COMPANY 18.75 C 0 3/1-11/1
5 A003843 02/11/24 L 70 CAMP FAR WEST IRRIGATION DIST 11.76 C 0 5/1-10/1
5 A003795 01/10/24 L 17 PACIFIC GAS & ELECTRIC COMPANY 0.0009 C 0 1/1-12/31
5 A003794 01/10/24 L 17 PACIFIC GAS & ELECTRIC COMPANY 0.5 C 0 1/1-12/31
5 A003769 12/22/23 L 55 HASTINGS RECLAMATION DISTRICT 2060 45 C 0 3/1-11/1
5 A003768 12/22/23 L 55 JERSEY ISLAND RECLAMATION DIST 830 40.22 C 0 3/1-11/1
5 A003648 09/24/23 L 49 TURLOCK I D & MODESTO I D 100 C 0 3/1-10/31
5 A003613 08/25/23 L 55 BRACK RECLAMATION DISTRICT #2033 49.38 C 0 3/1-11/1
5 A003550 07/26/23 L 67 PACIFIC GAS & ELECTRIC COMPANY 0 26,662 11/1-6/30
5 A003423 05/17/23 L 65 CHURCH OF JESUS CHRIST OF L D S (Deseret Farms) 7.25 C 0 4/1-10/1
5 A003353 04/12/23 L 61 HOT SPRINGS VALLEY IRRIGATION DIST 0 48,400 12/1-4/1
5 A003290A 03/12/23 L 15 OJI BROTHERS, A CO-PARTNERSHIP 9.39 C 0 4/1-10/31
5 A003206 12/27/22 L 15 TAYLOR--SUTTER BYPASS PROPERTIES INC 20.3 C 0 4/1-10/15
5 A003195 12/27/22 L 15 SUTTER MUTUAL WATER COMPANY 1.38 C 0 4/1-10/31
5 A003091 10/19/22 L 49 OAKDALE IRRIGATION DISTRICT 0 10,754 10/1-7/1
5 A003069 10/07/22 L 24 MAGOON ESTATE LIMITED 5.35 C 1,100 4/1-6/15 9/15-5/1
5 A002979 08/12/22 P 17 OROVILLE-WYANDOTTE IRRIGATION DIST 185 C 0 1/1-12/31
5 A002978 08/12/22 L 67 YUBA COUNTY WATER DISTRICT 21.4 C 0 4/1-10/15
5 A002960 07/28/22 L 55 SPANOS 4.27 C 0 3/1-11/1
5 A002959 07/28/22 L 55 DELTA FARMS R D #2044 39.18 C 0 3/1-11/1
5 A002958 07/28/22 L 55 DELTA FARMS R D #2042 25.28 C 0 3/1-11/1
5 A002957 07/28/22 L 55 DELTA FARMS R D #2041 13.62 C 0 3/1-11/1
5 A002956 07/28/22 L 55 DELTA FARMS R D #2030 76.36 C 0 3/1-11/1
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5 A002955 07/28/22 L 55 DELTA FARMS R D #2029 42.83 C 0 3/1-11/1
5 A002954 07/28/22 L 55 DELTA FARMS R D #2028 60.16 C 0 3/1-11/1
5 A002953 07/28/22 L 55 DELTA FARMS R D #2027 61.66 C 0 3/1-11/1
5 A002952 07/28/22 L 55 DELTA FARMS R D #2026 63.94 C 0 3/1-11/1
5 A002951 07/28/22 L 55 DELTA FARMS R D #2025 49.25 C 0 3/1-11/1
5 A002950 07/28/22 L 55 DELTA FARMS R D #2024 27 C 0 3/1-11/1
5 A002949 07/28/22 L 55 FALLMAN 11.75 C 0 3/1-11/1

6 A002948 07/28/22 L 55 RECLAMATION DISTRICT #756 71.56 C 0 3/1-11/1
6 A002909 06/27/22 L 69 RANCHO ESQUON PARTNERS 20 C 0 4/1-6/15
6 A002881 06/13/22 L 70 CAMP FAR WEST IRRIGATION DIST 0 5,000 3/1-5/1
6 A002805 03/24/22 L 69 RANCHO ESQUON PARTNERS 14 C 0 5/1-9/15
6 A002778 03/06/22 P 17 OROVILLE-WYANDOTTE IRRIGATION DIST 50 C 25,000 4/1-6/1 10/1-6/1
6 A002777 03/06/22 L 69 GORRILL LAND COMPANY 15 C 0 4/1-9/15
6 A002681A 12/08/21 L 55 MCCORMACK 0.82 C 0 5/1-9/15
6 A002652B 11/22/21 P 68 NEVADA IRRIGATION DIST 0 65,000 11/30-6/1
6 A002652A 11/22/21 L 68 NEVADA IRRIGATION DIST 0 12,500 11/30-6/1
6 A002576 10/06/21 L 69 RANCHO ESQUON PARTNERS 6 C 0 4/15-9/15
6 A002524 08/29/21 L 49 SOUTH SAN JOAQUIN IRRIGATION DISTRICT 0 36,000 9/1-5/1
6 A002318 04/22/21 L 55 RECLAMATION DISTRICT #2068 200 C 0 3/1-10/31
6 A002286 03/31/21 L 55 PESCADERO RECLAMATION DIST NO 2058 88.37 C 0 5/1-10/31
6 A002276 03/25/21 L 67 NEVADA IRRIGATION DIST 0 60,000 12/1-7/15
6 A002270 03/22/21 L 25 U S BUREAU OF RECLAMATION (Jenkinson Lake) 63.8 C 22,000 4/15-6/15 11/15-6/15
6 A002227 02/23/21 L 61 CROOK 0 5,250 12/1-6/1
6 A002212 02/17/21 L 11 U S BUREAU OF RECLAMATION (Stony Gorge Res) 0 50,200 11/1-5/1
6 A002186 02/01/21 L 17 PACIFIC GAS & ELECTRIC COMPANY 0 70,000 10/1-7/1
6 A002142 12/17/20 P 17 OROVILLE-WYANDOTTE IRRIGATION DIST 0 45,000 10/1-7/1
6 A002093 11/22/20 L 61 BIG VALLEY MUTUAL WATER CO 0 2,635 1/1-5/1
6 A001987 08/27/20 L 49 WEST STANISLAUS IRRIGATION DIST 262.15 C 0 1/1-12/31
6 A001933 07/23/20 L 55 BANTA-CARBONA IRRIGATION DIST 179.69 C 0 2/1-11/30
6 A001885 06/28/20 L 49 STEVINSON WATER DIST 34.4 C 0 3/1-10/31
6 A001853 05/29/20 L 22 CITY OF SACRAMENTO 0.0111 C 0 6/15-9/15
6 A001838 05/25/20 L 59 RANCHO MURIETA COMMUNITY SERVICES DIST 0.28 C 0 3/15-9/1
6 A001772 04/09/20 L 15 SUTTER MUTUAL WATER COMPANY 0.31 C 0 5/1-10/1
6 A001769 04/09/20 L 15 SUTTER MUTUAL WATER COMPANY 7.67 C 0 4/1-10/31
6 A001765A 04/09/20 L 15 PELGER MUTUAL WATER COMPANY 4 C 0 4/1-10/31
6 A001763 04/09/20 L 15 SUTTER MUTUAL WATER COMPANY 3 C 0 4/15-9/15
6 A001758 04/09/20 L 15 SUTTER MUTUAL WATER COMPANY 1.5 C 0 4/1-10/31
6 A001743 03/30/20 P 59 CITY OF SACRAMENTO 225 C 0 1/1-12/31
6 A001739 03/25/20 L 17 THERMALITO IRRIGATION DISTRICT 0 8,200 12/1-4/1
6 A001725 03/15/20 L 12 KNAGGS 27.42 C 0 5/1-9/30
6 A001699 03/02/20 L 69 GARDEN HIGHWAY MUTUAL WATER CO 39 C 0 4/15-10/31
6 A001666 02/11/20 L 55 RECLAMATION DISTRICT #999 160 C 0 5/1-10/31
6 A001659 02/09/20 L 12 OLIVE PERCY DAVIS TRUST 108.27 C 0 4/1-10/15
6 A001656 02/05/20 L 69 RANCHO ESQUON PARTNERS 12 C 0 5/1-10/1
6 A001651 02/02/20 P 17 OROVILLE-WYANDOTTE IRRIGATION DIST 200 C 109,012 4/1-7/1 10/1-7/1
6 A001624 01/14/20 L 12 GLENN COLUSA IRRIGATION DIST 32.01 C 0 4/15-11/1
6 A001615 01/08/20 L 67 NEVADA IRRIGATION DIST 100 C 0 4/1-10/1
6 A001614 01/08/20 P 67 NEVADA IRRIGATION DIST 0 60,000 1/1-12/31
6 A001589 12/26/19 L 12 RECLAMATION DISTRICT #108 255.25 C 0 5/1-10/1
6 A001588 12/26/19 L 65 CONAWAY CONSERVANCY GROUP 14.75 C 0 4/1-9/30
6 A001554 12/03/19 L 12 GLENN COLUSA IRRIGATION DIST 83.27 C 0 4/15-10/1
6 A001476 10/10/19 L 49 EL SOLYO WATER DISTRICT 46.74 C 0 3/1-11/1
6 A001465 09/26/19 P 46 U S BUREAU OF RECLAMATION (Friant) 3,000 C 500,000 2/1-10/31 11/1-8/1
6 A001413 08/27/19 L 70 NATOMAS CENTRAL MUTUAL WATER CO 120 C 0 5/1-10/1
6 A001270 05/07/19 L 67 NEVADA IRRIGATION DIST 196 C 65,000 4/15-9/30 1/1-12/31

7 A001233 04/08/19 L 40 TURLOCK I D & MODESTO I D 0 325,000 10/1-8/1
7 A001224 03/26/19 L 49 MERCED IRRIGATION DISTRICT 1500 C 266,400 3/1-10/31 10/1-7/1
7 A001203 03/05/19 L 70 NATOMAS CENTRAL MUTUAL WATER CO 160 C 0 5/1-10/31
7 A001199 03/01/19 L 65 CONAWAY CONSERVANCY GROUP 120 C 0 4/1-9/30
7 A001195 02/26/19 L 49 CODDINGTON 35 C 0 3/1-10/15
7 A001177 02/13/19 L 69 WALTON 13.66 C 0 4/1-10/31
7 A001160 01/24/19 L 15 SUTTER MUTUAL WATER COMPANY 40.5 C 0 3/1-10/31
7 A001150 12/31/18 L 65 SWEETWATER COMPANY 23 C 0 4/1-10/31
7 A001081 09/20/18 L 49 OAKDALE I D & SOUTH SAN JOAQUIN I D 0 96,195 10/1-7/1

8 A001074B 09/10/18 L 15 MERIDIAN FARMS WATER COMPANY 138 C 0 3/1-11/1
8 A001074A 09/10/18 L 15 PREMIERE FARMLAND PARTNERS III LTD PART 4 C 0 3/1-10/1
8 A001056 08/22/18 L 70 NATOMAS CENTRAL MUTUAL WATER CO 38 C 0 3/15-10/15
8 A001042 08/07/18 L 61 U S FISH & WILDLIFE SERVICE (Modoc NWR) 0 1,191 12/1-5/15
8 A000959 04/01/18 L 70 CAMP FAR WEST IRRIGATION DIST 13.24 C 0 4/1-10/1
8 A000892 01/18/18 L 12 PROVIDENT IRRIGATION DIST 110 C 0 4/1-10/1
8 A000880C 01/03/18 L 15 OJI BROTHERS, A CO-PARTNERSHIP 3.87 C 0 3/1-10/31
8 A000880B 01/03/18 L 15 OJI BROTHERS, A CO-PARTNERSHIP 1.31 C 0 3/1-10/31
8 A000880A 01/03/18 L 15 SUTTER MUTUAL WATER COMPANY 404.82 C 0 3/1-10/31
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Table II-5
Major Central Valley Water Rights by Priority Group

Priority Max Total Primary Secondary Storage
Group Appl Id File Date Status DSA   Last Name (Company) Dir Div Storage DD Season DD Season Season

8 A000879 01/03/18 L 15 SUTTER MUTUAL WATER COMPANY 25.25 C 0 3/1-10/31
8 A000878 01/03/18 L 15 SUTTER MUTUAL WATER COMPANY 116.72 C 0 3/1-10/31
8 A000784 09/14/17 L 58 IGO ONO COMMUNITY SERVICE DIST 0 4,800 12/1-4/1
8 A000771 09/05/17 L 15 YERXA 20 C 0 3/1-10/15
8 A000770 09/05/17 L 12 PRINCETON-CODORA-GLENN IRRIGATION DIST 120 C 0 4/1-10/31
8 A000763 08/27/17 L 12 RECLAMATION DISTRICT #108 500 C 0 2/1-10/31
8 A000760 08/16/17 L 61 U S FISH & WILDLIFE SERVICE (Modoc NWR) 0 2,709 12/1-5/15
8 A000742 07/26/17 L 15 TISDALE IRRIGATION & DRAINAGE CO 29.25 C 0 3/15-10/15
8 A000640 04/09/17 L 12 PROVIDENT IRRIGATION DIST 100 C 0 4/1-10/1
8 A000581 02/01/17 L 15 SUTTER MUTUAL WATER COMPANY 45 C 0 3/1-10/31
8 A000577 01/25/17 L 65 RIVER GARDEN FARMS COMPANY 35 C 0 4/1-10/15
8 A000576 01/25/17 L 12 RECLAMATION DISTRICT #108 180 C 0 2/1-10/31
8 A000575 01/25/17 L 65 RIVER GARDEN FARMS COMPANY 32 C 0 3/1-10/31
8 A000534 12/13/16 L 70 NATOMAS CENTRAL MUTUAL WATER CO 42.18 C 0 4/1-10/1
8 A000480 09/23/16 L 69 PLUMAS MUTUAL WATER COMPANY 37.3 C 0 4/1-11/1
8 A000476 09/21/16 P 14 PARADISE IRRIGATION DIST 0 9,500 1/1-12/31
8 A000462 09/15/16 L 12 PROVIDENT IRRIGATION DIST 250 C 0 4/1-10/1
8 A000421 08/03/16 L 61 S X RANCH INC 0 1,550 11/15-3/15
8 A000338 05/15/16 L 61 S X RANCH INC 0 550 5/1-10/1
8 A000301 04/17/16 L 55 WEST SIDE IRRIGATION DISTRICT 82.5 C 0 4/1-10/31
8 A000244 02/03/16 L 12 PRINCETON-CODORA-GLENN IRRIGATION DIST 120 C 0 4/1-10/31
8 A000234 01/19/16 P 46 U S BUREAU OF RECLAMATION (Friant) 3,000 C 500,000 2/1-10/31 11/1-8/1
8 A000138 09/18/15 L 70 CARMICHAEL WATER DISTRICT 15 C 0 1/1-12/31
8 A000027 04/02/15 L 15 RECLAMATION DISTRICT #1004 166 C 0 4/1-10/15
8 A000023 03/27/15 L 46 U S BUREAU OF RECLAMATION (Friant) 373 C 0 4/1-7/1
8 A000018 03/03/15 L 12 GLENN COLUSA IRRIGATION DIST 110 C 0 3/1-11/1

d. Flow Alternative 4.  This alternative is the same as Alternative 3 except that most of the
water deliveries through the Friant-Kern Canal, a component of the Friant Project, are assumed to
be CVP exports subject to the watershed protection statute.  Madera Canal deliveries, deliveries to
areas adjacent to Millerton Lake, and deliveries within the Kings River watershed are treated as
inbasin deliveries or deliveries to the area immediately adjacent to and conveniently served from the
watershed of origin, and are assigned a priority based on the filing date of the permits for Millerton
Lake.  Because this alternative assumes that Friant-Kern is the only export facility subject to the
watershed protection statutes in the San Joaquin Basin, the Friant-Kern component has a junior
priority to all other water rights in the San Joaquin Basin.  New Melones Reservoir is an inbasin
project, and therefore, the USBR has no obligation under this alternative to release water from New
Melones Reservoir to meet Delta or San Joaquin River flow objectives unless junior water right
holders have ceased diversions.  This alternative assumes, however, that the flow obligations of the
Friant Project are met by releases from New Melones Reservoir.

A detailed description of the calculations used to determine water availability under this alternative is
provided in Chapter IV section F of this report.

(cont.)
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Table II-6
Major San Joaquin Basin Water Rights

Right Max Total Primary Secondary Storage
Number Appl Id File Date Status DSA   Last Name (Company) Dir Div Storage DD Season DD

Season
Season

1 A027586 11/17/82 P 49 U S FISH & WILDLIFE SERVICE (Merced NWR) 9 C 0 12/15-5/31
2 A027546 09/30/82 P 49 NEW STONE WATER DISTRICT 55 C 0 1/1-12/31
3 A026875 06/16/81 L 49 MENEFEE RIVER RANCH COMPANY 15.9 C 0 1/1-10/31
4 A026757 03/19/81 P 49 MENEFEE HILL RANCH COMPANY 11 C 0 1/1-12/31
5 A023031 04/18/68 P 49 GRAVELY FORD WATER DISTRICT 0 5,000 10/1-6/1
6 A022980 02/07/68 L 40 PINE MOUNTAIN LAKE ASSOCIATION 0 7,650 10/1-5/31
7 A019304 03/11/60 P 39 U S BUREAU OF RECLAMATION (New Melones Lk) 0 1,420,000 11/1-6/30
8 A019149 12/23/59 P 39 CALAVERAS COUNTY WATER DIST 365 C 79,200 3/1-7/1 11/1-6/30
9 A018774 06/08/59 L 49 EL NIDO IRRIGATION DISTRICT 0 5,000 11/1-4/15
10 A018733 05/22/59 P 45 U S BUREAU OF RECLAMATION (Hidden Lake) 0 74,000 12/1-4/30
11 A018714 05/15/59 P 43 U S BUREAU OF RECLAMATION (Eastman Lk) 0 143,000 11/1-5/31
12 A017966 01/29/58 L 49 MCMULLIN RECL DISTRICT #2075 8.22 C 0 4/1-4/30
13 A016604 09/15/55 L 49 GALLO CATTLE COMPANY, A PARTNERSHIP 10 C 0 1/1-12/31
14 A016329 04/21/55 L 49 JOSEPH GALLO FARMS 27 C 0 4/1-11/1 11/1-4/1
15 A016186 12/23/54 L 41 MERCED IRRIGATION DISTRICT 0 605,000 10/1-7/1
16 A016136 11/15/54 L 49 MENEFEE RIVER RANCH COMPANY 3.2 C 0 2/1-6/15
17 A015628 12/02/53 L 49 GALLO BEAR CREEK RANCH 38 C 0 4/1-10/31
18 A014858A 06/16/52 P 39 U S BUREAU OF RECLAMATION (New Melones Lk) 0 980,000 11/1-6/30
19 A014858B 06/16/52 P 39 U S BUREAU OF RECLAMATION (New Melones Lk) 2250 C 0 11/1-6/30
20 A014582 11/19/51 L 49 CA DEPT OF FISH & GAME (Los Banos Wildlife Area) 47 C 0 1/1-12/31
21 A014127 01/16/51 L 40 TURLOCK I D & MODESTO I D 0 1,046,800 11/1-7/31
22 A013628 03/10/50 L 49 BROCCHINI 0.75 C 0 3/1-11/1
23 A013541 01/13/50 L 49 WEAVER 45 C 0 11/1-7/1
24 A013175 06/27/49 L 49 CHOWCHILLA WATER DISTRICT 90 C 50,000 3/1-7/31 11/1-5/1
25 A013091 05/13/49 P 39 CALAVERAS COUNTY WATER DIST 0 63,000 11/1-7/1
26 A013093A 05/13/49 P 39 CALAVERAS COUNTY WATER DIST 0 5,000 11/1-7/1
27 A012912 01/25/49 P 39 CALAVERAS COUNTY WATER DIST 7 C 0 11/1-7/1
28 A012910 01/25/49 P 39 CALAVERAS COUNTY WATER DIST 400 C 0 3/1-7/1
29 A012635 08/06/48 L 49 W P RODUNER CATTLE & FARMING CO 23.4 C 0 3/1-12/1
30 A012490 04/28/48 L 49 OAKDALE I D & SOUTH SAN JOAQUIN I D 0 64,500 10/1-7/1
31 A011792B 03/24/47 P 39 CALAVERAS COUNTY WATER DIST 0 78,500 11/1-7/1
32 A011688 01/08/47 L 49 U S FISH & WILDLIFE SERVICE (San Luis NWR) 20.2 C 0 1/1-12/31
33 A011687 01/08/47 L 49 U S FISH & WILDLIFE SERVICE (San Luis NWR) 40.9 C 0 1/1-12/31
34 A011653 12/10/46 L 49 W P RODUNER CATTLE & FARMING CO 40 C 0 12/1-6/1
35 A011105 07/13/45 L 49 OAKDALE I D & SOUTH SAN JOAQUIN I D 0 98,000 10/1-7/1
36 A011047 05/09/45 L 49 CHOWCHILLA WATER DISTRICT 11.4 C 0 2/1-11/1
37 A011003A 03/09/45 L 49 TRIANGLE T RANCH INCORPORATED 17.5 C 0 2/1-7/1
38 A010978 02/10/45 L 49 OAKDALE I D & SOUTH SAN JOAQUIN I D 0 25,000 12/1-5/1
39 A010872 08/30/44 L 49 OAKDALE I D & SOUTH SAN JOAQUIN I D 0 80,000 1/1-12/31
40 A010572 12/11/42 L 49 MERCED IRRIGATION DISTRICT 257 C 0 3/30-8/1
41 A009997 09/06/40 L 49 TURLOCK I D & MODESTO I D 1200 C 0 2/1-11/30
42 A009834 02/21/40 L 49 BROCCHINI 3.89 C 0 3/1-12/1
43 A009666 07/17/39 L 49 OAKDALE IRRIGATION DIST 1.68 C 0 5/1-11/1
44 A008892 02/03/37 L 49 OAKDALE IRRIGATION DIST 4.54 C 0 5/1-11/1
45 A008238 02/11/35 L 49 EL NIDO IRRIGATION DISTRICT 0 5,066 11/1-4/15
46 A007012 07/20/31 L 49 STEVINSON WATER DIST 73 C 0 3/1-11/1
47 A006963 05/19/31 L 49 BROCCHINI 6.75 C 0 3/1-12/31
48 A006807 09/27/30 L 49 EL NIDO IRRIGATION DISTRICT 3.8 C 0 11/1-4/15
49 A006711 06/25/30 L 49 TURLOCK I D & MODESTO I D 800 C 0 2/1-11/30
50 A006130 12/04/28 L 39 PACIFIC GAS & ELECTRIC COMPANY 0 5,360 11/1-7/1
51 A006114 11/09/28 L 49 W P RODUNER CATTLE & FARMING CO 11 C 0 2/1-6/15
52 A006111 11/05/28 L 49 STEVINSON WATER DIST 120 C 0 3/1-11/1
53 A005724 10/17/27 L 49 STEVINSON WATER DIST 163 C 0 3/1-11/1
54 A005638 07/30/27 P 46 U S BUREAU OF RECLAMATION (Friant) 5000 C 1,210,000 2/1-10/31 11/1-8/1
55 A005648A 07/30/27 L 49 OAKDALE I D & SOUTH SAN JOAQUIN I D 0 60,000 10/1-7/1
56 A005386 03/21/27 L 49 BANK OF AMERICA NT & SA 20 C 0 1/1-12/31
57 A005316 12/24/26 L 49 MCMULLIN RECL DISTRICT #2075 48.75 C 0 1/1-12/31
58 A004460 02/14/25 L 49 RIVER JUNCTION RECL DIST NO 2064 72.29 C 0 3/1-10/1
59 A004237 09/26/24 L 49 TWIN OAKS IRRIGATION COMPANY 21.91 C 0 2/15-10/15
60 A003648 09/24/23 L 49 TURLOCK I D & MODESTO I D 100 C 0 3/1-10/31
61 A003091 10/19/22 L 49 OAKDALE IRRIGATION DIST 0 10,754 1/1-7/1
62 A002524 08/29/21 L 49 SOUTH SAN JOAQUIN IRRIGATION DIST 0 36,000 9/1-5/1
63 A001987 08/27/20 L 49 WEST STANISLAUS IRRIGATION DIST 262.15 C 0 1/1-12/31
64 A001885 06/28/20 L 49 STEVINSON WATER DIST 34.4 C 0 3/1-10/31
65 A001476 10/10/19 L 49 EL SOLYO WATER DISTRICT 46.74 C 0 3/1-11/1
66 A001465 09/26/19 P 46 U S BUREAU OF RECLAMATION (Friant) 3000 C 500,000 2/1-10/31 11/1-8/1
67 A001233 04/08/19 L 40 TURLOCK I D & MODESTO I D 0 325,000 10/1-8/1
68 A001224 03/26/19 L 49 MERCED IRRIGATION DISTRICT 1500 C 266,400 3/1-10/31 10/1-7/1
69 A001195 02/26/19 L 49 CODDINGTON 35 C 0 3/1-10/15
70 A001081 09/20/18 L 49 OAKDALE I D & SOUTH SAN JOAQUIN I D 0 96,195 10/1-7/1
71 A000234 01/19/16 P 46 U S BUREAU OF RECLAMATION (Friant) 3000 C 500,000 2/1-10/31 11/1-8/1
72 A000023 03/27/15 L 46 U S BUREAU OF RECLAMATION (Friant) 373 C 0 4/1-7/1
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e. Flow Alternative 5.  Under this alternative, monthly average flow requirements are
established for each of the major watersheds tributary to the Delta.  For the Sacramento Basin and
the eastside tributaries, the flow requirements are based on (1) the tributaries' monthly average
unimpaired flow; (2) the monthly average inflow to the Delta required to meet the Sacramento
Basin's share of the Delta outflow objectives; and (3) the quantity of water needed to satisfy
depletions in the Delta.  For the San Joaquin Basin, the flow requirements are based on (1) the
tributaries' monthly average unimpaired flow; (2) the Vernalis flow objectives from February through
June and in October; and (3) the monthly average inflow to the Delta required to meet the San
Joaquin Basin's share of the Delta outflow objectives. 

Responsibility to achieve the requirements is assigned to (1) water users with storage in foothill
reservoirs that control downstream flow and (2) water users with upstream reservoirs that have a
cumulative capacity of at least 100 TAF and who use water primarily for consumptive uses.  This
alternative specifically identifies releases from Friant Dam as a source of water to meet the Vernalis
flow and Delta outflow objectives.  The tributary systems and reservoirs identified in Tables II-7
and II-8 would be affected by this alternative.  If there is insufficient water in the reservoirs both to
achieve the flow requirements and to meet all other downstream flow obligations, users of water
downstream of the reservoirs would receive reduced deliveries.  The SWP and the CVP are
responsible for ensuring that the objectives are achieved and may operate the tributaries they control
as a unit to meet the objectives.

If more than one party is responsible for meeting the requirements on a tributary, responsibility is
shared among the parties based on each party's percentage of the total depletion of the tributary. 
This situation occurs in the Yuba, Bear, and Tuolumne river watersheds.  In these watersheds,
responsibility is assigned among parties as shown in Table II-9.  The depletions of agencies that
export water from these watersheds are calculated as 100 percent of average amount exported. 
For a more detailed explanation of the methodology used for this alternative, see Chapter 4, 
section H, and Volume 2, Appendix 4.

Under Alternative 5, Putah Creek and Cache Creek are assigned no obligation to help meet the
Sacramento Basin's share of the Delta outflow objectives and they are not included in Tables II-7
and II-8.

f. Flow Alternative 6.  Flow Alternative 6 assigns responsibility for meeting the Bay/Delta Plan
flow objectives solely to the SWP and the CVP.  Vernalis flow objectives are the CVP's
responsibility and are met by releases from the Delta-Mendota Canal through the Newman
Wasteway into the San Joaquin River.  Water is also released from the Newman Wasteway to meet
the estimated consumptive use requirements of the South Delta Water Agency as shown in 
Table II-10 (Alex Hildebrand, personal communication).  Vernalis salinity requirements are also the 
CVP's responsibility and are met by dilution water releases from New Melones Reservoir.
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Table II-7
Allocation of Delta Flow Objectives by Watershed and by Water-Year Type  (TAF)

Watershed Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

Stony Creek
W 0.7 3.7 6.7 11.5 29.6 22.3 9.6 7.2 4.5 1.0 0.1 0.2

AN 0.7 3.7 6.7 12.3 28.5 24.2 14.1 7.1 3.9 1.0 0.1 0.2

BN 0.7 3.9 7.2 10.3 20.2 22.9 9.2 6.2 3.6 0.9 0.1 0.2

D 0.7 3.8 7.1 10.2 13.7 12.0 8.1 4.6 3.2 0.8 0.1 0.2

C 0.8 3.9 7.3 9.1 17.1 12.1 8.0 4.1 3.4 0.8 0.1 0.2

Sacramento River

W 120.0 133.2 117.9 150.9 373.7 374.1 194.0 188.6 237.8 275.5 248.6 177.1

AN 129.2 131.8 117.3 161.4 359.4 406.2 285.7 184.9 208.2 275.4 256.6 179.5

BN 128.2 137.3 126.0 135.2 255.2 384.2 185.0 162.4 191.0 247.8 236.5 175.8

D 128.9 136.3 125.0 134.4 173.0 200.9 164.7 118.9 171.0 219.9 221.8 177.0

C 138.4 138.1 128.3 119.8 216.0 203.5 161.3 107.4 179.4 201.4 214.3 178.4

Feather River

W 43.0 56.9 52.3 63.4 164.6 195.7 136.3 174.6 178.4 139.0 97.3 59.8

AN 46.3 56.4 52.1 67.9 158.4 212.5 200.7 171.3 156.2 139.0 100.4 60.6

BN 45.9 58.7 55.9 56.8 112.4 201.0 129.9 150.4 143.3 125.1 92.5 59.4

D 46.1 58.3 55.4 56.5 76.2 105.1 115.7 110.2 128.3 111.0 86.8 59.8

C 49.6 59.1 56.9 50.4 95.2 106.5 113.3 99.4 134.6 101.7 83.8 60.3

Yuba River at Slate Creek
W 1.3 2.6 2.6 3.2 8.2 9.4 6.9 10.7 10.9 4.8 2.1 1.3

AN 1.4 2.6 2.6 3.4 7.9 10.2 10.1 10.4 9.5 4.8 2.2 1.3

BN 1.3 2.7 2.8 2.9 5.6 9.6 6.5 9.2 8.7 4.3 2.0 1.3

D 1.4 2.7 2.8 2.9 3.8 5.0 5.8 6.7 7.8 3.8 1.9 1.3

C 1.5 2.7 2.9 2.6 4.8 5.1 5.7 6.1 8.2 3.5 1.8 1.3

Yuba River below Drum Canal
W 8.7 18.3 18.3 22.3 57.0 64.9 47.5 73.9 75.5 33.4 14.9 9.0

AN 9.4 18.1 18.2 23.9 54.8 70.4 70.0 72.4 66.1 33.4 15.4 9.1

BN 9.3 18.8 19.5 20.0 38.9 66.6 45.3 63.6 60.6 30.0 14.1 9.0

D 9.4 18.7 19.4 19.9 26.4 34.8 40.3 46.6 54.3 26.6 13.3 9.0

C 10.1 19.0 19.9 17.7 32.9 35.3 39.5 42.1 56.9 24.4 12.8 9.1

Yuba River at Mouth
W 13.3 27.8 27.8 33.9 86.7 98.7 72.3 112.4 114.9 50.8 22.6 13.7

AN 14.3 27.5 27.7 36.3 83.4 107.2 106.6 110.2 100.6 50.8 23.4 13.9

BN 14.2 28.7 29.7 30.4 59.2 101.4 69.0 96.8 92.3 45.7 21.5 13.6

D 14.3 28.5 29.5 30.2 40.2 53.0 61.4 70.9 82.6 40.5 20.2 13.7

C 15.4 28.9 30.3 27.0 50.1 53.7 60.2 64.0 86.7 37.1 19.5 13.8

Bear River Inflow to Camp Far West Reservoir
W 0.7 1.5 2.0 2.7 7.1 6.5 2.7 1.6 1.1 0.8 0.4 0.3

AN 0.7 1.5 2.0 2.9 6.8 7.0 4.0 1.5 1.0 0.8 0.4 0.4

BN 0.7 1.6 2.1 2.4 4.9 6.6 2.6 1.3 0.9 0.7 0.4 0.3

D 0.7 1.5 2.1 2.4 3.3 3.5 2.3 1.0 0.8 0.7 0.4 0.3

C 0.8 1.6 2.2 2.1 4.1 3.5 2.2 0.9 0.8 0.6 0.4 0.3

Bear River at Mouth
W 1.9 4.3 5.7 7.8 20.4 18.5 7.7 4.5 3.2 2.3 1.2 1.0

AN 2.0 4.3 5.7 8.3 19.6 20.1 11.4 4.4 2.8 2.3 1.2 1.0

BN 2.0 4.5 6.1 6.9 13.9 19.0 7.4 3.8 2.5 2.1 1.1 1.0

D 2.0 4.4 6.0 6.9 9.4 9.9 6.6 2.8 2.3 1.9 1.0 1.0

C 2.2 4.5 6.2 6.2 11.8 10.1 6.4 2.5 2.4 1.7 1.0 1.0
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Table II-7 (Continued)
Allocation of Delta Flow Objectives by Watershed and by Water-Year Type  (TAF)

Watershed Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

American River
W 10.5 26.9 28.2 37.7 95.8 114.7 87.3 137.5 146.3 59.3 15.4 8.1

AN 11.3 26.6 28.0 40.4 92.2 124.6 128.5 134.8 128.1 59.2 15.9 8.2

BN 11.2 27.7 30.1 33.8 65.5 117.9 83.2 118.4 117.5 53.3 14.6 8.0

D 11.3 27.5 29.9 33.6 44.4 61.6 74.1 86.7 105.2 47.3 13.7 8.1

C 12.1 27.9 30.7 30.0 55.4 62.4 72.6 78.3 110.4 43.3 13.3 8.1

Cosumnes River

W 0.7 2.9 4.3 7.0 19.2 22.2 12.9 11.7 8.2 3.3 1.2 0.5

AN 0.8 2.9 4.3 7.5 18.5 24.1 19.0 11.5 7.2 3.3 1.2 0.5

BN 0.8 3.0 4.6 6.3 13.1 22.8 12.3 10.1 6.6 3.0 1.1 0.5

D 0.8 3.0 4.5 6.3 8.9 11.9 10.9 7.4 5.9 2.6 1.1 0.5

C 0.8 3.0 4.7 5.6 11.1 12.1 10.7 6.7 6.2 2.4 1.0 0.5

Mokelumne River

W 2.2 5.7 5.4 6.4 17.6 24.0 24.5 52.9 64.3 22.1 4.2 1.8

AN 2.4 5.6 5.4 6.8 17.0 26.1 36.0 51.8 56.3 22.1 4.4 1.8

BN 2.4 5.8 5.8 5.7 12.1 24.7 23.3 45.5 51.6 19.9 4.0 1.8

D 2.4 5.8 5.7 5.7 8.2 12.9 20.8 33.3 46.2 17.6 3.8 1.8

C 2.6 5.9 5.9 5.1 10.2 13.1 20.3 30.1 48.5 16.2 3.6 1.8

Calaveras River

W 0.2 1.3 2.3 4.0 11.9 10.7 4.2 1.7 1.1 0.7 0.3 0.2

AN 0.2 1.3 2.3 4.3 11.4 11.6 6.2 1.6 1.0 0.7 0.3 0.2

BN 0.2 1.4 2.4 3.6 8.1 11.0 4.0 1.4 0.9 0.6 0.3 0.2

D 0.2 1.4 2.4 3.6 5.5 5.7 3.6 1.1 0.8 0.6 0.3 0.2

C 0.2 1.4 2.5 3.2 6.8 5.8 3.5 1.0 0.8 0.5 0.2 0.2

Stanislaus River
W 21.4 7.3 7.3 10.0 38.5 44.6 81.0 72.9 31.9 25.6 6.6 2.7

AN 21.5 7.0 6.9 10.7 37.4 43.4 68.6 59.9 24.2 25.6 6.9 2.7

BN 21.4 7.2 7.2 8.9 24.1 28.8 51.1 44.3 16.5 20.8 6.0 2.7

D 22.4 7.1 6.9 8.9 24.8 28.7 41.7 33.9 13.7 16.0 5.3 2.7

C 18.4 7.1 6.9 7.9 9.4 12.5 27.3 23.0 6.8 12.8 5.0 2.7

Tuolumne River Inflow to Don Pedro Reservoir

W 7.8 2.7 2.6 3.2 12.6 14.0 24.3 24.2 13.5 12.3 2.7 1.0

AN 7.8 2.6 2.5 3.4 12.3 13.6 20.6 19.9 10.2 12.3 2.9 1.0

BN 7.8 2.6 2.6 2.9 7.9 9.0 15.3 14.7 7.0 10.0 2.5 1.0

D 8.2 2.6 2.5 2.9 8.2 9.0 12.5 11.2 5.8 7.7 2.2 1.0

C 6.7 2.6 2.5 2.5 3.1 3.9 8.2 7.6 2.9 6.2 2.0 1.0

Tuolumne River at Mouth

W 36.9 12.7 12.3 15.2 59.9 66.3 115.1 114.5 63.9 58.5 12.8 4.8

AN 37.1 12.1 11.8 16.3 58.3 64.5 97.4 94.2 48.5 58.5 13.5 4.8

BN 36.9 12.5 12.1 13.6 37.5 42.8 72.6 69.7 33.0 47.6 11.8 4.8

D 38.7 12.4 11.8 13.6 38.6 42.7 59.3 53.3 27.3 36.5 10.3 4.8

C 31.7 12.3 11.8 12.1 14.7 18.5 38.8 36.1 13.7 29.3 9.7 4.8

Merced River

W 15.6 5.2 6.0 8.0 34.9 35.5 61.9 62.5 31.2 26.0 6.4 2.2

AN 15.7 5.0 5.7 8.6 33.9 34.6 52.4 51.4 23.7 26.0 6.8 2.2

BN 15.6 5.1 5.9 7.2 21.8 22.9 39.1 38.0 16.1 21.1 5.9 2.2

D 16.4 5.1 5.7 7.2 22.5 22.9 31.9 29.1 13.3 16.2 5.2 2.2

C 13.4 5.1 5.7 6.4 8.5 9.9 20.9 19.7 6.7 13.0 4.9 2.2
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Table II-7 (Continued)
Allocation of Delta Flow Objectives by Watershed and by Water-Year Type  (TAF)

Watershed Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

Chowchilla River

W 0.1 0.4 0.8 1.5 7.5 6.3 4.9 1.0 0.2 0.1 0.0 0.0

AN 0.1 0.4 0.8 1.6 7.3 6.1 4.1 0.8 0.2 0.1 0.0 0.0

BN 0.1 0.4 0.8 1.3 4.7 4.0 3.1 0.6 0.1 0.1 0.0 0.0

D 0.1 0.4 0.8 1.3 4.9 4.0 2.5 0.5 0.1 0.1 0.0 0.0

C 0.1 0.4 0.8 1.2 1.8 1.7 1.7 0.3 0.0 0.1 0.0 0.0

Fresno River
W 0.9 0.5 0.8 1.4 7.1 6.9 6.6 2.4 0.9 0.9 0.2 0.2

AN 0.9 0.4 0.8 1.5 6.9 6.7 5.6 2.0 0.7 0.9 0.2 0.2

BN 0.9 0.4 0.8 1.2 4.4 4.5 4.2 1.5 0.5 0.7 0.2 0.2

D 1.0 0.4 0.8 1.2 4.6 4.4 3.4 1.1 0.4 0.5 0.2 0.2

C 0.8 0.4 0.8 1.1 1.7 1.9 2.2 0.8 0.2 0.4 0.2 0.2

San Joaquin River

W 41.8 8.6 8.3 10.3 42.2 50.3 99.5 111.7 68.2 80.6 27.1 10.0

AN 42.0 8.2 7.9 11.0 41.0 49.0 84.3 91.8 51.7 80.6 28.6 10.0

BN 41.8 8.4 8.2 9.2 26.4 32.5 62.8 67.9 35.2 65.5 24.9 10.0

D 43.8 8.4 7.9 9.1 27.2 32.4 51.3 52.0 29.2 50.3 21.7 10.0

C 35.9 8.3 7.9 8.1 10.3 14.1 33.6 35.2 14.6 40.3 20.5 10.0

Note:  The 40-30-30 and 60-20-20 indices should be used in applying these objectives to the Sacramento River

          and the San Joaquin River watersheds respecitively in October and February through June.  For the remaining months,

          use the 40-30-30 index for both watersheds

Combined use of the SWP and the CVP points of diversion in the Delta is allowed under this
alternative, limited only by the combined physical capacities of the pumping plants and by each
project's annual authorized diversion.  Combined use is allowed in order to reduce the water supply
impact to the export contractors caused by the use of the export facilities to meet the Vernalis flow
objectives.

g. Flow Alternative 7.  This alternative is similar to Flow Alternative 2, with the following
exceptions.  Under this alternative, the flow objectives for the San Joaquin River at Vernalis are
replaced by minimum flows at Vernalis identified in the document titled "Letter of Intent among
Export Interests and San Joaquin River Interests to Resolve San Joaquin River Issues Related to
Protection of Bay/Delta Environmental Resources" (SJRTG 1996).  The following minimum flows at
Vernalis are identified in the letter of intent:  (1) a base flow in all years of 1,000 cfs for the period
February 15 through May 31, and 1,000 cfs during the month of October and (2) a pulse flow,
inclusive of the base flow, during the April through May period equivalent to 31 days of 2,000 cfs in
critically dry years, 3,000 cfs in dry years, 4,000 cfs in below normal years, and 5,000 cfs in above
normal and wet years.



State Water Resources Control Point Project Description

FEIR for Implementation of the II-32    November 1999
1995  Bay/Delta  Water Quality Control Plan

Table II-8
Flow Alternative 5 Responsible Parties

Watershed Reservoir
Entity Responsible for Remaining

Deficiencies

     Stony Creek      Black Butte Reservoir Local USBR Contractors

     Sacramento River      Shasta Lake CVP Contractors

     Feather River      Lake Oroville SWP Contractors and Feather River
Districts

     Yuba River (lower)      New Bullards Bar Yuba County Water Agency

     Yuba River (upper)      Nevada ID reservoirs Nevada ID and Oroville Wyandotte ID

     Bear River (lower)      Camp Far West Lake South Sutter WD and Camp Far West ID

     Bear River (upper)      Combie, Rollins reservoirs Nevada ID, PG&E

     American River      Folsom Lake CVP Contractors

     Cosumnes River      Jenkinson Lake Local USBR Contractors

     Mokelumne River      Camanche and Pardee lakes East Bay MUD

     Calaveras River      New Hogan Reservoir Local USBR Contractors

     Stanislaus River      New Melones Reservoir Local USBR Contractors

     Tuolumne River (lower)      New Don Pedro Reservoir Modesto and Turlock ID

     Tuolumne River (upper)      Hetch Hetchy Complex San Francisco PUC

     Merced River      Lake McClure Merced ID

     Chowchilla River      Eastman Lake Local USBR Contractors

     Fresno River      Hensley Lake Local USBR Contractors

     San Joaquin River      Millerton Lake Friant Project Contractors

Table II-9
Flow Alternative 5 Responsibility of Parties in the

Yuba, Bear and Tuolumne River Watersheds
Agency Percent of Total Depletion

Yuba River Watershed
  Yuba County WA 24.83
  PG&E 56.95
  Nevada ID 8.74
  Oroville Wyandotte ID 9.48

Bear River Watershed
  Nevada ID 34.90
  South Sutter WD 57.55
  Camp Far West ID 7.55

Tuolumne River Watershed
  City of San Francisco 21.1
  Modesto ID 20.6
  Turlock ID 58.3
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Table II-10
Flow Alternative 6

Consumptive Use Requirements Within the Southern Delta

Month Flow (cfs)

                  June 1,120

                  July 1,400

                  August 1,330

                  September 1,060

                  November                                                                  760

                  December   720

                  January   570

Table II-11 identifies the water users in the San Joaquin Basin that will provide any required flows. 
The table also identifies the priority under which water will be released and the quantity of water
under each priority.  For example, Merced Irrigation District (Merced ID) is responsible for the first
25 TAF of required water in each year.  Due to modeling complexities, the exchange contractors
allocated share was not modeled.  Obligations of Modesto/Turlock Irrigation Districts (MID/TID)
and Merced ID are met directly by reoperation of New Don Pedro Reservoir and Lake McClure.

Minimum fishery flows below Goodwin Dam on the Stanislaus River are maintained at
156 TAF in critical water years, 181 TAF in dry and below normal years, and 206 TAF in above
normal and wet years.  Up to 49 TAF/year is delivered to CVP contractors on the Stanislaus River
above Goodwin Dam in wet and above normal years.  No deliveries are made in other water years.
Water quality releases from New Melones Reservoir are capped at 70 TAF/year.

h. Flow Alternative 8.  This alternative is similar to Flow Alternative 2 with the following
exceptions.  Under this alternative, the April 15 to May 15 pulse flow objectives for the San
Joaquin River at Vernalis are replaced by the target flows in the San Joaquin River Agreement
(SJRA) (SJRGA 1998).  The San Joaquin River Group Authority (SJRGA) agencies2 will release
water to meet the target flows up to a maximum of 110 TAF.  In addition, the export limits in the
Bay/Delta Plan during the April to May Vernalis pulse flow are replaced by export limits in the
SJRA.  The modeling of Flow Alternative 8 in this EIR is in accordance with the SJRA, which is
similar to, but not identical with, the Vernalis Adaptive Management Plan (VAMP).
                                                
2 San Joaquin River Group Authority member agencies are: (1) Modesto Irrigation District, (2) Turlock Irrigation
District, (3) Merced Irrigation District, (4) Oakdale Irrigation District, (5) South San Joaquin Irrigation District, (6)
the San Joaquin River Exchange Contractors Water Authority on behalf of its member agencies, (7) the Friant
Water Users Authority on behalf of its member agencies, and (8) the City and County of San Francisco.
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Table II-11
Flow Alternative 7

 Responsible Parties in the San Joaquin Basin (Excluding the CVP)

Priority of
 Release

Responsible
Party                                              Release (TAF)

1 Merced ID                                                                                    25

2 Oakdale/South San Joaquin ID                                          10

3 San Joaquin River Exchange Contractors                  5

4 Modesto/Turlock ID                                                                10

5 Merced ID                                                               6

6 Oakdale/South San Joaquin ID                                           2.4

7 San Joaquin River Exchange Contractors                      1.2

8 Modesto/Turlock ID                                                              2.4

The SJRA provides a mechanism for conducting the VAMP, an experiment to determine the
relative impact of flow in the San Joaquin River and exports in the Delta on chinook salmon in the
lower San Joaquin River.  The VAMP is designed to assess the effect of export pumping at various
specific river flows, which range from 3,200 cfs to 7,000 cfs.

SJRA Vernalis Target Flows .  The Vernalis Target Flows are to be provided as specified
in Table II-12, based upon “existing flow” at Vernalis.  The existing flow is the forecasted San
Joaquin River flow at Vernalis that would exist in the absence of the VAMP.  It takes into account
minimum instream flows required by the Davis-Grundsky Act and the Federal Energy Regulatory
Commission (FERC), releases from New Melones Reservoir in accordance with the Interim
Operation Plan, upstream flood releases required by the U.S. Army Corps of Engineers (USCOE),
and local runoff.

The target flows may be modified depending on forecasts of water-year type, using the San Joaquin
Valley “60-20-20” Water Year Hydrologic Classification.  Modifications are accomplished by
giving each water-year type a numeric indicator as shown in Table II-13.  If the sum of the current
year’s indicator and the previous two years’ indicators is four (4) or less, the parties to the SJRGA
are not required to provide flows above the existing flow.  If the sum of the current year’s indicator
and the previous year’s indicator is seven (7) or greater, the parties must provide a target flow one
level higher than they normally would provide (i.e., if the sum of the indicators is 7 and the existing
flow is 2,050 cfs, the parties must provide a target flow of 4,450 cfs).  This is referred to as a
“double step.”
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There are two principal differences in the flow targets between the VAMP and the SJRA.  First, the
SJRA allows minimum flow targets of 2,000 cfs, but the minimum flow targets under the VAMP are
3,200 cfs.  Second, the obligation of the parties to the SJRA to provide water to meet the flow
targets is limited to 110 thousand acre feet (TAF) annually.  The SJRA calls for the USBR to
purchase water, if possible, to meet the VAMP flow targets under these two circumstances.

In addition to the VAMP flows, the SJRA requires flows at other times of the year from individual
member agencies.  Merced ID must provide 12,500 AF in October to attract returning adult salmon
into the tributaries to spawn.  Oakdale Irrigation District (OID) has agreed to make up to 15 TAF
available annually to the USBR.

Export Limitations Under the VAMP.  In addition to the Vernalis flow targets, the VAMP
requires reduced levels of export pumping at the SWP and CVP Delta pumping plants.  Combined
exports during the pulse flow period are set as shown on Table II-14.

The proposed export limitations called for by the SJRA may be lifted in any year if the operations
plan for the year is unacceptable to the parties.  This might occur if export limitations substantially
reduce the amount of water available to export contractors.

Existing Flow (cfs)              Target Flow (cfs)

0 - 1 , 9 9 9                                  2 , 0 0 0

2 , 0 0 0 - 3 , 1 9 9                              3 , 2 0 0

3 , 2 0 0 - 4 , 4 4 9                              4 , 4 5 0

4 , 4 5 0 - 5 , 6 9 9                              5 , 7 0 0

5 , 7 0 0 - 6 , 9 9 9                              7 , 0 0 0

7 , 0 0 0  o r  g r e a t e r                     E x i s t i n g  F l o w

Table II-12 

Vernal i s  Target  F lows

SJR Basin Classification Indicator

W e t                                                               5

A b o v e  N o r m a l                                                4

B e l o w  N o r m a l                                               3

D r y                                                              2

C r i t i c a l                                                          1

Table II-13
VAMP Hydrolog ic  Class i f i cat ion
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The SJRA is based on several assumptions.  Some of these assumptions may have direct or indirect
effects on conditions in the Delta.  The agreement assumes that New Melones Reservoir will be
operated consistent with the USBR’s Interim Plan of Operation until a long-term plan of operation is
developed.  The SJRA further assumes that a barrier will be constructed at the head of Old River
and operated in conjunction with the flows provided during the April/May pulse flow period.

2. Suisun Marsh Salinity Objectives Alternatives

Existing modeling indicates that the eastern marsh objectives (Stations C-2, S-64, and S-49) and
two of the western marsh objectives (Stations S-21 and S-42) will be met, with very limited
exceptions, through Suisun Marsh Salinity Control Gates (SMSCG) operation and implementation
of the Delta outflow objectives.  Therefore, the EIR will not consider separate alternatives to meet
these objectives.  The SWP and the CVP are responsible for achieving these objectives because
they control the SMSCG operation.  An exception to this responsibility may be made when:  
(1) hydrologic conditions are such that even with full-bore gate operation and implementation of the
Delta outflow objectives, the Suisun Marsh objectives cannot be achieved; or (2) the SMSCG can
not be operated full bore and/or it is physically modified in response to regulatory constraints.  This
section of the EIR will analyze methods to meet the remaining two western marsh objectives
(Stations S-35 and S-97) (see Figure VII-1 for a map of station locations).

a. Suisun Marsh Alternative 1  (No Project a).  The SWP and the CVP are responsible for
meeting D-1485 Suisun Marsh objectives, as modified by subsequent SWRCB actions.  The
SMSCG are in place and operated to meet the objectives to the extent possible.  The DWR and
the USBR take no further action to meet the D-1485 western marsh objectives.

b. Suisun Marsh Alternative 2 (No Project b).  The SWP and the CVP are responsible for
meeting D-1485 Suisun Marsh objectives, as modified by subsequent SWRCB actions.  The
SMSCG are in place and operated to meet objectives to the extent possible.  In addition, the DWR
and the USBR prepare and implement a plan to achieve full compliance with the western marsh
objectives.  For purposes of analysis, the plan is assumed to consist of flow augmentation up to 

E x p o r t  
L i m i t s    2 , 0 0 0       3 , 2 0         4 , 4 5 0        5 , 7 0 0        7 , 0 0 0

1 , 5 0 0             X                        X                         X                                                   X

2 , 2 5 0                                                        X

3 , 0 0 0                                                                                                                          X

Table II-14

SJRA Operat ional  Structure

Vernalis Target Flows (cfs)
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80 cfs in Green Valley Creek with water from the North Bay Aqueduct and construction of a 
Cordelia-Goodyear Ditch and a Goodyear Slough Tide Gate, if necessary to fully comply with the 
objectives.  A preliminary analysis of this action, along with 17 other actions, was undertaken by the 
DWR and reported in a document titled "Screening Alternative Actions and Describing Remaining 
Actions for the Proposed Western Suisun Marsh Salinity Control Project" (DWR 1993).  The analysis 
of this alternative will be programmatic only.  A subsequent EIR would have to be done by the DWR 
and the USBR before implementation of this alternative.

c. Suisun Marsh Alternative 3.  The SWP and the CVP are responsible for meeting
Bay/Delta Plan Suisun Marsh objectives.  The SMSCG are in place and operated to meet the
objectives to the extent possible.  The DWR and the USBR take no further action to meet the
Bay/Delta Plan western marsh objectives.

d. Suisun Marsh Alternative 4.  The SWP and the CVP are responsible for meeting
Bay/Delta Plan Suisun Marsh objectives.  The SMSCG are in place and operated to meet
objectives to the extent possible.  In addition, the DWR and the USBR prepare and implement a
plan to achieve full compliance with the western marsh objectives.  For purposes of analysis, the
plan is assumed to consist of flow augmentation up to 80 cfs in Green Valley Creek with water from
the North Bay Aqueduct and construction of a Cordelia-Goodyear Ditch and a Goodyear Slough
Tide Gate, if necessary, to fully comply with the objectives.  A preliminary analysis of this action,
along with 17 other actions, was undertaken by the DWR and reported in a document titled
"Screening Alternative Actions and Describing Remaining Actions for the Proposed Western Suisun
Marsh Salinity Control Project" (DWR 1993).  The analysis of this alternative will be programmatic
only.  A subsequent EIR would have to be done by the DWR and the USBR before implementation
of this alternative.

e. Suisun Marsh Alternative 5.  Bay/Delta Plan outflow objectives are in effect and the
SMSCG are in place and operated to meet objectives to the extent possible.  The parties to the
Suisun Marsh Preservation Agreement, Amendment III (DWR, USBR, DFG, and Suisun
Resources Conservation District) take management actions to protect the beneficial uses of the
managed wetlands of the western marsh, including: (1) meeting channel-water salinity objectives in
Order WR 98-09 (2) converting S-35 and S-97 from compliance stations to monitoring stations,
(3) September operation of the SMSCG, (4) a water manager program, (5) updating existing land
management plans, (6) a joint-use facilities program, (7) establishment of a managed wetland
improvement fund, (8) purchase of portable diversion pumps with fish screens, (9) purchase of
portable drainage pumps, (10) the realignment and stabilization of the Roaring River distribution
system turnouts, and (11) a drought response fund.

Under this alternative, the two western marsh numerical salinity objectives may not always be met,
but the intent is to provide approximately equivalent protection to the managed wetlands.  The
Bay/Delta Plan states that the numerical objectives do not have to be achieved if a demonstration of
equivalent or better protection is provided at the location.
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f. Suisun Marsh Alternative 6.  Multiple parties are responsible for full implementation of the
1995 Bay/Delta Plan western marsh objectives through flow augmentation in Green Valley Creek. 
Water comes from:  (1) the Fairfield Treatment Plant, (2) Lake Frey and Lake Madigan, and 
(3) Lake Berryessa.  Lake Berryessa water could be repaid to the Solano Project by the DWR and 
the USBR through the North Bay Aqueduct unless the Solano Project has an obligation to the Delta
under the outflow alternatives in which case that obligation may be met through releases into the
western marsh.

3. Salinity Control Alternatives in the San Joaquin Basin

Salinity control measures can be used to achieve the Vernalis salinity objectives either alone or in
combination with dilution water releases.  The Central Valley Regional Water Quality Control
Board (CVRWQCB) is principally responsible for implementing salinity control measures in the San
Joaquin Valley.  The purpose of the analysis in Chapter VIII of this EIR is to review the existing
salinity control actions in the San Joaquin Valley and to analyze any new salinity control alternatives
that are not presently being implemented or analyzed in some other forum.  The information will be
used by the SWRCB to decide whether it should recommend further evaluation and implementation
of salinity control measures to the CVRWQCB.  An SWRCB decision to recommend evaluation of
a salinity control measure by the CVRWQCB does not require CEQA compliance.  Nonetheless,
the salinity control alternatives are analyzed at the programmatic-level to provide information to the
SWRCB and to interested parties.

Most of the possible salinity control actions are being implemented or evaluated in some forum by
either the SWRCB, the CVRWQCB, the CALFED program, the DWR, or the USBR.  An
exception is controlled timing of wetland and tile drain discharges to maximize use of the assimilative
capacity of the river.  These alternatives are analyzed in this EIR.  The SWRCB and the
CVRWQCB have authority, under Water Code section 13260, et seq., to require persons
discharging waste that could affect the quality of the state's waters to report on the discharges and
to obtain waste discharge requirements before continuing the discharges.

a. Salinity Control Alternative 1.  In this reference case, no salinity control action is taken. 
The wetland and agricultural tile drain discharges continue to flow into the San Joaquin River in
accordance with present practices.  Present practices are described in Chapter VIII.  The
Bay/Delta Plan objectives at Vernalis are achieved through the provision of dilution water from New
Melones Reservoir.

b. Salinity Control Alternative 2.  Under this alternative, the CVRWQCB implements a
regulatory program or coordinates a cooperative program in which wetland operators within
Grasslands Water District shift their releases during the months of March and April to the month of
February.  This program is implemented whenever the salinity objectives at Vernalis during the
month of March are likely to be exceeded.  The shift of all releases from the months of March and
April to February can adversely affect the diversity of waterfowl food in the managed wetlands
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because different plants are favored depending on when the land is drained.  In order to avoid this
effect, 10 TAF of additional CVPIA water is provided in both March and April to maintain a flow
through system in the wetlands. 

c. Salinity Control Alternative 3.  Under this alternative, the CVRWQCB implements a
regulatory program or coordinates a cooperative program in which parties with tile drainage systems
hold the drainage for limited periods when assimilative capacity is not available in the San Joaquin
River. The parties would have flexibility in deciding how to temporarily cease their discharge.  For
illustrative purposes, the assumption in this programmatic analysis is that the parties store their
drainage in laterals, submains, sumps, and the soil column for up to three months.  To model this
alternative, the following criteria are used to simplify the analysis.  When the Vernalis salinity
objective is exceeded in January, tile drainage is stored in January, February, and March and
released in April and May.  When the Vernalis salinity objective is exceeded in June, July, or
August, tile drainage is also held in June, July, and August and released in September and October.
Actual implementation of this alternative would probably be based on real-time data and operations.

d. Salinity Control Alternative 4  (Combination of Alternatives 2 and 3).  This alternative
combines the operational measures in both Alternative 2 and Alternative 3.  The CVRWQCB
implements a regulatory program or coordinates a cooperative program in which (1) wetland
operators within Grasslands Water District shift their releases during the months of March and April
to the month of February, and (2) parties discharging subsurface agricultural drainage hold the
drainage when assimilative capacity is not available in the San Joaquin River.

4. Southern Delta Salinity Objectives Alternatives (Excluding Vernalis)

The Bay/Delta Plan establishes agricultural salinity objectives at three locations in the southern Delta
(excluding Vernalis).  Salinity at these locations is affected principally by the salinity of the San
Joaquin River entering the Delta, local agricultural diversions and discharges, and SWP and CVP
export operations.   

Implementation of the Bay/Delta Plan objectives at Vernalis will change SWP and CVP export
operations and will increase flows at Vernalis.  These actions will affect salinity in the southern Delta.
Also, the DWR and the USBR are evaluating alternatives to implement these salinity objectives,
along with other program goals, through the Interim South Delta Program (ISDP).  Therefore, the
program of implementation for this objective will rely, in part, on construction and operation of the
barriers proposed in the ISDP.  This EIR will document the effect of barrier operation on flows in
the southern Delta, salinity, and minimum water levels.  Environmental effects of barrier construction
and operation are analyzed in the DWR's draft EIR for the ISDP and are summarized in this report.
Because the program of implementation for these objectives depends on construction of a project
by another agency that is independently complying with CEQA, the analysis in this EIR is
programmatic.
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a. Southern Delta Salinity Alternative 1 (No Project).  The SWP and the CVP are
responsible for meeting D-1485 flow objectives.  Existing temporary barriers in the southern Delta
are installed and operated to improve salinity conditions in the south Delta.  No further action is
taken to implement the south Delta salinity objectives.

b. Southern Delta Salinity Alternative 2.  The Bay/Delta Plan flow objectives are met by
implementation of one of the flow objective alternatives.  Existing temporary barriers in the southern
Delta are installed and operated by the SWP and the CVP to improve salinity conditions in the
southern Delta.  No further action is taken to implement the southern Delta salinity objectives.

c. Southern Delta Salinity Alternative 3.  The Bay/Delta Plan flow objectives are met by
implementation of one of the flow objective alternatives.  The barriers proposed in the ISDP are
constructed and operated by the SWP and the CVP to achieve the southern Delta salinity
objectives to the extent feasible.

5. Dissolved Oxygen Objective Alternatives

The factors affecting dissolved oxygen concentrations in the San Joaquin River between Stockton
and Turner Cut that can be controlled are flow and biochemical oxygen demand (BOD) from point
and nonpoint sources.  Implementation of the Bay/Delta Plan flow and salinity objectives at Vernalis
will affect dissolved oxygen concentrations.  Further flow augmentation in the San Joaquin River at
Vernalis to meet the dissolved oxygen objective is not proposed as an alternative; however, the
sensitivity of the flow/dissolved oxygen relationship is evaluated. 

Flow augmentation in the San Joaquin River in the vicinity of Stockton will occur if southern Delta
channel barriers are constructed through the ISDP.  Therefore, the program of implementation for
this objective will rely both on flow augmentation through construction and operation of the barriers
proposed in the ISDP and on enhanced wastewater treatment at the Stockton Treatment Plan to
reduce the BOD loading.  The analysis of these alternatives is programmatic because their
implementation requires further action by other parties.  Environmental effects of barrier construction
and operation are analyzed in the DWR's draft EIR for the ISDP, and they are summarized in this
report.  The analysis of operations to implement dissolved oxygen objectives in the 1995 Bay/Delta
Plan is not included in the ISDP draft EIR and has not been evaluated previously.  Environmental
effects of enhanced wastewater treatment must be analyzed by the City of Stockton and will be
reviewed through the CVRWQCB's permitting process.  Anticipated effects are summarized in this
report.

a. Dissolved Oxygen Alternative 1  (No Project).  The SWP and the CVP are responsible
for meeting D-1485 flow objectives.  The quantity and quality of effluent from the Stockton
Wastewater Treatment Plant (WWTP) are at present levels.  The head of Old River temporary
barrier is installed in September, October, and November.  No further water right action is taken to
implement the dissolved oxygen objective.  This is the existing condition. 
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b. Dissolved Oxygen Alternative 2.  The 1995 Bay/Delta Plan flow objectives are met by
implementation of one of the flow alternatives. Effluent quantity and quality from the Stockton
WWTP are at present levels.  The head of Old River temporary barrier is installed in September,
October, and November.  No further action is taken to implement the dissolved oxygen objective.

c. Dissolved Oxygen Alternative 3.  The 1995 Bay/Delta Plan flow objectives are met by
implementation of one of the flow alternatives.  Effluent quantity and quality from the Stockton
WWTP are at present levels.  The permanent barriers proposed in the ISDP are constructed and
operated and the barrier at the head of Old River is closed in September, October, and November.

d. Dissolved Oxygen Alternative 4.  The 1995 Bay/Delta Plan flow objectives are met by
implementation of one of the flow alternatives.  The permanent barriers proposed in the ISDP are
constructed and operated and the barrier at the head of Old River is closed in September, October,
and November.  The discharge quantity from the Stockton treatment plant is at the present levels;
however, the effluent meets CBOD and ammonia effluent limits as specified in the NPDES permit
issued by the CVRWQCB and shown in Table X-6. Stockton complies with the permit limits by
constructing enhanced treatment facilities.

6. Combined Use of SWP and CVP Points of Diversion Alternatives

Combined use of SWP and CVP points of diversion was first authorized in 1978 in condition 3 of
D-1485.  Condition 3 allowed the USBR to use SWP pumps to recover, later in the year, water
that could not be exported during May and June because of operational constraints to minimize
entrainment of striped bass.  On December 7, 1981, the USBR filed a petition requesting that the
SWRCB add the DWR's Banks Pumping Plant as a point of diversion and rediversion under the
USBR’s permits.  This request was repeated in a subsequent petition filed on September 24, 1985.
The SWRCB notified the USBR that it would defer action on the USBR's request until a Bay/Delta
water rights hearing was held.  The SWRCB approved short-term combined use of the points of
diversion of the SWP and the CVP through Water Right Orders WR 95-6 and WR 98-09, subject
to the condition that such use must benefit fish and wildlife and not result in increased average
exports. 

The following alternatives for combined use of SWP and CVP points of diversion (Joint POD) are
considered.  In all of the alternatives, the assumption is made that the SWP and the CVP are
exclusively responsible for meeting the objectives in the Bay/Delta Plan unless specifically stated
otherwise.  For Alternatives 1 through 6 and 9, the assumption is made that temporary barriers are
installed and operated in the southern Delta.

a. Joint POD Alternative 1 (No Project).  D-1485 objectives are in effect.  The CVP is
authorized to use the SWP's point of diversion in the Delta only to make up deficiencies caused by
export restrictions in D-1485 in May and June. 
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b. Joint POD Alternative 2.  The Bay/Delta Plan objectives are in effect.  Combined use of
points of diversion is not authorized.

c. Joint POD Alternative 3.  The Bay/Delta Plan objectives are in effect.  The CVP is
authorized to use the SWP's point of diversion in the Delta to deliver up to 129 TAF of contract
water to the Cross Valley Canal, Musco Olive, Tracy Golf Course, and the VA cemetery. 
Combined use of the SWP and the CVP points of diversion in the Delta is limited by the terms and
conditions in SWP and CVP water right permits that specify permitted diversion rates of the
projects in the Delta.  USCOE Public Notice 5820-A (PN 5820-A), as amended further limits use
of the SWP point of diversion.

The SWP and the CVP water right permits include instantaneous diversion and rediversion rates
(10,350 cfs for the SWP at Banks Pumping Plant and 4,600 cfs at Tracy Pumping Plant) as well as
rates of diversion to storage in San Luis Reservoir (10,350 cfs for the SWP and 4,200 cfs for the
CVP).  The SWP's Banks Pumping Plant has capacity to pump up to 10,350 cfs.  However,
PN 5820-A limits daily diversions into Clifton Court Forebay to 13,870 acre-feet and limits 3-day
average diversions to 13,250 AF/day, except in winter when San Joaquin River flow is high.  From
December 15 to March 15, DWR may divert an additional amount equal to one-third of the total
flow at Vernalis when flows at Vernalis exceed 1,000 cfs.  The conditions of PN 5820-A effectively
limit the operating capacity of Banks Pumping Plant to 6,680 cfs much of the time.

d. Joint POD Alternative 4.  The Bay/Delta Plan objectives are in effect.  Combined use of the
SWP and the CVP points of diversion in the Delta is authorized for the purposes identified in
Alternative 3.  Additionally, the Joint POD is authorized if the purpose is to provide a net benefit to
fish and wildlife.  Any pumping losses incurred by either of the projects as a result of reductions to
benefit fish will be allowed to be made up within 12 months utilizing either or both pumping plants. 
Combined use of the SWP and the CVP points of diversion in the Delta is limited by the terms and
conditions in SWP and CVP water right permits that specify permitted diversion rates of the
projects in the Delta.  Use of the SWP point of diversion is further limited by PN 5820-A, as
amended.

e. Joint POD Alternative 5.  This alternative builds on Alternative 3, however, the use of water
authorized under the Joint POD is not restricted to deliveries to the entities specified in that
alternative.  The Bay/Delta Plan objectives are in effect.  Combined use of the SWP and the CVP
points of diversion in the Delta is limited by the terms and conditions in SWP and CVP water right
permits that specify permitted diversion rates of the projects in the Delta.  Use of the SWP point of
diversion is further limited by PN 5820-A, as amended.

f. Joint POD Alternative 6.  The Bay/Delta Plan objectives are in effect except that minimum
San Joaquin River flows at Vernalis are as specified in the Letter of Intent, as in Flow Alternative 7



State Water Resources Control Point Project Description

FEIR for Implementation of the II-43     November 1999
1995  Bay/Delta  Water Quality Control Plan

(see section E.1.g., above).  Combined use of the SWP and the CVP points of diversion in the
Delta is limited by the terms and conditions in SWP and CVP water right permits that specify
diversion rates of the projects in the Delta.  Use of the SWP point of diversion is further limited by
PN 5820-A, as amended.

g. Joint POD Alternative 7.  This alternative builds on Alternative 5.  The Bay/Delta Plan
objectives are in effect.  The purpose of use of the Joint POD is not restricted.  Combined use of
the SWP and the CVP points of diversion in the Delta is limited by the permitted diversion rates of
the projects in the Delta.  The SWP and the CVP permits include instantaneous diversion and
rediversion rates as well as rates of diversion to storage in San Luis Reservoir.  However, the
restrictions imposed by PN 5820-A are not in effect. The modeling of the alternative assumes that
permanent barriers as proposed in the ISDP are installed and operating in the southern Delta.

h. Joint POD Alternative 8.  This alternative builds on Alternative 7.  The Bay/Delta Plan
objectives are in effect.  Combined use of the SWP and the CVP points of diversion in the Delta is
limited only by the combined physical capacities of the pumping plants and by each project's annual
authorized diversion.

i. Joint POD Alternative 9.  The alternative has the same regulatory conditions as Flow
Alternative 8 except that combined use of SWP and CVP points of diversion in the Delta is
authorized.  Combined use of the SWP and the CVP points of diversion in the Delta is limited by
the permitted diversion rates of the projects in the Delta.  Combined use of points of diversion is
further limited by PN 5820-A, as amended.  This alternative assumes that temporary barriers are
installed and operated in the southern Delta.  The alternative further assumes that New Melones
Reservoir is operated in accordance with the Interim Operations Plan.
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CHAPTER III.  ENVIRONMENTAL SETTING

This chapter describes the environmental setting of the proposed project.  The environmental setting
is defined as the physical conditions that exist within the area which will be affected either directly or
indirectly by the proposed project.  (Public Resources Code section 15360).  The purpose of the
Environmental Setting chapter is to provide a baseline of the existing environmental conditions by
which to determine the environmental impacts of the proposed action.  The environmental setting for
this project was described in Chapter IV of the ER (SWRCB 1995).  The discussion here details
the upstream areas and updates the discussion in Chapter IV of the ER.

Due to the significant interdependence of water supplies and uses in California, implementing the
objectives for the Bay/Delta Estuary is relevant not only to the Estuary itself but also to a large
portion of the State.  The effects of the SWRCB's water right decision may be seen in the areas that
are the source of the water for the Bay/Delta Estuary, as well as in the service areas to where
water from the Central Valley is exported.  The source areas include the Trinity River Basin,
Sacramento River Basin, San Joaquin River Basin, the Sacramento-San Joaquin Delta, and Suisun
Marsh.  The export areas include the San Francisco Bay Region, the portion of the San Joaquin
River Basin served by the Delta-Mendota Canal, the Tulare Lake Basin, Central Coast Region, and
the portion of Southern California served by the State Water Project.  The project area is shown in
Figure III-1.

The discussion of the environmental setting is organized essentially by the major hydrologic regions
as defined in DWR Bulletin 160-93, The California Water Plan Update (DWR 1994).  The Trinity
River Basin is part of the North Coast Region; however, it is unlikely that any effects of the
SWRCB decision will be seen in the North Coast Region outside of the Trinity River Basin.  The
project area in Southern California includes the South Coast Region, as well as the Antelope Valley
and Mojave areas of the South Lahontan Region and the Coachella area of the Colorado River
Region.  These areas were combined to represent the SWP Southern California service area.

The factors used to describe the existing environmental conditions in the affected areas include:
geography and climate, population, land use and economy, water supply (including hydrology and
water quality), water use, vegetation, fish, wildlife, and recreation.  The source of much of the
information on geography and climate, population, land use and economy, water supply, and water
use is DWR Bulletin 160-93.  Much of the information on hydrology, water quality, vegetation, fish,
and wildlife is taken from the State Water Project Supplemental Water Purchase Program, Draft
Program Environmental Impact Report (DWR 1996).  The discussion of surface water
development draws from Bulletin 160-93 (DWR 1994) and the Central Valley Project
Improvement Act, Draft Programmatic Environmental Impact Statement, Technical Appendix,
Volume 2, Surface Water Supplies and Facilities Operations (USBR 1997a).  Information on
recreation in the Sacramento River, San Joaquin River, and Tulare Lake regions comes from
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the Central Valley Project Improvement Act, Draft Programmatic Environmental Impact Statement,
Technical Appendix, Volume 4, Recreation (USBR 1997b).  The discussion of aquatic resources is
based in large part on the Recovery Plan for the Sacramento/San Joaquin Delta Native Fishes
(USFWS 1996).

This chapter begins with an overview of the Central Valley, including the development of surface
water supplies, and the aquatic resources and recreational opportunities found therein.  The Central
Valley overview includes a discussion of the physical components of the Central Valley Project
(CVP), State Water Project (SWP), and local water supply projects.  Detailed descriptions of
several anadromous fish and other special-status species found in the Bay/Delta Estuary and
tributary streams are also presented in the overview.

A. CENTRAL VALLEY BASIN OVERVIEW

The Central Valley basin of California (Figure III-2) is comprised of the 450-mile long Central
Valley and the surrounding upland and mountain areas which drain into it.  The basin encompasses
about 60,000 square miles and makes up about 40 percent of California.  The basin is entirely
surrounded by mountains except for a narrow gap on the western edge at the Carquinez Strait.

Stream flow in the Central Valley is chiefly derived from runoff from the Cascade and Sierra
Nevada mountains, with minor amounts from the Coast Ranges.  Precipitation totals vary annually
with about four-fifths of the total occurring between the last of October and the first of April.  Snow
storage in the high Sierra delays the runoff from that area until the snow melts in April, May, and
June.  Normally, half of the annual runoff occurs in these months.

The Central Valley basin is divided into the Sacramento Valley on the north and the San Joaquin
Valley on the south.  The Sacramento Valley is part of the Sacramento River Basin.  The San
Joaquin Valley spans two sub-basins: the San Joaquin River Basin and the Tulare Lake Basin.
These two basins are distinct drainage areas separated by a low divide formed by coalescing alluvial
fans.  The divide lies between the San Joaquin River to the north and Kings River to the south.
Because the rivers and streams in the Tulare Lake Basin do not normally contribute runoff to the
Delta, the environmental setting of the Tulare Lake Basin will be discussed as a separate region.
The area in the center of the Central Valley where the Sacramento and San Joaquin valleys merge
coincides with a break in the coastal mountains which border the basin on the west side.  Here the
Sacramento and San Joaquin rivers converge in the Bay/Delta Estuary, flow through Suisun Bay and
Carquinez Strait into San Francisco Bay, and out the Golden Gate to the Pacific Ocean.

Water is used in the Central Valley basin primarily for growing crops.  Water is used to a lesser
extent to meet urban, industrial, environmental, and instream needs, and for other uses.  Local
irrigation districts, municipal utility districts, county agencies, private companies or corporations, and
State and federal agencies have developed surface water supply projects.  Flood control, water
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storage, and diversion works exist on all major streams in the basin, altering the natural flow
patterns.  These projects also produce hydroelectric power, enhance recreation opportunities, and
serve other purposes.  The major surface water supply developments will be discussed in the
following sections.

Groundwater is also used extensively in the Central Valley.  The regional aquifer system beneath the
Central Valley is contained in semi-consolidated to unconsolidated marine and continental deposits.
Fresh water in these deposits extends to about 1,100 feet below land surface in the Sacramento
Valley and to about 1,500 feet below land surface in the San Joaquin Valley.  The storage capacity
of the Central Valley regional aquifer system has been estimated by DWR to be 64 million acre-feet
and the perennial yield to be 5.7 million acre-feet.  Overdraft conditions exist throughout much of
the aquifer system in the San Joaquin Valley.  In the Sacramento Valley, overdraft conditions are
limited to a few localized areas.

1. Surface Water Development

This section discusses the development of the surface water supplies of the Central Valley.  The
major developments include the CVP, other federal projects, the SWP, and several local projects.

a. Central Valley Project.  The CVP is a water supply, flood control and power generation
project owned by the United States and operated by the USBR.  It is the largest water storage and
delivery system in California.  Extending from the Cascade Range to the Kern River, the CVP
consists of 18 federal reservoirs, plus four additional reservoirs jointly owned with the SWP.  It also
includes eight hydroelectric plants, two pumping plants, two pump-generating plants, and about
500 miles of major canals and aqueducts.  The project stores and controls waters of the
Sacramento, Trinity, American, San Joaquin, and Stanislaus river basins.  The major features of the
CVP are shown in Figure III-3.

The CVP has three main storage facilities in northern California.  The principal facility is Shasta Dam
and the 4.5 MAF Lake Shasta on the Sacramento River near Redding.  Water from the Trinity
River, which drains to the Pacific Ocean, is imported into the Central Valley through tunnels
connecting to the Sacramento River north of Redding.  Trinity Lake is the largest storage facility in
the Trinity River Division.  Folsom Dam is located on the American River about 30 river miles
upstream from its confluence with the Sacramento River.  These main reservoirs of the CVP have a
total storage capacity of about 8 MAF.  The major storage facilities south of the Delta include New
Melones Reservoir on the Stanislaus River, Millerton Lake on the San Joaquin River, and San Luis
Reservoir.  San Luis Reservoir is a pumped-storage reservoir on the west side of the San Joaquin
Valley shared with the SWP.  The storage facilities south of the Delta provide an additional 4 MAF
storage capacity for the CVP.
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A number of conveyance and pumping facilities are used to distribute water throughout the CVP
service area.  The major conveyance facilities of the CVP include the Corning and Tehama-Colusa
canals which divert water from the Sacramento River to serve the west side of the Sacramento
Valley, the Contra Costa and Delta-Mendota canals which divert water from the Delta, the San
Luis Canal which carries water along the west side of the San Joaquin Valley, and the Madera and
Friant-Kern canals that divert water from the San Joaquin River and distribute it along the east side
of the San Joaquin Valley and Tulare Lake Basin.  Tracy Pumping Plant pumps most of the water
that the CVP exports from the Delta.

The CVP supplies water to over 250 long-term water contractors whose contracts total 9.3 MAF
per year.  Of the 9.3 MAF, 6.2 MAF is project water, including 1.4 MAF of Friant Division Class
2 supply in wet years, and 3.1 MAF is water right settlement water.  Water right settlement water is
diverted by water right holders whose diversions were in existence before the project was
constructed.  The diversions are made in accordance with agreements between the CVP and the
water right holders.  Average-year deliveries by the CVP have been around 7 MAF.  Figure III-4
shows the CVP contractors' service areas.  Figure III-5 shows CVP deliveries for the period
1960-1996.

About 90 percent of the CVP water has gone to agricultural uses in the recent past; this includes
water delivered to prior right holders.  CVP water is used to irrigate some 19,000 farms covering
3 million acres.  Currently, increasing quantities of water are being served to municipal customers.
Urban areas receiving CVP water supply include Redding, Sacramento, Folsom, Tracy, most of
Santa Clara County, northeastern Contra Costa County, Stockton, and Fresno.

Water stored in CVP northern reservoirs is gradually released down the Sacramento River, where it
helps meet contract commitments along the river and quality and flow requirements in the Delta.
The remainder is exported via the Contra Costa Canal and the Delta-Mendota Canal.  Excess
water during the winter is conveyed to off-stream storage in San Luis Reservoir on the west side of
the San Joaquin Valley for subsequent delivery to the San Luis and San Felipe units.

Many of the CVP contractors in the Sacramento Valley held prior rights to the waters of the
Sacramento River.  Since construction of the CVP altered the natural flows upon which water right
holders had relied, contracts were negotiated to serve the users stored water to supplement the river
flows available under their water rights.  CVP contractors with prior water rights on the Sacramento
River (called settlement contractors) receive their supply from natural flow, storage regulated at
Shasta Dam, and Trinity Basin imports.  Table III-1 shows base entitlement, project entitlement,
and average deliveries from the main stem of the Sacramento River for some of the largest CVP
contractors in the Sacramento Valley.  The Tehama-Colusa and Corning canals serve an area on
the west side of the Sacramento Valley.  Table III-2 shows project entitlement and average
deliveries for CVP contractors served by the Tehama-Colusa and Corning canals.
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Figure III-5
Central Valley Project Deliveries, 1960 to 1996

(Millions of acre-feet)

Table III-1.  CVP Deliveries to Selected Settlement Contractors

(Acre-feet)

River Total Base Total Project Average*

Contractor Mile Entitlement Entitlement Deliveries

Glen Colusa I.D. 154.8 R 720,000 105,000 775,418

Sutter Mutual Water Co. 32.4 L 172,900 95,000 205,377

Anderson Cottonwood I.D. 240.5 L 165,000 10,000 144,955

Reclamation District #108 43.1 R 199,000 33,000 136,384

Natomas Central Mutual Water Co. 2.15 L 98,200 22,000 89,376

Reclamation District #1004 85.3 L 56,400 15,000 63,849

Princeton-Codora-Glen I.D. 112.3 R 52,810 15,000 54,942

Provident I.D. 124.2 R 49,730 5,000 39,064

Conaway Conservancy 112.0 R 50,190 672 29,481

Olive Percy Davis Trust 77.8 R 22,000 9,800 26,636

Meridian Farms Water Co. 71.1 L 23,000 12,000 25,777

River Garden Farms Co. 34.5 R 29,300 500 18,900

Pleasant Grove-Verona MWC 19.6 L 23,790 2,500 14,186

Colusa Drain MWC** NA 0 100,000 12,517

City of Redding 246.0 L 6,889 1,216 10,721

Total, Fifteen Major Contractors 1,647,584

Total, 124 Other Settlement Contractors 91,291

Majors as % of Grand Total 94.75%

*Period of record for determining average deliveries is 1982-1989, excluding 1983.

**Colusa Drain MWC has an exchange contract with the CVP which enables them to divert water from the Colusa Basin Drain.
The CVP makes up the impact of that diversion to downstream senior water right holders.  No water is delivered directly to
CDMWC by the CVP.
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Table III- 2.  CVP Deliveries to Tehama-Colusa Canal Contractors
(Acre-feet)

Total Project Average*

Contractor Entitlement Deliveries

Orland-Artois Water District 53,000 70,529

Colusa County Water District 62,000 44,404

Kanawha Water District 45,000 38,000

Westside Water District 25,000 25,481

Corning Water District 25,300 24,521

Glide Water District 10,500 13,083

Dunnigan Water District 19,000 11,965

Westside Water Dist. (from Colusa Co.) 40,000 8,604

Thomes Creek Water District 8,400 7,295

Proberta Water District 5,500 5,630

Davis Water District 4,000 5,310

La Grande Water District 5,000 5,136

4-M Water District (from Colusa Co.) 5,700 2,814

Holthouse Water District (from Colusa Co.) 2,450 1,999

Cortina Water District (from Colusa Co.) 1,700 1,645

Colusa Co. Water Dist (from Colusa Co.) 5,965 1,572

La Grande Water Dist. (from Colusa Co.) 2,200 1,433

Glenn Valley Water District 1,730 879

Kirkwood Water District 2,100 495

Myers-Marsh MWC (from Colusa Co.) 255 438

Total 271,235

*Period of record for determining average deliveries is 1982-1989, excluding 1983.

Settlement contractors on the San Joaquin River (called exchange contractors) receive Delta
water via the Delta-Mendota Canal.  A portion of the water exported from the Delta via the Delta-
Mendota Canal is placed into the San Joaquin River at Mendota Pool to serve, by exchange, water
users who have riparian and pre-1914 rights to use of San Joaquin River flow. The exchange
agreement has annual and monthly limitations on the water to be provided by the USBR to the
exchange contractors and the annual amount to be provided is based on forecasted runoff into
Shasta Reservoir.  This exchange enabled the CVP to build Friant Dam on the San Joaquin River,
northeast of Fresno, and divert a major portion of the flow from the river at that point.  Most of the
water from the upper San Joaquin River is diverted south into the Friant-Kern Canal and supplied
to the Tulare Lake Basin for use in Kings and Kern counties.  A portion is diverted northward in the
Madera Canal to serve areas in the central San Joaquin Valley.  Table III-3 lists the CVP exchange
contractors and their average annual diversions.
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Table III-3.  CVP Exchange Contractors Average Annual Diversions
(Acre-feet)

Contractor Average Diversion

Central California Irrigation District 430,600
San Luis Canal Company 155,600
Firebaugh Canal Water District 64,200
Columbia Canal Company 58,800

CVP facilities are grouped as operating divisions and the operation of these facilities are integrated
to enable flexibility in the distribution of water and power resources throughout the project service
area.  The CVP divisions include the Trinity River, Shasta, Sacramento River, American River,
Delta, West San Joaquin, San Felipe, East Side, and Friant divisions.

Trinity River Division.  The Trinity River Division was completed in 1964 and includes
facilities to store and regulate flows in the Trinity River and to transfer a portion of the flow to the
Sacramento River Basin.  These facilities include Trinity Lake; Trinity Dam and Powerplant;
Lewiston Dam, Lake, and Powerplant; Clear Creek Tunnel and Carr Powerplant; Whiskeytown
Dam and Lake; Spring Creek Debris Dam, Reservoir, Powerplant, and Tunnel.

Water is stored in Trinity Lake behind Trinity Dam, and is released for a variety of purposes.
Releases from Trinity Lake are re-regulated downstream at Lewiston Lake.  Lewiston Dam
regulates flows in the Trinity River to meet downstream flow, in-basin diversion, and temperature
requirements.  Lewiston Lake provides a forebay for interbasin transfer of water through the Clear
Creek Tunnel and the Judge Francis Carr Powerplant into Whiskeytown Lake on Clear Creek.
Water stored in Whiskeytown Lake includes exports from the Trinity River as well as local runoff
from the Clear Creek drainage area.  Releases from Whiskeytown are either passed through the
Spring Creek Powerplant and discharged into Keswick Reservoir on the Sacramento River, or
released to Clear Creek to meet downstream flow and diversion requirements.

Shasta Division.  The Shasta Division consists of Shasta Lake, Dam, and Powerplant and
Keswick Reservoir, Dam, and Powerplant.  These facilities are located on the Sacramento River
below the confluence of the Sacramento, McCloud, and Pit rivers.  Shasta Dam was completed in
1945 and regulates a drainage area of 6,600 square miles.  It provides flood control and stores
water for irrigation and M&I use, generation of hydroelectricity, maintenance of fish and navigation
flows, and protection of the Delta from salinity intrusion.  A small amount of water is diverted
directly from Shasta Lake for M&I use by local communities.

Water in Shasta Lake is released through or around Shasta Powerplant to Keswick Reservoir.  A
temperature control device was recently installed on Shasta Dam which was designed to allow all
releases at Shasta to pass through generation facilities when the system is being operated to meet a
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temperature standard for fishery enhancement/protection on the upper Sacramento River.   A series
of gates on the intake structure allows for the withdrawal of water at various lake levels.

Keswick Reservoir serves as an afterbay to regulate releases from Shasta Dam and discharges from
Spring Creek Tunnel.  All releases from Keswick are made to the Sacramento River.  There is a
migratory fish trapping facility at Keswick that operates in conjunction with the Coleman National
Fish Hatchery located downstream on Battle Creek.

Sacramento River Division.  The Sacramento River Division includes the Sacramento
Canals Unit which was authorized in 1950 to supply irrigation water to over 200,000 acres in the
Sacramento Valley, principally in Tehama, Glenn, Colusa, and Yolo counties.  The Sacramento
Canals Unit consists of the Red Bluff Diversion Dam, the Corning Pumping Plant, and the Corning
and Tehama-Colusa canals.  The Red Bluff Diversion Dam, built in 1964, is located on the
Sacramento River southeast of the town of Red Bluff.  Water is diverted from the Sacramento River
into the Tehama-Colusa Canal, which extends southerly from the Red Bluff Diversion Dam, to
provide irrigation service on the west side of the Sacramento Valley.  The Tehama-Colusa Canal
also provides water to the refuges under contract with the USBR. The Corning Pumping Plant lifts
water from the Tehama-Colusa Canal downstream of the Red Bluff Diversion Dam into the Corning
Canal.  The Corning Canal provides service to areas on the west side of the Sacramento Valley at
elevations too high to be served by the Tehama-Colusa Canal.  Congressional authorization has
been given (CVPIA, Title 34, Section 3412) to extend the Tehama-Colusa Canal into Solano and
Napa counties.

American River Division.  The American River Division includes Folsom Dam, Lake, and
Powerplant; Lake Natoma; and Nimbus Dam and Powerplant on the American River.  It also
includes the Folsom South Canal, which diverts water from the American River, and Jenkinson
Lake on Sly Park Creek, which is tributary to the Cosumnes River.  Folsom Dam, which was
completed in 1956, regulates flows on the American River for irrigation, power, flood control, M&I
use, fish and wildlife, recreation, and other purposes.  Lake Natoma regulates the releases from
Folsom Powerplant and Nimbus Dam serves as the point of diversion for the Folsom South Canal.
The Nimbus Fish Hatchery is located below Nimbus Dam and was built to compensate for the
salmon and steelhead spawning areas lost due to the construction of Folsom and Nimbus dams.

Delta Division.  Water released from the CVP reservoirs in northern California is conveyed
to the Bay/Delta Estuary through the channel of the Sacramento River.  The Delta Division facilities
provide for the transport of water through the Delta and the export of water to the San Joaquin
Valley and Contra Costa County.  The main features of the Delta Division are the Delta Cross
Channel, the Contra Costa Canal, Tracy Pumping Plant, and the Delta-Mendota Canal.

About 30 miles south of Sacramento, the Delta Cross Channel diverts a portion of the Sacramento
River flow into interior Delta channels, while the remaining Sacramento River water flows westward
toward Suisun Bay.  The purpose of the Delta Cross Channel is to preserve the quality of water
diverted from the Sacramento River by conveying it to southern Delta pumping plants through
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eastern Delta channels rather than allowing it to flow through more saline western Delta channels.
The Delta Cross Channel, with a capacity of 3,500 cfs, can divert a significant portion of the
Sacramento River flows, particularly in the fall.

In the southern Delta, the CVP diverts water at Rock Slough, Old River, and at the Tracy Pumping
Plant.  The Rock Slough diversion is conveyed through the Contra Costa Canal for municipal and
industrial uses in Contra Costa County.  The Old River intake, near the Highway 4 crossing, was
completed in 1997 and diverts CVP water either directly to the Contra Costa Water District
(CCWD) service area or into storage at CCWD's new Los Vaqueros Reservoir.  At the Tracy
Pumping Plant, water is lifted nearly 200 feet above sea level into the Delta-Mendota Canal.

The Delta-Mendota Canal serves several purposes; it delivers water to San Joaquin River water
rights holders through exchange agreements, supplies water for agricultural users on the west side of
the San Joaquin Valley, and conveys water for storage in San Luis Reservoir.  As its name
indicates, the canal conveys water from the Delta 117 miles southeast to the Mendota Pool located
on the San Joaquin River west of Fresno.  West of Los Banos, a turnout from the Delta-Mendota
Canal conveys water to the CVP's San Luis Unit.

West San Joaquin Division.  The West San Joaquin Division of the CVP includes the San
Luis Unit and consists of federal as well as joint federal-State facilities, including O'Neill Dam and
Forebay, San Luis Dam and Reservoir, and San Luis Canal.  San Luis Reservoir is a pumped-
storage reservoir primarily used to store water exported from the Delta by the SWP and CVP.

O'Neill Forebay is used as a hydraulic junction point for State and federal waters.  The SWP
California Aqueduct discharges directly into the forebay and CVP water is lifted from the Delta-
Mendota Canal into the forebay by the O'Neill Pumping-Generating Plant.  Water is pumped from
O'Neill Forebay into San Luis Reservoir through the William R. Giannelli Pumping-Generating Plant.
The forebay provides re-regulation storage necessary to permit off-peak pumping and on-peak
power generation by the plant.  Power is also generated when CVP water is released from O'Neill
Forebay to the Delta-Mendota Canal.

The portion of water stored by the CVP in San Luis Reservoir is released to three locations: the San
Luis Canal to serve CVP contractors, including Westlands WD; the Pacheco Tunnel to serve the
San Felipe Unit of the CVP; and the Delta-Mendota Canal to serve CVP and exchange contractors
on the west side of the San Joaquin Valley.  The San Luis Canal conveys water southward from
O'Neill Forebay along the west side of the San Joaquin Valley.  The San Luis Canal is the joint
federal and State portion of the California Aqueduct, extending to Kettleman City.  CVP water
conveyed through the Delta-Mendota Canal is released into the San Joaquin River channel at the
Mendota Pool to replace the exchange contractors' entitlements which are diverted at Friant Dam.

Other facilities included in the West San Joaquin Division include the Coalinga Canal, the Los Banos
and Little Panoche detention dams and reservoirs, and the San Luis Drain.  The Coalinga Canal
transports water from the San Luis Canal to the Coalinga area.  The Los Banos and Little Panoche
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detention dams and reservoirs protect the San Luis Canal by controlling flows of streams crossing
the canal.  These facilities do not supply water to the CVP or SWP.  The San Luis Drain was
designed to carry agricultural subsurface drainage from collectors along the west side of the San
Joaquin Valley to the Sacramento-San Joaquin Delta for discharge to the ocean, as mandated by
the authorization of the San Luis Unit.  However, only a portion of the drain was constructed,
terminating at Kesterson Reservoir which was incorporated into the Kesterson National Wildlife
Refuge.  The discovery of accumulations of selenium in the drainage water and sediments at
Kesterson Reservoir forced the closure of the reservoir and the drain after 1985.  Ongoing actions
regarding the San Luis Drain are discussed in Chapter VIII of this draft EIR.

San Felipe Division.  The San Felipe Division provides CVP water to Santa Clara and San
Benito counties through conveyance facilities from San Luis Reservoir.  These facilities include the
Pacheco Tunnel and Conduit, the Hollister Conduit, San Justo Dam and Reservoir, and the Santa
Clara Conduit.  The Pajaro Valley, in southern Santa Cruz County, was originally authorized to
receive irrigation water from the CVP to reduce seawater intrusion caused by groundwater
pumping, but no conveyance facilities have been built.

Water leaves San Luis Reservoir through the two separate reaches of the Pacheco Tunnel.  The
water flows through the first reach of the tunnel and is lifted up to the second reach by the Pacheco
Pumping Plant.  Water from the Pacheco Tunnel flows through the Pacheco Conduit where the flow
is split between the Santa Clara and Hollister conduits.

East Side Division.  The East Side Division of the CVP includes reservoirs on the Stanislaus,
Chowchilla, and Fresno rivers.  These rivers drain the western slopes of the Sierra Nevada and flow
into the San Joaquin River. The major CVP facilities in the East Side Division include New Melones
Dam and Reservoir, Buchanan Dam and Eastman Lake, Hidden Dam and Hensley Lake.

New Melones Dam is located on the Stanislaus River.  Originally authorized for flood control in
1944, it was reauthorized in 1962 as an integral part of the CVP and construction was completed in
1979.  New Melones is operated to provide flood control, satisfy water rights obligations, provide
instream flows, maintain water quality conditions in the Stanislaus River and the San Joaquin River at
Vernalis, and provide deliveries to local CVP contractors.

Buchanan Dam and Eastman Lake are located on the Chowchilla River; Hidden Dam and Hensley
Lake are on the Fresno River.  These reservoirs are operated largely for flood control, but the
operations are integrated into the CVP.  When possible, releases from these reservoirs are used to
satisfy portions of the CVP contractual requirements on the Madera Canal.

Friant Division.  The Friant Division collects water from the San Joaquin River and
distributes it along the east side of the San Joaquin Valley and the Tulare Lake Basin to provide a
supplemental water supply to augment the groundwater and local surface water supplies in the area.
The division is an integral part of the CVP, but is hydrologically independent and, therefore
operated separately from the other divisions of the CVP.  The water supply to the Friant Division is
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made available in part through an exchange agreement and from purchase of water rights.  A
substitute water supply for the Exchange Contractors is transported from the Delta to Mendota
Pool via the Delta-Mendota Canal.  The functions of the Friant Division are to provide flood
control, irrigation, and M&I water supply.  Major facilities of the division include Friant Dam and
Millerton Lake, the Madera Canal, and the Friant-Kern Canal.

Friant Dam is located on the upper San Joaquin River in the Sierra-Nevada foothills above Fresno.
Completed in 1947, Millerton Lake has a storage capacity of 500,000 acre-feet.  Water released
through Friant Dam is diverted north through the Madera Canal, and south through the Friant-Kern
Canal.  The water supply to the Madera Canal is integrated with the operation of Hidden Dam on
the Fresno River and Buchanan Dam on the Chowchilla River and serves areas on the east side of
the San Joaquin Valley.  The Friant-Kern Canal extends south to Kern County near Bakersfield,
primarily serving areas in the Tulare Lake Basin.  Additional water supplies are conveyed via the
Friant-Kern Canal through coordinated operations with water supply facilities on the Kings,
Kaweah, Tule, and Kern rivers and through exchange agreements between Friant-Kern and Cross
Valley canal contractors. These water supplies are not associated with the CVP and the CVP
merely facilitates exchanges or wheeling for CVP contractors if such actions do not affect the ability
of the CVP to deliver contractual supplies.

b. Other Federal Projects.  Other federal projects include those constructed by the U.S. Army
Corps of Engineers (USCOE) or the USBR.  These projects generally provide flood control and
water supply benefits.  Some of the larger projects in this category include: the Orland Project and
Black Butte Reservoir on Stony Creek; the Solano Project on Putah Creek; Englebright Reservoir
on the Yuba River; New Hogan Lake on the Calaveras River; and the four major reservoirs on the
east side of the Tulare Lake Basin -- Pine Flat, Kaweah, Success, and Isabella.

The Orland Project includes East Park and Stony Gorge reservoirs which were built by the USBR
in 1910 and 1928, respectively.  They store surplus water for irrigation deliveries.  Black Butte
Reservoir was built in 1963 by the USCOE primarily for flood control and irrigation supply.  It is
financially integrated with the CVP and operations are coordinated between the CVP and the
Orland Project.  Black Butte Reservoir has a storage capacity of 143,000 acre-feet and East Park
and Stony Gorge reservoirs each store about 50,000 acre-feet.  The Solano Project, built by the
USBR in 1959, stores water behind Monticello Dam in the 1.6 MAF Lake Berryessa in Napa
County and conveys water through the Putah South Canal to agricultural and M&I users in Solano
County.  Narrows Dam (Englebright Reservoir) was built by the USCOE in 1941 as part of the
Sacramento River Debris Control Project.  The reservoir has a capacity of 70,000 acre-feet and is
located on the Yuba River, downstream of New Bullards Bar Dam and Reservoir and Colgate
Powerhouse.  New Hogan Dam was also built by the USCOE and the lake, with a storage capacity
of 317,000 acre-feet, provides flood control, agricultural and M&I water supplies, and recreational
opportunities.

The reservoirs on the east-side tributaries to the Tulare Lake Basin were built by the USCOE to
provide flood control; however, these reservoirs also provide water supply for irrigation of
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downstream agricultural lands.  Pine Flat Dam and Reservoir on the Kings River, was completed in
1954 and has a capacity of 1.0 MAF.  Success Lake stores 100,000 acre-feet on the Tule River
and Lake Kaweah (Terminus Dam) stores 143,000 acre-feet on the Kaweah River.  Lake Isabella,
located on the Kern River northeast of Bakersfield, was constructed in 1953 and stores 568,000
acre-feet.  These projects do not have federally-held water rights associated with them; local water
users hold all rights.

c. State Water Project.  Like the CVP, the SWP stores runoff from within the Sacramento
Valley basin, releases stored water to the Sacramento River and the Delta, and pumps water out of
the Delta for delivery to water users in the Bay area, the San Joaquin Valley, and Southern
California.  The SWP, operated by the DWR, includes 22 dams and reservoirs, 8 hydroelectric
power plants, and 17 pumping plants.  The major features of the SWP are shown in Figure III-6.

Plans for the SWP recognized that there would be a gradual increase in water demand and that
some of the supply facilities could be deferred until later.  Delta water transfer facilities were part of
the original plan, and additional Sacramento and North Coast basin supply reservoirs were
envisioned.  Contracts were signed for an eventual delivery of 4.23 MAF.  With the present level of
development and current operating criteria, the SWP is capable of developing a reliable water
supply of about 2.3 MAF.

The SWP delivers water to 29 long-term contractors.  The service areas of these contracting
agencies are shown in Figure III-7.  Figure III-8 depicts the SWP water deliveries (excluding
Feather River inbasin obligations) from 1967 to 1996.  Generally, San Joaquin Valley use of SWP
supply has been near full contract amounts since about 1980 (except during very wet years and
during deficient-supply years).  The San Joaquin Valley contractors are primarily agricultural users,
with Kern County Water Agency having the largest contract entitlement (about 1.15 MAF/year).
Southern California use, which is principally municipal and industrial, has only built up to about
60 percent of full entitlement.  Metropolitan Water District of Southern California is the SWP's
largest contractor, with annual entitlement of over 2 MAF.

The SWP also delivers water under negotiated settlement agreements to several agencies that are
entitled to water from the Feather River under prior rights.  Table III-4 shows the entitlement and
average deliveries for the SWP's Feather River inbasin obligations.

The chief components of the SWP's water storage facilities are Oroville Dam and Lake Oroville
which store winter and spring flows on the Feather River.  Oroville Dam was completed in 1968
and the reservoir has a storage capacity of 3.5 MAF.  Three smaller reservoirs, Lake Davis,
Frenchman Lake, and Antelope Lake are located in the upper Feather River Basin in Plumas
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County.  These reservoirs are operated for recreational, fish and wildlife, and local water supply
purposes.  Below Oroville Dam, Thermalito Diversion Dam diverts water from the Feather River
into the Thermalito Forebay for use in power generation.  Water flows through Thermalito
Powerplant and into Thermalito Afterbay, which regulates the return flow to the Feather River.
Three of the four units at Thermalito Powerplant are reversible to allow pumping back into
Thermalito Forebay.

Water stored in Lake Oroville is released into the Feather River, where it flows into the Sacramento
River 21 miles above Sacramento, and from there, to the Delta.  The SWP diverts a portion of this
water from the Delta for export through the North and South Bay aqueducts and the California
Aqueduct, and the remainder contributes to meeting minimum flow and water quality requirements.

The SWP diverts water from Barker Slough in the northern Delta, where it is pumped into the
North Bay Aqueduct for municipal use in Solano and Napa counties.  In the southern Delta, water
is diverted into Clifton Court Forebay, then pumped at the Harvey O. Banks Delta Pumping Plant
into the California Aqueduct.  Clifton Court Forebay serves as a regulating reservoir for the
pumping plant, allowing much of the pumping to occur at night when energy costs are lower.  It also
allows diversion from the Delta to be varied to minimize salinity intrusion.  The John E. Skinner
Delta Fish Protective Facility removes migrating fish drawn from the Delta with the pumping plant
inflow.

Bethany Reservoir serves as an afterbay for discharges from the Banks Delta pumps and as a
regulating reservoir for both the California and South Bay aqueducts.  Water is pumped from
Bethany Reservoir into the South Bay Aqueduct for delivery to urban and agricultural areas in
Alameda and Santa Clara counties.  Del Valle Reservoir provides 40,000 acre-feet of pumped-
storage capacity for conservation and water delivery and also provides flood control and recreation
benefits to the area.  The lake is designed to store up to 77,000 acre-feet, but all storage above
40,000 acre-feet is reserved for floodwater encroachment.

The California Aqueduct is the main conveyance facility of the project and extends 444 miles from
the Delta to Southern California.  From the Delta, the California Aqueduct follows the west side of
the San Joaquin Valley to the federal/State joint-use facilities of the San Luis Unit, including O'Neill
Forebay and San Luis Reservoir (described previously under CVP).  Water is pumped into San
Luis Reservoir for storage during winter and released later when demand is greater and pumping
restrictions reduce the amount of wateravailable from the Delta.  From O'Neill Forebay, the joint-
use portion of the California Aqueduct (San Luis Canal) extends south to the Kettleman City area.
Two pumping plants (Dos Amigos and Buena Vista) provide the lift necessary for the aqueduct to
continue south to the Tulare Lake Basin, where it serves most of the SWP agricultural users.
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Figure III-8
State Water Project Deliveries, 1967 to 1996

(Millions of acre-feet)

Table III-4.
SWP Feather River Inbasin Obligations

Annual Average

Contracting Agency Status (1) Entitlement Deliveries  (2)

(Acre-feet) (Acre-feet)

Joint Water District Board WR 620,000 574,203
Western Canal Water District WR 295,000 246,005
Garden Highway Mutual Water Co. WR 18,000 16,260
Plumas Mutual Water Co. WR 14,000 9,551
Oswald Water Co. WR 3,000 0
Tudor Mutual Water Co. WR 5,000 4,818

City of Yuba City WS 9,600 185
County of Butte WS 27,500 325

(1)  WR - Water Settlement Contractors; WS - Water Supply Contractors
(2)  Deliveries are averaged for the period 1982-1989, excluding 1983.
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The Coastal Branch of the aqueduct splits from the main branch in the Tulare Lake Basin near
Devil's Den.  Construction of this branch was completed in 1997.   It will convey water westerly
over the Coast Ranges for use in the coastal areas of San Luis Obispo and Santa Barbara Counties.

Two additional pumping plants (Wheeler Ridge and Wind Gap) are required to move the water in
the California Aqueduct to the southern end of the Central Valley.  Water in the aqueduct is lifted
nearly 2,000 feet into the Tehachapi Mountains by the A.D. Edmonston Pumping Plant and then
flows through a series of four tunnels.  The aqueduct then splits into the West Branch, which
transports water through Pyramid Lake to Castaic Lake in Los Angeles County, and the East
Branch, which delivers water to the Antelope Valley and Silverwood Lake, and terminates at Lake
Perris in Riverside County.

d. Local Development.  The majority of local water supply developments are in-basin diversion
and storage projects.  Most local surface projects are small, but there are some large local water
projects constructed and operated by a wide variety of water and irrigation districts, agencies,
municipalities, and companies.  Initially, most local projects consisted of direct stream diversions.
When these proved inadequate during the dry season, storage dams and reservoirs were built.

Some of the larger local storage projects on rivers tributary to the Central Valley include Bullards
Bar Dam on the Yuba River, Exchequer Dam on the Merced, and Don Pedro Dam on the
Tuolumne.  Each original dam has been replaced by a new, larger version.  Bullards Bar Reservoir,
which is owned by Yuba County Water Agency, has a storage capacity of nearly one million acre-
feet.  Lake McClure, behind New Exchequer Dam, has a storage capacity of over one million acre-
feet for Merced Irrigation District.  New Don Pedro Reservoir, which has a storage capacity of
over two million acre-feet, is owned and operated by the Turlock and Modesto Irrigation Districts.

Smaller storage projects have been built by a number of local water purveyors.  Oroville-
Wyandotte Irrigation District has facilities in the Feather River Basin, and South Sutter Water
District operates Camp Far West Reservoir (104 TAF) on the Bear River.  Nevada Irrigation
District has several small reservoirs in the Yuba and Bear River Basins.  Placer County Water
Agency owns French Meadows (136 TAF) and Hell Hole (207 TAF) in the American River Basin,
and Yolo County Flood Control and Water Conservation District stores water from Cache Creek
in Clear Lake and Indian Valley Reservoir.

Numerous dams have been constructed on the Central Valley rivers primarily for hydroelectric
power production.  These facilities also incidentally regulate stream flows, create more usable water
supplies during the dry summer months, and provide flood control and recreation benefits.  Pacific
Gas and Electric Company (PG&E) has facilities on the Pit and Feather river drainages, including
Lake Almanor which has a storage capacity of over 1.1 million acre-feet.  PG&E also operates
facilities in the Yuba, American, Mokelumne, and Kings river watersheds.  Southern California
Edison has facilities on the upper San Joaquin River, and the Sacramento Municipal Utility District
has facilities in the American River Basin.  Some irrigation districts take advantage of the



State Water Resources Control Board Environmental Setting

Final EIR for Implementation of the III-22 November 1999
1995 Bay/Delta Water Quality Control Plan

conservation of winter and spring runoff that is stored by the utilities and later released to meet peak
summer demand for electricity.

As nearby sources of water were fully developed, urban areas began to reach out to more distant
sources.  In the 1920s, the East Bay cities of the San Francisco Bay Region turned to the Sierra
Nevada watershed for additional water.  The East Bay Municipal Utility District (EBMUD)
completed the Mokelumne Aqueduct in 1929, bringing water from Pardee Reservoir and the
Mokelumne River.  Camanche Reservoir was added in 1963 below Pardee, and with the addition
of a third barrel, the aqueduct's capacity was increased from 224,000 acre-feet per year to
364,000 acre-feet per year.  The average annual import in 1990 was 245,000 acre-feet.

The City of San Francisco constructed O'Shaughnessy Dam on the upper Tuolumne River in 1923.
In 1934, the City of San Francisco completed the Hetch Hetchy Aqueduct system, which diverts
water from the Tuolumne River across the Central Valley to serve San Francisco, San Mateo,
northern Santa Clara, and portions of Alameda counties.  The current conveyance capacity of the
Hetch Hetchy Aqueduct is about 330,000 acre-feet per year and average annual imports in 1990
were 267,000 acre-feet.  The primary supply reservoirs are Hetch Hetchy, Lake Lloyd (Cherry
Valley), and Lake Eleanor.  The City of San Francisco also has exchange water storage in Don
Pedro Reservoir which allows water that otherwise goes to the Turlock and Modesto irrigation
districts to be diverted through the Hetch Hetchy Aqueduct.

e. Major Diversions .  In addition to the surface water developments of the CVP, SWP, and
local projects described above, there are substantial diversions from the Sacramento and
San Joaquin river systems made by local water purveyors, irrigation districts, and individuals with
water rights.  Some of the diversions include elaborate facilities, such as diversion dams, pumping
plants, fish screens, concrete-lined canals, and extensive distribution systems.  Others are as simple
as siphon tubes and irrigation ditches.  Many of the major diverters listed below are covered by
water right settlement contracts with the CVP and SWP.

Some of the major diverters on the upper Sacramento River include the Anderson-Cottonwood
Irrigation District (ACID) and the Glenn-Colusa Irrigation District (GCID).  Reclamation Districts
108 and 1004, Princeton-Codora-Glenn ID, Natomas Central Water Company, and Sutter Mutual
Water Company make large diversions from the lower Sacramento River.

Western Canal Water District (WCWD) and Joint Water Board are among the major diverters
from the Feather River.  Joint Water Board is a consortium of four pre-1914 water right holders
including Richvale ID, Biggs West Gridley WD, Butte WD, and Sutter Extension WD.  Yuba
County Water Agency (YCWA), South Sutter WD, Nevada ID, and PG&E have substantial rights
to water from the Yuba and Bear rivers.

Urban areas within the area affected by this project receive water from a variety of sources.  Most
urban areas in the Central Valley rely on groundwater for municipal and industrial use.  The City of
Sacramento is the largest urban user of surface water supplies in the Central Valley, having water
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rights to the Sacramento and American rivers.  As mentioned earlier, the City of San Francisco
exports water from the Tuolumne River and EBMUD exports water from the Mokelumne River for
use in the San Francisco Bay Region.

Much of the water supply from the San Joaquin River tributaries is diverted by several large
irrigation districts for local use under senior water rights for direct diversion from those rivers.
Oakdale ID and South San Joaquin ID divert water from the Stanislaus River.  Turlock ID and
Modesto ID take their water from the Tuolumne River below New Don Pedro Reservoir.  Merced
ID takes its water from the Merced River below Lake McClure.  Chowchilla WD and Madera ID
have rights to the Chowchilla and Fresno rivers, respectively.  These districts provide most of the
water for irrigation on the east side of the San Joaquin Valley.

The USBR and the DWR are the major diverters in the Delta.  The USBR exports water from the
Delta at Tracy Pumping Plant and CCWD diverts CVP water at Rock Slough and Old River under
a water supply contract.  The DWR exports from the Delta at Banks Delta Pumping Plant and
Barker Slough to serve the SWP contractors.  Table III-5 presents details of the USBR and DWR
water right applications.  Operation of the CVP and SWP Delta export facilities are coordinated to
meet water quality and flow standards set by the Board, the USCOE, and more recently by federal
fisheries agencies.  However, there are approximately 1,800 local diversions within the Delta, many
of which are made under claim of riparian right, which combine for potential instantaneous flow rates
of more than 4,000 cfs.

Table III-6 lists the major water right holders that have diversion rights with a cumulative face value
of 40,000 acre-feet per year or more from the Sacramento-San Joaquin river system.  Table III-6
does not represent actual diversions by the water right holders.  Actual diversions are frequently less
than face value and there may be terms or conditions which limit actual diversions made under
multiple permits held by the same water right holder.  Table III-6 is not the basis for apportioning
the responsibility for meeting the objectives of the 1995 Plan, but rather is included for illustrative
purposes to demonstrate the relative magnitude of water rights held in the Central Valley.
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Table III-5.  Water Right Applications for
the SWP and CVP in the Central Valley

   DWR Water Right Applications *

Facility Application Priority
Max Dir

Div
Dir Div
Season

Total
Storage

Storage
Season

(cfs) (AF)

Oroville A005630 Jul 1927 1,400 1/1-12/31 380,000 9/1-7/31
Oroville A014443 Aug 1951 1,360 1/1-12/31 3,500,000 9/1-7/31

6,185 1/1-12/31 42,100 1/1-12/31

Banks Pumping Plant A014445A Aug 1951 2,115 1/1-12/31 44,000

San Luis Facility A017512 Mar 1957 0 1,100,000 1/1-12/31

North Bay Aqueduct A017514A Mar 1957 135 1/1-12/31 0

   USBR Water Right Applications

Facility Application Priority
Max Dir

Div
Dir Div
Season

Total
Storage

Storage
Season

(cfs) (AF)

Contra Costa Canal A009366 Aug 1938 200 1/1-12/31 0
Contra Costa Canal A009367 Aug 1938 250 1/1-12/31 0
Contra Loma Reservoir A022316 Oct 1965 0 5,400 10/1-6/30

Folsom Dam A013370  Oct 1949 8,000 11/1-8/1 1,000,000 11/1-7/1
Folsom Dam A013371  Oct 1949 700 11/1-8/1 300,000 11/1-7/1

Friant Dam ** A000023 Mar 1915 373 4/1-7/1 0
Friant Dam ** A000234 Jan 1916 3,000 2/1-10/31 500,000 11/1-8/1
Friant Dam ** A001465 Sep 1919 3,000 2/1-10/31 500,000 11/1-8/1
Friant Dam ** A005638 Jul 1927 5,000 2/1-10/31 1,210,000 11/1-8/1

New Melones Dam A014858A Jun 1952 0 980,000 11/1-6/30
New Melones Dam A014858B Jun 1952 2,250 11/1-6/30 0
New Melones Dam A019304 Mar 1960 0 1,420,000 11/1-6/30

San Luis Facility A015764 Mar 1954 0 1,000,000 11/1-4/30

Shasta Dam A005626 Jul 1927 8,000 9/1-6/30 3,190,000 10/1-6/30
Shasta Dam A009363 Aug 1938 1,000 1/1-12/31 310,000 10/1-7/1
Shasta & Keswick Dams A009364 Aug 1938 9,000 1/1-12/31 1,303,000 10/1-6/30

Tracy Pumping Plant A009368 Aug 1938 4,000 1/1-12/31 0

Whiskeytown Dam A017376 Nov 1956 3,600 11/1-4/1 250,000 11/1-4/1

  * Any of the water permitted for diversion out of the Feather may also be taken directly at Banks without any initial
diversions at Oroville.  Any of the SWP's permitted storage quantities at Oroville or Banks may be stored in or re-stored
San Luis.  DWR stores water diverted under A17512 at any of its south of Delta facilities.
  ** Status as an export project vs. an inbasin project is an issue in the water right hearing.
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Table III-6.   Major Water Right Holders in the Central Valley
Includes applicants with a cumulative face value of or greater than 40,000 acre-feet

Water right holders in bold type include the Sacramento River Water Settlement Contractors, San Joaquin River
Exchange Contractors, and others with contractual arrangements with either the CVP or SWP.

Cumulative Cumulative Cumulative
   Water Right Holder Face Value Dir Div Storage    Points of Diversion

Turlock I D & Modesto I D 3,816,290 7,600 2,788,600 Tuolumne River

Pacific Gas & Electric Company 2,953,993 3,955 102,941 Sacramento-San Joaquin Delta Watershed

Nevada I D 2,586,397 3,816 441,607 Yuba and Bear River Watersheds

Yuba County Water Agency 2,350,000 1,593 1,250,000 Yuba River

Merced I D 2,339,523 5,757 879,025 Merced River

City of Sacramento 1,968,547 2,410 589,000 American and Sacramento Rivers

Oakdale I D & South San Joaquin ID 1,672,521 1,818 470,949 Stanislaus River

Placer County Water Agency 1,289,309 2,025 315,000 American River

Glenn-Colusa I D 1,282,972 3,072 0 Sacramento River

Central California I D 1,256,508 1,900 0 Mendota Pool on San Joaquin River

Oroville-Wyandotte I D 1,123,362 1,435 331,312 Feather and Yuba Rivers

Joint Water Districts Board 970,200 2,000 0 Feather River

East Bay Municipal Utilities District 931,874 510 562,950 Indian Slough and Mokelumne River

Calaveras County Water District 818,745 1,403 470,324 Stanislaus River and tributaries

Yolo County F C & W C District 751,774 1,128 614,000 Cache Creek, Trib to Yolo Bypass

City & County of San Francisco 679,453 940 115 Tuolumne River

Western Canal Water District 654,214 1,203 0 Feather River

Sutter Mutual Water Company 507,443 937 0 Sacramento River

Reclamation District #108 472,722 1,010 0 Sacramento River

Gallo Glass Company 447,765 823 0 Merced River

San Luis Canal Company 359,964 600 0 San Joaquin River

Anderson-Cottonwood I D 289,080 400 0 Sacramento River

Madera I D 261,449 463 0 Fresno River

Woodbridge I D 224,551 436 0 Central Delta Channels

Banta-Carbona I D 216,104 425 0 South Delta and San Joaquin River

South Sutter Water District 193,155 669 98,370 Sacramento River

West Stanislaus I D 189,456 262 0 San Joaquin River

Los Molinos Mutual Water Co. 187,902 260 41,000 Tributaries to Sacramento River

Parrott Investment Company 182,345 363 0 Butte Creek

Georgetown Divide Pub. Util. Dist. 182,343 255 44,000 South Fork American River

Provident I D 168,771 463 0 Sacramento River

Kelsey 160,182 350 0 Merced River

Stevinson Water District 154,531 317 0 Merced and San Joaquin Rivers

Natomas Central Mutual Water Co. 148,044 631 0 Sacramento River

Sutter Extension Water District 142,989 397 0 Feather River

Columbia Canal Company 138,877 210 0 San Joaquin River

U S Fish & Wildlife Service 134,191 235 16,521 Sacramento-San Joaquin Delta Watershed

Conaway Conservancy Group 132,567 409 0 Sacramento River

Hardesty 127,082 397 0 North Delta Channels
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Table III-6 (cont.)   Major Water Right Holders in the Central Valley

Cumulative Cumulative Cumulative
   Water Right Holder Face Value Dir Div Storage    Points of Diversion

Schluter 126,271 504 5,000 Pit River Watershed

Browns Valley I D 117,440 136 60,000 Yuba River

Princeton-Codora-Glenn I D 116,741 290 0 Sacramento River

San Juan Suburban Water District 112,019 155 0 American River at Folsom Lake

Contra Costa Water District 105,490 115 105,490 Western Delta Channels

Premiere Farmland Partners III 103,649 100 0 Sacramento River

Reclamation District #1004 103,609 306 0 Butte Creek and Sacramento River

Reclamation District #999 97,778 290 0 North Delta Channels

M & T Incorporated 89,952 129 0 Butte Creek

Chowchilla Water District 83,449 101 50,000 Chowchilla River

Carman 81,087 112 0 Tribs to S. Fork American River

Wild Goose Club 75,735 250 0 Butte Creek

Jackson Valley I D 74,036 160 36,000 Tribs to Dry Creek / Mokelumne River

Maxwell I D 72,268 186 0 Sacramento River

Hot Springs Valley I D 68,400 0 68,400 Pit River Watershed

East Contra Costa I D 65,877 136 0 South Delta Channels

Edwards 65,043 90 0 Antelope Creek

Pescadero Recl. Dist. #2058 64,215 177 0 South Delta Channels

Patterson Water District 63,558 150 0 San Joaquin River

Pelger Mutual Water Company 62,527 147 0 Sacramento River

Reclamation District #2037 61,755 85 0 South Delta Channels

Stanford Vina Ranch Irrig. Co. 61,439 145 0 Deer Creek

Los Rios Farms Incorporated 60,622 169 0 Putah Creek

Collins Pine Company 60,201 83 0 N. Fork Feather River

Reclamation District #548 59,261 82 0 San Joaquin River Delta Channels

Tuolumne Utilities District 57,816 80 0 Tribs to Tuolumne River

Reclamation District #2039 56,804 79 0 San Joaquin River Delta Channels

McArthur 54,519 78 0 Pit and Fall Rivers

Belcher 53,893 223 25 Cosumnes River

Reclamation District #2038 51,846 72 0 San Joaquin River Delta Channels

California Dept. of Fish & Game 49,449 142 0 Sacramento-San Joaquin Delta Watershed

Willow Creek Mutual Water Co. 49,005 90 0 Central Drain, Colusa Basin Drain trib.

Olive Percy Davis Trust 48,527 128 0 Sacramento River

Zumwalt Mutual Water Co. 47,275 123 0 Colusa Basin Drain

Church of Jesus Christ of L D S 44,567 80 0 Sacramento River, South Delta Channels

Deer Creek I D 43,362 60 0 Deer Creek

The Prudential Insurance Co. 42,602 141 10 Putah Creek

Hallwood Irrigation Company 42,570 100 0 Yuba River

Elna Scohr Incorporated 41,669 115 0 Butte Creek

Lake County F C & W C D 41,000 0 41,000 Cache Creek

Maine Prairie Water District 40,298 108 0 Yolo Basin and North Delta Channels
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2. Aquatic Resources

Historical fishery resources within the Central Valley were considerably different than the fisheries
present today.  Many native species have declined in abundance and distribution, and several
introduced species have become well established.  The decline of many species is due, in large part,
to the alterations made to habitat as a result of human activities, the introduction of exotic species,
and over-fishing.  Early alterations to habitat included hydraulic mining, dredging, levee building, and
dam construction.  Operation of water storage and diversion facilities has had a significant impact on
several species.  Other factors that affect the fisheries of the Central Valley include agricultural,
urban, and industrial development, grazing, mining, and logging, and the pollution generated by these
activities.

A wide variety of fish are found throughout the waterways of the Central Valley.  Many are
common to several of the regions that will be described later in this chapter.  Some, such as the
anadromous fish, are found in particular parts of the San Francisco Bay/Sacramento-San Joaquin
Delta and tributary rivers and streams only during certain stages of their life cycle.

Many of the fish species and communities found throughout the Central Valley could be affected by
the implementation of the SWRCB water right decision.  For the purposes of this EIR, the effects
will be considered for anadromous species, other special-status species, and reservoir communities.
Anadromous species include chinook salmon, steelhead trout, white and green sturgeon, striped
bass, and American shad.  Although striped bass and American shad are introduced species, both
are abundant and contribute substantially to California's recreational fishery.  These anadromous fish
populate Central Valley waterways during the freshwater stages of their life cycles.

Delta smelt, Sacramento splittail, and longfin smelt are species of concern because of their declining
numbers in the Delta and their federal status as threatened (delta smelt and Sacramento splittail) and
species of concern (longfin smelt) under the ESA.  All three species are native, and their abundance
and distribution indicate the ecological health of the Sacramento-San Joaquin River system, the
Delta, and the Bay.

Reservoirs have become one of the major fish habitats in the Central Valley since the development
of the region's surface water projects.  The nature of each reservoir and its fish fauna is determined
by its elevation, size, location, and water quality.  In general, reservoirs are less productive per
surface acre than lakes because their typically deep, steep-sloped basins and fluctuating water levels
greatly limit habitat diversity.

Warm-water reservoirs are typically suitable for black bass, sunfish, and catfish.  Cold-water
reservoirs have a zone of deep, well-oxygenated water cool enough in summer to be suitable for
trout.  Many of the Central Valley reservoirs lie at the mid-level elevations in the foothills and have
characteristics of both warm-water and cold-water impoundments.  These reservoirs provide
greater fishing diversity, although extensive drawdowns limit species dependent on shallow-water
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habitat, such as black bass and sunfish.  Reservoirs may enhance downstream fisheries by
controlling the temperature and timing of releases.

The following life history summaries of selected fish in the Central Valley rivers are presented here
to avoid repetition in the regional discussions that follow.

a. Chinook Salmon.  Chinook salmon typically return to their natal stream to spawn.  The timing
of spawning of the four races of chinook salmon in Central Valley rivers is as follows:

1) Adult fall-run chinook salmon migrate through the Sacramento-San Joaquin Delta and into
Central Valley rivers from July through December and spawn from October through
December.  Peak spawning activity usually occurs in October and November.

2) Adult late-fall run chinook salmon migrate through the Delta and into the Sacramento
River from October through March or possibly April and spawn from January through
April.  Peak spawning activity occurs in February and March.

3) Adult winter-run chinook salmon migrate through the Delta from late November through
June and into the Sacramento River from December through July.  Winter-run chinook
salmon do not spawn immediately but remain in the river up to several months before
spawning.  Spawning occurs from April through July, with peak spawning activity in May
and June.

4) Adult spring-run chinook salmon migrate through the Delta from January through June,
enter the Sacramento River and its tributaries from March through September, and remain
in the rivers up to several months before spawning.  Spawning occurs from August
through October, with peak spawning activity in September. Table III-7 summarizes the
timing of chinook salmon occurrence in the Sacramento-San Joaquin Delta by race and
lifestage.

Chinook salmon lay their eggs in the gravel of the stream bottom where they incubate for generally
6 to 9 weeks depending on water temperature.  The newly emerged fry remain in the gravel for
another 2 to 4 weeks.  The timing of rearing and outmigration is different for the various runs of
chinook salmon.  Rearing salmonids feed on a variety of aquatic and terrestrial insects and other
small invertebrates, and newly emerged fry are sometimes prey of older steelhead.  Juveniles begin
the smolting process as they migrate seaward.  Smolting consists of physiological, morphological
and behavioral changes that stimulate emigration and prepare the salmonids for ocean life.  Chinook
salmon generally outmigrate within the first year and spend 2 to 4 years in the ocean before returning
to spawn.

Winter-run chinook salmon are listed as endangered under both the state and federal endangered
species acts.   Spring-run chinook are listed as threatened under both the state and federal
endangered species acts.  Fall-run and late-fall run chinook, Central Valley Evolutionarily Significant
Units, are considered candidate species under the federal Endangered Species Act.
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Table III-7
Timing of Occurrence of Chinook Salmon by Race and Lifestage in the

Sacramento-San Joaquin Delta

Sacramento River San Joaquin
River

Lifestage Fall-run Late fall-run Winter-run Spring Run Fall-run

Adult upstream
migration

July -
December1

October -
April1

Late November -
June2

January -
June2

July -
December1

Juvenile Rearing
and Emigration

January -
June1

(fry/smolts)

April -
December1

September - May2 October - June2

(young-of-the-
year)

January -
June1

October -
December1

(yearlings)

mid-October -
March

(yearlings)

Sources: 1. USBR 1997c
                                2. DFG 1998

b. Steelhead.   Steelhead typically return to their natal streams to spawn. There is considerable
variation in steelhead run timing.  Steelhead stocks in the Central Valley are all winter steelhead.
Adults migrate upstream through the Delta and into the Sacramento River and tributaries during
most months of the year.  Steelhead begin moving through the mainstem in July, peak near the end
of September, and continue migrating through February or March.  A few adults have also been
observed in April, May, and June.  Steelhead in the Sacramento River basin spawn primarily from
January through March, but spawning can begin as early as late December and can extend through
April.

The timing of steelhead runs in the San Joaquin River basin is assumed to be similar to the
Sacramento River basin.  However, currently there is evidence of only a small anadromous run of
steelhead in the basin and the origin of these fish is not known.

As for chinook salmon, steelhead lay their eggs in the gravel of the stream bottom where they
incubate for approximately 6-9 weeks depending on water temperature.  The newly emerged fry
remain in the gravel for another 2-4 weeks.  The timing of rearing and outmigration is different for
the various runs of steelhead.  Rearing salmonids feed on a variety of aquatic and terrestrial insects
and other small invertebrates, and newly emerged fry are sometimes prey of older steelhead.
Juveniles begin the smolting process as they migrate seaward.  Smolting consists of physiological,
morphological and behavioral changes that stimulate emigration and prepare the salmonids for ocean
life.
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The life history of steelhead differs from that of Pacific salmon in several ways.  Unlike salmon,
steelhead do not necessarily die after spawning, and a small portion of these survive to become
repeat spawners.  Post-spawning survival rates are generally low, and vary considerably between
populations.  Juvenile steelhead also have a longer freshwater rearing requirement (usually from one
to three years) and both adults and juveniles are much more variable in the length of time they spend
in fresh and salt water.  Some individuals may remain in a stream, mature, and even spawn without
ever going to sea, others may migrate to the ocean at less than a year old, and some may return to
freshwater after spending less than a year in the ocean.

Due to significant declines in steelhead populations in the Central Valley, the NMFS listed the
Central Valley, California, Evolutionarily Significant Unit as threatened under the ESA on March 19,
1998.

c. Striped Bass.  Striped bass inhabit fresh and ocean water and require riverine habitat for
spawning with currents sufficient to keep the eggs suspended off the bottom.  Striped bass are
considered adults at 3 years old and spawn in the lower reaches of the Sacramento and San
Joaquin Rivers.  Spawning begins first in the Delta, usually in mid-to-late April, and continues
sporadically over 3-5 weeks.  They are mass spawners, broadcasting eggs and sperm.  The eggs
are slightly denser than fresh water and in the absence of current, sink slowly to the bottom.  Eggs
hatch in approximately 2 days at 18-19EC.  Larval stages last 4-5 weeks.

The striped bass rear in the Delta eating progressively larger prey as they grow.  As the bass grow,
the diet of juvenile bass shifts more to fish and becomes similar to the diet of adult striped bass,
which includes small fish and invertebrates.  Adult bass are found throughout the year in the
Sacramento and San Joaquin rivers, the Delta, San Francisco Bay and the ocean but they show
definite migration patterns.  In the fall, adult striped bass migrate upstream to Suisun Bay and the
Delta where they overwinter.  During the spring, they disperse throughout the Delta and into the
tributary rivers to spawn.  Migration back to the Delta, Suisun Bay and San Francisco Bay occurs
during summer.  After the mid-1960's, most striped bass inhabit Suisun Bay and the Delta during
summer and fall, and migration to San Francisco Bay and the Pacific Ocean is believed to have
declined.  However, data from Bennett and Howard (1997) suggest many older bass move to the
ocean during warm El Niño events (i.e., 1976-77).

d. American Shad.  Generally, American shad are anadromous, spending most of their life in the
ocean and returning as adults to spawn in rivers.  The adult spawning migration occurs primarily
from April through June, with most spawning taking place in the American, Feather, Yuba, and
upper Sacramento rivers.  Some spawning occurs in moderate currents sufficient to keep eggs
suspended off the bottom.  The young can rear for several months in the Feather and Sacramento
rivers or migrate downstream soon after hatching, lingering in the Delta for several weeks to several
months.  American shad become sexually mature while in the ocean at an average age of 3-5 years.
Adult American shad initiate their spawning migration as early as February, however most adults do
not migrate into the Delta until March or early April.
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The peak spawning migration into upstream habitat takes place when water temperatures increase,
usually in late May or early June.  American shad spawn exclusively in freshwater, although
spawning may be possible in brackish water.  It is not clear whether flows or water temperatures
are the primary factors responsible for attracting shad into the streams.  Migration appears to
decline after water temperature exceeds 68°F, usually in early July.  Peak migration in the
Sacramento river upstream of the Feather River occurs in May and angling surveys indicate that
peak migration in the Feather and Yuba rivers occurs during June.

The newly hatched larvae are pelagic and most abundant at the water surface.  They feed on
zooplankton within 4-5 days of hatching.  Newly hatched larvae are found downstream of spawning
areas and can be rapidly transported downstream by river currents because of their small size.
Some juvenile shad appear to rear in the Delta for up to a year or more before emigrating to the
ocean.  While in the Delta, juvenile shad are opportunistic feeders and prey on various
invertebrates.  Presumably, all juvenile shad eventually emigrate to the ocean, because immature
shad greater than 8 inches long are rarely caught in the Delta.  Seaward migration of juvenile shad in
the Delta begins in late June and continues through November, with peak migration occurring
between September and November.

Little is known about the oceanic ecology and behavior of juvenile and adult American shad.  They
are found in the Pacific Ocean from Baja California to Alaska; however, they are seldom found
south of Monterey.

e. White Sturgeon.  White sturgeon are the most abundant sturgeon in the Bay-Delta system
and support a popular sportfishery.  White sturgeon are long-lived and mature some time after 10
years of age.  Their longevity allows them to reach large sizes; the California sport fishing record is a
468-pound fish that was probably 40 to 50 years old when caught in the mid-1980’s.

In the Sacramento-San Joaquin system, a portion of the adult white sturgeon population moves
upstream to freshwater environments to spawn between February and May.  The species spawns in
the Sacramento River between mid-February and late May, with peak spawning occurring between
March and April.  Most females spawn for the first time at approximately age 15 and could spawn
as infrequently as every five years thereafter.

Spawning habitat requirements for white sturgeon in the system have not been definitively identified.
Apparently sturgeon broadcast spawn in swift water.  It is not known if eggs are fertilized in the
water column or after they contact the bottom.  The current initially disperses the adhesive eggs,
which sink and adhere to gravel and rock on the bottom.  The adhesive properties of the eggs are
adaptive to spawning and retention of eggs in swift current environments.  Hatching time depends
primarily on water temperature.  Egg incubation can last 4 to 14 days post-fertilization; yolk
depletion can occur 15 to 30 days post-fertilization.  Optimum temperatures for incubation and
hatching range from 52 to 63 degrees F; higher temperatures result in greater mortality and
premature hatching.
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After hatching, yolk sac larvae swim up into the water column.  Currents transport larvae
downstream of the spawning area.  The diet of white sturgeon changes as the fish become larger.
Young-of-the-year sturgeon feed on a variety of prey, including small crustaceans and insect larvae,
and potentially small fish fry.  Corophium spp. and Neomysids are the most common prey of
sturgeon captured in the Sacramento-San Joaquin River system.  As the fish grow, the diet becomes
more diverse and includes several benthic invertebrates and seasonally abundant food items, such as
fish eggs or fry.

There is no defined age or size at which juvenile white sturgeon enter the estuarine environment.
Adult and subadult sturgeon inhabit estuarine areas year-round.  Adult sturgeon are found in Suisun,
San Pablo, and San Francisco bays and in the Delta.  Distribution in the Delta is thought to depend
primarily on river flow and resulting salinity regimes.  The center of the population is further
upstream in low river flow years and downstream in high flow years.

In the Bay-Delta system, the major factors likely to be negatively affecting white sturgeon
abundance are increased sport harvest, reduction in Delta outflow, entrainment, and toxic
substances.  A significant positive correlation has been found between white sturgeon year-class
strength and Delta outflow in spring and early summer (April to July).

f. Green Sturgeon.  San Francisco Bay, San Pablo Bay, Suisun Bay, and the Delta support the
southernmost reproducing population of green sturgeon.  White sturgeon are the most abundant
sturgeon in the system and green sturgeon have always been comparatively uncommon.  Habitat
requirements of green sturgeon are poorly known, but spawning and larval ecology probably are
similar to that of white sturgeon.  Adult green sturgeon are more marine than white sturgeon,
spending limited time in estuaries or freshwater.

Indirect evidence indicates that green sturgeon spawn mainly in the Sacramento River; spawning has
been reported in the mainstem river as far north as Red Bluff.  Spawning times in the Sacramento
River are presumed to be March – July, with a peak from mid-April to mid-June.  Adult sturgeon
are in the river, presumably spawning, when temperatures range between 8 – 14 °C.  Preferred
spawning substrate likely is large cobble, but can range from clean sand to bedrock.  Eggs are
broadcast spawned and externally fertilized in relatively high water velocities and at depths >3 m.
Female green sturgeon produce 60,000 – 140,000 eggs, about 3.8 mm. in diameter.  Eggs
probably hatch around 196 hours after spawning, and larvae are 8 – 19 mm. long.  Juveniles likely
range in size from 2.0 to 150 cm.  Juveniles migrate to sea before two years of age, primarily during
the summer and fall.  They remain near estuaries at first, but can migrate considerable distances as
they grow larger.

Green sturgeon grow approximately 7 cm per year until they reach maturity at 130-140 cm, around
age 15-20.  Thereafter growth slows down.  The largest fish have been aged at 40 years, but this is
probably an underestimate.  Adults can reach sizes of 2.3 m FL and 159 kg, but in San Francisco
Bay, most are probably less than 45 kg.
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Juvenile and adult green sturgeon are benthic feeders and may also take small fish.  Juveniles in the
Delta feed on opossum shrimp (Neomysis mercedis) and amphipods (Corophium sp.)
The green sturgeon is apparently reduced in numbers throughout its range, although evidence is
limited. Rough estimates of the abundance of green sturgeon longer than 102 cm. in the estuary
between 1954 and 1991 range from 200 to 1,800 fish, based on intermittent studies by DFG.
There is no direct evidence of a decline in the Sacramento River.  However, the population is so
small that a collapse could occur and hardly be noticed because of the limited sampling.

In the Bay-Delta system, the major factors likely to be negatively affecting green sturgeon
abundance are sport fisheries, modification of spawning habitat, entrainment, and toxic substances.
Green sturgeon are a federal Species of Concern and state Species of Special Concern.

g. Delta Smelt.  The delta smelt generally spend their entire life cycle in the open, surface
waters of the Sacramento-San Joaquin Delta and Suisun Bay.  The delta smelt are small (typically
2.5 inches, maximum length about 5 inches), rarely live more than one year, have low fecundity, and
are not taken in recreational or commercial fisheries.  Delta smelt are euryhaline (a species that
tolerates a wide range of salinity) fish that rarely occur in water of more than 10-12 parts per
thousand salinity.  Live fish are nearly translucent and have a steely-blue sheen to their sides.

Delta smelt are endemic to the upper Sacramento-San Joaquin Estuary.  They occur in the Delta
primarily below Isleton on the Sacramento River, below Mossdale on the San Joaquin River, and in
Suisun Bay.  They move into fresh water when spawning (ranging from January to July) and can
occur in:  (1) the Sacramento River as far upstream as Sacramento, (2) the Delta channels of the
Mokelumne River, (3) the Cache Slough region, (4) the Delta, and (5) the Montezuma Slough area
of the estuary.  During the recent 6-year drought period, the center of delta smelt abundance was
the western Delta.  However, in water years 1993, 1995, 1997, and 1998, their distribution shifted
into Suisun Bay and areas farther downstream.  During high outflow periods, they also may be
washed into San Pablo Bay, but they do not establish permanent populations there. Delta smelt are
captured seasonally in the channels of Suisun Marsh.

Most spawning occurs in sloughs and shallow edge-waters of channels in the upper Delta.  Specific
areas that have been identified as important delta smelt spawning habitat include Barker, Lindsey,
Cache, Prospect, Georgiana, Beaver, Hog, and Sycamore sloughs, and the Sacramento River in the
Delta, and tributaries of northern Suisun Bay.  Laboratory observations have indicated that delta
smelt are broadcast spawners and that the eggs sink to the bottom and attach to the substrate.
Newly hatched delta smelt have a large oil globule that makes them semi-buoyant, allowing them to
maintain themselves just off the bottom, where they feed on rotifers and other microscopic prey.
Once the swimbladder develops, larvae become more buoyant and rise up higher in the water
column.  At this stage (0.6-0.7 inch total length), most are presumably washed downstream until
they reach the mixing zone or the area immediately upstream of it.  Growth is rapid and juvenile fish
are 1.6-2.0 inches long by August.
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Delta smelt feed primarily on planktonic copopods, cladocerans, and amphipods (all small
crustaceans commonly used by fish for food), and, to a lesser extent, insect larvae.  Delta smelt are
a minor prey item of juvenile and subadult striped bass, and have been reported in the stomach
contents of white catfish and black crappie.

Delta smelt were once one of the most common pelagic fish in the upper Sacramento-San Joaquin
estuary.  While their annual abundance has fluctuated greatly in the past, between 1981 and 1990,
delta smelt abundance was consistently low.  Indices in 1991, 1993, and 1995 were more than
double those of the 1981-1990 period; indices in 1993 and 1995 were the sixth and seventh highest
on record.  The causes of decline are multiple and synergistic, including: reduction in flows;
entrainment losses to water diversions; high outflows; changes in food organisms; toxic substances;
disease, competition, and predation; and, loss of genetic integrity.  The decline was precipitous in
1982 and 1983 due to extremely high outflows and continued through the drought years 1987-
1992.  In 1993, numbers increased considerably, apparently in response to a wet winter and spring.

The USFWS listed the delta smelt as threatened on March 5, 1993 and issued a formal biological
opinion for SWP and CVP operations on May 26, 1993.  The DFG listed the delta smelt as
threatened on December 9, 1993.  USFWS issued an amended biological opinion for SWP and
CVP operations on February 4, 1994 and again on March 3, 1995.

h. Longfin Smelt.  The longfin smelt is a small, planktivorous fish that is found in several Pacific
coast estuaries from San Francisco Bay to Prince William Sound, Alaska.  Until 1963, the
population in San Francisco Bay was thought to be a distinct species.  Within California, longfin
smelt have been reported from Humboldt Bay and the mouth of the Eel River.  In California, the
largest longfin smelt reproductive population inhabits the Bay/Delta Estuary.

Longfin smelt can tolerate salinities ranging from fresh water to seawater.  Spawning occurs in fresh
to brackish water over sandy-gravel substrates, rocks, or aquatic vegetation.  In the Bay/Delta
Estuary, the longfin smelt life cycle begins with spawning in the lower Sacramento and San Joaquin
rivers, the Delta, and freshwater portions of Suisun Bay.  Spawning may take place as early as
November and extend into June, with the peak spawning period occurring from February to April.
The eggs are adhesive and, after hatching, the larvae are carried downstream by freshwater outflow
to nursery areas in the

lower Delta and Suisun and San Pablo bays.  Adult longfin smelt are found mainly in Suisun, San
Pablo, and San Francisco bays, although their distribution is shifted upstream in years of low
outflow.

With the exceptions that both longfin smelt and delta smelt spawn adhesive eggs in river channels of
the eastern Estuary and have larvae that are carried to nursery areas by freshwater outflow, the two
species differ substantially.  Consistently, a measurable portion of the longfin smelt population
survives into a second year.  During the second year of life, they inhabit San Francisco Bay and,
occasionally, the Gulf of the Farallones; thus, longfin smelt are often considered anadromous.
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Longfin smelt are also more broadly distributed throughout the Estuary and are found at higher
salinities than delta smelt.  Because longfin smelt seldom occur in fresh water except to spawn, but
are widely dispersed in brackish waters of the Bay, it seems likely that their range formerly extended
as far up into the Delta as salt water intruded.  The easternmost catch of longfin smelt in fall mid-
water trawl samples has been at Medford Island in the Central Delta.  A pronounced difference
between the two species in their region of overlap in Suisun Bay is by depth; longfin smelt are
caught more abundantly at deep stations (>10 m), whereas delta smelt are more abundant at
shallow stations (<3 m).

The main food of longfin smelt is the opossum shrimp, Neomysis mercedis, although copopods and
other crustaceans are important at times, especially to small fish.  Longfin smelt, in turn, are eaten by
a variety of predatory fishes, birds, and marine mammals.

Longfin smelt were once one of the most common fish in the Sacramento-San Joaquin Estuary.
Their abundance has fluctuated widely in the past but since 1982, abundance has declined
significantly, reaching the lowest levels during drought years.  Abundance improved substantially in
1995, but was again relatively low in 1996 and 1997.  The number of longfin smelt also has
declined in relative abundance to other fishes, dropping from first or second in abundance in most
trawl surveys during the 1960s and 1970s, to being seventh or eighth in abundance.  The causes of
decline are multiple and synergistic, including: reduction in outflows; entrainment losses to water
diversions; climatic variation; toxic substances; predation; and introduced species.

i. Sacramento Splittail.  The Sacramento splittail is a large minnow endemic to the Bay/Delta
Estuary.  Once found throughout low elevation lakes and rivers of the Central Valley from Redding
to Fresno, this native species now occurs in the lower reaches of the Sacramento and San Joaquin
rivers and tributaries, the Delta, Suisun and Napa marshes, Sutter and Yolo bypasses, and
tributaries of north San Pablo Bay.  Although the Sacramento splittail is generally considered a
freshwater species, the adults and sub-adults have an unusually high tolerance for saline waters (up
to 10-18 ppt) for a member of the minnow family.  The salt tolerance of splittail larvae is unknown,
but they have been observed in water with salinities of 10-18 ppt.  Therefore, the Sacramento
splittail is often considered an estuarine species.  When splittail were more abundant, they were
commonly found in Suisun Bay and Suisun Marsh.

The Sacramento splittail, which has a high reproductive capacity, can live 5-7 years and generally
begin spawning at 2 years of age.  Spawning, which seems to be triggered by increasing water
temperatures and day length, occurs over beds of submerged vegetation in slow-moving stretches of
water, such as flooded terrestrial areas and dead-end sloughs.  Adults spawn from February
through May in the Delta, upstream tributaries, Napa Marsh, Napa and Petaluma rivers, Suisun Bay
and Marsh, and the Sutter and Yolo bypasses.  Hatched larvae remain in shallow, weedy areas until
they move to deeper offshore habitat later in the summer.  Young splittail may occur in shallow and
open waters of the Delta and San Pablo Bay, but they are particularly abundant in the northern and
western Delta.
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Splittail are benthic foragers that feed extensively on opossum shrimp (Neomysis mercedis) and
opportunistically on earthworms, clams, insect larvae, and other invertebrates.  They are preyed
upon by striped bass and other predatory fish in the Estuary.  The splittail is commonly used by
anglers as bait when fishing for striped bass.

Splittail have disappeared from much of their native range because dams, diversions, and agricultural
development have eliminated or drastically altered much of the lowland habitat these fish once
occupied.  Access to spawning areas or upstream habitat is now blocked by dams on the large
rivers.

Young-of-the-year splittail abundance appears to fluctuate widely from year to year.  Young splittail
abundance was dramatically reduced during the 1987-1992 drought.  However, wet conditions in
1995 resulted in high indices for most measures of young-of-the-year abundance.  Abundance was
relatively low in 1996 and 1997, but higher than during the drought years.  In 1998, young-of-the-
year abundance, indexed by the summer townet survey, was again relatively high.

In contrast to young splittail, adult abundance showed no obvious decline during the 1987-1992
drought.  Adult population variation is moderated by the species' long life span and multiple year
classes.  Factors affecting abundance of young splittail include: variation in flooding of terrestrial
areas which provide spawning and rearing habitat; changed estuarine hydraulics, especially reduced
outflow; modification of spawning habitat; climatic variation; toxic substances; introduced species;
predation; and exploitation.

The Sacramento splittail was listed as threatened under the ESA by the USFWS on February 8,
1999.

j. White Catfish.  The white catfish was introduced into the Bay/Delta Estuary in 1874 and
rapidly increased in abundance.  In recent years, the white catfish has supported an important sport
fishery.  In the Estuary, they are most abundant in areas of slow currents and dead-end sloughs.
White catfish, which can live in salinities as high as 11 to 12 ppt, are the only catfish common in
Suisun Bay.

k. Largemouth Bass.  Largemouth bass, also know as black bass, were first introduced into
California in 1874 and have spread to suitable habitat throughout the state.  These bass are perhaps
the most sought after warmwater gamefish in California.  Many California reservoirs and farm ponds
provide excellent bass fishing with sizable populations of large, fast-growing fish.  One of the factors
that influences bass populations in reservoirs, by influencing food availability and spawning success,
is the manipulation of water levels for water supply or hydropower production.

The largemouth bass are found in warm, quiet water with low turbidities and aquatic plants such as
farm ponds, lakes, reservoirs, sloughs and river backwaters.  Adult bass remain close to shore and
usually are abundant in water 1 to 3 meters deep near submerged rocks or branches.  Young-of-
the-year bass also stay close to shore in schools but swim about in the open.
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Largemouth bass spawn for the first time during their second or third spring, when they are
approximately 180-210 mm.  The first notable spawning activity is nest building by males, which
starts when water temperatures reach 14-16EC, usually in April.  Spawning activity will often
continue through June, at temperatures up to 24EC.  Nests are generally shallow depressions fanned
by the males in sand, gravel or debris-littered bottoms at depths of 1 to 2 m.  Rising waters in
reservoirs may cause active nests to be located as deep as 4 to 5 m.  The eggs adhere to the nest
substrate and hatch in two to five days.  The sac fry then usually spend five to eight days in the nest
or its vicinity.

For the first month or two after hatching, the fry feed mainly on rotifers and small crustaceans, but
by the time they are 50 to 60 mm in length they feed largely on aquatic insects and fish fry, including
those of their own species.  Once largemouth bass exceed 100-125 mm in length, they feed
principally on fish, however they also consume crayfish, tadpoles and frogs and prey preferences
can vary from year to year.

3. Recreation

Lakes and rivers have always been a primary focus for outdoor recreation activities.  Early
development of recreational opportunities occurred incidentally at natural water bodies, streams,
and rivers.  After World War II, outdoor recreation gained in popularity with a rapidly growing
population.  Water-based recreation has become an integral part of meeting society's recreational
needs.

The construction of large reservoirs and the alteration of major rivers have shaped recreation
opportunities in the Central Valley.  Public water supply projects, such as the CVP, SWP, and local
developments, have helped to provide additional recreational opportunities throughout the State.
The reservoirs have created extensive flatwater recreation opportunities.  At the same time,
recreation activities on the lower rivers have been affected as flows, water temperatures, and
fisheries have been altered by the placement of dams, the operation of the reservoirs, and the
diversion of water from the river system.

Many outdoor recreation activities are water-dependent or water-enhanced.  Water-dependent
activities include boating, fishing, and swimming; water-enhanced activities include camping,
picnicking, hunting, and wildlife observation.  Swimming, fishing, and boating are popular activities at
California's reservoirs.  Recreation facilities such as beaches, boat ramps, trails, restrooms, and
access roads add to the quality and safety of the recreation experience.  Picnic and camping
facilities are often developed at reservoirs to meet public demand.  The way that a reservoir is
operated and water levels are managed directly affects the quality and economic value of
recreational and other contingent activities.

Recreational activity and resources generally do not consume significant amounts of water.
Although some water developments were designed and constructed primarily to provide recreation,
most water-related recreational facilities are located on streams and reservoirs which are operated
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for other purposes.  In some cases, minimum reservoir releases may be imposed to maintain
recreation activities downstream, or the drawdown of a reservoir may be limited during the
recreation season.

Reservoir operations for water supply are usually adequate to support established recreation
activities, particularly when precipitation and surface runoff are near normal.  Changes in operation,
because of drought or excessive demands, can reduce recreational opportunities and the associated
benefits.  In general, reservoir recreation benefits decrease as receding water levels reduce water
surface areas, make boat ramps less accessible, and leave recreation facilities farther from
shorelines.

Riverine environments can offer recreation opportunities similar to those available at the large water
surface impoundments, including boating, fishing, swimming, and related activities.  In addition,
rivers and streams offer white-water sports, such as rafting, kayaking, and canoeing, and certain
fishing opportunities not found in reservoirs, particularly for anadromous fish.

Many streams are unimpaired by water development facilities, such as many of those listed under
the State or federal Wild and Scenic Rivers Acts.  These streams offer seasonal recreational
opportunities in natural settings.  Other streams, such as those controlled by reservoir releases, offer
opportunities to enhance downstream flows that can benefit recreation values.  Streams that would
naturally run only intermittently, for example, can have year-round flows following reservoir
construction and operation.  This kind of conversion can develop new fisheries, add to recreational-
area attractiveness, and enhance wildlife habitat.  Regulation of larger streams and rivers can
support white-water sports for a longer season or increase the diversity of available activities.

Hydroelectric generating facilities can have varying impacts on both reservoir and river recreation
depending on whether the operation is constant or subject to peaking.  As with water supply
releases, increased stream flows from power generation provide recreation that to some degree
offset the effects of diminished reservoir storage.  In some cases a hydropower development can
completely change river recreation benefits.  For example, peak releases from the North Fork
Stanislaus River project greatly increased white-water rafting but reduced opportunities for
swimming in the summer.

Many wildlife refuges in California owe their existence to imported water which supports large
populations of migratory waterfowl, upland game and other wildlife.  Wetland habitat at refuges
and at private hunting clubs is integral to the maintenance of seasonal waterfowl populations
along the Pacific Flyway as well as resident game populations.  Historically, recreation values
associated with such wildlife have focused primarily on hunting.  More recently, bird watching
has been identified as one of the fastest growing recreational activities in the nation.

The regional descriptions of the environmental setting which follow include a section which describes
the water related recreation areas and opportunities in those regions.  The recreation areas that
would most likely be affected, directly or indirectly, by the SWRCB action are located primarily in
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the Sacramento River Basin, San Joaquin River Basin, and the Sacramento-San Joaquin Delta, and
include:

• reservoirs owned and operated by the CVP, SWP, or local water agencies;
• rivers and streams directly dependent on downstream flows controlled by these

reservoirs or otherwise potentially affected by the water rights decision;
• national wildlife refuges (NWRs) or state wildlife management areas (WMAs) that

receive surface water diversions; and,
• other facilities that provide limited recreation, such as aqueducts, canals, and private

hunting clubs that receive surface water diversions.

B. TRINITY RIVER BASIN

The Trinity River drains a watershed of approximately 3,000 square miles; about one-quarter of
which is above Lewiston Dam.  The terrain is predominantly mountainous and forested, with little
available farming area.  Elevations in the basin range from more than 9,000 feet above sea level in
the headwaters area to less than 300 feet at the confluence with the Klamath River.  Figure III-9
shows the Trinity River Basin.

The Trinity River is the largest tributary to the Klamath River.  It consists primarily of the mainstem,
and the north and south forks.  The mainstem Trinity River originates approximately 20 miles
southwest of Mount Shasta in the canyons bordered by the Scott Mountains, the Eddy Mountains,
and the Salmon-Trinity Alps.  Trinity and Lewiston dams regulate Trinity River flows beyond
approximately River Mile 112.  The mainstem flows a total of 170 miles west from its origins to the
Klamath River at Weitchpec, which is located 43.5 miles upstream from the Pacific Ocean.  Major
tributaries to the Trinity River include Coffee Creek, Canyon Creek, North Fork, Weaver Creek,
New River and South Fork.  Hayfork Creek is the major tributary of South Fork.

Urban development within the Trinity River Basin is primarily limited to the communities of
Weaverville, Hayfork, Lewiston, Junction City, and Willow Creek.  Access through the Basin is
provided by State Highways 299, which follows the river from Junction City to Willow Creek, and
by State Highway 96 from Willow Creek to Weitchpec.  Several small communities have sprung up
along State Highway 299 on shallow terrain adjacent to the river.  The majority of lands directly
adjacent to the river are managed by either the U.S. Forest Service (USFS) or the U.S. Bureau of
Land Management (BLM).

The Hoopa Indian Reservation is located north of Willow Creek and encompasses approximately
140 square miles on either side of the Trinity River and State Highway 96 between Willow Creek
and the confluence of the Trinity and Klamath rivers near Weitchpec.  The Yurok Indian
Reservation, which is located within the lower Klamath Valley, extends from the northern boundary
of the Hoopa Reservation, along the Klamath River and State Highway 169, to the Pacific Ocean
near Requa.
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The climate of the Trinity River drainage is characterized by moderate temperatures and annual
precipitation ranging from 35 inches along the Trinity River to over 70 inches at higher elevations.
Most precipitation occurs during winter months, much of which occurs as snow at elevations
4,000 feet and above.  Average temperatures at Weaverville range from 37°F in January to 71°F in
July.  Summer air temperatures occasionally exceed 100°F in some areas.  The Trinity River Act of
1955 authorized the construction of the Trinity River Division of the CVP.  The USBR constructed
the Trinity River Division in the early 1960's to augment CVP water supplies.  The facilities of the
Trinity River Division store and divert water from the Trinity River for export to the Sacramento
River Basin.  The CVP uses the Trinity River water to meet agricultural and urban water demand in
the Sacramento and San Joaquin valleys, and to generate hydroelectric power.

Trinity Lake (formerly Clair Engle Lake), impounded by Trinity Dam, stores over 2.4 million acre-
feet of winter runoff from the Trinity River.  Immediately downstream, Lewiston Dam and Reservoir
regulate flows in the Trinity River and provide a forebay for the diversion of flows from the Trinity
River Basin, through the Clear Creek Tunnel to Whiskeytown Reservoir in the Sacramento River
Basin.

Water diverted through the 10.7-mile Clear Creek Tunnel enters Whiskeytown Reservoir through
the Judge Francis Carr Powerhouse.  Whiskeytown Reservoir, located on Clear Creek, has a
storage capacity of about 240,000 acre-feet.  Flows on Clear Creek vary depending on the year
type, with mean annual flows of 265,000 acre-feet.  Releases are made from Whiskeytown to Clear
Creek (42,000 acre-feet per year) and Clear Creek South Unit (15,000 acre-feet per year) to
satisfy fish flow requirements and water rights.  The remaining water supply from Clear Creek, along
with the Trinity exports, is diverted from Whiskeytown through the Spring Creek Tunnel to
Keswick Reservoir on the Sacramento River.  Power is generated at Trinity, Lewiston, Spring
Creek, Judge Francis Carr, and Keswick powerplants.

The Trinity River Division of the CVP was completed in 1963, and exports from the Trinity River
began in May of that year.  The mean annual inflow to Trinity Reservoir is about 1.1 MAF, with
annual flows ranging from approximately 0.27 to 2.7 MAF.  Long-term average annual exports are
about 881,000 acre-feet.  From 1980 through 1992, these exports have averaged 864,000 acre-
feet annually.  There are no in-basin deliveries of water from the CVP's Trinity River Division.
However, Humboldt County and other downstream users have a claim to 50,000 acre-feet under
area-of-origin rights that may be requested in the future.

The export of water from the Trinity Basin resulted in reduced stream flows, sedimentation, and
vegetation encroachment in the Trinity River, which has adversely impacted the fisheries.
Originally, releases from the Trinity and Lewiston dams to the Trinity Rivers were approximately
120,000 AF per year.  As much as 90 percent of the Trinity River annual flows have been diverted
through the Clear Creek Tunnel.  The 1955 Trinity River Act contains a clause that states that the
Interior Secretary is "authorized and directed to adopt appropriate measures to insure the
preservation and propagation of fish and wildlife."  In the late 1970's, the USBR increased the
releases to vary between 270,000 and 340,000 acre-feet per year in an effort to reverse salmon
declines.
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The Interior Department has a trust obligation to the Hoopa Valley and Yurok tribes to protect their
federally reserved fishing rights, which includes providing adequate streamflow to protect and
restore Trinity River fish populations for tribal harvest.  The tribes rely on the harvest of salmonids
for subsistence and ceremonial and commercial needs.  In 1991, the Secretary of the Interior
responded to a request for increased flows from the Hoopa Valley and Yurok tribes and increased
the minimum flows to 340,000 acre-feet per year.

A major study is under way to establish the optimum flow schedule for fisheries on the Trinity River.
A 1981 Interior Secretary's Decision directed the USFWS to conduct a 12-year Trinity River Flow
Evaluation Study to evaluate the effects on fish habitat of adjusting the flows.  Section 3406(b)(23)
of the Central Valley Project Improvement Act (P.L. 102575) allocated a minimum of 340,000
acre-feet per year for the purposes of fishery restoration, propagation, and maintenance, and further
required that the Trinity River Flow Evaluation Study be completed in a manner which ensures the
development of recommendations for the restoration and maintenance of the Trinity River fishery.

The Draft Trinity River Flow Evaluation, released in January 1998, contains daily flow
recommendations for the Trinity River, which range, depending on water year type, from 300 cfs to
10,564 cfs.  If these daily flow recommendations are adopted, releases from Trinity Lake into the
Trinity River will range from 368,621 acre feet in a critically dry year to 815,226 acre feet in an
extremely wet year, excluding unscheduled releases associated with large storm events.

The USFWS, USBR, the Hoopa Valley Tribe, and Trinity County are preparing an EIR/EIS on
Trinity River Mainstem Fishery Restoration (Trinity EIR/EIS), which will evaluate a range of
alternatives for restoration of the Trinity River fisheries, including the recommended flows in the
Flow Evaluation Study.  The Trinity EIR/EIS will also evaluate economic and other impacts of the
restoration alternatives on the Central Valley, Trinity, and lower Klamath Basin regions.

C. SACRAMENTO RIVER BASIN

1. Geography and Climate

The Sacramento River Basin contains the entire drainage area of the Sacramento River and its
tributaries and extends almost 300 miles from Collinsville in the Sacramento-San Joaquin Delta to
the Oregon border.  The crests of the Sierra Nevada and Cascade ranges form the region's eastern
and northern boundaries.  The American River watershed and the northern Delta form the southern
limits, and the crest of the Coast Ranges defines the western boundary of the region.  Mount Shasta
rises 14,162 feet above sea level in the north and the lower Sacramento Valley drops to near sea
level.  The Sacramento River meanders from north to south through the broad valley in the central
part of the region.  The region encompasses 17 percent of the State's total land area.  Figure III-10
shows the Sacramento River Basin.

The climate varies considerably in the region.  However, three distinct climate patterns can be
defined: (1) The northernmost area, mainly high desert plateau, is characterized by cold, snowy
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winters with only moderate rainfall, and hot, dry summers.  This area depends on melting snowpack
to provide a summertime water supply.  Average annual precipitation in the area ranges from 10 to
20 inches.  (2) Other mountainous parts in the north and the east have cold, wet winters with major
amounts of snow providing considerable runoff for the summer water supply.  These higher
mountainous areas may receive precipitation during any month of the year, with annual precipitation
totals from about 20 to over 80 inches.  Summers are usually mild in the mountains.  (3) The
Sacramento Valley, the south-central part of the region, has mild winters with less precipitation.
Precipitation usually occurs from October through May.  Summers in the valley are hot with virtually
no precipitation from June to September.  Sacramento's average annual precipitation is 18 inches.

2. Population

With a population of over 2.2 million, the 1990 census showed 535,000 more people in the
Sacramento River Basin than in 1980, a 32-percent increase.  Immigration from other parts of
California played a big role in the increase.  The fastest growing town was Loomis, a foothill
community about 25 miles northeast of Sacramento, where there was a 344-percent increase
between 1980 and 1990.  The City of Sacramento had the greatest number of new residents: more
than 93,600 additional people.  More than half of the region's population lives in the greater
metropolitan Sacramento area.  Other fast-growing communities include Vacaville, Dixon, Redding,
Chico, and various Sierra Nevada foothill towns.

3. Land Use and Economy

The economy of the Sacramento River Basin is based primarily on irrigated agriculture and livestock
production.  Related industries include food packing and processing, agricultural services and the
farm equipment industry.  Another important segment of the economy in the Sacramento River
Basin consists of military and other federal government stablishments, the State government, and the
aerospace industry.  Emerging industries include electronics, computers and other high technology
industries.  Lumber industries are centered in the Sierra Nevada, Cascade Range, Modoc Plateau,
and a portion of the Coast Ranges.  Other natural resource industries are engaged in extraction or
mining and production of natural gas, clay, limestone, sand, gravel, and other minerals.  While
agriculture is the largest land use it does not provide the most jobs.  The largest proportions of wage
and salary jobs are in the service, wholesale and retail trade, government and manufacturing sectors,
respectively.

A wide variety of crops is grown in the Sacramento River Basin.  The region produces a significant
amount of the overall agricultural tonnage in California, especially rice, grain, tomatoes, field crops,
fruit, and nuts.  Because of comparatively mild weather and good soil, some double-cropping
occurs in the region.  The largest of any single crop is rice, which represents about 23 percent of the
total.



Figure III-10
Sacramento River Region

III-44

LEGEND

Urban Land

Irrigated Land

Goose
Lake

Rive
r

PitM
c C

lou
d

River

Shasta
Lake

S
acram

ento

Lake
Almanor

Black
Butte
Res.

S
to

ny

Creek
Fall

Rive
r

Lake
Oroville

C
olusa

Clear
Lake

Lake
Berryessa

American

Folsom
Lake

Rubicon

B
ea

r

Rive
r

Yuba

Rive
r

Drain
R

iver

Fe
at

he
r

R
iv

er

No. Fk.

Vacaville

Woodland

Sacramento

Placerville

Auburn

Lakeport

Colusa

Yuba
City Marysville

Gridley

Oroville

Downieville

Quincy

Chico

Willows

Red
Bluff

Redding

Alturas

Anderson

Rive
r

SOLANO

YOLO

COLUSA

SACRAMENTO

N
AP

A

LAKE

GLENN

SUTTER

YUBA

EL DORADO

NEVADA

SIERRA

BUTTE

PLACER

PLUMAS

TEHAMA

SHASTA
LASSEN

SISKIYOU

River

MODOC

Corning
Canal

Tehama
Colusa
Canal

Putah
South
Canal

North Bay
Aqueduct

Source: DWR, Bulletin 160-93 (1994)
State Water Resources Control Board
DIVISION OF WATER RIGHTS

300 10 20

MILES

State Water Resources Control Board

FEIR for Implementation of the
1995 Bay/Delta Water Quality Control Plan

Environmental Setting

November 1999



State Water Resources Control Board Environmental Setting

Final EIR for Implementation of the III-45 November 1999
1995 Bay/Delta Water Quality Control Plan

The Sacramento River Basin supports about 2,145,000 acres of irrigated agriculture (22 percent of
State total).  About 1,847,000 acres are irrigated on the valley floor.  The surrounding mountain
valleys within the region add 298,000 irrigated acres (primarily pasture and alfalfa) to the region's
total.  Crop statistics show that irrigated agricultural acreage in the region peaked during the 1980s
and has since declined.  The main reason for this decline is the conversion of irrigated agricultural
lands to urban development.  The comparison of 1980 and 1990 crop patterns shows that grain,
field, rice, and pasture crops decreased by 137,000 acres.  On the other hand, orchard, alfalfa, and
tomato crops gained a total of 106,000 acres.  The net decrease of irrigated crops between 1980
and 1990 was 31,000 acres.

Major urban areas include Sacramento, West Sacramento, Davis, Vacaville, Woodland, Folsom,
Roseville, Yuba City, Marysville, Chico, Redding, and Red Bluff.  Larger foothill communities
include Placerville, Auburn, Grass Valley, Nevada City, and Oroville.  Towns and cities that
primarily serve the agricultural interests in the upper valley include Williams, Willows, Corning and
Colusa.  Many small communities exist along the river in the upper valley, such as Tehama, Los
Molinos, Hamilton City, Princeton, and Butte City.  Along the lower river, major urban
development from the City of Sacramento fronts the river, with minor residential and commercial
development at Knights Landing, Rio Vista, Isleton, Walnut Grove, Locke, Hood, Clarksburg, and
Freeport.  Marinas are common along the river in this reach, especially between Clarksburg and just
upstream of Discovery Park.  Agriculture is the most important segment of the economy for the
smaller communities, while manufacturing and services are more important for the economy of the
larger towns.

4. Water Supply

The Sacramento River Basin produces about two-thirds of the surface water supply of the Central
Valley.  Average runoff from the basin is estimated at about 22 MAF per year, which is nearly one-
third of the State's total runoff.  Average annual water supply for the region is 11.7 MAF, of which
surface water provides 50 percent and groundwater provides 22 percent.  About 28 percent of the
average annual water supply is considered dedicated natural flows which meet the instream flow
requirements of the major streams in the basin.  Water is both imported into the region and exported
from the region.

Clear Creek Tunnel carries about 881,000 acre-feet per year from Lewiston Lake on the Trinity
River to Whiskeytown Reservoir.  Minor imports to the basin are made from Echo Lake, Sly Park
Reservoir, and the Little Truckee River.  About 6 MAF per year are exported from the Sacramento
River Basin through State, federal and local conveyance facilities.

A number of reservoirs in the region provide water supply, recreation, power, environmental, and
flood control benefits.  A list of the major reservoirs in the Sacramento River Basin is presented in
Table III-8.  The area has a total of about 16 MAF of surface storage capacity.
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a. Surface Water Hydrology.  The major tributaries of the Sacramento River above Shasta
Dam are the Pit and McCloud rivers.  The Pit River, which is the most extensive tributary to Shasta
Reservoir, contributes about 60 percent of the average annual surface inflow to the reservoir.  The
McCloud River, which originates in southeastern Siskiyou County, contributes about 10 percent of
the average annual surface inflow to Shasta Lake.  The Sacramento River, which originates as the
north, middle, and south forks on the east slopes of the Trinity Divide in Siskiyou County,
contributes about 14 percent of the total average annual surface inflow to Shasta Lake.  Minor
tributaries to the lake provide the remaining inflow.

The approximately 56 miles of the Sacramento River from Keswick Dam to Red Bluff is largely
contained by steep hills and bluffs.  River flows in the upper part of this reach are highly controlled
by releases from Shasta Reservoir, but become more influenced by tributary inflow downstream.
Major tributaries to the Sacramento River between Keswick Dam and Red Bluff include Cow,
Stillwater, Bear, Battle, Paynes, Cottonwood, and Clear creeks.

The Sacramento River between Red Bluff and Colusa is a meandering stream, migrating through
alluvial deposits between widely spaced levees.  The Sacramento Canals Unit of the CVP serves
over 200,000 acres in the Sacramento Valley in Tehama, Glenn, Colusa, and Yolo counties.  This
unit consists of the Red Bluff Diversion Dam, Corning Pumping Plant, and several canals including
the 122-mile long Tehama-Colusa Canal which terminates in the northern part of Yolo County.

The Glenn Colusa Irrigation District supplies water from the Sacramento River near Hamilton City
to about 175,000 acres of land, including 25,000 acres within three federal wildlife refuges.
Numerous small diversions along the Sacramento River provide irrigation to riparian lands.  The
Colusa Basin drainage area is located west of the Sacramento River, extending from Orland to
Knights Landing.  The basin contains some 350,000 acres of rolling foothills located along the
eastern slopes of the Coast Ranges, and about 650,000 acres in the flat agricultural lands of the
Sacramento Valley.  The area is served by the Colusa Basin Drain, a multi-purpose drain that is
used both as an irrigation supply canal and as an agricultural return flow facility.  The drain
eventually discharges into the Sacramento River through the regulated outfall gates at Knights
Landing or, during flood events, into the Yolo Bypass through the Knights Landing Ridge Cut.

In addition to the major reservoirs which provide flood control, the Sacramento basin has more than
2.2 MAF of potential flood control storage consisting of a highly developed system of flood control
basins, levees, channels, and bypasses.  The basins are composed of a series of natural and man-
made bypass overflow areas that act as auxiliary channels to the Sacramento River during
floodwater times.  The bypass areas are used for agriculture during the summer and fall months, and
are valuable wetlands during the flood season.
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Table III-8
Major Reservoirs in the Sacramento River Basin

Reservoir Name Stream Capacity (TAF) Owner

McCloud McCloud River 35.2 PG&E
Iron Canyon Pit River 24.2 PG&E
Lake Britton Pit River 40.6 PG&E
Pit No. 6 Pit River 15.9 PG&E
Pit No. 7 Pit River 34.6 PG&E
Shasta Sacramento River 4,552.0 USBR
Keswick Sacramento River 23.8 USBR
Whiskeytown Clear Creek 241.1 USBR
Lake Almanor Feather River 1,143.8 PG&E
Mountain Meadows Feather River 23.9 PG&E
Butt Valley Butt Creek 49.9 PG&E
Bucks Lake Bucks Creek 105.6 PG&E
Antelope Indian Creek 22.6 DWR
Frenchman Little Last Chance Creek 55.5 DWR
Lake Davis Big Grizzly Creek 84.4 DWR
Little Grass Valley Feather River 94.7 OWID
Sly Creek Lost Creek 65.7 OWID
Thermalito Feather River 81.3 DWR
Oroville Feather River 3,537.6 DWR
New Bullards Bar Yuba River 966.1 YCWA
Jackson Meadows Yuba River 69.2 NID
Bowman Lake Canyon Creek 68.5 NID
French Lake Canyon Creek 3.8 NID
Spaulding Yuba River 135.7 PG&E
Englebright Yuba River 70.0 USCOE
Scotts Flat Deer Creek 48.5 NID
Rollins Bear River 66.0 NID
Camp Far West Bear River 104.0 SSWD
French Meadows American River 136.4 PCWA
Hell Hole Rubicon River 207.6 PCWA
Loon Lake Gerle River 76.5 SMUD
Slab Creek American River 21.6 PG&E
Caples Lake Caples Creek 16.6 PG&E
Union Valley Silver Creek 277.3 SMUD
Ice House Silver Creek 46.0 SMUD
Folsom Lake American River 974.5 USBR
Lake Natoma American River 9.0 USBR
East Park Stony Creek 50.9 USBR
Stony Gorge Stony Creek 50.0 USBR
Black Butte Stony Creek 143.7 USCOE
Clear Lake Cache Creek 313.0 YCFC&WCD
Indian Valley Cache Creek 301.0 YCFC&WCD
Lake Berryessa Putah Creek 1,600.0 USBR                                          
Source:  DWR 1993b



State Water Resources Control Board Environmental Setting

Final EIR for Implementation of the III-48 November 1999
1995 Bay/Delta Water Quality Control Plan

From about Colusa to the Delta, the Sacramento River is regulated by the Sacramento River Flood
Control Project which diverts floodwater in the Sacramento River into the Sutter Bypass.  The
Sutter Bypass runs between the Sacramento and Feather Rivers and receives additional flow from
the Feather River.  The combined flow enters the Yolo Bypass at Fremont Weir near Verona.
American River flood-flows enter the Yolo Bypass through the Sacramento Weir.  The Yolo
Bypass returns the entire excess flood flow to the Sacramento River, about 10 miles above
Collinsville.  The system provides flood protection to about 800,000 acres of agricultural lands and
many communities, including the cities of Sacramento, Yuba City, and Marysville.

Major streams entering the Sacramento River between Red Bluff and the Delta include Thomes,
Elder, Stony, and Putah creeks from the west, and Antelope, Mill, Deer, Big Chico, and Butte
creeks and the Feather, Yuba, Bear, and American rivers from the east.  Numerous small tributaries
drain the low foothills on either side of the valley.

Butte Creek flows southwesterly from the Sierra Nevada into the Sacramento Valley near Chico,
then parallels the Sacramento River until it flows into Butte Slough south of Colusa.  The lower
portion of the Butte Basin is known as the Butte Sink, an important wetland habitat for waterfowl.
This area is one of five major flood basins in the Sacramento Valley and often floods in the winter.
Flood flows are diverted to the Sutter Bypass and discharged through Sacramento Slough to the
Sacramento River just above the confluence of the Feather River.

The Feather River is regulated by Oroville Dam and Reservoir.  Electrical power is generated in the
Hyatt-Thermalito complex at the base of the dam.  Water released through the powerplant enters
the Thermalito Diversion Pool created by the Thermalito Diversion Dam, about 4,000 feet
downstream from Oroville Dam.  From Oroville Dam, the Feather River flows south for 65 miles
and empties into the Sacramento River near Verona, about 21 river miles above Sacramento.

Above Oroville Dam, the Feather River drains 3,634 square miles of watershed with an average
annual runoff of 4.2 MAF.  Three small reservoirs (Davis, Frenchman, and Antelope) on separate
forks of the Feather River provide local irrigation, recreation, and incidental flood control.  In
addition, PG&E operates Lake Almanor and other storage and diversion facilities in the upper
Feather basin to generate hydroelectric power.  Below Oroville Dam two large tributaries, the Yuba
and Bear rivers, contribute 1.5 MAF annually to the watershed.

The Yuba River, on the western slope of the Sierra Nevada mountains, has a watershed of about
1,300 square miles.  Flows in the North Yuba River are impounded in New Bullards Bar Reservoir
about 29 miles northeast of Marysville.  Releases from New Bullards Bar Reservoir join the Middle
Yuba River and flow into Englebright Reservoir along with flows from the South Yuba River.
Releases from Englebright Dam flow westerly to join the Feather River at Marysville.  About mid-
way, Daguerra Point Dam serves both as a barrier to impair downstream movement of mining
debris and as the point of diversion for the major water irrigation districts utilizing Yuba River flows.
The facilities are operated for power production, fisheries maintenance, water supply, recreation,
and flood control.
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The Bear River drains the area south of the Yuba River and north of the American River Basins.
Flows from the Bear River are conserved in Rollins and Camp Far West reservoirs.  Average
unimpaired runoff in the basin is about 300,000 acre-feet per year.  The Bear River joins the
Feather River just above Nicolaus.

The American River drains a 1,921 square mile area in the north-central portion of the Sierra
Nevada, with mean annual unimpaired runoff estimated at 2.6 MAF.  CVP facilities on the
American River include Folsom Dam and Reservoir and Nimbus Dam which impounds Lake
Natoma as an afterbay for Folsom Dam.  These facilities regulate river flow for irrigation, power,
flood control, municipal and industrial use, and other purposes.  The American River joins the
Sacramento River about 25 miles downstream from Nimbus Dam.

b. Surface Water Quality.  Surface waters in the Sacramento River are of excellent mineral
quality and suitable for most uses from the headwaters to Red Bluff.  From Red Bluff to the Delta,
the Sacramento River is of generally good quality although periodic degradation of water quality
occurs.  The principle surface water quality problems in the Sacramento River Basin include
contaminated runoff from mines and mine tailings, warm water temperatures, discharges from
industrial and municipal developments, agricultural drainage and saline water intrusion.

Drainage from abandoned mines and tailings has occasionally caused severe local fish kills in the
upper watershed and/or adversely affected animals and plants on which fish feed.  A particular
problem is the Iron Mountain region a few miles northwest of Redding.  This region produces acidic
runoff containing high concentrations of copper, zinc, iron, aluminum and other toxic salts leached
from tailings of both active and abandoned mines.

Warm water temperatures are a problem in both Shasta Lake and the Sacramento River.  Shasta
Lake thermally stratifies, producing significant differences between surface and bottom water
temperatures.  During summer thermal stratification, minimum dissolved oxygen levels have been
found near the thermocline as low as 3 to 6 parts per million (ppm).  Elevated temperatures in the
upper river are a primary factor limiting winter-run chinook salmon survival.

Waste discharges originating from industrial and municipal developments enter the Sacramento
River along the entire length from Keswick to Red Bluff.  Lumber by-product industries, cities and
towns, light industries, food product plants and a considerable volume of irrigation return flow all
contribute a significant waste load to the Sacramento River.  Concentrated effluent is discharged to
the Sacramento River by the cities of Redding, Red Bluff, Chico, Sacramento, and West
Sacramento.  Additional discharges to the Sacramento River system are made from the wastewater
treatment plants serving Roseville, Vacaville, Davis, Oroville and other communities.

Dioxins, a closely related group of highly toxic compounds, are discharged with mill waste into the
Sacramento River near Anderson.  Consequently, the Department of Health Services has issued an
advisory not to eat resident fish from the Sacramento River between Keswick and Red Bluff.  The
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Central Valley RWQCB has ordered the paper company to reduce dioxins concentrations in the
discharge.

Agricultural drainage contributes to lower water quality during low flow periods in the Sacramento
River and the lower reaches of the major tributaries.  Agricultural drainage contributes substantial
mineral and nutrient loads to the Sacramento River and increases turbidity.

In the lower Sacramento River, water quality is affected by intrusion of saline water from the San
Francisco Bay/Estuary.  The lower the flows in the Sacramento River the farther inland tidally driven
saline water from the estuary can intrude.   Saline intrusion is of increasing concern as consumptive
uses of freshwater continue to increase statewide.

The upper reaches of major tributaries, including the Feather, Yuba, and American rivers, all have
excellent water quality characteristics.  Downstream from storage reservoirs, however, some
degradation occurs due to various discharges.  Water quality concerns in tributaries include: low
dissolved oxygen levels in Butte Slough, Sutter Bypass, and Colusa Basin Drain; high water
temperatures below diversion structures on Butte Creek; concentrations of minor elements
(chromium, copper, iron, lead, manganese, selenium, and zinc) that exceed beneficial use criteria in
the Sutter Bypass; and pesticide residues in the Sutter and Yolo bypasses and Colusa Basin Drain.
Additional concern exists for effects of tributary discharges to the Sacramento River, including
elevated temperature, dissolved solids, minor elements, pesticides, and turbidity, especially from the
Sutter and Yolo bypasses and Colusa Basin Drain.  Downstream water temperature also is a
concern on the Yuba and American rivers.

c. Groundwater Hydrology.  Groundwater provides about 2.5 MAF of the average annual
water supply for the Sacramento River Basin.  Groundwater is found in both the alluvial basins and
in the hard rock areas.  Although groundwater is a lesser source of water in the foothills, it plays an
important role in meeting the needs of many individuals.  Groundwater within the mountain counties
exists mostly in fractured rock.  Yields in most of the upland hard rock areas are fairly low but can
support most domestic activities or livestock.  Some wells in the volcanic hard rock areas of the
upper Sacramento River and Pit River watersheds yield large amounts of water.

The northern third of the Central Valley regional aquifer system is located in the Sacramento River
Basin.  This part of the aquifer system extends from north of Redding to the Delta.  The DWR has
subdivided this region into the Sacramento Valley basin and the Redding Basin, together covering
over 5,500 square-miles.  The Red Bluff Arch separates the groundwater basins.  Other smaller
subbasins exist in the Sacramento River Basin above the valley floor.

Depth to the base of fresh water ranges from 1,000 feet in the Orland area to 3,000 feet in the
Sacramento area.  Throughout the region, the aquifer system is unconfined to semiconfined with no
extensive confining clay layers identified in the subsurface.  Well yields in the alluvial basins vary
from less than 100 to over 4,000 gpm.  The aquifer system is recharged primarily through seepage
from rivers, streams, and conveyance facilities, subsurface inflow along basin boundaries, and
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through deep percolation of rainfall and applied irrigation water.  Discharge occurs through pumping
and seepage to surface streams which provides much of the summer baseflow in the tributary
streams to the Sacramento River.

Usable storage capacity has been estimated at 40 million acre-feet based on aquifer properties,
water quality and economic considerations such as drilling and pumping costs.  In the California
Water Plan Update (DWR Bulletin 160-93) the perennial yield of the aquifer system is estimated to
be 2.4 million acre-feet per year.  Overdraft conditions occur locally as in the Sacramento County
area where the water table has fallen to more than 40 feet below sea level.  Local overdraft
conditions also are responsible for land subsidence in the basin.  The main area where land
subsidence has been documented is between the towns of Davis and Zamora in the southwestern
part of the basin.

High water tables contribute to subsurface drainage problems in several areas of the Sacramento
River Basin including portions of Colusa County, particularly along the Sacramento River.  The
subsurface drainage functions of the Colusa Basin Drain and other local drainage facilities are
periodically impaired in this area.  Seepage from the Sacramento River helps to maintain high
groundwater levels in many reaches.  During extended periods of high streamflow, seepage can
damage crop roots and prevent farm equipment from entering fields.

d. Groundwater Quality.  Groundwater quality in the Sacramento River Basin is generally
excellent; however, there are areas with localized groundwater contamination or pollution.  Although
total dissolved solids (TDS) in groundwater have increased since the 1950s, TDS concentrations
generally do not exceed 500 mg/l in the region.  Boron is an element toxic to most crops at
concentrations above 4 mg/l and is toxic to some crops at concentrations as low as 0.75 mg/l.  A
large area of high boron concentration occurs in the southwestern part of the Sacramento River
Basin extending south from Arbuckle to Rio Vista.  The USEPA primary drinking water standard
for nitrate concentration is 10-mg/l nitrate as N.  Maximum nitrate concentrations greater than 10
mg/l have been reported throughout the region, however, concentrations exceeding 30 mg/l are rare
and localized.  Municipal use of groundwater as drinking water is impaired due to nitrate
concentrations in the Chico area.

5. Water Use

The 1990 level annual net water use in the Sacramento River Basin is 11.7 MAF.  Agricultural uses
make up 58 percent of the net water demand (6.8 MAF), and environmental uses (which include
instream flow requirements and wetlands) make up 32 percent (3.7 MAF).  Urban water use for
1990 was 744,000 acre-feet (6 percent of total net water use) and conveyance facility losses,
recreation uses, and energy production accounted for about 4 percent of the total net use for the
region.

Some of the larger cities in the region take a substantial portion of their water supplies from the
major rivers, but throughout most of the region, groundwater is the principal source for urban use.
About 56 percent of all urban water use is residential and an average of 75 percent of all residential
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water use is for landscaping.  The high water-using industries of the region are closely tied to
agriculture and forestry.  Tomato and stone fruit processing, sugar mills, paper pulp, and lumber
mills consume large amounts of water.

The average annual applied water demand for agricultural uses in the region in 1990 was over
7.8 MAF.  On-farm irrigation efficiencies vary widely, depending on individual crops, soils,
irrigation methods, system reuse, water scarcity, and irrigation costs.  Areas depending on
groundwater or limited surface water tend to be very efficient.  Others with higher priority to
dependable supplies are often less conservative in their water usage, but excess water applied
generally returns to the supply system through drainage canals, or recharges groundwater.  Basin
efficiency is usually very good because downstream users recycle the return flows which, in many
places, constitute the only water source.

6. Vegetation

The Sacramento River Basin contains a variety of vegetative communities occupying nearly
6.8 million acres out of a total land area of 9.2 million acres.  The natural communities include mixed
conifer forest, montane hardwood forest, montane riparian, foothill woodland, valley oak woodland,
mixed chaparral, valley and foothill riparian, valley grassland, and freshwater emergent wetland.
Each community can be subdivided into more highly defined groups, but this level of distinction was
not considered necessary for this document except for the mention of sensitive communities (as
defined by the DFG’s Natural Diversity Database).  These communities consist of both native and
nonnative species.  Some have been heavily disturbed by activities such as agriculture and urban
development.  Within these communities there are approximately 30 endangered, threatened, or
otherwise sensitive plant species.  The largest number of special-status plant species in the region
occurs in grassland which includes vernal pools.  The second largest number of special-status plant
species is found in mixed conifer forest.  The majority of special-status wildlife species are found in
the grasslands, fresh emergent wetlands and various riparian communities.

One type of sensitive community found in association with grasslands in the Sacramento and San
Joaquin valleys and Southern California is the vernal pool -- low herbaceous communities
dominated by annual herbs and grasses.  They form over hardpan, claypan, basalt, and volcanic
mudflow soils.  Winter precipitation fills the pools, stimulating vegetative growth in the pool and
around the margins.  Some of this vegetation is endemic to the vernal pool habitat, having evolved to
survive in the extreme and rapidly changing hydrologic conditions.  By late spring, most pools have
evaporated.  In the Sacramento Valley, four types of vernal pools can occur: northern hardpan,
northern claypan, northern basalt flow, and northern volcanic mudflow.  Other sensitive communities
of the Sacramento River Basin that can be generally categorized as valley grassland include valley
needlegrass grassland, serpentine bunchgrass, wildflower fields, freshwater seeps, and alkali playas.

Sensitive habitats in the Sacramento River Basin that can be grouped into the valley and foothill
riparian community type include: great valley-valley oak riparian forest, great valley cottonwood
riparian forest, great valley mixed riparian forest, white alder riparian forest, great valley willow
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scrub, buttonbush scrub, and elderberry savanna.  Three sensitive freshwater emergent wetland
communities occur in the Sacramento River Basin, including cismontane alkali marsh, coastal and
valley freshwater marsh, and vernal marsh.  Sensitive mixed chaparral communities include Gabroic
northern mixed chaparral, serpentine chaparral, and Ione chaparral.

The foothill woodland vegetation community type occurs in the foothills and valley borders, usually
between 500 and 3,000 feet in elevation.  It is typically dominated by one or more species of oaks
in association with pines, California buckeye, Ceanothus species, manzanita, and annual grasses.
Two subsets of this community type are blue oak woodland, found on the lower slopes of the
foothills surrounding the Central Valley, and blue oak-foothill pine woodland, found at slightly higher
elevation.  Throughout California over the past 25 years, oak woodlands (both foothill and valley)
have been lost at a rate of almost 14,000 acres annually to residential and commercial development.

Twelve plant species found in the Sacramento River Basin are listed by either the State or Federal
Government as threatened, endangered, or rare.  One other has been proposed for listing.
Table III-9 lists the sensitive plant species found in the Sacramento River Basin.

7.  Fish

The Sacramento River and tributaries between Keswick Dam and the Delta provide important
habitats for a diverse assemblage of fish, both anadromous and resident species.  The region
contains a variety of native and introduced fish species, including both coldwater and warmwater
fishes.  Although the basin has been greatly modified by water development projects, many rivers
and lakes still support excellent sport fisheries and runs of anadromous fish.  Hatcheries on several
rivers supplement the natural fish populations.  Table III-10 lists the more commonly recognized fish
species found in the Sacramento River and tributaries.  Table III-11 lists the sensitive fish species
found in the Sacramento River Basin.

Keswick Dam on the main stem and other dams on the tributaries form complete barriers to
upstream migration of fish, primarily chinook salmon and steelhead.  Migratory fish trapping facilities
at Keswick Dam are operated in conjunction with the Coleman National Fish Hatchery on Battle
Creek, 25 miles downstream.  The Sacramento River upstream from Colusa produces about half of
the Central Valley chinook salmon population.  About one third of the river's naturally spawning
salmon (mainly the fall run) spawn directly in the reach from Colusa to Red Bluff (mainly above
Chico Landing), and all salmon use the river for rearing and migration.

Oroville Dam on the Feather River has made spawning areas upstream of the dam inaccessible for
salmon and steelhead.  To compensate for this loss, the DWR built the Feather River Fish Hatchery
downstream from Oroville Dam.  Anadromous fish cannot pass Nimbus Dam on the American
River.  Thus, the Nimbus Salmon and Steelhead Hatchery was constructed on the downstream side
of Nimbus Dam.  The following discussion provides a more detailed regional description of the
fisheries found in the Sacramento River Basin.
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Table III-9
Sensitive Plant Species in the Sacramento River Basin

Status
Scientific Name Common Name   State CNPS Federal

Brodiaea coronaria ssp. rosea Indian Valley brodiaea SE 1B FSC
Calystegia stebbinsii Stebbin’s morning-glory FE
Ceanothus roderickii Pine Hill ceanothus FE
Chamaesyce hooveri Hoover's spurge 1B FT
Cordylanthus palmatus Plamate-bracted bird's-beak SE 1B FE
Eryngium constancei Loch Lomond coyote-thistle FE
Fremontodendron californicum

ssp. decumbens Pine Hill flannelbush FE
Galium californicum ssp. sierrae El Dorado bedstraw FE
Gratiola heterosepala Boggs Lake hedge hyssop SE 1B
Limnanthes floccosa ssp. californica Butte County meadowfoam SE 1B FE
Lupinus milo-bakeri Milo Baker's lupine ST 1B FSC
Navarretia leucocephala ssp. Pauciflora Few-flowered navarretia FE
Navarretia leucocephala ssp. Plieantha Many-flowered navarretia FE
Neostapfia colusana Colusa grass SE 1B FT
Orcuttia pilosa Hairy Orcutt grass SE 1B FE
Orcuttia tenuis Slender Orcutt grass SE 1B FT
Orcuttia viscida Sacramento Orcutt grass SE 1B FE
Parvisedum leiocarpum Lake County stonecrop FE
Pseudobahia bahiifolia Hartweg's golden sunburst SE 1B FE
Senecio layneae Layne’s butterweed FT
Tuctoria greenei Greene's tuctoria SR 1B FE
Tuctoria mucronata Crampton's tuctoria SE 1B FE

STATE: SE=endangered; ST=threatened; SR=rare; SC=candidate for listing; CSC=special concern.
CNPS: (California Native Plant Society) 1A=presumed extinct in Califo rnia; 1B=rare,threatened, or

endangered in California and elsewhere; 2=rare,threatened,or endangered in California but more
common elsewhere; 3=need more information; 4=distribution limited (a watchlist).

FEDERAL: FE=endangered; FT=threatened; FPE=proposed endangered; FPT=proposed threatened;
C=candidate for listing; FSC=species of concern.

Source: State Water Project Supplemental Water Purchase Program, Draft Program Environmental Impact
Report (DWR, 1996)



State Water Resources Control Board Environmental Setting

Final EIR for Implementation of the III-55 November 1999
1995 Bay/Delta Water Quality Control Plan

TABLE III-10
Common Fish Species in the Sacramento River and Tributaries.

ANADROMOUS RESIDENT

Warmwater Game Coldwater Game Non-game

Chinook salmon
(four races)
Steelhead trout
Striped bass
American Shad
green sturgeon
white sturgeon
Pacific lamprey

largemouth bass
smallmouth bass
spotted bass
white crappie
black crappie
channel catfish
white catfish
brown bullhead
yellow bullhead
bluegill
green sunfish

rainbow trout
brown trout

Sacramento
squawfish
Sacramento sucker
golden shriner
tule perch
carp
threadfin shad
hardhead

Table III-11
Sensitive Fish Species in the Sacramento River Basin

Status
Scientific Name Common Name State Federal

Acipenser medirostris Green Sturgeon  CSC FSC
Catastomus microps Modoc sucker    SE FE
Cottus asperrimus Rough sculpin    ST FSC
Gila bicolor thalassina Goose Lake tui chub  CSC
Hypomesus transpacificus Delta smelt    ST FT
Lampetra tridentata ssp. Goose Lake Lamprey  CSC
Lavinia symmetricus mitrulus Pit roach  CSC
Oncorhynchus tshawytscha Fall-run chinook salmon, C

Central Valley, CA ESU
Oncorhynchus tshawytscha Late fall-run chinook salmon,  CSC C

Central Valley, CA ESU
Oncorhynchus tshawytscha Spring-run chinook salmon    ST FT
Oncorhynchus tshawytscha Winter-run chinook salmon    SE FE
Oncorhynchus mykiss ssp. Goose Lake redband trout  CSC FSC
Oncorhynchus mykiss ssp. McCloud River redband trout  CSC C
Oncorhynchus mykiss Steelhead, Central Valley, CA ESU FT
Pogonichthys macrolepidotus Sacramento splittail  CSC FT
Spirinichus thaleichthys Longfin smelt  CSC FSC

STATE: SE=endangered; ST=threatened; SR=rare; SC=candidate for listing; CSC=special concern.
FEDERAL: FE=endangered; FT=threatened; C=candidate for listing; FSC=species of concern.

Source: State Water Project Supplemental Water Purchase Program, Draft Program Environmental Impact Report
(DWR, 1996)
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a. Upper Sacramento River Basin.  Before July 1991, 26 of the 40 miles of the Sacramento
River below Box Canyon Dam was planted with catchable trout, and the lower 14 miles was
managed as a wild trout stream.  Rainbow trout was the dominant salmonid in the river, with some
brown trout.  Other species included hardhead, Sacramento squawfish, California roach, speckled
dace, Sacramento sucker, and riffle sculpin.  Smallmouth bass, Alabama spotted bass, and channel
catfish live in the lower reaches.  In July 1991, a train derailed while crossing the Sacramento River
just north of Dunsmuir at the Cantarra Loop, spilling the chemical metam sodium from a ruptured
tanker into the river and destroying downstream aquatic life.  Fish and other aquatic life are
gradually reappearing from upstream and tributary sources, as well as from Shasta Lake.  The
Department of Fish and Game has begun planting catchable trout in a 6-mile stretch near Dunsmuir;
the lower 22 miles is a catch-and-release fishery.

Except in the South Fork Pit River above Likely, streams of the system above Fall River generally
do not support significant fish populations because of the high mineral levels and intermittent flows.
Principal sport fishing streams are Fall River, Hat Creek, Pit River below Fall River, and headwater
streams of the South Fork.

The McCloud River supports an excellent sport fishery; rainbow trout is the dominant species.
Access is limited and difficult along much of the lower portion of the river.

Shasta Lake supports a wide variety of coldwater and warmwater fish.  Resident species include
rainbow and brown trout, kokanee and landlocked chinook salmon, largemouth bass, smallmouth
bass, spotted bass, black crappie, green sunfish, bluegill, brown bullhead, channel and white catfish,
threadfin shad, Sacramento sucker, squawfish, and carp.

Warm water temperatures in the Sacramento River downstream from Shasta Dam have affected
upstream salmon migration and caused egg mortality.  The problem is most severe in early fall during
dry years, when low flows of relatively warm water are further influenced by high air temperatures.
Although high river temperatures are natural, operation of Shasta Dam has aggravated the problem.
Temperatures are controlled somewhat by modifying operations and importing colder water from
Trinity Lake, a part of the Trinity River facilities.  Operation modifications include releasing colder
water through lower dam outlets, which results in loss of power generation through hydroelectric
facilities at the dam.

b. Lower Sacramento River Basin.  The Sacramento River and tributaries between Keswick
Dam and the Delta provide important habitat for a diverse assemblage of fish species, both
anadromous and resident.  Anadromous fish include chinook salmon (four races), steelhead trout,
striped bass, American shad, green and white sturgeon, and Pacific lamprey.  Approximately two-
thirds of the striped bass population in the Delta spawn in the Sacramento River system, while the
remainder spawn in the lower San Joaquin River.  Resident fish can be separated into warmwater
game fish (such as largemouth bass, white crappie, black crappie, channel catfish, white catfish,
brown bullhead, yellow bullhead, bluegill, and green sunfish); coldwater game fish (such as rainbow
and brown trout); and nongame fish (such as Sacramento squawfish, Sacramento splittail, delta
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smelt, Sacramento sucker, and golden shiner).  Native nongame fish such as Sacramento perch
(California’s only native sunfish) are thought to be extirpated from the Delta and exist only in ponds
and reservoirs. The native tule perch persists in the Sacramento River.

Keswick Reservoir supports both rainbow and brown trout, as well as some warmwater fish from
Shasta Lake, including large and smallmouth bass.  Keswick Dam forms a barrier to upstream
migration of fish, primarily chinook salmon and steelhead.  Fish trapping facilities at the dam are
operated in conjunction with Coleman National Fish Hatchery on Battle Creek, 25 miles
downstream.

Catfish, bluegill, sunfish, and bass are fished extensively in drains, channels, and ponds throughout
the Colusa Basin.  Most of the Yolo Bypass is dry and cultivated during much of the year, but
irrigation and drainage canals and borrow ditches support warmwater fish.  Resident species of the
Sacramento River, Cache Creek, Willow Slough, Willow Slough Bypass, and South Fork Putah
Creek may occupy the bypass during flooding.  Game fish commonly caught include largemouth
bass, black and white crappie, bluegill, redear and green sunfish, white and channel catfish, splittail,
and black bullhead.  Several nongame fish are also found, such as carp, goldfish, inland silverside,
mosquitofish, bigscale logperch, and minnows.  Sacramento sucker and Sacramento squawfish may
also be found in the bypass.  Anadromous fish such as striped bass, steelhead trout, American shad,
Pacific lamprey and the four races of chinook salmon may be found in the Yolo Bypass when it is
flooded.  Anadromous fish runs in the lower Sacramento River and its tributaries have faced many
problems including unscreened diversions, passage problems at some diversion structures, low
stream flows, periodic high water temperatures and high sediment loads.  There are a number of
fishery restoration actions or projects taking place in the Sacramento Valley to correct these
problems.

The State Water Resources Control Board has established a temperature objective of 56°F to be
attained to the extent controllable throughout the Sacramento River spawning area between
Keswick Dam and Red Bluff Diversion Dam.  The operation of a temperature control device at
Shasta Dam is expected to meet the objective most of the time.  Temperatures below the upper
lethal temperature of 62°F are maintained between Keswick Dam and Red Bluff except
occasionally during August, September, and October.  In September, temperatures remain below
62°F at Red Bluff in 75 percent of all years.  Effects of Shasta Dam releases on water temperatures
decrease with downstream distance.  River temperatures are greatly affected by ambient air
temperatures between the point of release and the Red Bluff Diversion Dam, particularly during
summer.  Ambient air temperature and tributary accretions combine to produce high summer river
temperatures detrimental to some fish between Keswick Dam and Red Bluff Diversion Dam.
Effects of high summer water temperatures are compounded in dry years.

In 1995, state legislation gave Mill and Deer creeks protection from future water development
(similar to protection provided by the California Wild and Scenic Rivers Act), by restricting
construction of new dams, reservoirs, diversions or other water impoundments. These two streams
are among the last remaining vestiges of quality spring-run habitat in the Sacramento System.  The
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Mill and Deer Creek Watershed Conservancies were also formed in 1995 and have initiated a
watershed planning and management process.

Butte Creek supports an anadromous fishery that includes a large spring-run and small fall-run
population of chinook salmon as well as steelhead trout.  Butte Creek has been the focus of several
ambitious anadromous fish habitat recovery efforts.  In 1995, M&T Chico Ranch and DFG agreed
to install a new fish ladder at the Parrott Phelen Dam and new-screened diversions.  M&T Ranch
also dedicated 40 cfs of instream flow for fishery needs on Butte Creek.  Western Canal Water
District and private landowners agreed to remove the Point Four Diversion Dam near Nelson.
During 1997, WCWD constructed a large inverted siphon at its former Butte Creek crossing and
removed the Western Canal Dam.  The siphon will separate the canal system from Butte Creek and
eliminate fish losses caused by the diversion.  Other dams on Butte Creek are scheduled to be
removed or upgraded with fish ladders and diversion screens.  An inventory and assessment of
other potential fish passage improvements on lower Butte Creek and in the Butte Slough and Sutter
Bypass areas is currently underway.

Big Chico Creek supports a remnant population of spring-run salmon, as well as some fall-run
salmon.  In 1996, M&T Ranch and Llano Seco Ranch pumps were relocated from the creek to the
Sacramento River to eliminate a fish hazard at the mouth of the creek.  The pumps created a
substantial streamflow reversal which had impeded the passage of young out-migrating fish.

A number of Sacramento River water users have initiated fish screening projects for their diversions.
The Pelger Mutual Water Company and Maxwell Irrigation District completed screens in 1995.
Princeton-Codora-Glenn Irrigation District and Provident Irrigation District started construction on
a new-screened pumping plant.  Reclamation District 108 started building its new fish screen at its
Wilkins Slough Diversion.  Other fish screening facilities on the Sacramento River are being planned
by Reclamation District 1008, Natomas Central Mutual Water Company, and Glenn-Colusa
Irrigation District, and Browns Valley Irrigation District plans to install a fish screen on its diversion
from the Yuba River.

c. Feather River.  Construction of Oroville Dam on the Feather River eliminated spawning
areas for salmon and steelhead upstream of the dam.  To compensate for this loss, the DWR built
the Feather River Fish Hatchery.  About 23 miles of the Feather River below the Fish Barrier Dam
is used for natural spawning.  Juvenile salmon rear between the Fish Barrier Dam and the confluence
with the Sacramento River.  There appears to be limited natural steelhead spawning in the Feather
River.  Other species in the Feather River include American shad, striped bass, steelhead trout, and
many resident warmwater and coldwater species.

d. Yuba River.  Yuba River instream flows are governed by a 1965 agreement between
YCWA and the DFG.  Provisions include minimum flows for fish maintenance and controls to
minimize streamflow fluctuations.  The DFG has developed the Lower Yuba River Fisheries
Management Plan which includes recommendations on instream flow, water temperature, and flow
fluctuations.  In 1993, flow requirements were modified in the system as part of the Federal Energy
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Regulatory Commission (FERC) requirements for the relicensing of the Pacific Gas and Electric
Company (PG&E) Narrows Project.  The SWRCB held hearings to address flow and fishery
needs of the Yuba River. A draft decision was issued by the SWRCB in 1999.  However, no
decision has been made to date.

Surveys in 1976 identified 28 species of resident and anadromous fish in the Yuba River system.
Anadromous fish of special concern include chinook salmon, steelhead trout, and American shad.
New Bullards Bar Reservoir supports both warmwater and coldwater fisheries.  Common and
abundant coldwater species include rainbow and brown trout; warmwater species include
smallmouth and largemouth bass, crappie, bluegill, catfish, carp, Sacramento squawfish, Sacramento
sucker, and threadfin shad.  No rare or endangered species are known to inhabit the reservoir.

The fall-run chinook salmon is the most abundant anadromous fish in the lower Yuba River system.
Historically, the Yuba River supported up to 15 percent of the Sacramento River fall run.  In
surveys from 1953 to 1989, the total number of adult fish ranged from 1,000 in 1957 to 39,000 in
1982.  Fall-run chinook salmon typically begin migration into the Yuba

River in late September.  Low flows and high temperatures may delay migration and spawning.
Peak spawning occurs in October and November but has been known to continue into January.
Fry emerge from the gravel between December and March.  Some emigrate within a few weeks of
emergence, while others rear in the river until June.

The original spring-run population had virtually disappeared from the Yuba River by 1959.  Today’s
remnant spring run is probably the result of strays from the Feather River or the infrequent stocking
of hatchery-reared fish by the DFG.  Spring-run chinook salmon migrate into the Yuba River as
early as March and as late as August.  Generally, most of the run migrates in May and June.  The
adults spend the summer in deep pools in the Narrows reach of river, where water temperature
seldom exceeds 60°F.  Spawning can begin in August, but the peak is between September and
October.  Fry emergence begins in November and extends through January.  Emigration can occur
within a few weeks of emergence, or the juveniles can rear in the area until June.

The Yuba River supports one of the only self-sustaining populations of steelhead in the Central
Valley.  Up to 200,000 yearling steelhead were stocked annually from Coleman National Fish
Hatchery from 1970 to 1979.  It is unknown whether the present stock is of native origin or derived
from Coleman NFH.  It is currently managed as a self-sustaining population.

e. American River.  Largemouth and smallmouth bass, white catfish, brown bullhead, channel
catfish, and several sunfishes are among species found in Folsom Lake.  During normal water years,
the DFG plants hatchery-spawned rainbow trout and manages the reservoir to maintain kokanee
salmon planted previously.  At the Lake Natoma-Nimbus Dam afterbay complex, daily 4 to 7 foot
water level fluctuations, cold water temperatures, and limited food production support few fish.
Anadromous fish cannot pass Nimbus Dam.  However, the DFG operates the Nimbus Salmon and
Steelhead Hatchery just downstream of the dam to compensate for the loss of fish passage.
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The lower American River flows within a restricted channel isolated from surrounding urban areas
by 30-foot levees.  Native riparian vegetation, backwater, dredge ponds, and urban recreational
areas such as parks and golf courses border the waters' edge.  The river and backwater areas
support at least 40 species of fish, including chinook salmon, steelhead trout, striped bass, splittail,
and American shad.  Common resident fish include Sacramento sucker, black bass, carp,
squawfish, and hardhead.

From 1969 to 1981, salmon spawning escapement to the American River and Nimbus Hatchery
averaged 47,500.  The proportion of hatchery vs. naturally produced fish in the annual escapement
has not been estimated with any accuracy, due to insufficient data.  During prolonged drought, low
water levels at Folsom Dam have resulted in releases of warmer water, which ranges from marginal
to lethal thresholds for salmon eggs spawned in the river and the hatchery.

8. Wildlife

A wide variety of wildlife species are found in the Sacramento River Basin.  DFG's Wildlife Habitat
Relationship Program identifies a total of 249 species of wildlife using the valley and foothill habitat
of the Sacramento Valley.  Included in this total are 151 species of birds, 65 species of mammals,
and 33 reptile and amphibian species.   Riparian zones also provide food and cover to other wildlife
species more typical of adjacent upland areas and provide migratory corridors for many others.
Riparian areas are also valuable habitats for numerous species of mammals, including furbearers.
Between Red Bluff and the Delta, populations of most species that are dependent on riparian, oak
woodland, marsh and grassland habitats have declined with the conversion of these habitats to
agriculture and urban areas.

Many birds are common year-round or are seasonal residents of the Sacramento Valley; others are
migrants or occasional visitors.  Since the Sacramento Valley lies on the Pacific Flyway, its wetlands
provide prime waterfowl habitat; the wintering population often exceeds 3 million.  The Rice Straw
Burning Reduction Act of 1991, which resulted in additional ricefield flooding, has helped create
new winter habitat for migratory waterfowl.  Waterfowl in the valley include mallards, northern
pintails, widgeons, tundra swans, Canada geese, snow geese, and 20 other species.  Shorebirds
such as great blue herons, great egrets, and spotted sandpipers use riverbanks, sandbars, riparian
vegetation, and emergent or submerged aquatic vegetation and forage on small mollusks, fish, and
crustaceans.

Songbirds are found in large numbers in the riparian vegetative cover along the Sacramento River
and its tributaries.  Goldfinches, song sparrows, rufous-sided towhees, and American robins are
some of the passerine species that use the trees, shrubs, and herbaceous plant species of the
riparian habitat.  Western meadowlarks, loggerhead shrikes, and American crows are found in the
grassland and agricultural areas.  Raptors such as Swainson’s or red-tailed hawks and great-horned
owls nest in the larger trees of the riparian and grassland habitat and feed on voles, gophers, and
other prey.  Commonly observed birds of prey include red-tailed hawks, northern harriers,
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American kestrels, and burrowing owls.  Game birds include ring-necked pheasants, mourning
doves, California quail, and wild turkeys.

Mammals typical of the Sacramento River Basin include mule deer, mountain lions, bobcats,
cottontail rabbits, and deer mice in the foothill habitats.  Opossums, American badgers, raccoons,
red foxes, gray foxes, river otters, beavers, muskrats, black-tailed hares, and small rodents are
found throughout the grassland/riparian/wetland habitats.  A DFG field study concluded that much
of the Sacramento River riparian vegetation provides high quality habitat for furbearers; 14 species
were recorded.  Other species such as coyotes, California ground squirrels, and striped skunks
occur throughout the basin.

Reptile and amphibian species are associated with upland, grassland, and riparian vegetation.  The
western fence lizard, northern Pacific rattlesnake, common king snake, and gopher snake are
common reptiles in the Sacramento Valley.  Amphibians such as bullfrogs, Pacific treefrogs, and
western toads are usually restricted to riparian or lacustrine habitat, but some, such as California
tiger salamanders, use the temporary wetlands habitat of vernal pools.

With conversion of riparian, oak woodland, wetland, and grassland habitats to agriculture and urban
uses, populations of most species dependent on these habitats have declined.  Populations of some
Sacramento Valley species have declined so greatly that they have been listed as threatened or
endangered or are under study for future listing.  Table III-12 lists sensitive wildlife species in the
Sacramento River Basin.

There are 188 designated Significant Natural Areas (SNAs), as defined by the DFG, in the
Sacramento River Basin.  These areas contain important habitats that support special-status wildlife
species.  Many of these habitats occur in riparian areas along the Sacramento River.  Other areas
include vernal pool and grassland habitats found throughout the region and marsh habitats in the
southern portion of the region.  Wetland areas of the basin are important as prime waterfowl
wintering areas in the Pacific Flyway.

9. Recreation

Major recreation sites in the Sacramento River Basin include the key lakes and reservoirs (Shasta
Lake, Whiskeytown Lake, Lake Oroville Complex, Folsom Lake, New Bullards Reservoir Bar,
and Englebright Lake), key rivers and streams (the Sacramento, Feather, American, and Yuba
Rivers and Clear Creek), and key federal wildlife refuges and state wildlife management areas (the
Sacramento National Wildlife Refuge (NWR) Complex and Gray Lodge Wildlife Management
Area (WMA)).  Waterfowl and upland game hunting on private lands is also a leading form of
recreation in the region.  Other areas potentially affected by the water rights decision are Keswick
Reservoir, Lake Red Bluff, Camp Far West Reservoir, and the Bear River below Camp Far West
Reservoir.
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Table III-12
Sensitive Wildlife Species in the Sacramento River Basin

   Status
Scientific Name Common Name State       Federal

Agelaius tricolor Tricolored blackbird CSC FSC
Branta canadensis leucopareia Aleutian Canada goose FT
Buteo swainsonialassina Swainson' hawk ST
Coccyzus americanus occidentallis Western yellow-billed cuckoo SE
Empidonax traillii Willow flycatcher SE
Grus canadensis tabida Greater sandhill crane ST
Haliaeetus leucocepohalus Bald eagle SE FT
Plegadis chihi White-faced ibis CSC FSC
Riparia riparia Bank swallow ST
Vireo bellii pusillus Least Bell's vireo SE FE
Antrozous pallidus Pallid bat CSC
Plecotus townsendii townsendii Townsend's western big-eared bat CSC FSC
Ambystoma californiense California tiger salamander CSC C
Hydromantes shastae Shasta salamander ST FSC
Rana aurora draytonii California red-legged frog CSC FT
Clemmys marmorata Western pond turtle CSC
Thamnophis gigas Giant garter snake ST FT
Branchinecta conservatio Conservancy fairy shrimp FE
Branchinecta lynchi Vernal pool fairy shrimp FT
Desmocerus californicus dimorphu Valley elderberry longhorned beetle FT
Lepidurus packardi Vernal pool tadpole shrimp FE
Pacifastacus fortis Shasta crayfish SE FE

STATE: SE=endangered; ST=threatened; SR=rare; SC=candidate for listing; CSC=special concern.
FEDERAL: FE=endangered; FT=threatened; FPE=proposed endangered; FPT=proposed threatened;

C=candidate for listing; FSC=species of concern.

Source: State Water Project Supplemental Water Purchase Program, Draft Program Environmental Impact
Report (DWR, 1996)

a. Reservoirs .  Between 1945 and 1970, flatwater recreation opportunities became more
extensive in the Sacramento River Basin as lakes, reservoirs, and recreation facilities were
constructed.  During that period, Shasta and Folsom lakes provided most of the flatwater recreation
opportunities in the region.  In 1970, the combined annual recreation use at Shasta Lake, Folsom
Lake, Whiskeytown Lake, and Lake Oroville totaled approximately 5.6 million visitor days.  By
1990, this combined total had risen to approximately 6.4 million visitor days.

Shasta Lake.  Shasta Lake, approximately 10 miles north of Redding, is a unit of the
Whiskeytown-Shasta-Trinity NRA.  Recreation facilities and activities are administered by USFS.
When full, the lake has a surface area of approximately 30,000 acres, 370 miles of shoreline, and a
surface elevation of 1,067 feet above mean sea level (msl).  The lake has four main arms:
Sacramento River, McCloud River, Pit River, and Squaw Creek.
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Shasta Lake accommodates a wide variety of water-dependent and water-enhanced recreation
activities.  Water-dependent activities are power boating, house boating, water-skiing, and fishing.
Water-enhanced activities include camping and sightseeing.

Six public boat ramps and 13 private marinas support boating activities at the lake.  Some private
marinas also provide boat launch facilities.  The main body of the lake and all the major arms except
Squaw Creek arm have at least one boat ramp.  The marinas are clustered at the northern end of
the Sacramento River arm, along the western shore of the McCloud River arm and at the Jones
Valley area on the Pit River arm.  In 1991, these marinas provided an estimated 2,890 mooring
spaces.  Most marinas provide boat storage, houseboat rental, boat repair, and boating and
camping supply sales.

The lake has no designated swimming areas.  Because of limited shore access and steep slopes,
most of the swimming activity occurs from boats or near campgrounds.  The lake's one designated
fishing area/picnic area is adjacent to Shasta Dam, and two picnic areas are located on the
McCloud River arm.

Camping facilities are provided at 22 public campgrounds, most of which are located on the upper
reaches of the Sacramento River arm, with the remaining campgrounds located near Jones Valley
on the Pit River arm and along the western shore of the McCloud River arm.  Four of the
campgrounds are accessible by boat only.

Almost the entire surface area of the lake is accessible by boat.  High-speed boating activities such
as water-skiing and cruising are allowed on most of the lake except for the ends of the arms and
some coves where speeds are restricted for safety reasons.

Fishing at Shasta Lake occurs from boats and along the lakeshore.  The most frequently caught
species are rainbow trout, smallmouth bass, and crappie.  Although the entire lake offers fishing
opportunities from boats, the most popular fishing area is near Jones Valley, which also provides
easy access to the Pit River and Squaw Creek arms.  Because much of the shoreline is accessible
by boat only, fishing from shore is concentrated at access points near Shasta Dam and along the
arms of the lake.  Shore fishing access points are found along the northern end of the McCloud
River arm, at Jones Valley on the Pit River arm, at the northern end of the Sacramento River arm,
and adjacent to Shasta Lake.  Because of the lack of cover, the best fishing sites for warm-water
fish at the lake are under or near structures such as docks or bridges.  Shore fishing is also popular
at the ends of the major arms where rivers enter the lake.

During 1992, use at Shasta Lake totaled approximately 7.3 million visitor days.  Of this total,
approximately 4.1 million visitor days involved water-dependent activities.

Public boat ramps on the lake begin to cease operation as the lake level falls 75 feet from full to a
surface elevation of 992 feet above msl.  The last public boat ramp on the main area of the lake
ceases operation when the lake level falls 223 feet to a surface elevation of 844 feet above msl; on
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the Sacramento River arm, when the lake falls 117 feet to a surface elevation of 950 feet above msl;
on the Pit River arm, when the lake falls 125 feet to a surface elevation of 942 feet above msl; and
on the McCloud River arm, when the lake falls 115 feet to a surface elevation of 952 feet above
msl.  When the last ramp ceases operation, launching boats from trailers becomes difficult because
of steep slopes and muddy shore conditions.

Most marinas remain in operation as the lake level falls.  Marinas on the main portion of the lake,
the Pit River arm, McCloud River arm, and the lower portion of the Sacramento River arm move in
response to lower lake levels.  Marinas at the end of the Sacramento River arm are not as flexible
as other marinas because of the long, narrow channel and relatively shallow water in this area.  Most
marinas are first forced to move when the lake recedes 80 feet to a surface elevation of 987 feet
above msl.  Marinas at the end of the Sacramento River arm are first forced to move as the lake
drops 60 feet to a surface elevation of 1,007 above msl.  These marinas are typically forced out of
operation as the lake falls 130 feet to a surface elevation of 937 feet above msl.

Camping becomes less popular as the lake level drops because of the increased distance between
the campgrounds and the lakeshore, which affects boaters attempting to reach the campground and
campers attempting to reach the lake.  As the lake level falls, campgrounds located along the
relatively shallow upper reaches of the arms of the lake become less popular than those near deeper
waters do.

Because Shasta Lake is so large, most water-dependent activities remain available as the lake level
falls, as long as access is maintained.  However, boating activities become more constrained as
hazards such as submerged islands, rocks, and snags appear.  Generally, these hazards appear
within the shoreline zone as the lake level drops 240 feet to a surface elevation of 827 feet above
msl.

Whiskeytown Lake.  Whiskeytown Lake is approximately eight miles west of Redding on
the eastern slope of the Coast Range.  A unit of the Whiskeytown-Shasta-Trinity NRA, the lake is
administered by the NPS.  When full, the lake has a surface area of 3,250 acres, 36 miles of
shoreline, and a surface elevation of 1,210 feet above msl.

Whiskeytown Lake accommodates a variety of recreation activities, such as boating, fishing,
swimming and beach use, and camping.  Power boating, water-skiing, and sailing are popular
boating activities.  Fishing occurs from boats and along the shoreline.  Swimming and beach use
occur at designated areas and in dispersed areas along the lakeshore.

One marina and three boat ramps support boating activities at Whiskeytown Lake.  The marina is
along the northwestern shore of the lake and is easily accessible from State Route (SR) 299.  Two
of the boat ramps are on the northwestern side of the lake at Oak Bottom and on the Whiskey
Creek arm; the third is at Brandy Creek on the south shore of the lake.  The boat ramps at Oak
Bottom and Whiskey Creek are easily accessible from SR 299.  High speed boating activities are
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allowed on most of the lake except for the Clear Creek arm between the Judge Francis Carr
Powerhouse and Oak Bottom.

Fishing occurs both from boats and along the lakeshore.  The most frequently caught species are
rainbow trout and kokanee salmon.  The most popular shore fishing area is near the Judge Francis
Carr Powerhouse because the water released from the powerhouse attracts planted fish.

Swimming and beach use are concentrated at the designated areas at the mouth of Brandy Creek
on the south side of the lake and at Oak Bottom on the northwestern shore.  Most of the lakeshore
is open to the public, with the most popular informal swimming and beach areas along the eastern
shore of the lake near the park headquarters and along SR 299.  Swimming and beach use at
informal sites along the lakeshore are constrained when the lake is full because of limited access.

Camping areas located at Brandy Creek, Oak Bottom, and Dry Creek provide a total of
187 camping spaces.  Brandy Creek is a dispersed camping area, Oak Bottom provides tent and
recreation vehicle (RV) spaces, and Dry Creek is a group camping area.

In 1992, recreational use at Whiskeytown Lake totaled approximately 833,000 visitor days.  The
most popular water-dependent activities at the lake are swimming and beach use, boating, and
fishing.

Whiskeytown Lake is normally maintained at a relatively stable water level by the USBR.
Historically, the lake is kept full during spring and summer when visitation is highest.  The lake
typically has an off-season drawdown of approximately 11 feet because water is not diverted into
Whiskeytown Lake from Lewiston Lake.  Recreation activities can become constrained as the lake
level declines because facilities have been designed for use at higher levels.  Lake levels of 1,209
feet above msl during summer and 1,198 feet above msl during winter are ideal for typical
recreation activities during these seasons.

Boat access becomes constrained at Whiskey Creek and Oak Bottom ramps when the lake level
drops 13 feet from full to a surface elevation of 1,197 feet above msl.  Both ramps cease operation
when the lake drops 15 feet to a surface elevation of 1,195 feet above msl.  The Brandy Creek
ramp ceases operation at a surface elevation of 1,190 feet above msl, or 20 feet below full.  Boats
with fixed keels, such as sailboats, cannot be launched when the lake level drops below 1,190 feet
above msl.

Operation of the marina at Oak Bottom becomes constrained as the lake level drops to 1,204 feet
above msl, or 6 feet from full.  At this lake elevation, the marina operator must begin to reposition
slips.  At a lake level of 1,198 feet above msl, or 12 feet from full, the marina cannot be used.

Shoreline activities outside the designated swimming areas are enhanced as the lake level falls to an
elevation of approximately 1,206 feet above msl, or 6 feet from full.  Because of steep slopes and



State Water Resources Control Board Environmental Setting

Final EIR for Implementation of the III-66 November 1999
1995 Bay/Delta Water Quality Control Plan

dense vegetation, exposing shoreline around the lake enhances access.  Below 1,206 feet above
msl, a wide band of shoreline devoid of vegetation affects the visual character of the lake.

Swimming and beach use at the Brandy Creek and Oak Bottom swimming areas become
constrained as the lake level falls to approximately 1,206 feet above msl, or 4 feet from full, because
the lake level drops below the sandy beach area.

Because the lake has historically been full during peak visitation periods, it is not clear how water-
dependent activities are affected by lowered lake levels.  Shore fishing can be enhanced by
improved shore access as the lake level falls.  The most popular fishing area on the lake,
immediately below the Judge Francis Carr Powerhouse, is not affected by lowered lake levels
because it depends more on flows from the powerhouse.  Fishing at this site becomes less popular
during winter because water is not diverted from Lewiston Lake.

Lake Oroville Complex.  The Lake Oroville Complex, managed by the California
Department of Parks and Recreation (DPR) as part of the Lake Oroville State Recreation Area
(SRA), is on the Feather River in Butte County.  The complex includes Lake Oroville and
Thermalito Forebay and Afterbay.  When full, Lake Oroville has a surface area of 15,800 acres,
167 miles of shoreline, and a surface elevation of 900 feet above msl.

Most of Lake Oroville SRA's formal recreation facilities are at the lake.  The facilities accommodate
boating, water-skiing, sailing, fishing, swimming, boat-in camping, and overnight camping.
Unrestricted boat access to the shoreline is allowed for camping uses.  Boating access is provided
at three paved ramps in the southern reservoir area near Lake Oroville and on the West Fork
Feather River.  Car-top boat launching is allowed on all but the Middle Fork Feather River.

Day and overnight use areas at Lake Oroville are located along the main reservoir and tributary
shorelines.  Bidwell Canyon and Loafer Creek on the southern shoreline and Lime Saddle on the
West Fork Feather River are the major use areas.  A visitor center on Kelly Ridge overlooks the
dam and lake.  Camping is allowed along the shoreline and at boat-in camping areas at Craig
Saddle, Foreman Creek, Bloomer Primitive Camp, and Potter Ravine.  The Bidwell Canyon marina
provides covered berthing slips, a store and snack bar, fuel dock, boat rental, and open mooring.
Swimming is allowed along the shoreline.  Designated swimming facilities are provided at the Loafer
Creek unit only, at the southern end of the lake.

Fishing occurs throughout the lake from boats and the shoreline.  Game fish are planted in the lake
annually; rainbow trout and largemouth and smallmouth bass are the most frequently caught species.

Recreation activities in the 600-acre Thermalito Forebay are accommodated by day-use facilities
that feature a turf picnic area, 200-yard-long swimming beach, and two-lane boat ramp.  The
forebay is reserved for sailboats, canoes, and other non-motorized boating.  Facilities at Thermalito
Afterbay consist of a parking lot, four-lane boat ramp, and chemical toilets.  Fishing and motorized
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boating are the main recreation activities at the afterbay.  Shore and boat fishing at the forebay and
afterbay are primarily for rainbow trout, catfish, and largemouth and smallmouth bass.

Visitation at the Lake Oroville Complex totaled approximately 600,000 visitor days in 1992.  Day
use and overnight camping account for most of the recreation use.  When the lake is full, recreation
facilities are available and boating and water sports are optimized.  In general, most water-oriented
use is substantially reduced at or below an elevation of 750 feet above msl (150 feet below full),
and obstacles are buoyed for safety reasons.

When the lake level falls to an elevation of 775 feet above msl, boat ramps at Loafer Creek cease
operation, followed by Lime Saddle at 750 feet above msl, Spillway at 730 feet above msl, and
Bidwell Canyon at 710 feet above msl.  Car-top boat launching areas at the Enterprise and
Stringtown access points cannot be used below lake elevations of 835 feet and 866 feet above msl,
respectively.  The designated swimming beach at Loafer Creek begins to be affected at a surface
elevation of 860 feet above msl because the lake level falls below the designated beach areas.
Recreation activities at the Thermalito Forebay and Afterbay are not directly affected by water level
fluctuations because surface water elevations at these control reservoirs are generally maintained at
constant levels.

Folsom Lake.  Folsom Lake SRA, managed by DPR, is located on the American River east
of Sacramento.  The SRA includes both Folsom Lake and Lake Natoma.  When full, Folsom Lake
has a surface area of 11,450 acres, 75 miles of shoreline, and a surface elevation of 466 feet above
msl.  Lake Natoma, a potentially affected recreation area, is included in this description because
DPR does not report use of the two lakes separately.

Folsom Lake SRA facilities accommodate a variety of water-oriented recreational activities
including boating, fishing, swimming, jet skiing, windsurfing, and sailing.  Camping, picnicking, and
trail facilities are also provided in the lake watershed.  Boat launches along the 75-mile shoreline
provide boat access.  Major use areas are Beals Point, Granite Bay, and Rattlesnake Bar on the
western shoreline; Dike 8, Mormon Island, and Brown's Ravine Marina on the southern and eastern
shorelines; and the Peninsula Campground between the north and south forks of the American
River.  Brown's Ravine Marina provides 670 berthing slips for year-round mooring and small craft
rentals.

Fishing occurs from boats throughout the lake and especially in the upper arms that are designated
as slow-boating zones.  Fishing is mainly for rainbow trout and warm-water species.  Swimming and
sunbathing areas are provided at the designated Beals Point and Granite Bay beaches and at
numerous non-designated areas along the reservoir shoreline.  Boating, sailing, water-skiing, and
other watercraft uses are popular activities throughout the main reservoir area.

Lake Natoma covers 500 acres, approximately 6 miles downstream of Folsom Lake.  Lake
Natoma has approximately 10 miles of shoreline, a maximum pool of 126 feet, and a maximum daily
drawdown of approximately 7 feet.  Picnic and camping areas and a boat ramp are located at
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Negro Bar, environmental camping at Mississippi Bar, and boat launch facilities near Nimbus Dam
and Willow Creek.  The western shoreline also features an 8.4-mile portion of the popular
American River bicycle trail.  Recreation activities include fishing, non-motorized boating, and
windsurfing.  Lake Natoma is less heavily used for swimming and wading than Folsom Lake
because of its cooler water temperature.

In 1992, visitation to the entire Folsom Lake SRA was estimated at 2.1 million visitor days.  The
SRA is one of the most heavily used units in the California state park system, primarily because of
its proximity to the Sacramento metropolitan area, the arid summer climate, and high regional
interest in recreation.

Water-dependent activities dominate Folsom Lake recreation use, accounting for more than
80 percent of the annual recreation use.  Boating, the most popular activity at the lake includes
launch and non-launch boating, windsurfing, and jet skiing.

The optimal lake elevation for recreation use is 436 feet above msl, or a surface area of 9,600
acres, because all facilities can be used at this elevation.  Beaches can accommodate high use at this
level, and boat ramp and parking facility use is maximized.  Lake elevations higher than 436 feet
above msl reduce the capacity of the lake because some boat ramps and parking spaces are
inundated.  When the lake level falls to an elevation of 426 feet above msl, Brown's Ravine Marina
ceases operation.  At elevation 420 feet above msl (8,500 surface acres), most of the boat ramps
cannot be used and at elevation 405 feet above msl (7,300 surface acres), only one boat ramp can
be used.  At 401 feet above msl, all boat ramps are out of service.

Lake surface elevations have the greatest effect on recreation between April and August because
visitation is greatest during these months.  Although fluctuating elevations in winter can substantially
affect recreation activities, only small proportions of the total annual users are affected.  Boat ramps
and recreation use areas at Lake Natoma are not substantially affected by lake drawdown because
water levels are kept stable during the primary recreation season.

New Bullards Bar Reservoir.  New Bullards Bar Reservoir is located on the Yuba River in
Yuba County.  The YCWA owns the lake, and the USFS provides recreation facilities and
management.  The lake has a surface area of approximately 4,800 acres.

The reservoir accommodates water-oriented recreation uses, including boating, water-skiing,
fishing, and swimming.  Picnicking, camping, and trail uses are also accommodated.  Boat access is
provided at the Cottage Creek boat ramp on the southwestern shore of the reservoir and at the
Dark Day boat ramp 4 miles north of the dam on the eastern shoreline.  The Emerald Cove Marina
located at the Cottage Creek boat ramp provides a store, snack bar, 31 berthing slips for small
crafts, mooring areas, and houseboat and fishing boat rentals.  Currently, 42 houseboats are
moored year-round at the reservoir.
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The major use areas near the reservoir are the Burnt Bridge Campground and the Dark Day
Campground and picnic area, both on the west side of the lake.  Boat access camping is provided
at the Garden Point, Frenchy Point, and Madrone Cove campgrounds.

Water-skiing is allowed throughout the reservoir at 200 feet from the shoreline.  Boat and shore
fishing opportunities are available for cold- and warm-water species.  DFG manages the reservoir
primarily for kokanee salmon and releases 220,000 to 250,000 fingerlings annually.  The reservoir
shoreline has no designated swimming areas.

Visitation to New Bullards Bar Reservoir was estimated at approximately 222,000 visitor days in
1992.  Water-oriented activities dominate annual recreation use at the reservoir.  Reservoir use
patterns indicate high use of overnight camping and boat ramp facilities and low use of picnic areas.
Occupancy rates at the two boat ramps are consistently more than 100 percent on weekends, with
the heaviest use recorded at the Cottage Creek boat ramp.  The reservoir shoreline areas most
heavily used for day and overnight uses are the Little Oregon Creek area, the Garden Valley Road
area, and the Bridger Creek and Brandy Creek shoreline areas in the extreme northeastern
reservoir arm.

The maximum water surface elevation is 1,956 feet above msl.  The Cottage Creek boat ramp
ceases operation at 1,832 feet above msl, and the Dark Day boat ramp cannot be used at 1,798
feet above msl.  The Emerald Cove Marina is operational at all lake levels.

Englebright Lake.  Englebright Lake, owned and operated by the USCOE, is on the Yuba
River downstream of New Bullards Bar Reservoir.  The USCOE also provides recreation facilities
and management.  When full, the lake has a surface area of approximately 760 acres and an
elevation of 534 feet above msl.

Englebright Lake facilities accommodate water-dependent recreation activities, such as boating,
water-skiing, fishing, and boat-in camping.  Boat access is available at the Narrows and Joe Miller
Ravine boat ramps (four lanes total).  The Narrows and Joe Miller Ravine recreation areas provide
nearly all the day-use facilities; overnight camping and houseboat mooring areas spread out over
approximately 9 miles of the lake.  Skippers Cove Marina at the Joe Miller Ravine recreation area
provides 223 berthing slips and mooring areas.

Water-skiing is allowed on approximately half the lake, with a no-ski zone enforced on the upper
reach.  Fishing occurs primarily in the northern half of the lake during the summer recreation season.
Englebright Lake fisheries consist primarily of planted rainbow trout, kokanee salmon, and warm-
water species.  DFG stocks the lake with approximately 22,000 catchable-sized trout per year.

Visitation to Englebright Lake was estimated to total 137,000 visitor days in 1992.  Visitation has
increased substantially in recent drought years because of the relatively stable and full water levels.
Boating, water-skiing, fishing, and swimming are popular activities.  More than 80 percent of the
lake's visitation is day use.
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Surface water levels at Englebright Lake are stable as a result of operations of New Bullards Bar
Reservoir upstream.  When levels fall below 500 feet above msl (25 feet below full), the Narrows
recreation area boat ramp cannot be used.  At elevation 510 feet above msl (15 feet below full), the
Joe Miller Ravine boat ramp cannot be used.  During recent drought years, Englebright Lake was at
full pool through the peak summer months.  Fall drawdown is approximately 15 feet to provide
flood storage.

b.   Rivers .  Construction and operation of the lakes and reservoirs that provide flatwater
recreation opportunities have substantially affected instream uses below them.  A sport fishery boom
occurred in the Sacramento River in the years following construction of Shasta Lake as changes in
water temperature and flow regimes benefited anadromous fish and adversely affected warm-water
species.  By the 1980s, the salmon and steelhead sport fishery had declined as diversions increased
and instream flows decreased.

The Sacramento River environment provides the most important recreational resource for local
residents.  Over 2 million visitors participate in recreational activities along the Sacramento River
annually.  Fishing and relaxation are the most popular recreational activities.  Other types of
recreation include boating, water-skiing, swimming, camping, picnicking, hiking, sightseeing, bird
watching and outdoor sports.  Winter-run chinook salmon fishing was very popular prior to the
severe decline in the population and current harvest restrictions.  Striped bass, American shad,
steelhead trout and spring, fall, and late-fall salmon runs remain popular among recreational anglers
along the river.

Numerous public and private facilities provide recreational access along the Sacramento River
between Keswick Dam and Red Bluff.  Fishing is excellent along this stretch of the river.  Rafting,
kayaking, and canoeing are also popular because the river is fast flowing and there are a number of
riffle areas.  Fishing and hiking occur throughout the year, while picnicking and camping are limited
to the spring through fall months.  Water contact sports, such as swimming, kayaking, and canoeing,
are generally restricted to the summer months where the daytime temperatures are often over
100EF.

Between Red Bluff and the Delta, little recreation land is available in the Sacramento Valley outside
of riparian corridors.  Public access to the river for recreational use is limited by the amount of
public lands along the river.  About 65 percent of the total recreational use on the river at and above
Sacramento is by people living in counties adjacent to the river.  Ninety percent of the summer day
use activity is by local residents.

Sacramento River - Upper Reach - Shasta to Bend Bridge.  The upper reach of the
Sacramento River is approximately 60 miles long and flows through the foothill area of the northern
Sacramento Valley.  Relatively rapid flows and scenic views characterize this reach.  The river flows
through developed areas in Redding and Anderson and then passes through unpopulated foothills
before reaching Red Bluff.
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Although most of the upper reach flows through private lands, public access is more readily
available than along the middle and lower reaches.  Public access points are provided by the cities
of Redding and Anderson, Tehama County, the State of California, and the BLM.  Access points
along this reach of the river include a 1-mile segment between Keswick Reservoir and Lake
Redding (owned by the BLM and managed by the City of Redding) and Lake Redding Park and
Turtle Bay Recreation Area (also managed by the City of Redding).  Other popular access areas
are Anderson River Park, managed by the City of Anderson, and a 7-mile segment below Jelly's
Ferry, managed by the BLM.

Fishing is the most popular water-dependent activity on this reach.  Water-contact activities, such as
swimming and tubing, are not popular because the water is cold and flows swiftly.  Popular water-
enhanced activities include picnicking and sightseeing.

Sacramento River - Middle Reach - Bend Bridge to Knights Landing.  This reach of
the river is approximately 160 miles in length and is characterized by slower moving water and a
meandering river channel lined with riparian thickets and orchards.  Although most land along this
reach is privately owned, some public access is provided by counties through which the river passes
and by the DPR.

The DPR and Tehama, Glenn, Colusa, and Sutter counties provide access points along the middle
reach.  Private facilities, primarily fishing access points, marinas, and resorts are located along the
entire reach.  This reach of the river also includes the Woodson Bridge SRA.

Water-dependent activities in this reach include boat and shore fishing and swimming and beach
use.  Water-contact activities, such as swimming and tubing, are popular in this reach because the
water is relatively warm compared to that in the upper reach.  Water-enhanced activities include
camping and relaxing.

Sacramento River - Lower Reach - Knights Landing to Courtland.  The lower reach,
between its confluence with the Feather River and Courtland, is an 80-mile segment of the river.
Slow-moving water and a meandering river channel characterize the upper 20 miles.  Near
Sacramento, the character of the river changes because of urban influences such as levees and
commercial development along the river.  Between Sacramento and Courtland, the river passes
through agricultural areas.

The City and County of Sacramento and DPR provide public access points along the lower reach.
Private facilities, primarily marinas, are located along the entire reach.  This reach of the river also
includes Discovery Park at the confluence with the American River.

Fishing and boating are popular water-dependent activities on this reach.  Water-contact activities
such as swimming and beach use, are also popular.  Water-enhanced activities include picnicking
and relaxing.
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Feather River.  The lower Feather river flows approximately 40 miles from Oroville Dam to
its confluence with the Sacramento River, largely through private lands.  Major recreation areas
along the river are the Oroville Wildlife areas south of Lake Oroville, Riverfront Park in Marysville,
and Lake of the Woods Wildlife Area near its confluence with the Bear River.  Boat access
between Oroville and Marysville is provided at Marysville Riverfront Park and near the communities
of Live Oak, Gridley, and Biggs.  Undeveloped access points downstream of Marysville are located
along Garden Highway, which generally borders the river to Verona.

Water-dependent recreation on the river consists of boat and shore fishing, pleasure boating, and
swimming.  Water-enhanced recreation activities include sightseeing, picnicking, and camping.

American River.  The American River Parkway, a 23-mile-long river corridor, crosses the
Sacramento metropolitan area between Nimbus Dam and the confluence with the Sacramento River
at Discovery Park.  The parkway, managed by the Sacramento County Parks and Recreation
Department, is recognized as one of the nation's premier urban parkways.

The river corridor, an approximately 6,000-acre open space area, consists of a broad river channel
with dense riparian vegetation.  It features 28 automobile access points and 68 access points for
pedestrians, equestrians, and bicyclists.  The Jedediah Smith National Recreation Trail provides
bicycle, pedestrian, and equestrian trails from Discovery Park to the Folsom Lake SRA.  The
parkway includes a series of 14 parks distributed on publicly owned lands.

Water-dependent activities on the lower American River include rafting, boating, fishing, swimming,
and wading.  Water-enhanced activities include picnicking, hiking, bicycling, and equestrian
recreation.

Yuba River.  The lower Yuba River flows from Englebright Lake and meets the Feather
River at Marysville, a distance of approximately 20 miles.  Most of this section of the river flows
through private lands, restricting public access.  No public recreation facilities exist along the river.
Limited public access is available at the SR 20 crossing 5 miles downstream from Englebright Lake,
at the end of Hallwood Boulevard about 8 miles upstream of the confluence with the Feather River,
and through Riverfront Park in Marysville.  Powerboat access to the river is possible from launches
on the Feather River near its confluence with the Yuba River.  Boats traveling up the river are
constrained by flows and cannot pass Daguerre Point Dam approximately 10 miles upstream from
the confluence with the Feather River.

Fishing is the primary recreation activity on the river.  Important game fish include chinook salmon,
steelhead, and American shad.  Striped bass are also caught, although incidentally compared to
other fish.  Fishing occurs from the shore at access points available to the public and on the river
from boats that travel upstream from the Feather River and from drift boats launched near the SR
20 crossing.
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Clear Creek.  Clear Creek flows from Whiskeytown Lake and discharges to the
Sacramento River just south of Redding.  The upper four miles of the creek flow through the
Whiskeytown Unit of the Whiskeytown-Shasta-Trinity NRA.  Most of the remaining 13 miles flow
through private land.  The upper half of the creek passes through steep terrain with many falls and
cascades, whereas the lower portion has a flatter gradient with few cascades or falls.

No formal recreation facilities are found along the creek.  The National Environmental Education
Camp, administered by the NPS, is approximately 1.5 miles below Whiskeytown Dam and is used
primarily by surrounding school districts.  Public access is allowed along the portion of the creek
that flows through the Whiskeytown-Shasta-Trinity NRA and at the mouth of the creek over a City
of Redding easement.  However, access is difficult because of the steep terrain.  Popular recreation
sites include the Redding Bar and Saeltzer Dam areas; both located on private lands on the lower
portion of the creek.  Recreation activities along the creek include swimming, beach use, relaxing,
fishing, camping, picnicking, hiking, and tubing.

Bear River.  The Bear River below Camp Far West Reservoir is a 20-mile-long reach that
crosses private agricultural land in Placer, Yuba, and Sutter counties on a westerly route to its
confluence with the Feather River north of the town of Nicolaus.

No public recreation facilities or public access sites are provided along this portion of the river.
Informal access is available at the Forty-Mile Road crossing and McCourtney Road crossing near
Camp Far West Reservoir.  Recreation activities include warm-water fishing, sightseeing, and
informal picnicking during winter and spring.  Fishing activity is mainly for bass, catfish, and other
warm-water species that move upstream from the Feather River or escape from Camp Far West
Reservoir when flows are released to the river.

c. Wildlife Refuges.  Recreation activities at the federal wildlife refuges and State WMAs
which receive surface water diversions could be affected by the proposed actions.  The NWRs in
the Sacramento River Basin include Sacramento, Delevan, Sutter, and Colusa refuges managed as
the Sacramento NWR Complex.  Gray Lodge WMA is a State owned facility managed by the
DFG.

Most recreation activities on the refuges are associated with the presence of waterfowl and upland
game birds.  These activities include hunting, hiking, and wildlife observation.  Hunting of ducks,
geese, and pheasants is permitted between October and January on portions of each refuge.
Fishing is permitted at Delevan NWR from February to October and at Gray Lodge WMA.
Facilities include parking areas, blinds, a visitor center at the Sacramento NWR, interpretive trails,
viewing platforms, and self-guided driving tours.

d. Private Hunting Clubs .  There are over 500 private hunting clubs in the Sacramento River
Basin encompassing approximately 227,000 acres.  Approximately 123,000 acres are flooded
annually and much of the water comes from surface water diversions.  These private clubs provide
opportunities for hunting ducks, geese, and pheasants, and are an important component of the
economy.
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The Butte Basin is one of the least developed floodplains in the Sacramento Valley and lies in the
heart of the Pacific Flyway.  Over 50 percent of the ducks and geese that overwinter in California
use the basin.  The lower portion of the basin, known as the Butte Sink, still has extensive marshland
and riparian habitat.  Much of the land in the basin is owned by private clubs and devoted to
waterfowl habitat.  Wetlands maintenance requires artificial flooding, with most of the water use
occurring between August and December and the greatest use occurring in October and
November.

D. SAN JOAQUIN RIVER BASIN

1. Geography and Climate

The San Joaquin River Region is located in the heart of California and includes the northern portion
of the San Joaquin Valley.  It is bordered on the east by the Sierra Nevada and on the west by the
coastal mountains of the Diablo Range.  It extends from the southern boundaries of the Delta south
to include all of the San Joaquin River drainage area.  The San Joaquin River Basin is hydrologically
separated from the Tulare Lake Basin by a low, broad ridge across the trough of the San Joaquin
Valley between the San Joaquin and Kings rivers.  Figure III-11 shows the San Joaquin River
Basin.

The region is diverse but can be divided into two main topographies and associated climates: (1) the
mountain and foothill areas, and (2) the valley area.  The climate of much of the upland area west of
the valley resembles that of the Sierra foothills.  Precipitation in the mountainous areas varies greatly.
The annual precipitation of several Sierra Nevada stations averages about 35 inches.  Snowmelt
runoff from the mountainous areas is the major contributor to local water supplies for the eastern
San Joaquin Valley floor.  The climate of the valley floor is characterized by long, hot summers and
mild winters, and average annual precipitation ranges from 17 inches in the northeast to 9 inches in
the south.

2. Population

The population of the San Joaquin River Region in 1990 was about 1.4 million.  About 5 percent of
the State's population live in this region.  From 1980 to 1990, the region's population grew by
41 percent, primarily in Merced, Stanislaus, and San Joaquin counties.  Communities such as
Stockton, Modesto, Merced, and Tracy, once valley farm centers, are now major regional urban
centers.  These communities and their smaller neighboring cities, such as Lodi, Galt, Madera, and
Manteca, are expected to continue expanding into the mostly agricultural northern San Joaquin
Valley.  Several counties expect their populations to nearly double by 2010.

Some of the growth in the region is due to the expansion from the San Francisco Bay Area and
Sacramento.  The relatively inexpensive housing available in the area offsets the long commute to
Bay Area jobs for some San Joaquin County residents.  Larger cities such as Stockton and
Modesto are industrial and commercial centers in their own right.
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In contrast to the large valley urban centers, separated by flat agricultural fields and linked by
freeways, the foothills are sprinkled with small communities connected by small two-lane roads.
Much of the foothill population lives along the old Mother Load route of the 1849 Gold Rush,
Highway 49.  Towns such as Jackson, Angels Camp, San Andreas,

Sonora, and Oakhurst have grown significantly in the last decade.  Off from the north-south trending
Highway 49 is a series of roads that lead to Sierra Nevada mountain passes.  These mountain roads
(Highways 88, 4, 108, and 120) generally follow east-west trending ridges, which are separated by
one or more of the nine major river systems draining the Sierra.  The economies of mountain
communities along these routes depend on tourists and travel industries.  These communities are
also retirement areas for many former Bay Area and Southern California residents.

The western side of the region, south of Tracy, is sparsely populated.  Small farming communities
provide services for farms and ranches in the area, all relatively close to Interstate 5, the chief north-
south transportation route in California.

3. Land Use

Agriculture is the major economic and land use activity in the San Joaquin River Basin.   Other
industries in the region include food processing, chemical production, lumber and wood products,
glass, textiles, paper, machinery, fabricated metal products and various other commodities.

While the San Joaquin Valley is predominantly privately owned agricultural land, much of the Sierra
Nevada is national forest land.  The region includes the El Dorado, Stanislaus, and Sierra national
forests and the Yosemite National Park.  Public lands amount to about one-third of the region.  The
national forest and park lands encompass over 2,900,000 acres; state parks and recreational areas
and other State-owned property account for about 80,000 acres; and BLM and military properties
occupy some 221,000 and 37,000 acres, respectively.

The valley portion of the region constitutes about 3,500,000 acres, the eastern foothills and
mountains total about 5,800,000 acres, and the western coastal mountains comprise about 900,000
acres.  About 1,995,000 (19 percent) of the region's 10,200,000 acres were devoted to irrigated
agriculture in 1990.

Irrigated acreage is very diversified with about 30 percent of the acres planted in grains, hay and
pasture.  Orchards (almonds, pistachios, and other deciduous) and vineyards also make up about
30 percent of the irrigated acres.  Some of the other major crops include cotton, corn, tomatoes,
and other field and truck crops.
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San Joaquin River Region
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4. Water Supply

About 47 percent of the region's 1990 level average annual water supply comes from local surface
sources, while 29 percent is from imported surface supplies.  Groundwater provides about
19 percent of the water supply and about 5 percent of the total supply is considered dedicated
natural flows for meeting instream flow requirements.

Surface water supply systems in the Sierra streams and rivers form a general pattern.  A series of
small reservoirs in the mountain valleys gathers and stores snowmelt.  This water is used to generate
electricity as it is released downstream.  Some diversions occur for consumptive use in local
communities, but most flows are recaptured in larger reservoirs located in the foothills and along the
eastern edge of the valley floor.  Most of these reservoirs were built primarily for flood control;
however, many of them also have additional storage capacity for water supply and other uses
included in their design.  Irrigation canals and municipal pipelines divert much of the water from or
below these reservoirs.

Most of the small communities in the Sierra foothills receive much of their water from local surface
supplies.  The extensive network of canals and ditches constructed in the 1850s for hydraulic mining
forms the basis of many of the conveyance systems.  In addition to surface water, many of these
mountain communities pump groundwater from hard rock wells and old mines to augment their
supplies, especially during droughts.  Groundwater is the only source for many mountain residents
who are not connected to a conveyance system.

The major river systems from the Sierra Nevada provide over half of the region's total water supply.
Several large irrigation districts deliver most of the local surface water to agricultural users in the
valley.  Modesto ID and Turlock ID supply both agricultural and municipal users through the
Modesto and Turlock Canals.  Other irrigation districts, such as Merced, Oakdale and South San
Joaquin, operate similar facilities.

Most of the region's imported supplies, about 2 million acre-feet per year, are delivered by the
CVP.  Oak Flat Water District receives about 5,000 acre-feet per year from the SWP.

a. Surface Water Hydrology. The primary sources of surface water in the San Joaquin River
Basin are the rivers that drain the western slope of the Sierra Nevada Mountains.  These include the
San Joaquin River and its major tributaries, the Merced, Tuolumne, Stanislaus, Calaveras,
Mokelumne, and Cosumnes rivers.  Most of these rivers drain large areas of high elevation
watershed that supply snowmelt runoff during the late spring and early summer months.  Other
tributaries to the San Joaquin River, including the Chowchilla and Fresno rivers, originate in the
Sierra Nevada foothills, where most of the runoff results from rainfall.  The three northernmost
streams, the Calaveras, Mokelumne, and Cosumnes rivers, flow into the San Joaquin River within
the boundaries of the Delta, and are commonly referred to as "eastside tributaries to the Delta."
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The mainstem of the San Joaquin River originates on the western slope of the Sierra Nevada at
elevations in excess of 10,000 feet.  From its source, the river flows southwesterly until it enters the
valley floor at Friant.  The river then flows westerly to the center of the valley near Mendota, where
it turns northwesterly to join the Sacramento River in the Delta.  The mainstem of the San Joaquin
River has a length of about 300 miles, one-third of which lies above Friant Dam.

Most of the water in the upper San Joaquin River is diverted at Friant Dam, and is conveyed north
through the Madera Canal and south through the Friant Kern Canal.  Releases from Friant Dam to
the San Joaquin River are generally limited to those required to satisfy downstream water rights
(above Gravelly Ford) and for flood control.  In the vicinity of Gravelly Ford, high channel losses
occur because the river bed is primarily sand and gravel.  Average annual diversion from the San
Joaquin River through the Friant-Kern Canal is 1,149,000 acre-feet.

Due to the operation of Friant Dam, there are seldom any flows in the lower San Joaquin River
beyond those flows originating in the major tributaries plus agricultural and municipal return flows.
However, prior to construction of Friant Dam, there was at times little or no flow in the San Joaquin
River below Sack Dam, due to agricultural diversions and channel losses at Gravelly Ford.

During flood control operations, water that passes Gravelly Ford and exceeds demands at Mendota
Pool is diverted from the San Joaquin River to the Chowchilla Bypass, which has a capacity of
6,500 cfs.  The Chowchilla Bypass runs northwest, intercepts flows in the Fresno River, and
discharges to the Chowchilla River.  The Eastside Bypass begins at the Chowchilla River and runs
northwesterly to rejoin the San Joaquin River above Fremont Ford.  Together, the Chowchilla and
Eastside bypasses intercept flows of the San Joaquin, Fresno, and Chowchilla rivers, and other
lesser east side San Joaquin River tributaries, to provide flood protection for downstream
agricultural lands.  The bypasses are located in highly permeable soils, and much of the water goes
to recharge of the groundwater basin.

The San Joaquin River tributaries provide the San Joaquin River Basin with high-quality water and
most of its surface water supplies.  Most of this water is regulated by reservoirs and used on the
east side of the valley, but some is diverted across the valley to the Bay Area via the Mokelumne
Aqueduct and the Hetch Hetchy Aqueduct.  Average annual diversion from the Mokelumne and
Tuolumne rivers that are directly exported from the basin include 245,000 acre-feet through the
Mokelumne Aqueduct and 267,000 acre-feet through the Hetch-Hetchy Aqueduct.

Dams on the tributary streams include Pardee and Camanche dams on the Mokelumne River, New
Melones, Donnells, and Beardsley dams on the Stanislaus River, O'Shaunessy and New Don Pedro
dams on the Tuolumne River, and Exchequer Dam on the Merced River.  In addition, there are a
number of power and irrigation developments on these streams that serve to regulate and modify the
natural runoff.  A list of the major reservoirs in the San Joaquin River Basin is presented in
Table III-13.
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Runoff from the watersheds of both the major and minor streams in the San Joaquin River Basin
shows wide seasonal, monthly, and daily variations modified by the effects of storage, releases from
storage, diversions, and return flows.  Stream flows are depleted by diversions and increased by
drainage and return irrigation flows along the stream courses.

During the long dry season, the smaller streams often have no flows. Lowest flow conditions usually
occur just prior to the advent of the rainy season, usually in late-November.

The San Joaquin River Basin is subjected to two types of floods: those due to prolonged rainstorms
during the late-fall and winter, and those due to snowpack melting in the Sierra during the spring and
early-summer, particularly during years of heavy snowfall.  Major problem areas lie along valleys,
foothill streams, and the lower San Joaquin River, where floodflows often exceed channel capacities
and damage urban and highly developed agricultural areas.

Streams on the west side of the San Joaquin River Basin include Hospital, Del Puerto, Orestimba,
San Luis, and Los Banos creeks.  These streams are intermittent and contribute little to water
supplies; however, they are an important source of groundwater recharge in local areas.

Table III-13
Major Reservoirs in the San Joaquin River Basin

Reservoir Name Stream Capacity (TAF) Owner

New Melones Stanislaus River 2,420 USBR
New Don Pedro Tuolumne River 2,030 Turlock and Modesto IDs
Hetch Hetchy Tuolumne River 360 City of San Francisco
Lake McClure Merced River           1,024 Merced ID
San Luis N/A 2,040 USBR and DWR
Shaver San Joaquin River 135 Southern California Edison
Pardee Mokelumne River 210 EBMUD
Salt Springs Mokelumne River 139 PG&E
Millerton San Joaquin River 520 USBR
Edison San Joaquin River   125 Southern California Edison
Lloyd (Cherry) Tuolumne River 268 City of San Francisco
Mammoth Pool San Joaquin River 123 Southern California Edison
Camanche Mokelumne River 431 EBMUD
New Hogan Calaveras River 325 USCOE
Eastman Chowchilla River  150 USCOE

Source:   DWR 1993b
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b. Surface Water Quality.  The major water quality problems of streams on the San Joaquin
Valley floor are a result of large salt loads from agricultural drainage and nutrients from municipal,
industrial, and agricultural sources.  The agricultural return water is estimated to carry a total annual
salt load of 740,000 tons to the Sacramento-San Joaquin Delta.  Salt loads are a problem
principally under low flow conditions when adequate dilution water is not available.  Although the
water in the lower San Joaquin River is still usable for agriculture, severe crop damage has been
occasionally experienced when salt concentrations exceed certain threshold limits.  Major portions
of basin streams are reaching an undesirable state of nutrient enrichment.  Prolific aquatic plant and
algal growth is causing detriments to beneficial water uses.  Aquatic plants have, on occasion, nearly
blocked reaches of the lower Stanislaus River and have interfered with recreational uses.

Diurnal fluctuation of dissolved oxygen has contributed to fish kills in the Tuolumne and San Joaquin
rivers.  The fluctuations are due to the presence of large algal concentrations and partially treated
municipal and industrial wastes in the rivers.  Other water quality problems include excessive
coliform levels, pesticide concentrations, and turbidity.

Generally, water quality in the lower reaches of the San Joaquin River is degraded during summer
and fall months of all water years.  The poor water quality is due to upstream diversion of the natural
flow and from the large volumes of drainage, waste waters, and return flows which, directly or
indirectly, find their way into surface streams.  The diversion of the natural flow at Friant Dam
lessens the ability of the lower San Joaquin River to assimilate the poor quality discharges below
Friant Dam.  At times, the entire flow in the lower river is comprised of return flows.

Electrical conductivity (EC), boron, and other mineral concentrations are higher in dry and critical
years due to a lack of dilution flows.  This situation has imposed a slight to moderate degree of
restriction on use of river water for irrigation.   Among the trace elements analyzed during 1991, a
critically dry year, median selenium values frequently exceeded USEPA ambient water quality
criteria of 5 micrograms per liter (µg/l) for the protection of aquatic life in the middle portions of the
river, and routinely exceeded the primary drinking water standard of 10 µg/l.

Generally, water quality in the Stanislaus, Tuolumne, and Merced rivers is good.  Typically, water
quality decreases during the late summer as natural flows in the river decrease and poorer quality
water such as agricultural return flow increases.  The tributary rivers, though contributing freshwater
flows year round, do not have sufficient flows during summer and fall months to dilute the poor
water quality in the mainstem San Joaquin River.

c. Groundwater Hydrology.  The structural basin of the San Joaquin Valley, which contains the
San Joaquin River Basin, is deep, asymmetric, and sedimentary.   The deepest layers of rock in the
structural basin, the crystalline igneous and metamorphic rock and the consolidated marine
sedimentary rock, play no significant role in development of the groundwater basin.  However, the
continental sediments that overlie the marine sediments form the developed part of the groundwater
basin.  They range in thickness from more than 4,000 feet near the center of the trough to only a few
feet along the valley perimeter.
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The Mehrten Formation is also of great importance to the fresh groundwater basin of the northern
San Joaquin Valley and yields large quantities of water to wells.  It is found along the eastern edge
of the valley to just south of the Chowchilla River.  On the west side of the valley, the upper portion
of the Tulare Formation and overlying alluvium constitutes a large portion of the developed
groundwater basin.

In general, the top 2000 feet of sediment in the San Joaquin River Region contains fresh water.
Beneath the east-side of the region the groundwater system consists of a single semi-confined
aquifer.  Beneath the western and central part of the region, the Corcoran Clay Member of the
Tulare Formation divides the groundwater system into two aquifers: a confined aquifer below the
Corcoran Clay and a semi-confined aquifer above the clay.  The Corcoran Clay generally is found
at depths of 100 to 400 feet, is a maximum of 160 feet thick and extends from the southeastern
corner of Contra Costa County to the southern end of the Tulare Lake Basin.

The principal structure controlling the occurrence and movement of groundwater in the San Joaquin
River Basin is the structural trough of the San Joaquin Valley.  Overall groundwater movement in the
basin is from the flanks toward the axis and from there toward the Sacramento-San Joaquin Delta.
Secondary structures, such as arches and faults, also influence the occurrence and movement of
groundwater.  In several areas, groundwater flows toward localized pumping depressions.

The semi-confined aquifer is recharged from stream seepage, deep percolation of rainfall,
subsurface inflow along basin boundaries, and with the expansion of irrigated agriculture, deep
percolation of applied irrigation water and seepage from distribution and drainage canals.  The
confined aquifer below the Corcoran Clay is recharged from infiltration of water in areas of the
valley where the clay is absent.  The confined aquifer also receives water from the overlying semi-
confined aquifer transmitted through unsealed well borings drilled through the Corcoran Clay.

DWR has divided this basin into several subbasins including the San Joaquin County, Modesto,
Turlock, Merced, Chowchilla, Madera and Delta-Mendota subbasins.  Other smaller subbasins
exist in the San Joaquin River Region above the valley floor.  DWR's most recent estimate of the
usable storage capacity of the San Joaquin River Region is approximately 24 million-acre feet.  The
perennial yield of the region was estimated to be 3.3 million-acre feet.  Groundwater pumping was
estimated to exceed the perennial yield by approximately 200 thousand-acre feet under normal
conditions.  Three subbasins in the San Joaquin River Region have been designated by DWR as
subject to critical conditions of overdraft: the Eastern San Joaquin County Basin, the Chowchilla
Basin and the Madera Basin.  Groundwater pumping in the region continues to increase in response
to growing urban demand and reduced surface water deliveries from north of the Delta.

Declining groundwater levels have caused land subsidence throughout the part of the region
underlain by the Corcoran Clay.  The most significant problems have occurred in western Fresno
County where land has subsided as much as 30 feet.  An area of subsurface drainage problems
exists along the western side of the San Joaquin River Basin.  Deep percolation of imported water
and a decrease in groundwater pumping in this area has resulted in a near- surface water table



State Water Resources Control Board Environmental Setting

Final EIR for Implementation of the III-82 November 1999
1995 Bay/Delta Water Quality Control Plan

causing the drainage problem.  Toxic trace elements, including selenium, in the drainage water
complicates the disposal process.  In the lower reaches of the San Joaquin River and near its
confluence with major tributaries, high periodic streamflows combined with high groundwater tables
have resulted in seepage damage to nearby farmland.

d. Groundwater Quality.  Groundwater in the San Joaquin River Basin varies widely in type
and concentration of chemical constituents.  The differences are related to the quality of water that
replenishes the groundwater reservoirs and chemical changes that occur as the water percolates
through the soil including cation exchange, sulfate reduction, mineral matter solution, and
precipitation of less soluble compounds.

Groundwater quality in the San Joaquin River Basin varies both laterally and vertically.  TDS
concentrations generally do not exceed 500 mg/l beneath the center and east side of the region due
to good quality runoff from the Sierra Nevada.  On the west side of the region, TDS concentrations
are generally greater than 500 mg/l.  At several locations in the region municipal use of groundwater
for drinking is impaired due to high TDS, boron, arsenic and nitrate concentrations.  High
concentrations of dibromochloropropane (DBCP), a nematocide, impairs municipal use of
groundwater for drinking near several cities in the region including Chowchilla, Madera, Merced
and the Modesto-Turlock area.   High boron concentrations also impair agricultural use of
groundwater in eastern Stanislaus and Merced Counties.  Selenium occurs in concentrations toxic to
humans, wildlife and aquatic species in shallow groundwater on the west side of the San Joaquin
River Basin.  Use of groundwater to support aquatic species is impaired due to high selenium
concentration between Los Banos and Mendota in the western part of the region.

5. Water Use

The average annual net water demand in the San Joaquin River Region is about 6.8 million acre-
feet.  The 1990 level total applied water for the San Joaquin River Region was 7,416,00 acre-feet.

Agricultural water demand represents 85 percent of the total for the region.  Total applied water on
about 2 million acres of irrigated agricultural land was 6,298,000 acre-feet in 1990.  The total
evapotranspiration of applied water for those crops was 4,297,000 acre-feet.

Urban demand, which includes residential, industrial, and commercial uses, accounts for 5 percent
of the total demand for the region.  The 1990 level urban applied water demand for the region was
nearly 0.5 million acre-feet and average per capita water use is about 309 gallons per day.

Environmental water use for the region's wetlands and instream fishery requirements makes up 8
percent of the net demand.  Wildlife refuges and other wetlands have a net use of 223,000 acre-
feet.  Four rivers in the region, the Mokelumne, Merced, Stanislaus, and Tuolumne, have significant
instream flow requirements.  The region's annual water requirement for instream flows is 1,169,000
acre-feet.
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Portions of the Tuolumne and Merced rivers are designated wild and scenic under the California
Wild and Scenic Rivers Act of 1972 which provides for the preservation of the natural watercourse
and character of certain rivers in the State.  The upper stretch of the Tuolumne River, below Hetch
Hetchy Reservoir and above New Don Pedro Reservoir, was designated wild and scenic in 1984.
Much of the Merced River above Lake McClure was given this status in 1987 and the eight-mile
stretch from Briceburg to Bagby was added in 1992.

6. Vegetation

Eight common natural community types occur in the San Joaquin River Region occupying
approximately 4.9 million acres out of a total land area of 8.3 million acres.  The natural
communities include mixed conifer forest, montane hardwood, montane riparian, valley foothill
hardwood, valley foothill riparian, chaparral, grassland, chenopod scrub, and fresh and saline
emergent wetlands.  Grassland is the most abundant natural community in this region, with
1.9 million acres mostly on the edges of the valley floor.  The largest numbers of special-status plant
species are found in this community.  Valley foothill woodland is the next most common natural
community, occupying 1.3 million acres of the foothill areas of the region.

Historically, the basin contained a large floodplain that supported vast expanses of permanent and
seasonal marshes, lakes and riparian areas.  Almost 70 percent of the basin has been converted to
irrigated agriculture with wetland acreage reduced to 120,300 acres.  Even so, the basin contains
the largest contiguous block of wetland habitat in the Central Valley.  Much of the native vegetation
in the San Joaquin River Basin has been replaced by introduced species or disturbed by cultivation
or grazing.  On the undisturbed portions of the basin, non-native species such as annual grasses and
Russian thistle are common, with patches of native vegetation consisting of sagebrush and saltbush.

Sensitive habitats in the San Joaquin River Basin that can be grouped into the valley and foothill
riparian community type include: great valley-valley oak riparian forest, great valley cottonwood
riparian forest, great valley mixed riparian forest, white alder riparian forest, great valley willow
scrub, buttonbush scrub, elderberry savanna, central coast cottonwood-sycamore riparian forest,
central coast live oak riparian forest, and central coast arroyo willow riparian forest.

Sensitive grassland communities of the San Joaquin River Basin include vernal pools, valley
needlegrass grassland, serpentine bunchgrass, wildflower fields, freshwater seeps, alkali playas,
valley sacaton grassland, and pine bluegrass grassland.  Three sensitive emergent wetland
communities occur in the San Joaquin River Basin: cismontane alkali marsh, coastal and valley
freshwater marsh, and vernal marsh.  Two types of sensitive chaparral habitats, serpentine chaparral
and upper Sonoran subshrub scrub, also occur in the region.

Sycamore alluvial woodland is a sensitive community that occurs on the west side of the San
Joaquin Valley.  This community type is found along the channels of intermittent streams in which
flow is usually produced by rainfall rather than snowmelt.  Sycamore alluvial woodland consists of a
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winter-deciduous broadleafed riparian woodland with widely spaced sycamores, California
buckeyes, and elderberry bushes.

Chenopod scrub is a broad community type that includes valley, foothill, and desert habitats.  The
San Joaquin Valley once contained many examples of the various types of foothill and valley
chenopod scrubs, but as a result of flood control, agriculture, and groundwater pumping, distribution
of most of these communities is now limited.  Chenopod scrub communities consist of shrubby,
often succulent species, typically dominated by the Chenopodiaceae family.  They occur on poorly
drained soils, dry lakebeds, and alluvial fans, often in alkaline or saline soils.  Valley sink scrub,
valley saltbush scrub, and interior coast range saltbush scrub are particularly sensitive community
types.  Table III-14 lists the sensitive plant species found in the San Joaquin River Basin.

7. Fish

The San Joaquin River and tributaries provide habitat for a diverse assemblage of fish, both
anadromous and resident species.  About 45 species of fish are found upstream of the Delta.  Of
these, 20 are native species.  A variety of both coldwater and warmwater fish, including salmonids,
striped bass, sunfish, catfish, shad, lampreys, perch, cyprinids, sculpin, and suckers occur in the
basin.  Table III-15 lists the sensitive fish species occurring in the basin.

Historically, the upper San Joaquin River supported spawning and rearing habitat for the southern-
most stocks of spring- and fall-run chinook salmon, and steelhead.  Streamflow releases following
the construction of Friant Dam are insufficient to support anadromous fish passage, spawning, or
rearing.  Major reaches of the mainstem river between Gravelly Ford and the confluence with the
Merced River are essentially dry for much of the year.  During summer and fall, water downstream
of Mendota Pool often consists entirely of low-quality agricultural return water.  Despite water
quality problems, the mainstem river supports a variety of warmwater species, including striped
bass, sunfish, catfish, shad, lampreys, perch, cyprinids, sculpin, and suckers.  The mainstem river
downstream from the confluence with the Merced River also provides a migration corridor for
anadromous fish to the Delta and ocean.

Although there are no minimum flow requirements for the mainstem San Joaquin River upstream of
Vernalis, there are various requirements for the basin, depending on season, water year type, and
water quality standards.  These flow requirements can be influenced by the need for maintaining the
position of the 2-ppt isohaline (referred to as X2) in the estuary, fishery studies, and temperature
needs of anadromous fish.
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Table III-14
Sensitive Plant Species in the San Joaquin River Basin

Status
Scientific Name Common Name   State CNPS Federal

Amsinckia grandiflora Large-flowered fiddleneck SE 1B FE
Castilleja campestris ssp. succulenta Succulent owl's-clover SE 1B FT
Caulanthus californicus California jewelflower SE 1B FE
Chamaesyce hooveri Hoover's spurge 1B FT
Cordylanthus palmatus Palmate-bracted bird's-beak SE 1B FE
Eriastrum hooveri Hoover's eriastrum 4 FT
Eryngium racemosum Delta button-clery SE 1B FSC
Gratiola heterosepala Boggs Lake hedge-hyssop SE 1B
Lembertia congdonii San Joaquin woollythreads 1B FE
Neostapfia colusana Colusa grass SE 1B FT
Orcuttia inaequalis San Joaquin Valley Orcutt grass SE 1B FT
Orcuttia pilosa Hairy Orcutt grass SE 1B FE
Pseudobahia bahiifolia Hartweg's golden sunburst SE 1B FE
Pseudobahia peirsonii San Joaquin adobe sunburst SE 1B FT
Tuctoria greenei Greene's tuctoria SR 1B FE
Eschscholzia rhombipetala Diamond petaled poppy 1B FSC

STATE: SE=endangered; ST=threatened; SR=rare; SC=candidate for listing; CSC=special concern.
CNPS: (California Native Plant Society) 1A=presumed extinct in California; 1B=rare,threatened, or endangered in

California and elsewhere; 2=rare,threatened,or endangered in California but more common elsewhere; 3=need
more information; 4=distribution limited (a watchlist).

FEDERAL: FE=endangered; FT=threatened; FPE=proposed endangered; FPT=proposed threatened; C=candidate for listing;
FSC=species of concern.

Source: State Water Project Supplemental Water Purchase Program, Draft Program Environmental Impact
Report (DWR, 1996)

Table III-15
Sensitive Fish Species in the San Joaquin River Basin

Status
Scientific Name Common Name State Federal

Hypomesus transpacificus Delta smelt  ST FT
Lampetra hubbsi Kern Brook lamprey  CSC FSC
Mylopharodon conocephalus Hardhead  CSC
Oncorhynchus tshawytscha Fall-run chinook salmon, C

Central Valley, CA ESU
Oncorhynchus tshawytscha Late fall-run chinook salmon,  CSC C

Central Valley, CA ESU
Oncorhynchus mykiss Steelhead, Central Valley, CA ESU FT
Pogonichthys macrolepidotus Sacramento splittail  CSC FT

STATE: SE=endangered; ST=threatened; SR=rare; SC=candidate for listing; CSC=special concern .
FEDERAL: FT=threatened; C=candidate for listing; FSC=species of concern.
Source: State Water Project Supplemental Water Purchase Program, Draft Program Environmental Impact

Report (DWR, 1996)
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To meet the requirements of the Central Valley Project Improvement Act, the U.S. Fish and
Wildlife Service is developing and implementing the Anadromous Fish Restoration Program
(AFRP). The Draft Restoration Plan (May 1997) proposes minimum flows for CVP streams and
recommends actions and evaluations for the mainstem San Joaquin River and its tributaries in order
to meet the AFRP goal of doubling the natural production of anadromous fish populations in Central
Valley streams.  For some streams in the basin, Federal Energy Regulatory Commission (FERC)
relicensing and water right processes are also underway or planned which may establish instream
flow improvements for fisheries.

In March 1995, the U.S. Fish and Wildlife Service issued a Biological Opinion concerning the
impacts of the CVP and SWP on delta smelt.  This opinion requires interim flows for the San
Joaquin River between February and June to be the same as those required in the 1995 Bay/Delta
Plan.  The USBR and DWR provide these interim flows. The interim flows vary, depending on
water year type and the need for positioning X2, and include pulse flows for the transport of juvenile
delta smelt from the San Joaquin River to Suisun Bay.

The major eastside tributaries to the San Joaquin River, the Stanislaus, Tuolumne, and Merced
rivers, support spawning and rearing habitat for fall-run chinook salmon, late fall-run chinook, and
rainbow trout/steelhead.  These tributaries also support warmwater game fish populations, such as
small and largemouth bass, sunfish, and catfish, and a variety of native fishes, such as hardhead,
Sacramento squawfish, Sacramento sucker, sculpin, and lamprey. The Calaveras, Cosumnes, and
Mokelumne rivers, tributary to the San Joaquin River in the Delta, support a variety of anadromous
and resident species.  Fishery resources in the major San Joaquin River tributaries are described in
further detail below.

a. Mokelumne River.  The lower Mokelumne River supports four species of anadromous fish:
fall-run chinook salmon, steelhead, American shad, and striped bass, and a variety of resident
species.  Fall-run chinook salmon are the most abundant anadromous fish in the river.

Conditions of the aquatic habitat and variation in environmental conditions in the river have resulted
in widely varying abundance of these species.  Returns of fall-run chinook salmon reached a peak of
slightly more than 11,000 in 1983, but declined to fewer than 410 spawners in 1991.

Before the completion of Camanche Dam in 1964, chinook salmon spawned primarily between the
town of Clements and the canyon about 3 miles below Pardee Dam.  Currently, the majority of
salmon spawning occurs in the 5 miles between Camanche Dam and Mackville Road, with 95% of
the suitable spawning habitat within 3.5 miles of the dam. As mitigation for the loss of spawning
habitat with the construction of the dam, the Mokelumne River Fish Hatchery (MRFH) was
constructed, with a capacity to produce 100,000 yearling steelhead and to process 15 million
chinook salmon eggs per year.  From 1964 to 1988, the MRFH received extremely low numbers of
returning adult chinook and steelhead; eggs were imported from other hatcheries to meet production
goals.
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Prior to completion of Camanche Reservoir, steelhead were the most important sportfish in the
lower Mokelumne River based on creel census data.  The present natural production of steelhead in
the river is thought to be very low.

In 1992, EBMUD prepared a comprehensive management plan for the lower Mokelumne River
that included additional instream flows and non-flow enhancement components. In water year 1992,
EBMUD voluntarily implemented the basic provisions of the FERC Principles of Agreement
(EBMUD, CDFG, USFWS 1996), which included increased flow releases year-round.  In recent
years, adult chinook salmon returns to the river and hatchery have significantly improved.

b.    Stanislaus River.  Flow releases for fishery purposes in the lower Stanislaus River are
designated in a 1987 agreement between USBR and CDFG.  This agreement specifies interim
annual flow allocations for fisheries between 98,300 AF and 302,100 AF, depending on carryover
storage at New Melones Reservoir and inflow.

Historically, the river supported steelhead and spring- and fall-run chinook salmon.  The river now
supports fall-run chinook salmon, small numbers of late fall-run chinook and rainbow
trout/steelhead, and a variety of resident species.  Similar to other tributaries in the basin, fall-run
spawning escapements have varied significantly since surveys were initiated in 1939.  In the recent
drought years (1987 – 1992), returns to the river reached extremely low levels.  Since the end of
the drought, returns have recovered somewhat.

Fall-run chinook typically begin migration into the river in late September to early October.
Elevated water temperatures may delay upstream migration and spawning.  Spawning occurs from
October through December, typically peaking in November.  Fry rearing occurs from January
through March.  Juveniles emigrate from the river either as fry from January through March, or as
smolts from March through June.

c.  Tuolumne River.  Flow requirements for the lower Tuolumne River are specified in the New
Don Pedro Proceeding Settlement Agreement (February 1996) and the FERC License Amendment
for the New Don Pedro Project (July 1996).  Minimum flows ranging from 94,000 AF to 300,923
AF are provided in the lower Tuolumne River, based on water year type.

Historically, the river supported spring and fall-run chinook salmon and steelhead trout.  The river
now supports fall-run chinook salmon, small numbers of late fall-run chinook and rainbow
trout/steelhead, and a variety of resident species.  As in the other San Joaquin River basin tributaries
used for spawning, fall-run escapements in the lower Tuolumne River have varied significantly since
surveys were initiated in 1939.  These population fluctuations are the result of extreme variations in
environmental conditions.  Since surveys were initiated, the Tuolumne River, on average has
supported the highest spawning escapements among the San Joaquin River tributaries.
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As in other San Joaquin basin tributaries, spawning returns to the river reached extremely low levels
in the recent drought years (1987 – 1992).  Since the end of the drought, returns have recovered
somewhat.

Fall-run chinook typically begin migration into the river in late September to early October.
Elevated water temperatures may delay upstream migration and spawning.  Spawning occurs from
October through December, typically with a peak in November.  Fry rearing occurs from January
through March.  Juveniles emigrate from the river either as fry from January through March, or as
smolts from March through June.

d.   Merced River.   Streamflows for fishery purposes in the lower Merced River are mandated
in FERC License No. 2179 for the New Exchequer Project (April 1964) and the Davis-Grunsky
Contract No. D-GG417 between DWR and MID (October 1967).  In recent years, water
purchases/transfers have been used to supplement streamflows in the lower river.

Historically, the river supported spring and fall-run chinook salmon and perhaps steelhead.  The
river now supports fall-run chinook salmon, rainbow trout/steelhead, perhaps late fall-run chinook
salmon, and a variety of resident fish species.  As with the Stanislaus and Tuolumne rivers, the
number of late fall-run chinook and rainbow trout/steelhead in the river is unknown.  Each year, a
few large rainbow trout/steelhead enter the Merced River Hatchery (MRH), but the origin of these
fish is unknown.

As with other tributaries in the basin, fall-run chinook salmon escapements in the lower Merced
River have varied significantly since surveys were initiated.  During the 1987 to 1992 drought,
spawning escapement declined to seriously low levels. Since the end of the drought, returns have
recovered somewhat.

Merced River Hatchery, located below Crocker-Huffman Dam, is presently the only salmon
hatchery in the San Joaquin River drainage south of the Delta.  Operated by DFG, the hatchery was
constructed in 1970 and operated for 10 years with funding provided in the Davis-Grunsky
Agreement.  The facility was recently modernized; production capacity was increased to 360,000
yearling salmon and 600,000 salmon smolts and egg production capacity was increased to 4 million.

Fall-run chinook typically begin migration into the river in October, although migration may be
delayed due to low instream flows and elevated water temperatures.  Spawning occurs from
October through December, typically peaking in November.  Fry rearing occurs from January
through March.  Juveniles emigrate from the river either as fry from January through March, or as
smolts from March through June.
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8. Wildlife

Historically, the San Joaquin Valley was composed of a combination of large seasonal wetlands,
extensive grasslands, broad riparian corridors, and vast parcels of desert scrub.  The valley
supported an exceptionally diverse group of wildlife species, which included bison, elk, and grizzly
bears.  Agricultural, urban, and commercial development have reduced, fragmented, and heavily
modified natural habitat on the valley floor; only about 5 to 10 percent of its historical habitats
remain.

Although few large mammals remain in the San Joaquin Valley, the remnant habitat continues to
support a diverse group of species.  Coyotes, gray foxes, kit foxes, badgers, skunks, and opossums
feed on the many species of rodents, rabbits, reptiles, and insects on the valley floor.  California and
antelope ground squirrels make up the majority of large terrestrial rodents, while beaver and
muskrat represent semi-aquatic species.

Millions of waterfowl associated with the Pacific Flyway overwinter in the valley wetlands.  Raptor
species, including bald eagles, prairie falcons, and great-horned owls, hunt in the wetlands,
grasslands, and riparian habitats of the San Joaquin Valley.  Many passerines, including species of
flycatchers, swallows, warblers, blackbirds, and sparrows, nest and/or overwinter in the variety of
habitats associated with the San Joaquin River Basin.  Upland game birds include dove, pheasant,
chukar, and quail; shorebirds include multiple species of gulls, terns, plovers, sandpipers, and egrets.

Herptiles of the area include garter, gopher, night, and king snakes; western pond turtles; leopard,
fence, alligator, and side-blotched lizards; skinks and whiptails; red-legged, yellow-legged, tree, and
bull frogs; and tiger and slender salamanders.  As with other diverse habitats, the San Joaquin River
Basin is home to thousands of insect and other invertebrate species.

The loss of the majority of natural habitat in the valley, and its subsequent replacement by urban and
agricultural monocultures, resulted in the decline of many of the valley’s species, some to near
extinction.  Although conservation agencies have succeeded in slowing the habitat loss trends, many
species continue to struggle for survival.  Table III-16 lists the sensitive wildlife species found in the
San Joaquin River Basin.

A total of 77 significant natural areas are scattered throughout the San Joaquin River Basin.  These
SNAs are important to waterfowl and shore birds that winter and nest in the San Joaquin River
Basin, as well as for many special-status species.

Food and cover for native wildlife are limited throughout much of the valley.  The hot, dry climate of
the west side of the San Joaquin Valley limits vegetation on the valley floor mostly to sagebrush,
tumbleweed, and some grasses, except in a few draws and creek channels.  The foothills of the
Coast Ranges are also dry and mostly treeless except in a few creek bottoms.  Some wildlife cover
plantings along the San Luis Canal have provided additional wildlife habitat.
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In the trough of the San Joaquin Valley between Mendota and Gustine are tens of thousands of
acres of excellent waterfowl land which constitute an important station along the Pacific Flyway.
Drainage flows were previously an appreciable percentage of the water supply for this area and
were used to grow feed and cover crops, and to provide resting ponds for the waterfowl using this
area.  While drainage seemed to be an attractive source of water for wetland use, selenium levels in
the drainage water became toxic to waterfowl.  The Grasslands Water District no longer accepts tile
drainage flows in the Grasslands area for wetland use.  Since passage of the CVPIA, water for
these wetlands has been made available from the Delta-Mendota Canal or tailwater supplies.
Selenium remains a concern because the Grasslands area has a significant accumulation of these
salts from local tributary streams and the residues from past use of tile drain water.

9. Recreation

Key recreation areas in the San Joaquin River Region are Millerton Lake, San Luis Reservoir, New
Melones Reservoir, Lake McClure, New Don Pedro Reservoir, and the San Joaquin, Merced,
Tuolumne, and Stanislaus rivers.  Key federal and State wildlife refuges that provide opportunities
for hunting waterfowl and upland game are the San Luis, Merced, and Kern NWRs and the Volta
and Los Banos WMAs.  Waterfowl and upland game hunting on private lands is also described in
this section.  Other potentially affected recreation areas include Bethany Reservoir, O'Neill
Forebay, New Hogan Lake, and Camanche Reservoir; the Mokelumne and Calaveras Rivers; and
the California Aqueduct and Delta-Mendota Canal.

a. Reservoirs .  Recreation opportunities in the San Joaquin River Basin have been shaped
substantially by the construction of dams and creation of large lakes on the San Joaquin River and
all of its major tributaries.  Between 1945 and 1970, flatwater recreation opportunities in the San
Joaquin River Region became more extensive as lakes, reservoirs, and recreation facilities were
constructed.  Between 1945 and the mid-1960s, Millerton Lake provided most of the flatwater
recreation opportunities in the region.  In 1970, the combined annual recreation use at San Luis
Reservoir and Millerton Lake totaled approximately 678,000 visitor-days, increasing to
approximately 1.6 million visitor days in 1980 with the addition of New Melones Reservoir.

San Luis Reservoir.  The San Luis Reservoir SRA, operated by DPR, covers
approximately 12,700 surface acres when full.  Major components of the San Luis Reservoir SRA
are the recreation facilities that accommodate boating, water-skiing, fishing, picnicking, camping,
hunting, and trail use activities.  Boat access is provided in the southeastern portion of the reservoir
at the Basalt area, a two-lane concrete boat ramp and boarding dock, and at the northwestern
Dinosaur Point use area, which features a four-lane concrete boat ramp and boarding dock.

Boat and shore fishing occurs throughout San Luis Reservoir.  Striped bass is the primary game fish
in the reservoir.  Fishing is usually of high quality from late February through summer, with striped
bass fishing best during winter and spring.
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Table III-16
Sensitive Wildlife Species in the San Joaquin River Basin

Status
Scientific Name Common Name State Federal

Agelaius tricolor Tricolored blackbird CSC FSC
Branta canadensis leucopareia Aleutian Canada goose FT
Buteo swainsoni Swainson's hawk ST
Empidonax traillii Willow flycatcher SE
Grus canadensis tabida Greater sandhill crane ST
Haliaeetus leucocephalus Bald eagle SE FT
Plegadis chihi White-faced ibis CSC FSC
Vireo bellii pusillus Least Bell's vireo SE
Ammospermophilus nelsoni San Joaquin antelope squirrel ST FSC
Antrozous pallidus Pallid bat CSC
Corynorhinus townsendii townsendii Townsend's western big-eared bat CSC
Dipodomys ingens Giant kangaroo rat SE FE
Dipodomys nitratoides exilis Fresno kangaroo rat SE FE
Euderma maculatum Spotted bat CSC FSC
Eumops perotis californicus California mastiff bat CSC FSC
Myotis ciliolabrum Western small-footed myotis FSC
Myotis evotis Long-eared myotis FSC
Myotis volans Long-legged myotis FSC
Myotis yumanensis Yuma myotis FSC
Neotoma fuscipes riparia Riparian woodrat CSC FPE
Sylvilagus bachmani riparius Riparian brush rabbit SE FPE
Vulpes macrotis mutica San Joaquin kit fox ST FE
Rana aurora draytonii California red-legged frog FT
Clemmys marmorata Western pond turtle
Gambelia sila Blunt-nosed leopard lizard SE FE
Thamnophis gigas Giant garter snake ST FT
Branchinecta conservatio Conservancy fairy shrimp FE
Branchinecta longiantenna Longhorn fairy shrimp FE
Branchinecta lynchi Vernal pool fairy shrimp FT
Desmocerus californicus dimorphus Valley elderberry longhorn beetle FT

STATE: SE=endangered; ST=threatened; SR=rare; SC=candidate for listing; CSC=special concern.
FEDERAL: FE=endangered; FT=threatened; FPE=proposed endangered; FPT=proposed threatened;

C=candidate for listing; FSC=species of concern.

Source: State Water Project Supplemental Water Purchase Program, Draft Program Environmental Impact
Report (DWR, 1996)
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Wind conditions on the reservoir can create hazardous boating conditions.  Warning lights at the
DWR-operated Romero Overlook visitor center and DPR Quien Sabe Point facility indicate when
wind conditions on the reservoir are hazardous.  San Luis Reservoir has no designated swimming or
lakeside beach areas.  Water-skiing is allowed in designated areas around the 65-mile reservoir
shoreline.

Migratory waterfowl hunting is permitted on most of the reservoir at approximately 300 feet from
established reservoir and recreation facilities.  Hunting for deer and wild pig is also allowed in the
San Luis Reservoir SRA on the northwestern reservoir shoreline.  Recreation use at San Luis
Reservoir is optimized at a maximum reservoir pool elevation of 544 feet above msl.  Use of the
Basalt area boat ramp becomes inconvenient at approximately 340 feet above msl, but it can be
used on a limited basis.  The four-lane boat ramp at Dinosaur Point can be used at the minimum
reservoir pool but is difficult to access below 360 feet above msl.  Swimming activities are not
affected by reservoir surface water fluctuations because the reservoir has no designated swimming
facilities.

Millerton Lake.  Recreation facilities at Millerton Lake are operated by DPR as part of the
Millerton Lake SRA.  When full, the lake has a surface area of 4,920 acres, 51 miles of shoreline,
and a surface elevation of 537 feet above msl.

Recreation opportunities at Millerton Lake include fishing, swimming, boating, water-skiing,
picnicking, camping, and trail use.  Boat access is provided on the south and north shores of the
lake.  Major use areas are the La Playa, Grange Grove, Blue Oak, and South Bay picnic areas;
McKenzie Point boat ramp and swimming area; and Winchell Bay Marina and South Finegold
picnic area on the south shore.  Five boat ramps located along the south shore provide 33 launching
lanes.  The north shore features camping facilities at Dumna Cove and a two-lane boat ramp at the
Meadow Campground.  The Winchell Bay Marina provides up to 450 berthing slips.

Fishing occurs from boats and the shore throughout the reservoir.  The Millerton Lake fishery
consists of trout and warmwater species.  The warmwater fishery includes a popular inland striped
bass program along with spotted and largemouth bass.  It is a popular lake for bass tournaments.
Swimming and sunbathing are popular at the La Playa and South Bay picnic areas from May
through September.  Boating and water-skiing are popular throughout the main southern reservoir
areas.  Northwest of Finegold Bay, the 16-mile San Joaquin River Canyon portion of the reservoir
is designated as a no-skiing area with a 35-mile-per-hour (mph) boat speed limit.  A 5-mph boat
speed limit is enforced at the Temperance Flat boat and environmental camps.

Millerton Lake is a popular recreation destination for Fresno, Madera, and Merced county
residents and regularly sustains heavy use during the peak summer season.  In 1992, use at the
Millerton Lake SRA totaled approximately 948,000 visitor days.

Despite the availability of usable boat ramps year-round, Millerton Lake recreation use decreases
substantially when the reservoir drops to an elevation of 468 feet above msl.  Boat Ramps No. 1
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(La Playa) and 6 (Meadow Camp) can be used at all surface water elevations.  Ramp No. 2 can be
used between elevations 520 and 537 feet above msl; Ramp No. 3 at elevations above the normal
maximum pool from 537 to 578 feet above msl; Ramp No. 4 at surface water elevations of 500 to
520 feet above msl; and Ramp No. 5 at elevations 468 to 500 feet above msl.

Winchell Bay Marina operations are affected by changes of approximately 3 feet in surface water
elevation.  Although the marina must be moved frequently when the lake fluctuates, it is operable at
all surface water elevations.

The south shore swimming areas are also affected by changes in reservoir water elevations.  The La
Playa swimming area is generally used at high water elevations, and the McKenzie Point swimming
area is generally used at low water elevations.  Camping at most of the lake units is not affected by
water elevations, except for the Temperance Flat camping unit, which cannot be used below 520
feet above msl.

New Melones Reservoir.  Recreation facilities at New Melones Reservoir have operated
since 1979 when initial recreation development was completed.  When full, the reservoir has a
surface area of approximately 3,600 acres, 105 miles of shoreline, and a surface elevation of
1,088 feet above msl.

Recreation facilities at the reservoir accommodate swimming, boating, water-skiing, fishing,
picnicking, and camping.  Boat access is provided on the north and east shores of the reservoir.
Developed use areas are the Glory Hole recreation area in the northwestern portion of the reservoir
and the Tuttletown recreation area on the eastern shore.  The Mark Twain, Parrot's Ferry, Camp
Nine, and Old Town recreation areas are undeveloped and offer minimal facilities.

The Glory Hole recreation area is the most intensively used facility on the reservoir and features
three boat ramps (seven-lane) used for high, medium, and low reservoir levels; a concession-
operated marina with berthing slips; three courtesy docks; picnic sites; and camping facilities.  A
developed beach area provides swimming opportunities.

The Tuttletown recreation area features three seven-lane boat ramps used for variable reservoir
levels, three courtesy docks, a fish-cleaning station, picnic sites, and camping facilities.  The
designated swimming area and beach at Angels Arm recreation area is closed.  Boating and water-
skiing are popular throughout the main reservoir area, and fishing is popular from boats and the
shoreline.

Approximately 1,495,000 visitor days at New Melones Reservoir were recorded in 1992.  Water-
dependent recreation activities, which account for the largest portion of annual visitation, include
water-skiing, pleasure boating, and fishing.  Camping is the most popular water-enhanced activity.
The optimal reservoir level for recreation use is at an elevation of approximately 950 to 980 feet
above msl.  All boat ramps except one at Glory Hole cease operation as the lake reaches a surface
elevation of 950 feet above msl.  The Glory Hole boat ramp is a 2-lane facility constructed by
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volunteers to provide boat access at a reservoir elevation as low as 860 feet above msl.  The Glory
Hole Marina must be moved with changing water levels.  At an approximate elevation of 900 to
950 feet above msl, use is substantially reduced by loss of all but the Glory Hole boat ramp.  At an
elevation of 880 feet above msl, which was reached during the recent drought, the marina closes.
Other ramps in the Mark Twain, Parrot's Ferry, and Old Town undeveloped recreation areas are
old roads that can be used on a limited basis to an elevation of approximately 850 feet above msl.

Lake McClure .  Lake McClure is owned and operated by the Merced ID.  When full, the
lake has a surface area of 7,100 acres, 80 miles of shoreline, and an elevation of 867 feet above
msl.  Recreation facilities at Lake McClure accommodate a wide variety of water-dependent and
water-enhanced activities.  Boat access is provided at ramps located around the shoreline.  The four
major use areas are McClure Point and Barrett Cove recreation areas on the western shoreline,
Horseshoe Bend recreation area on the northern shoreline, and Bagby recreation area at the SR 49
crossing on the eastern reservoir arm.

McClure Point facilities include 3 boat launch lanes, a swimming lagoon, a marina with a store and
houseboat mooring, picnic areas, comfort stations, and 100 camping units.  Barrett Cove features 2
boat ramps with a total of 5 lanes, a swimming lagoon, a marina, comfort stations, picnic areas, and
275 camping units.  The Horseshoe Bend recreation area features a 2-lane boat ramp, a swimming
lagoon, picnic areas, and 110 camping units.  The Bagby recreation area provides a 1-lane boat
ramp, marina, picnic area, and 25 camping units.  Each use area has a concession store.

Approximately 606,000 visitor days were recorded at Lake McClure in 1992.  Day-use activities
accounted for most of the visitor days.  Recreation activities include boating, water-skiing, fishing,
swimming, sailing, jet skiing, hang gliding, picnicking, and camping.  Boating and water-skiing occur
throughout the reservoir.  Year-round planting enhances rainbow trout fishing opportunities from
boat and the shoreline.  Bass fishing has improved since the Florida largemouth bass was
introduced.  Swimming areas are provided at three developed lagoons that feature beach and picnic
areas.

The Lake McClure boat ramps cease operation between 590 and 793 feet above msl.  The Bagby
ramp is the first to cease operation at 793 feet above msl, followed by Horseshoe Bend at 758 feet
above msl; McClure Point at 650 feet above msl; southern Barrett Cove ramp at 630 feet above
msl; and northern Barrett Cove and Piney Creek, both at 590 feet above msl.  The Horseshoe
Bend and Bagby ramps were the only facilities affected during the peak summer recreation season
under drought conditions in 1992.

New Don Pedro Reservoir.  New Don Pedro Reservoir is owned and operated by the
Modesto ID and the Turlock ID.  The Don Pedro Recreation Agency operates recreation facilities.
When full, the reservoir has a surface area of 13,000 acres, 160 miles of shoreline, and a maximum
water surface elevation of 830 feet above msl.
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Recreation facilities at the reservoir accommodate water-dependent and water-enhanced activities.
The developed use areas are Fleming Meadows recreation area on the southern shoreline, Blue
Oaks recreation area on the southwestern shoreline, and Moccasin Point recreation area on the
northeastern arm of Moccasin Bay, all with boat launch facilities.  Two full-service marinas featuring
docks, boat slips, mooring areas, and provisions are provided at Fleming Meadows and Moccasin
Point recreation areas.  A 2-acre swimming lagoon at Fleming Meadows is separated from the main
reservoir body and includes a swimming area with a maximum depth of 6 feet, picnic facilities, and a
sandy beach area.  Camping facilities consist of 550 sites for the 3 recreation areas.  Primitive boat-
in camping is allowed throughout the 160-mile shoreline.

Recreation activities include boating, swimming, water-skiing, jet skiing, windsurfing, sailing,
houseboating, fishing, camping, boat-in camping, picnicking, and sightseeing.  Boating and water-
skiing occur throughout the reservoir.  Swimming occurs mainly at the Fleming Meadows swimming
lagoon.  Shore and boat fishing is mainly for bass, trout, salmon, crappie, bluegill, and catfish.

Use at New Don Pedro Reservoir totaled approximately 419,000 visitor days in 1992.  Water-
dependent recreation, such as boating, water-skiing, fishing, and camping account for most of the
annual visitation.

The full pool elevation for New Don Pedro Reservoir is 830 feet above msl.  Generally, use of the
reservoir declines moderately when the elevation reaches 790 feet above msl and considerably at
750 feet above msl.  The Fleming Meadows boat ramp is out of operation at elevation 600 feet
above msl (minimum pool).  Between 710 feet and minimum pool, five ramps are lost.  The
Moccasin Point boat ramp cannot be used at an elevation of 722 feet above msl, and the Blue Oaks
boat ramp cannot be used at 726 feet above msl.  The Fleming Meadows and Moccasin Point
marina operations are limited at 600 and 630 feet above msl, respectively.  The swimming lagoon is
used at all reservoir surface water elevations because it is separated from the main reservoir and
water levels are maintained by pumping water from the reservoir to the lagoon.

Bethany Reservoir.  The 160-acre Bethany Reservoir is located on the California Aqueduct
just south of the Delta pumping plants in Alameda County.  DPR operates the recreation facilities at
the reservoir.  The reservoir functions as a forebay for the South Bay Pumping Plant and a balancing
pool for discharge from the Harvey O. Banks Pumping Plant.

Recreation facilities provide opportunities for fishing, boating, windsurfing, picnicking, hiking, and
bicycling.  Boat access is provided at a two-lane boat ramp on the northern shoreline near the main
reservoir access point.  Picnic areas are provided on the northern and southern shorelines; a bicycle
path along the northern shoreline connects the picnic areas.

Fishing is the most popular activity at Bethany Reservoir, and striped bass and catfish are the
species most often caught.  Boating is allowed on Bethany Reservoir, however, although boat sizes
are not limited, maximum speeds are limited to 15 mph in open water and 5 mph within 200 feet of
the shore.  Strong winds at the reservoir provide windsurfing opportunities.
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Approximately 30,000 visitor days were recorded at Bethany Reservoir in 1991.  Because Bethany
Reservoir functions as a forebay and regulating reservoir on the California Aqueduct, its water
surface elevation does not fluctuate substantially.

O'Neill Forebay.  Recreation facilities at the 2,700-acre O'Neill Forebay supplement
recreation opportunities provided on San Luis Reservoir.  Recreation facilities include the Medeiros
recreation area, which provides picnicking, camping, and boat ramp access, and the San Luis
Creek day-use area, which provides picnicking, swimming, and boat ramp access.

Approximately 1,250,000 visitor days at O'Neill Forebay were estimated in 1992.  Recreation
facilities provide more diverse recreation opportunities at the forebay than at San Luis Reservoir.
Windsurfing, swimming, wading, and relaxing are the most popular activities at the forebay.

Recreation use at O'Neill Forebay generally is not affected by water level fluctuations because, as
with Bethany Reservoir, surface water elevations at these control reservoirs are usually maintained
at constant levels.  DWR tries to maintain high water surface elevations as operational needs allow
at O'Neill Forebay to provide a safe windsurfing area.  If water levels were to fluctuate greatly,
beach use would probably be adversely affected because a minor drop in surface elevation would
expose a relatively large amount of the forebay shoreline.

New Hogan Lake.  New Hogan Lake is located on the Calaveras River and is operated by
the USCOE.  When full, the lake has a surface area of approximately 4,400 acres, 50 miles of
shoreline, and a surface elevation of 713 feet above msl.  Recreation facilities at New Hogan Lake
provide opportunities for a wide variety of water-dependent activities, such as boating, water-
skiing, fishing, swimming, and boat-in camping.

Boat access is available at Fiddleneck day-use area and Acorn East Campground.  Major day- and
overnight-use areas along the shoreline are primarily concentrated on the western and northern
shoreline and include the Monte Vista picnic and trail use area, Wrinkle Cove picnic and swimming
area, Acorn West and East campgrounds, Coyote Point Campground, and Fiddleneck day-use
area.  The Deer Flat boat-in camp is located on the southeastern shore.   Shoreline fishing access is
provided at the Bear Creek and Whiskey Creek access points on the southern shoreline and at
major use areas on the western and northern shore.  The New Hogan Marina at the south end of
the Fiddleneck day-use area offers boating and fishing supplies, 80 to 90 berthing slips, and boat
storage facilities.

Boating and water-skiing are popular lake activities during summer.  Jet skiing is becoming
increasingly popular at the lake, particularly during optimal water level periods.  Boating speeds are
restricted to 5 mph in most of the southern and western shoreline coves.  Wrinkle Cove is a popular
swimming area where boats are prohibited.

Fishing occurs from boats and the shore throughout the lake.  According to a DFG creel census,
naturally reproducing striped bass are plentiful in New Hogan Lake, although recent creel census
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data show a decline in fishing conditions during the 1988-1992 drought.  Black bass, crappie,
sunfish/bluegill, and catfish are caught regularly.

In 1992, use at the lake totaled approximately 555,000 visitor days.  Water-dependent recreation
activities (e.g., boating, water-skiing, swimming, and fishing) accounted for a large proportion of this
use.  Average reservoir pool elevation at the beginning of the recreation season is 680 feet above
msl.  The reservoir pool elevation for the average recreation season (April-September) is 665 feet
above msl.

Lake levels that fall below normal or average levels adversely affect recreation at New Hogan Lake.
Although extreme high water inundates some day-use and camping facilities, the quality of recreation
is not substantially affected by high water.  When lake levels are at or above normal levels, hazards
and visually unappealing shorelines are not exposed.  Recreation use is high during this period
because a large amount of water surface is available and the shoreline is safely accessible.

Boat Ramps Nos. 1, 2, and 3 at the Fiddleneck day-use area cannot be used at elevations 575,
650, and 673 feet above msl, respectively.  The Acorn East Campground ramp cannot be used at
an elevation of 662 feet above msl.  The New Hogan Marina must move facilities frequently during
the summer recreation season.  Low water levels greatly affect marina operation and business.  Use
of picnic facilities is usually not substantially affected by water levels, but campground use is greatly
affected by low water levels in all of the New Hogan Lake facilities because access to lakeside
camping facilities is reduced.

Camanche Reservoir.  Camanche Reservoir, a 7,700-acre reservoir with 53 miles of
shoreline, is owned and operated by EBMUD.  Recreation facilities include 15,000 acres of
recreation lands, 2 main recreation areas with tent and RV camp sites, 2 marinas, 3 paved boat
ramps with a total of 17 lanes, cottages, tennis courts, riding stables, conference rooms, a general
store, a coffee shop, and an amphitheater.  The north and south shore marinas are full-service
facilities featuring boat slips, boat rentals, and bait and tackle.

Water-dependent recreation activities are swimming, water-skiing, jet skiing, windsurfing and fishing
year-round.  Water-skiing is restricted in the upper reservoir arms.  Fishing occurs for cold- and
warm-water species such as rainbow and brown trout, channel and white catfish, sunfish, crappie,
largemouth and smallmouth bass, spotted black bass, and white sturgeon.

Approximately 387,000 total visitor days were recorded at Camanche Reservoir's north and south
shore recreation areas in 1992.  Water-dependent recreation activities dominate reservoir use.  In
1992, overnight use was greater than day use.

At full pool, the Camanche Reservoir surface water elevation is 235 feet above msl.  One of the
south shore boat ramps is operational at elevation 180 feet above msl to full pool.  The second
south shore boat ramp is operational at 170 to 180 feet above msl.  The north shore boat ramp is
operational at elevation 205 to 235 feet above msl and at elevation 160 to 190 feet above msl.
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b. Rivers .  Construction and operation of the lakes and reservoirs that provide flatwater
recreation opportunities have substantially affected instream uses below them.  Sport fisheries in
rivers below major lakes and reservoirs have substantially declined.  As upstream spawning areas
have been lost and water has been diverted, salmon and steelhead populations have declined.

San Joaquin River.  The lower San Joaquin River is more than 100 miles long from
Millerton Lake to the Sacramento-San Joaquin Delta.  Recreational development on the San
Joaquin River below Friant Dam has been expanding in recent years with the creation of the San
Joaquin River Conservancy, a state-established regional land conservancy.  Recent parkway
developments in the Fresno area include Lost Lake Park and the Lewis Moran Bicycle Trail.  The
river borders the Madera/Fresno county line from Millerton Lake to the Merced County line near
the SR 152 crossing.  Public access is available along this reach at several road and state highway
crossings.  The river borders the San Luis NWR and crosses the Fremont Ford SRA in Merced
County.  Stanislaus County recreation facilities include the Las Palmas fishing access site, Laird
County Park, and numerous public access points.  Recreation facilities on the river in San Joaquin
County are Durham Ferry SRA, Mossdale Landing County Park, Dos Reis County Park, and
numerous public road crossings.  The City of Stockton has three recreation facilities on the
Stockton Deep Water Channel.  The Buckley Cove Marina is located on the San Joaquin River
east of Stockton.

Merced River.  The Merced River below McSwain Dam is a 50-mile-long reach that
crosses private agricultural and grazing land in Merced County enroute to its confluence with the
San Joaquin River at the Merced/Stanislaus county line.  Major public recreation facilities on the
river are Henderson County Park on Merced Falls Road east of Snelling, McConnell SRA
northeast of Livingston on SR 99, Hagaman County Park at the SR 165 river crossing, and George
J. Hatfield SRA on Kelley Road near the San Joaquin River confluence.  County parks provide
primarily day-use facilities, and State recreation areas provide day-use facilities and camping units.

The two county parks offer group picnic areas and softball fields.  No swimming or other water
contact activities are allowed at either park because lifeguards are not provided.  No boat ramps
are provided at the county parks, and boating use is generally low because the river is shallow as
most of the flow is diverted upstream.  Some canoeing and rafting occurs on the lower river.

Tuolumne River.  The Tuolumne River below New Don Pedro Reservoir extends
approximately 50 miles to its confluence with the San Joaquin River, traversing mainly private open
space and grazing lands, property within the City of Modesto, and several public parks.  Major
recreation facilities are the La Grange County Regional Park on Yosemite Boulevard near La
Grange, Turlock Lake SRA located on Lake Road between Turlock Lake and the river, Fox
Grove Regional County Park near the Greer Road/Albers Road crossing, two golf courses adjacent
to the river near the SR 99 crossing, and the Shiloh fishing access site at the Shiloh Road crossing
upstream of the San Joaquin River/Tuolumne River confluence.
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Recreation use on the lower Tuolumne River consists of primarily water-dependent activities, such
as fishing, swimming, canoeing, rafting, and water-enhanced activities at picnic areas and
campgrounds.

Stanislaus River.  The reach of Stanislaus River between New Melones Reservoir and its
confluence with the San Joaquin River is 60 miles long.  The river traverses primarily private
agricultural and grazing lands in Tuolumne, Stanislaus, and San Joaquin counties.  It borders the
Stanislaus/San Joaquin county line approximately 4 miles downstream from Oakdale.  A number of
developed and undeveloped public parks are located along the lower Stanislaus River.  Caswell
Memorial State Park is approximately 3 miles upstream of the Sacramento/San Joaquin river
confluence; this public facility features day-use facilities and a campground.  Public access to the
river is dispersed at numerous road crossings.  Access for a whitewater rafting run is provided just
below Goodwin Dam.  The 4-mile-long whitewater run between Goodwin Dam and Knights Ferry
is rated Class II-VI (advanced) with several difficult portages.  Other river activities include fishing,
swimming, picnicking, and camping.

Mokelumne River.  The lower Mokelumne River is a 29.6-mile-long segment of the river
between Camanche Reservoir and the Sacramento/San Joaquin Delta.  Most of the lower
Mokelumne River traverses private rural lands.  Major public recreation facilities on the river are
EBMUD's Mokelumne River Day Use Area located on McIntire Road near Camanche Reservoir,
Stillman McGee County Park on Mackville Road near Clementes, and Lake Lodi near the
community of Woodbridge.  Public access to the Mokelumne River is available at numerous road
crossings in and around Lodi.

Recreation facilities at the Mokelumne River Day Use Area consist of parking, picnic areas,
portable toilets, and river access.  No boat launch facilities are provided in this recreation area.
Popular recreation activities include fishing, wading, swimming, canoeing, kayaking, tubing, and
picnicking.

Calaveras River.  The Calaveras River below New Hogan Lake is 45 miles long and
crosses primarily private land in Calaveras and San Joaquin counties enroute to its confluence with
the San Joaquin River at the Stockton Deep Water Channel.  In Stockton, the river crosses several
roads that provide public access.  The only public recreation facilities immediately adjacent to river
are the Stockton Golf and Country Club and the Brookside Community Golf Course; both are
located near the confluence with the San Joaquin River.  The Buckley Cove Marina is located
immediately downstream of the confluence.  The marina consists of approximately 47 acres devoted
to boat launching, parking, and marina uses and 5 acres for picnicking, a tot-lot play area, and shore
fishing access.  Activities include some small-craft boating, fishing, swimming, and wading.
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c. Conveyance Facilities.  Fishing is popular along many of the canals in the area.  Public
access is provided on the California Aqueduct and the Delta-Mendota Canal.

California Aqueduct.  Fishing access is provided along much of the California Aqueduct,
stretching from Bethany Reservoir west of Tracy to Silverwood Lake in Southern California.  Most
of the portion of the aqueduct that passes through the San Joaquin River Region has walk-in access
for fishing.  There are 11 fishing access sites which provide parking and toilet facilities.  In addition,
there are also 97 miles of bikeways along the Aqueduct.

A stock of many kinds of fish has developed from fish and eggs surviving the CVP and SWP
pumps.  Fish species caught in the aqueduct include striped bass, largemouth bass, catfish, crappie,
green sunfish, bluegill and starry flounder.

Delta-Mendota Canal.  Fishing access to the Delta-Mendota Canal is provided at Delta-
Mendota Canal Site 2A in Stanislaus County and Delta-Mendota Canal Site 5 in Fresno County.
Canal Site 2A, covering 87 acres, includes a parking area and restrooms.  Canal Site 5, covering
570 acres, also includes parking areas and restrooms.  Neither site provides picnicking or camping
facilities.  Fishing access to the Delta-Mendota Canal is limited to the developed access points.

Fishing is the primary activity at both access sites.  Fish species most frequently caught at the access
sites are striped bass and catfish.

d. Wildlife Refuges.  Recreation activities at the federal wildlife refuges and State Wildlife
Management Areas which receive surface water diversions could be affected by the proposed
actions.  Wildlife refuges in the San Joaquin River Region include the San Luis and Merced NWRs
and Volta and Los Banos WMAs.

Most recreation activities on the refuges are associated with the presence of waterfowl and upland
game birds.  These activities include hunting, hiking, and wildlife observation.  Hunting of ducks,
geese, and pheasants is permitted between October and January on portions of each refuge.
Fishing is permitted at San Luis NWR only.  Recreation facilities are limited at San Luis and Merced
NWRs; however, both refuges provide self-guided tours.  Camping is permitted at staging areas on
the NWRs during hunting season only.  Camping is not permitted at the Volta or Los Banos WMA.

e. Private Hunting Clubs .  There are some 176 private hunting clubs in the San Joaquin River
Basin encompassing approximately 96,800 acres.  Approximately 33,900 acres are flooded
annually and much of the water comes from surface water diversions.  These private clubs provide
opportunities for hunting ducks, geese, and pheasants.
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E. SACRAMENTO-SAN JOAQUIN DELTA

1. Geography and Climate

The Sacramento-San Joaquin Delta area forms the lowest part of the Central Valley, bordering and
lying between the Sacramento and San Joaquin rivers and extending from the confluence of these
rivers inland as far as Sacramento and Stockton.

The Delta, which has legal boundaries established in California Water Code Section 12220 (Figure
III-12), comprises a 738,000-acre area generally bordered by the cities of Sacramento, Stockton,
Tracy, and Pittsburg.  This former wetland area has been reclaimed into more than 60 islands and
tracts which are devoted primarily to farming.  The Delta is interlaced with about 700 miles of
waterways.  A network of levees protects the islands and tracts, most of which lie near or below
sea level, from flooding.  Prior to development, which began in the mid-19th century, the Delta was
mainly tule marsh and grassland, with some high spots rising to a maximum of about 10 to 15 feet
above mean sea level.  The low dikes of early Delta farmers became a system of levees that now
protect about 520,000 acres of farmland.  There are now about 1,100 miles of levees, some
standing 25 feet high and reaching 200 feet across at the base.

Behind the levees, surface elevations of many of the islands (particularly those in the central Delta)
have subsided over the years due to oxidation and shrinkage of the peat soils and soil loss by wind
erosion.  As a result, some of the island surfaces now lie more than 20 feet below mean sea level
and as much as 30 feet below high tide water levels in surrounding channels.  All the major tracts
and islands have been flooded at least once since their original reclamation, and a few have been
allowed to remain flooded.  Delta lands in the areas of deep peat soil, where subsidence has been
greatest, are expensive both to protect from inundation and to reclaim from inundation once
flooded.

The Delta area has a Mediterranean climate with warm, rainless summers and cool, moist winters.
The annual rainfall varies from about 18 inches in the eastern and central parts to about 12 inches in
the southern part.  Ocean winds, which enter the Delta through the Carquinez Strait, are very strong
at times in the western Delta.

2. Population

The population of the Sacramento-San Joaquin Delta is about 200,000 people, most of which is in
upland areas on the eastern and western fringes.  Although no major cities are entirely within the
Delta, it does include a portion of Stockton, Sacramento, and West Sacramento.  In addition, the
cities of Antioch, Brentwood, Isleton, Pittsburg, and Tracy, plus about 14 unincorporated towns
and villages, are located within the Delta.  The Stockton area on the east and the Antioch-Pittsburg
area on the west have undergone steady industrialization and urbanization.  Most Delta islands are
sparsely populated; however, some, including Byron Tract and Bethel Island, have large urban
communities.
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3. Land Use and Economy

The Sacramento-San Joaquin Delta is an important agricultural area.  Historically, the area was
noted for its truck crops, such as asparagus, potatoes, and celery, but since the 1920's, there has
been a shift toward lower valued field crops.  Corn, grain, hay, and pasture currently account for
more than 75 percent of the region's total production.  The shift has been attributed mainly to
market conditions, although changes in technology and growing conditions have also played a role.
Delta farming produces an average gross income of about $375 million.

The western Delta includes some important industrial areas in eastern Contra Costa County.  The
extensive industrial complex adjacent to the San Joaquin River in the Antioch-Pittsburg area
depends on the availability of large quantities of water for processing and cooling.  The region also
offers heavy industries the advantages of large land areas with waterfront access to a deep-water
ship channel linking ocean and overland transportation.  These industries include petroleum and coal
products, paper and allied products, chemicals and allied products, primary metal industries, and
food and related products.

Although much of the Delta is used for agriculture, the land also provides habitat for wildlife.  Many
agricultural fields are flooded in the winter, providing foraging and roosting sites for migratory
waterfowl.  In addition to these lands that are used seasonally, thousands of acres are managed
specifically for wildlife.  The DFG manages four such areas, including Lower Sherman Island and
White Slough Wildlife Areas, Woodbridge Ecological Reserve, and Palm Tract Conservation
Easement.

4. Water Supply

On the average, about 21 MAF of water reaches the Sacramento-San Joaquin Delta annually, but
actual inflow varies widely from year to year and within the year.  In 1977, a year of extraordinary
drought, Delta inflow totaled only 5.9 MAF, while inflow for 1983, an exceptionally wet year, was
about 70 MAF.  On a seasonal basis, average natural flow to the Delta varies by a factor of more
than 10 between the highest month in winter or spring and the lowest month in fall.
Surface water supplies are used to meet most of the water demand in the Delta region, especially
for agricultural and industrial uses.  Groundwater is used to meet some urban water demand and for
domestic use in the upland areas around the periphery of the Delta.

a. Surface Water Hydrology.  The Sacramento and San Joaquin rivers unite at the western
end of the Sacramento-San Joaquin Delta at Suisun Bay.  The Sacramento River contributes
roughly 75 to 80 percent of the Delta inflow in most years, while the San Joaquin River contributes
about 10 to 15 percent.  The minor flows of the Mokelumne, Cosumnes, and Calaveras rivers,
which enter into the eastern side of the Delta, contribute the remainder.  The rivers flow through the
Delta and into Suisun Bay.  From Suisun Bay, water flows through the Carquinez Strait into San
Pablo Bay, then south into San Francisco Bay, and then out to sea through the Golden Gate.
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Hydraulics of the Estuary system are complex.  The influence of tide is combined with freshwater
outflow resulting in flow patterns that vary daily.  Delta hydraulics are further complicated by a
multitude of agricultural, industrial, and municipal diversions for use within the Delta itself, and by
exports by the SWP and CVP.

Tidal influence is important throughout the Delta.  The average tidal flow at Chipps Island, ebb or
flood, is approximately 170,000 cfs.  Historically, during summers when mountain runoff diminished,
ocean water intruded into the Delta as far as Sacramento.  During the winter and spring, fresh water
from heavy rains pushed the salt water back, sometimes past the mouth of San Francisco Bay.

With the addition of Shasta, Folsom, and Oroville dams, saltwater intrusion into the Delta during
summer months has been controlled by reservoir releases during what were traditionally the dry
months.  Typically, peaks in winter and spring flows have been dampened, and summer and fall
flows have been increased.  Average winter outflow is about 32,000 cfs while average summer
outflow is about 6,000 cfs.  In very wet years, such as 1969, 1982, 1983, and 1986, reservoirs are
unable to control runoff so that during the winter and spring the upper bays become fresh; even at
the Golden Gate, the upper several feet of water column sometimes consisted of fresh water.

In the Delta near Walnut Grove, the federal Delta Cross Channel diverts water, by gravity, from the
Sacramento River into the North and South forks of the Mokelumne River.  Sacramento River
water moves down these channels through the central Delta and into the San Joaquin River.  Flows
in the Delta Cross Channel reverse as the tide changes and, at certain stages, there is considerable
flow from the channel into the Sacramento River.  Flows in the Delta Cross Channel can be
controlled by two radial gates.  The channel is closed for flood control purposes when Sacramento
River flows exceed about 25,000 cfs.  Other channels that convey water across the Delta include
Georgiana Slough, and the San Joaquin, Old, and Middle rivers.

b. Surface Water Quality.  The existing water quality problems of the Sacramento-San
Joaquin Delta system may be categorized by toxic materials, eutrophication and associated
dissolved oxygen fluctuations, suspended sediments and turbidity, salinity, and bacteria.

Many Delta waterways have impaired water quality due to toxic chemicals.  High concentrations of
some metals from point and nonpoint sources appear to be ubiquitous in the Delta.  Tissues from
fish taken throughout the Delta exceed the National Academy of Sciences/Food and Drug
Administration guidelines for mercury.  There is currently a health advisory in effect for mercury in
striped bass.  High levels of other metals (i.e., copper, cadmium, and lead) in Delta waters are also
of concern.  Also, in localized areas of the Delta (e.g., near Antioch and in Mormon Slough), fish
tissues contain elevated levels of dioxin as a result of industrial discharges.
Pesticides are found throughout the waters and bottom sediments of the Delta.  High levels of
chlordane, toxaphene, and DDT from agricultural discharges impair aquatic life beneficial uses
throughout the Delta, while diazinon can be found in elevated concentrations at various locations.
The more persistent chlorinated hydrocarbon pesticides are consistently found throughout the
system at higher levels than the less persistent organophosphate compounds.  The sediments having
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the highest pesticide content are found in the western Delta.  Pesticides have concentrated in aquatic
life in the Delta.  The long-term effects of pesticide concentrations found in aquatic life of the Delta
are not known.  The effects of intermittent exposure of toxic pesticide levels in water and of long-
term exposure to these compounds and combinations of them are likewise unknown.

Much of the water in the Delta system is turbid as a result of an abundance of suspended silts, clays,
and organic matter.  Most of these sediments enter the tidal system with the flow of the major
tributary rivers.  Some enriched areas are turbid as a result of planktonic algal populations, but
inorganic turbidity tends to suppress nuisance algal populations in much of the Delta.  Continuous
dredging operations to maintain deep channels for shipping has contributed to turbidity of Delta
waters and is a factor in the temporary destruction of bottom organisms through displacement and
suffocation.

The most serious enrichment problems in the Delta are found along the lower San Joaquin River and
in certain localized areas receiving waste discharges, but having little or no net freshwater flow.
These problems result in low dissolved oxygen levels which occur mainly in the late summer and
coincide with low river flows and high temperatures.  Dissolved oxygen problems are further
aggravated by channel deepening for navigational purposes.  The resulting depressed dissolved
oxygen levels have not been sufficient to support fish life and, therefore, prevent fish from moving
through the area.  In the autumn these conditions, together with reversal of natural flow patterns by
export pumping, have created environmental conditions unsuitable for the passage of anadromous
fish (salmon) from the Delta to spawning areas in the San Joaquin Valley.

Warm, shallow, dead-end sloughs of the eastern Delta support objectionable populations of
planktonic blue-green algae during summer months.  Floating and semi-attached aquatic plants, such
as water primrose and water hyacinths, frequently clog waterways in the lower San Joaquin River
system during the summer.  Extensive growths of these plants have also been observed in the
waterways of the Delta.  These plants interfere with the passage of small boat traffic and contribute
to the total organic load in the Bay/Delta system as they break loose and move downstream in the
fall and winter months.

Local diversions in shallow, low capacity channels may at times exceed flows through the channel.
When this happens, water stops flowing out of the channel, or begins to flow into the channel from
both ends.  At the same time, drainage return flows continue to be discharged to the channels.
These discharges do not move downstream and out of the area, but instead become trapped in “null
zones” of zero net flow.  The lack of circulation prevents better quality water otherwise available
from the main channels from freshening the increasingly saline water in the shallow channel, even in
wet years.  Null zones exist predominantly in three areas of the Delta: in Old River between Sugar
Cut and the CVP intake; in Middle River between Victoria canal and Old River; and in the San
Joaquin River between the head of Old River and the City of Stockton.

Reduced tidal influence contributes to the surface water quality problems of the Delta.  Previous
reclamation of tidal wetlands and construction of levees in areas such as the eastern Delta have
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inhibited tidal exchange.  Historically, larger volumes of water were exchanged twice daily with
adjacent tidal wetlands and the resulting flows helped keep channels open and reduced the risk of
water quality problems.

Salinity control is necessary because the Delta is contiguous with the ocean, and its channels are at
or below sea level.  Unless repelled by continuous seaward flow of fresh water, seawater will
advance up the Estuary into the Delta and degrade water quality.  During winter and early spring,
flows through the Delta are usually above the minimum required to control salinity.  At least for a
few months in the summer and fall of most years, however, salinity must be carefully monitored and
controlled.  The monitoring and control is provided by the CVP and SWP, and regulated by the
SWRCB under its water rights authority.

At present, salinity problems occur mainly during years of below normal runoff.  In the eastern
Delta, these problems are largely associated with the high concentrations of salts carried by the San
Joaquin River into the Delta.  Operation of the State and federal export pumping plants near Tracy
draws high quality Sacramento River water across the Delta and restricts the low quality area to the
southeast corner.  Localized problems resulting from irrigation returns occur elsewhere, such as in
dead-end sloughs.  Salinity problems in the western Delta result primarily from the incursion of saline
water from the San Francisco Bay system.  The extent of incursion is determined by the freshwater
flow from the Delta to the Bay.  Salinity in the western Delta can impact municipal and industrial
uses.

Bacteriological quality of Delta waters, as measured by the presence of coliform bacteria, varies
depending upon proximity of waste discharges and significant land runoff.  The highest concentration
of coliform organisms is generally found in the western Delta.  Local exceptions to this can be found
in the vicinity of major municipal waste discharges.
Another human health concern is that of disinfecting by-products.  Delta water contains precursors
of trihalomethanes (THMs), which are suspected carcinogens produced when chlorine used for
disinfecting reacts with natural substances during the water treatment process.  Dissolved organic
compounds that originate from decayed vegetation act as precursors by providing a source of
carbon in THM formation reactions.  During periods of low Delta outflow, tidal mixing of bromides
from the ocean extend further into the Delta, thereby increasing the bromide concentrations in the
vicinity of municipal drinking water intakes.  When bromides are present in water along with organic
THM precursors, THMs are formed during the treatment process that contain bromine as well as
chlorine.  When ozonation is used for disinfection of water with high concentrations of bromide, it
results in the formation of bromate, which is also a suspected human carcinogen.  Drinking water
supplies taken from the Delta are treated to meet current THM standards.  However, more
restrictive standards are being considered which, if adopted, will increase the cost and difficulty of
treating present Delta water sources.

c. Groundwater Hydrology.  The groundwater hydrology of the Sacramento-San Joaquin
Delta is contiguous with the lower portions of the Sacramento and the San Joaquin River Basins in
the Central Valley regional aquifer system.  Large amounts of water are stored in thick sedimentary
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deposits.  Groundwater is replenished through deep percolation of streamflow, precipitation, and
applied irrigation water.  Recharge by subsurface inflow is negligible compared to other sources.

Groundwater is used to meet urban water demand and for domestic use in the upland areas around
the periphery of the Delta.  Groundwater use is not significant in the Delta lowlands where
agricultural water demand is met with abundant surface water supplies.

d. Groundwater Quality.  Groundwater quality in the Sacramento-San Joaquin Delta is
generally very good throughout the area and is suitable for most uses, although at shallow depths
within the Delta the water is often saline.

5. Water Use

The Sacramento-San Joaquin Delta is the hub of the major State and federal water development
facilities, and numerous local water supply projects.  Water projects divert water from Delta
channels to meet the needs of about two-thirds of the State's population and to irrigate 4.5 million
acres.  During normal water years, about 10 percent of the water reaching the Delta would be
withdrawn for local use, 30 percent would be withdrawn for export by the CVP and SWP,
20 percent would be needed for salinity control, and the remaining 40 percent would become Delta
outflow in excess of minimum requirements.  The excess outflow would occur almost entirely during
the season of high inflow.

Delta agricultural water users divert directly from the channels, using more than 1,800 unscreened
pumps and siphons, which vary from 4 to 30 inches in diameter, and with flow rates of 40 to about
200 cfs.  These local diversions vary between 2,500 and 5,000 cfs during April through August,
with maximum rates in July.

6. Vegetation

Sacramento-San Joaquin Delta vegetation community types include valley and foothill riparian,
valley grassland, and freshwater emergent wetland.  The complex interface between land and water
in the Estuary provides rich and varied habitat for wildlife, especially birds.  Dense stands of tules
are found throughout the Delta.  Many of the levees are covered in blackberry vines.  Floating and
semi-attached aquatic plants, such as water primrose and water hyacinths, frequently clog
waterways of the Delta during the summer.

Sensitive riparian habitat types in the Delta that can be grouped into the valley and foothill riparian
community type include: great valley-valley oak riparian forest, great valley cottonwood riparian
forest, great valley mixed riparian forest, great valley willow scrub, buttonbush scrub, elderberry
savanna, and central coast riparian scrub.  Sensitive valley grassland communities include vernal
pools, valley needlegrass grassland, serpentine bunchgrass, wildflower fields, freshwater seeps,
alkali playas, coastal terrace prairie, and pine bluegrass grassland.  There are three sensitive
freshwater emergent wetland communities in the Delta: cismontane alkali marsh, coastal and valley
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freshwater marsh, and vernal marsh.  Twelve rare or endangered plant species, most of which are
associated with freshwater marshes, can also be found in the Delta.  Table III-17 lists the sensitive
plant species found in the Sacramento-San Joaquin Delta.

7. Fish

The Sacramento-San Joaquin Delta supports about 90 species of fish.  The Delta, which is basically
a freshwater environment, serves as a migratory route and nursery area for chinook salmon, striped
bass, white and green sturgeon, American shad, and steelhead trout.  These anadromous fishes
spend most of their adult lives either in the lower bays of the Estuary or in the ocean.  The Delta is a
major nursery area for most of these species.  Other fishes in the Estuary include delta smelt,
Sacramento splittail, catfish, largemouth bass, black bass, crappie, and bluegill.  The Sacramento
perch is believed to have been extirpated from the Delta; however, it still exists in scattered ponds
throughout the Central Valley.  Table III-18 lists the sensitive fish species found in the Sacramento-
San Joaquin Delta.

The Delta provides habitat for a wide variety of freshwater, estuarine, and marine fish species.
Channels in the Delta range from dead-end sloughs to deep, open water areas and include a
scattering of flooded islands that provide submerged vegetative shelter.  The banks of the channels

Table III-17
Sensitive Plant Species in the Sacramento-San Joaquin Delta

Status
Scientific Name                                  Common Name                        State     CNPS Federal
Acanthomintha duttonii San Mateo thornmint SE 1B FE
Amsinckia grandiflora Large-flowered fiddleneck SE 1B FE
Cordylanthus palmatus Palmate-bracted bird's-beak SE 1B FE
Eryngium racemosum Delta button-celery SE 1B          FSC
Erysimum capitatum spp. angustatum Contra Costa wallflower SE 1B FE
Gratiola heterosepala Boggs Lake hedge-hyssop SE 1B
Lasthenia conjugens Contra Costa goldfields 1B FPE
Lilaeopsis masonii Manson's lilaeopsis SR 1B FSC
Neostapfia colusana Colusa grass SE 1B FT
Oenothera deltoides spp. howellii Antioch Dunes evening-primrose SE 1B FE
Tuctoria mucronata Crampton's tuctoria SE 1B          FE

STATE: SE=endangered; ST=threatened; SR=rare; SC=candidate for listing; CSC=special concern.

CNPS: (California Native Plant Society) 1A=presumed extinct in California; 1B=rare,threatened, or
endangered in California and elsewhere; 2=rare,threatened,or endangered in California but more
common elsewhere; 3=need more information; 4=distribution limited (a watchlist).

FEDERAL: FE=endangered; FT=threatened; FPE=proposed endangered; FPT=proposed threatened;
C=candidate for listing; FSC=species of concern.

   Source: State Water Project Supplemental Water Purchase Program, Draft Program Environmental Impact   
                            Report (DWR, 1996)
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Table III-18
Sensitive Fish Species in the Sacramento-San Joaquin Delta

Status
Scientific Name Common Name State Federal

Acipenser medirostris Green Sturgeon CSC FSC
Hypomesus transpacificus Delta smelt ST FT
Mylopharodon conocephalus Hardhead CSC
Oncorhynchus tshawytscha Fall-run chinook salmon, C

Central Valley, CA ESU
Oncorhynchus tshawytscha Late fall-run chinook salmon, CSC C

Central Valley, CA ESU
Oncorhynchus tshawytscha Spring-run chinook salmon ST FT
Oncorhynchus tshawytscha Winter-run chinook salmon SE FE
Oncorhynchus mykiss Steelhead, Central Valley, CA ESU FT
Pogonichthys marcrolepidotus Sacramento splittail CSC FT
Spirinichus thaleichthys Longfin smelt CSC FSC

STATE: SE=endangered; ST=threatened; SR=rare; SC=candidate for listing; CSC=special concern.
FEDERAL: FE=endangered; FT=threatened; C=candidate for listing; FSC=species of concern.
Source: State Water Project Supplemental Water Purchase Program, Draft Program Environmental Impact Report

(DWR, 1996)

are varied and include riprap, tules, emergent marshes, and native riparian habitats.  Water
temperatures generally reflect ambient air temperatures; however, riverine shading may moderate
summer temperatures in localized areas.

Food supplies for Delta fish communities consist of phytoplankton, zooplankton, benthic
invertebrates, insects, and forage fish.  The entrapment zone, where freshwater outflow meets and
mixes with the more saline water of the bay, concentrates sediments, nutrients, phytoplankton, some
fish larvae, and other fish food organisms.  Biological standing crop (biomass) of phytoplankton and
zooplankton in the estuary has generally been highest in this zone.  General productivity in the Delta
is in constant flux and an evaluation of the interrelationships of the food web is now underway by the
Interagency Ecological Program.  There are indications that overall productivity at the lower food
chain levels has decreased during the past 15 or so years.

Flows which are provided or controlled by the CVP and SWP affect fish in numerous ways.  Flows
toward the project pumps draw both fish and fish food organisms into the export facilities.  Most
larger fish are screened out; however, many do not survive screening and subsequent handling.
Most of the fish less than about an inch long and the fish food organisms pass through the screens
and are removed from the Delta (additional discussion of entrainment related impacts is provided in
Chapter VI).  In addition, the draw of the pumps may cause water in some channels to flow too fast
for optimal fish food production, and reverse flows in some channels may disorient migrating fish.
Delta flows may act as cues for anadromous fish outmigrating to the ocean.
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Factors other than CVP and SWP operations that affect fish include: water diversions within the
Delta; upstream spawning conditions and diversions; municipal, industrial, and agricultural water
pollution; habitat reduction by landfills; legal and illegal harvest; competition from introduced
species; natural predator/prey interactions; and drought.  Cumulative effects of these and other
factors have contributed to declining populations of many Delta fish.

8. Wildlife

The complex interface between land and water in the Delta provides rich and varied habitat for
wildlife, especially birds.  Wildlife habitats include agricultural land, riparian forest, riparian scrub-
shrub, emergent freshwater marsh, heavily shaded riverine aquatic, and grassland/rangeland.

The Delta is particularly important to waterfowl migrating via the Pacific Flyway.  The principal
attraction for waterfowl is winter-flooded fields, mainly cereal crops, which provide food and
extensive seasonal wetlands.  The Delta and other Central Valley wetlands provide winter habitat
for 60 percent of waterfowl on the Pacific Flyway and 91 percent of all waterfowl that winter in
California.  More than a million waterfowl are frequently in the Delta at one time.

Small mammals find suitable habitat in the Delta and upland areas.  Vegetated levees, remnants of
riparian forest, and undeveloped islands provide some of the best mammalian habitat in the region.
Species include muskrat, mink, river otter, beaver, raccoon, gray fox, and skunks.  Other wildlife
found in the area include many species of songbirds, as well as raptors, reptiles, and amphibians.

Numerous listed or candidate rare, threatened, and endangered species inhabit the Delta, but none
is confined exclusively to that area.  Currently, 19 wildlife species in the Delta are listed by either the
State or the Federal government as threatened or endangered.  Other wildlife species occurring in
the Delta have been proposed for listing or are candidates for proposal.  Table III-19 lists the
sensitive wildlife species found in the Sacramento-San Joaquin Delta.

9. Recreation

Although the Delta environment has been extensively altered over the past 125 years by reclamation
and development, natural and aesthetic values remain that make it a valuable and unique recreational
asset.  Waterfowl and wildlife are still abundant, sport fishing is still popular, and vegetation lining the
channels and islands are still attractive.  As a result, the miles of channels and sloughs that interlace
the area attract a diverse and growing number of people seeking recreation.  DWR estimated annual
use at 12 million visitor days in 1993.

With its unique and numerous recreational opportunities, the Delta will continue to support large
numbers of recreationists.  Motor boating and fishing are the leading activities, with estimates of 17
and 15 percent of total recreation visits.  Overnight camping, hunting, picnicking, swimming, and
water-skiing are enjoyed by many people.  The extensive riparian vegetation of the Delta area is
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Table III-19
Sensitive Wildlife Species in the Sacramento-San Joaquin Delta

Status
Scientific Name Common Name State Federal

Agelaius tricolor Tricolored blackbird CSC FSC
Charadrius alexandrinus nivosus Western snowy plover CSC FT
Grus canadensis tabida Greater sandhill crane ST
Haliaeetus leucocephalus Bald Eagle SE FT
Laterallus jamaicensis coturniculus California black rail ST FSC
Riparia riparia Bank swallow ST
Antrozous pallidus Pallid bat FSC
Eumops perotis californicus California mastiff bat CSC FSC
Plecotus townsedii townsedii Townsend's western big-eared bat CSC FSC
Reithrodontomys raviventris Salt marsh harvest mouse SE FE
Sylvilagus bachmani riparius Riparian brush rabbit SE C
Vulpes macrotis mutica San Joaquin kit fox ST FE
Ambystoma californiense California tiger salamander CSC C
Rana aurora draytonii California red-legged frog CSC FT
Clemmy's marmorata Western pond turtle CSC
Thamnophis gigas Giant garter snake ST FT
Apodemia mormo langei Lange's metalmark butterfly FE
Branchinecta conservatio Conservancy fairy shrimp FE
Branchinecta longiantenna Longhorn fairy shrimp FE
Branchinecta lynchi Vernal pool fairy shrimp FT
Desmocerus californicus dimorphus Valley elderberry longhorn beetle FT
Elaphrus viridis Delta green ground beetle FT
Lipidurus packardi Vernal pool tadpole shrimp FE

STATE: SE=endangered; ST=threatened; SR=rare; SC=candidate for listing; CSC=special concern.
FEDERAL: FE=endangered; FT=threatened; FPE=proposed endangered; FPT=proposed threatened;

C=candidate for listing; FSC=species of concern.

    Source: State Water Project Supplemental Water Purchase Program, Draft Program Environmental Impact
Report (DWR, 1996)

conducive to sightseeing, bird watching, and relaxing.  Photography, bicycling, and sailing also occur
in the Delta, although less frequently. During the 1976-77 and 1987-92 droughts, when most
reservoirs throughout the State were extremely low, the Delta provided the same water-based
recreational opportunities as in other years.  There are about 20 public and more than 100
commercial recreational facilities in the Delta.  These facilities provide rentals, services, camping
guest docks, fuel, supplies and food.

Sport fishing in the Delta occurs year-round and takes place from private vessels, charter boats, and
from shore.  Species popular for sport fishing include striped bass, white sturgeon, salmon,
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American shad, catfish and largemouth bass.  There are numerous private waterfowl and pheasant
hunting clubs in the Delta region.  Approximately 39,100 acres are flooded annually.

F. SUISUN MARSH

Suisun Marsh, shown in Figure III-13, is one of the few major marshes remaining in California and
the largest remaining brackish wetland in Western North America.  Located at the northern edge of
Suisun Bay, just west of the confluence of the Sacramento and San Joaquin rivers and south of the
City of Fairfield, the marsh consists of a unique diversity of habitats, including tidal wetlands,
sloughs, managed diked wetlands, unmanaged seasonal wetlands, and upland grasslands.
Numerous studies have established that tidal marshlands can have significant geomorphic and
ecological values, including flood control, shoreline stabilization, sediment entrapment, water quality
improvement, and food chain support for aquatic, semi-aquatic, and terrestrial plants and animals.

Under the 1984 Plan of Protection for the Suisun Marsh and the 1985 Suisun Marsh Preservation
Agreement, the staged construction of extensive marsh water control facilities was planned in order
to mitigate the effects of upstream water projects on the managed wetlands in Suisun Marsh.  To
date, the Initial Facilities (Roaring River Distribution System, Morrow Island Distribution System,
and Goodyear Slough Outfall) and the Montezuma Slough Salinity Control Gates have been
constructed.  These facilities help to ensure that a dependable supply of suitable salinity water is
available to preserve managed wetland habitat, including food plants for waterfowl.

1. Land Use

The portion of Suisun Marsh within the Suisun Resource Conservation District boundaries includes
52,000 acres of diked, managed wetlands; 6,300 acres of relict tidal marsh; 29,300 acres of bays
and sloughs; and 27,000 acres of grasslands including vernal pools and other natural seasonal
wetlands. These acreage figures do not include the diked and tidal wetlands adjacent to the Contra
Costa shoreline, which are part of the Suisun Ecosystem and under the influence of regulatory
standards reviewed in the draft EIR.  The diked managed wetlands within Suisun include 153
privately owned managed wetlands.  The Department of Fish and Game manages 15,000 acres of
land, which includes diked wetlands, tidal marsh, and uplands.  Concord Naval Weapons Station
owns channel islands (Seal Island, Roe Island, Ryer Island, Snag Island, and Freeman Island) which
are undiked tidal marsh set aside as wildlife sanctuary which support a variety of listed species.
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2. Vegetation

Elevation and salinity are the principal factors controlling the distribution of tidal marsh plants in San
Francisco Bay and Suisun Marsh.  The mix of plants influences the quality and quantity of habitat
available for many species of wildlife. The structure of the plant communities in tidal marshland is
strongly correlated to salinity regime.  Within the diked wetlands, hydroperiod and management
strategies are manipulated to maximize the production of alkali bulrush, fat hen, and brass buttons,
plants which have traditionally been considered important for wintering waterfowl. Suisun Marsh
supports two endangered plant species (soft haired bird's beak and Suisun thistle) which are both
endemic to Suisun Marsh, the rare Mason's lilaeopsis, and several species of concern considered to
be in decline due to habitat fragmentation and fill (Delta tule pea, Suisun aster, and Contra Costa
goldfields).  A more complete listing of sensitive species found in the Suisun Marsh is included in
Table VII-11, later in this document.

3. Wildlife and Fish

Suisun Marsh supports 45 species of mammals, 230 species of birds, 51 species of fish, and 15
species of reptiles and amphibians.  The marsh is a major wintering ground for waterfowl of the
Pacific Flyway.  Ducks, geese, swans, and other migrant waterfowl use the marsh as a feeding and
resting area.  As many as 25 percent of California's wintering waterfowl inhabit the marsh in dry
winters.  Waterfowl are attracted to the marsh by the water and the abundance of food plants.  The
growth of such plants depends on soil salinity, which is affected by the salinity of applied water and
by land management practices.  Freshwater flows from the Delta and tributary creeks into Suisun
Bay and marsh channels affect the marsh salinities and waterfowl food production.

Striped bass, for which the marsh is an important nursery area, are the most common fish found in
the marsh channels.  Other anadromous species sometimes found in the marsh include chinook
salmon, sturgeon, American shad, and steelhead trout.  Delta smelt, Sacramento splittail, and longfin
smelt are important native fish found in the marsh.  Catfish are a common resident species in Suisun
Marsh and provide a popular sport fishery.

Two endangered species (the salt marsh harvest mouse and the California clapper rail), one
threatened species (the California black rail), and one candidate species for federal listing (the
Suisun song sparrow) are found in the marsh.

G. SAN FRANCISCO BAY REGION

1. Geography and Climate

The San Francisco Bay Region, shown in Figure III-14, includes portions of nine counties
surrounding the San Francisco Bay system and extends from Tomales Bay in the north to
Pescadero Creek in the south and inland to the confluence of the Sacramento and San Joaquin
rivers.  The total land area of the region encompasses about 4,400 square miles, or 3 percent of the
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State's total area.  The mountains of the Coast Range rise to over 3,000 feet above sea level to the
north and south of San Francisco Bay.  The North Bay area includes the Napa and Sonoma valleys
and the South Bay area includes the Santa Clara Valley.  The Golden Gate connects San Francisco
Bay to the Pacific Ocean and separates the San Francisco and Marin peninsulas.

San Francisco Bay, which includes Suisun, San Pablo, Central, and South bays, extends about
85 miles from the east end of Chipps Island (in Suisun Bay near the City of Antioch) westward and
southward to the mouth of Coyote Creek (tributary to South Bay near the City of San Jose).  The
surface area of San Francisco Bay is about 400 square miles at mean tide.  This is about a
40 percent reduction, due to fill, from its original size.  Most of the bay's shoreline has a flat slope,
which causes the intertidal zone to be relatively large.  San Francisco Bay is surrounded by about
130 square miles of tidal flats and marshes.

The climate is generally cool and often foggy along the coast, with warmer Mediterranean-like
weather in the inland valleys.  The average high temperature in the inland valleys is nearly 10 degrees
higher than at San Francisco.  The gap in the hills at Carquinez Strait allows cool air to flow at times
from the Pacific Ocean into the Central Valley.  Most of the interior North Bay and the northern
portions of the South Bay, by contrast, experience very little marine air movement.  Average
precipitation ranges from 14 inches at Livermore in the South Bay to almost 48 inches at Kentfield
in Marin County in the North Bay.

2. Population

The region is highly urbanized and includes the San Francisco, Oakland, and San Jose metropolitan
areas.  There are large undeveloped areas in the north, west, and southeast portions of the region.
In 1990 the population for this region was nearly 5.5 million, which was about 18 percent of the
State's total population and an increase of nearly 700,000 from the 1980 level.  Most of the region's
population lives in the South Bay area and much of the growth took place in the eastern part of that
area.  The population of the San Francisco Bay Region is expected to increase to over 6.9 million
by 2020.

3. Land Use and Economy

The land use in the San Francisco Bay Region is very diverse.  Much of the economy is based on
commerce and industry.  The City of San Francisco is a center of international business and tourism,
the ports on the bay support shipping and trade, and the "Silicon Valley" is known for its
technological development and production.  The region also is home to the Napa Valley and
Sonoma Valley wine industry.
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San Francisco Bay Region
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Urban land accounts for 23 percent (655,600 acres) of the land area in the region.  This proportion
is expected to increase to 37 percent by 2020.  Irrigated agricultural land in 1990 was 61,400
acres, which includes 36,000 acres of vineyards.  Other irrigated crops include truck, orchard,
alfalfa, and pasture.  High-value crops include flowers and specialty vegetables, such as artichokes.
Public lands make up a small portion of the total region.

4. Water Supply

Water supply sources for the San Francisco Bay Region include local surface water, imported
surface water (both locally developed and purchased from other local agencies), groundwater, CVP
water, other federal project water (Solano Project), SWP water, and a small amount of recycled
waste water.  About two-thirds of the urban supplies are imported to the region.  More than
60 percent of the total water supply comes from the Delta.  The conveyance systems that bring the
majority of the water to the area are: the Hetch Hetchy, South Bay, North Bay, Mokelumne,
Petaluma, and Santa Rosa-Sonoma aqueducts; Contra Costa and Putah South canals; Cache
Slough Conduit; and the San Felipe Project.

Local Surface Supplies - Local surface supplies provide 365,000 acre-feet to the region in
average years.  Marin Municipal Water District (MMWD) serves the most populated southeastern
portion of Marin County with local supplies stored in its reservoirs within Marin County.  North
Marin Water District (NMWD) supplements its imported supply from Sonoma County Water
Agency (SCWA) with just over 1,000 acre-feet from Stafford Lake.  The cities of Napa, Vallejo,
and St. Helena receive surface water from reservoirs in Napa and Sonoma counties.  Vineyards
along the Napa River annually divert approximately 6,000 acre-feet from the river for irrigation and
frost protection.  The City of San Francisco, East Bay Municipal Water District (EBMUD), and
Santa Clara Valley Water District (SCVWD) have developed most of the surface supplies in the
South Bay area.  The major reservoirs in the region are listed in Table III-20.

Imports by Local Agencies - In the North Bay, water is imported from the Russian and Eel
rivers (North Coast Region) by SCWA and from the Delta by the City of Vallejo through the SWP.
SCWA delivers water from the Russian River Project (which includes Lake Mendocino and Lake
Sonoma, and the Potter Valley Project) to eight principal contractors, including four in the San
Francisco Bay Region (Petaluma, Sonoma, Valley of the Moon, and North Marin water districts).
NMWD supplements its local supply with water from SCWA.

San Francisco Water District (SFWD) imports Tuolumne River water via the 150-mile long Hetch
Hetchy System.  In addition to supplying water to the City and County of San Francisco, SFWD
sells water wholesale to 30 water districts, cities, and local agencies in Alameda, Santa Clara, and
San Mateo counties.  The three pipelines in the Hetch Hetchy Aqueduct are capable of delivering
336,000 acre-feet annually to the Bay Area.
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Table III-20
Major Reservoirs in the San Francisco Bay Region

   Capacity
Reservoir River      (TAF)     Owner

Los Vaqueros Kellogg Creek 100.0 CCWD
Lake Hennessey Conn Creek 31.0 City of Napa
Nicasio Nicasio Creek 22.4 Marin MWD
Kent Lake Lagunitas Creek 32.9 Marin MWD
Alpine Lagunitas Creek 8.9 Marin MWD
Soulajule Walker Creek 10.6 Marin MWD
San Pablo San Pablo Creek 38.6 East Bay MUD
New Upper San Leandro San Leandro Creek 41.4 East Bay MUD
Chabot San Leandro Creek 10.4 East Bay MUD
Briones Bear Creek 60.5 East Bay MUD
Del Valle Arroyo del Valle 77.1 DWR
San Antonio Reservoir San Antonio Creek 50.5 City of San Francisco
Coyote Coyote Creek 22.9 Santa Clara Valley WD
Leroy Anderson Coyote Creek 89.7 Santa Clara Valley WD
Lexington Los Gatos Creek 19.8 Santa Clara Valley WD
Lake Elsman Los Gatos Creek 6.2 San Jose Water Works
Calaveras Calaveras Creek 96.9 City of San Francisco
San Andreas San Andreas Creek 19.0 City of San Francisco
Crystal Springs San Mateo Creek 58.4 City of San Francisco

Source:  DWR 1993b

EBMUD imports water from the Mokelumne River through its aqueducts and delivers this water to
much of Alameda and Contra Costa counties.  The district supplies water to approximately
1.2 million people in 20 cities and 15 unincorporated communities.  EBMUD has water rights and
facilities to divert up to 364,000 acre-feet annually from the Mokelumne River, depending on
streamflow and water use by other water rights holders.

Contra Costa Water District (CCWD) delivers water throughout eastern Contra Costa County,
including a portion of the district in the San Joaquin River Region. The district has a right to divert
almost 27,000 acre-feet from Mallard Slough on Suisun Bay.  With SWRCB Decision 1629,
CCWD received a new water right associated with the Los Vaqueros Project, which allows it to
divert up to 95,850 acre-feet of surplus water from the Delta to Los Vaqueros Reservoir.  The
100,000 acre-foot reservoir, which was authorized in 1988 and recently constructed, will improve
supply reliability and water quality by allowing the district to pump and store water from the Delta
during high flows.  The reservoir provides an emergency water supply to the District and provides
blending water to reduce chlorides during periods of higher salinity in the Delta.
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Groundwater - The annual supply from groundwater in the region is about 100,000 acre-feet
in average years.  This figure does not include the use of groundwater which is artificially recharged
from surface sources into the groundwater basins.  The larger alluvial basins in the North Bay area
include Suisun-Fairfield, Napa-Sonoma, Petaluma, and Novato valleys.  The estimated storage in
these basins is 1.7 million acre-feet.  The major groundwater basins of the South Bay area include
the Santa Clara and Livermore valleys and the Pittsburg Plain.  The total storage in the South Bay
basins is estimated to be 6.5 million acre-feet.

Artificial recharge programs are in place in several South Bay localities.  Programs operated by
Alameda County Flood Control & Water Conservation District (Zone 7), Alameda County Water
District, and SCVWD have resulted in a general rise to near-historic groundwater levels in many of
the basins.  These efforts have corrected overdraft problems such as salt-water intrusion in the
Pittsburg Plain and land subsidence in the northern Santa Clara Valley.

Central Valley Project - CVP water is delivered through the Contra Costa Canal to the
CCWD and through the San Felipe Project to SCVWD.  CVP water was first delivered by
CCWD in 1940.  The current contract with USBR is for 195,000 acre-feet per year.  Most of
CCWD's demands are met through direct diversions from the Delta through the Contra Costa
Canal. SCVWD's maximum entitlement from the CVP's San Felipe Division, which became
operational in 1987, is 152,500 acre-feet per year.  Average year deliveries to the region are about
93,200 acre-feet.  Normally, about half of this water is used for recharge and the rest is used for
direct supply.

Other Federal Projects - Solano County Water Agency contracts for water from Lake
Berryessa via the Solano Project and delivers it to farmers and cities within the county.  The project
was built by the USBR and began operation in 1959.  The project develops a dependable supply of
over 200,000 acre-feet per year and most of the entitlement goes to agricultural users in the
Sacramento River Basin.  The 1990 level average year supply from the Solano Project to the North
Bay area is 54,000 acre-feet.

State Water Project - The SWP delivers water through the North Bay Aqueduct to the
Solano County Water Agency and Napa County Flood Control and Water Conservation District.
The Aqueduct extends over 27 miles from Barker Slough to the Napa Turnout Reservoir in
southern Napa County.  Maximum SWP entitlements are for 67,000 acre-feet per year.  The
aqueduct also conveys water for the City of Vallejo, which purchased capacity in the NBA.

The South Bay Aqueduct conveys SWP water to SCVWD, Zone 7, and ACWD.  The aqueduct is
over 42 miles long beginning at the SWP's South Bay pumping plant on Bethany Reservoir and
ending at the Santa Clara Terminal Facilities.  SWP water is used in the South Bay area for
municipal and industrial supply, agricultural deliveries, and groundwater recharge.
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a. Surface Water Hydrology.  The principal source of fresh water in San Francisco Bay is
outflow from the Delta.  Delta outflows vary greatly according to month and hydrologic year type.
Historical Delta outflows have dropped to zero during critically dry periods such as 1928 and 1934.
Present summer outflows are maintained by upstream reservoir releases.  Although annual Delta
outflow has averaged 27.8 MAF from 1980 to 1991, it has varied from less than 2.5 MAF in 1977
to more than 64 MAF in 1983.

Other significant sources of freshwater inflow to San Francisco Bay are the Napa, Petaluma, and
Guadalupe rivers, and Alameda, Coyote, Walnut, and Sonoma creeks.  These tributaries make up a
total average inflow of about 350 TAF.  Stream flow is highly seasonal, with more than 90 percent
of the annual runoff occurring during November through April.  Many streams often have very little
flow during mid- or late-summer.

The surface hydrology of the bay can be divided into two distinct patterns.  The northern part of the
bay, including San Pablo and Suisun bays, receives freshwater outflow from the Delta and functions
as part of the Estuary.  The South Bay receives little runoff and behaves like a lagoon.  Circulation in
and flushing of the bay depend on tides and Delta outflow.  Circulation is primarily a tidal process,
while flushing is believed to depend on tidal action, supplemented by periodic Delta outflow surges
following winter storms.  The volume of water in the bay changes by about 21 percent from mean
higher-high tide to mean lower-low tide.  The depth of the bay averages 20 feet overall, with the
Central Bay averaging 43 feet and the South Bay averaging 15 feet.

Freshwater outflow from the Delta to San Francisco Bay is believed to be important in maintaining
desired environmental conditions in the bay, but no standards govern such outflow.  High-volume,
uncontrolled outflow surges during the winter cause freshwater to penetrate well into the central bay,
from which it can enter the southern bay by tidal exchange.  Such events cause salinity stratification
in much of the South Bay that can persist for several weeks or months following the initial
appearance of freshwater.

b. Surface Water Quality.  Water quality in the San Francisco Bay system is impacted by
several factors.  For example, the presence of elevated concentrations of toxic pollutants in the
bays, from both point and nonpoint sources, has caused them to be listed as impaired water bodies.
The State Department of Health Services has issued health advisories on the consumption of the
bays' fish and certain waterfowl due to their elevated levels of selenium and other metals.

Pesticides in the San Francisco Bay system, which pose a threat of unknown magnitude to the
fisheries and wildlife resources, originate from municipal storm sewers and sanitary sewerage
systems, urban runoff, and agricultural drainage from the Central Valley.  Fish kills have occurred in
the San Francisco Bay system as a result of accidental spills of toxic materials, and discharges of
inadequately treated sewage and industrial wastes.  Localized fish kills involving large numbers of
striped bass have occurred in Suisun Bay from unknown causes.



State Water Resources Control Board Environmental Setting

Final EIR for Implementation of the III-121 November 1999
1995 Bay/Delta Water Quality Control Plan

The San Francisco Bay area has experienced oil pollution problems mainly localized at refinery
docks, ports, marinas, and near storm sewer outlets.  These problems are attributable to accidental
spills, deliberate discharges, pipeline leaks, and pumping of bilge or ballast water.

Depressed levels of dissolved oxygen in the extreme portion of South San Francisco Bay occur
during the late-summer and early-fall months due to municipal waste discharges.  Dissolved oxygen
deficiencies also occur in the Petaluma and Napa rivers.  Algal growths have caused complete lack
of dissolved oxygen in the extreme reaches of some tidal sloughs, creeks, and rivers.  Recent years
have brought red water discoloration caused by marine ciliates, a phenomenon probably aggravated
by high nutrient concentrations.

Water in much of San Francisco Bay contains coliform bacteria levels greater than those
recommended for water contact sports.  Substantial improvement has been reported since the
initiation of chlorination of the discharge from a large municipal sewerage system.

c. Groundwater Hydrology.  Groundwater is found in both the alluvial basins and upland hard
rock areas.  Well yields in the alluvial basins range from less than 100 to over 3,000 gallons per
minute.  The yield from wells in the hard rock areas is generally much lower, but is usually sufficient
for most domestic or livestock purposes.  Recharge to the alluvial basins occurs primarily from
rainfall and seepage from adjacent streams.  However, a significant percentage, especially in the
South Bay, is through artificial recharge facilities and incidental recharge from irrigation.

The larger alluvial basins in the North Bay area include Suisun-Fairfield, Napa-Sonoma, Petaluma,
and Novato valleys.  The estimated storage in these basins is 1.7 million acre-feet.  The major
groundwater basins of the South Bay area include the Santa Clara and Livermore valleys and the
Pittsburg Plain.  Total storage in the South Bay is approximately 6.5 MAF.

d. Groundwater Quality.  The groundwater quality in the North Bay is generally good.  Salt-
water intrusion has been a problem at the lower end of the Napa and Sonoma valleys, but this has
been substantially mitigated by using imported surface water instead of groundwater.  Some isolated
areas experience elevated levels of dissolved solids, iron, boron, hardness, and chloride.  High
levels of nitrates occur in the Napa and Petaluma valleys as a result of past agricultural practices.
Groundwater salinity levels in the Suisun-Fairfield area typically range from 300 to 6,000 mg/l TDS,
with average values generally exceeding 900 mg/l TDS.  Putah Plain groundwater is of somewhat
better quality, with average TDS levels generally under 600 mg/l.  However, the deeper Tehama
formations generally provide a higher quality of water than the overlying Putah Plains aquifer.

Groundwater quality is a problem to various degrees in some South Bay locations.  The Livermore
Valley has elevated of dissolved solids, chloride, boron, and hardness.  The highly urbanized areas
of the Santa Clara Valley have experienced groundwater pollution over large areas from organic
solvents used in electronics manufacturing
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5. Water Use

Total net water use for the San Francisco Bay Region in 1990 was 6,071,000 acre-feet.  Seventy-
nine percent (4,775,000 acre-feet) of the total use is considered environmental use.  Almost all
environmental water use in the region is associated with the Suisun Marsh demands and required
Delta outflow.  Urban water demand was 1,186,000 acre-feet (20 percent of total) and agricultural
net water demand was 88,000 acre-feet.

Per capita urban water use for the region varies significantly, depending on factors such as local
climate, population density, residential yard size, and volume of commercial and industrial use.  The
cooler coastal portions of the region have the lowest per capita water use.  The low values of
100 gallons per capita per day (gpcd) in San Mateo County and 139 gpcd in San Francisco are
generally related to cooler climate, small yards, and higher population densities.  Santa Clara
County's per capita use averages about 200 gpcd.  The warmer, drier climate and greater range of
lot sizes results in increased outdoor use.  The county also has a mix of water-using industries, such
as food processing and computer and electronics manufacturing, which tend to raise per capita use.
The highest per capita urban use in the region is in Contra Costa County, where use averages
230 gpcd because many of the residential areas consist of large lots which have high landscape
water requirements; there also is considerable industrial water use concentrated along the Bay.
Average daily per capita water use for the San Francisco Bay region was 193 gallons in 1990.
Total net urban water use is expected to increase by nearly 19 percent by 2020.

Agricultural water use is a small (1 percent) portion of the total net water demand for the region.
Irrigated acreage has been reduced by 62 percent over the past 40 years.  Urbanization has
reduced agricultural acreage in the Santa Clara Valley from over 100,000 acres to less than 17,000
acres and Marin County has only about 700 irrigated acres remaining.  Napa and Sonoma counties
have actually increased agricultural acreage, due to an increase in vineyards and adoption of drip
irrigation on lands too steep for furrow or sprinkler irrigation practices.  Most of the agricultural
lands are served by groundwater or direct diversions from the Napa River and other local streams.
Irrigated acreage and net agricultural water demand are expected to increase slightly for the region,
due primarily to further increases in vineyard acreage.

Suisun Marsh and Hayward Marsh are managed wetlands in the San Francisco Bay Region that
have a combined water supply requirement of about 160,000 acre-feet per year.  The Suisun
Marsh consists of about 10,000 acres of State-owned wetlands and about 44,000 acres under
private ownership and managed as duck clubs.  The estimated annual water demand for Suisun
Marsh is about 150,000 acre-feet.  Hayward Marsh is part of the Hayward Shoreline Marsh
Expansion Project, a wetland restoration project undertaken by several local agencies.  As part of
the project, 10,000 acre-feet of recycled water from Union Sanitary District is blended with
brackish water from the Bay and applied to the 145-acre marsh to help restore habitat for fish,
waterfowl, and wildlife.  The largest environmental water use in the region is for Delta outflow to
meet D-1485 salinity standards.  The outflow requirements are for about 4.6 million acre-feet in
average years and 2.9 million acre-feet in drought years.
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6. Vegetation

The San Francisco Bay estuary is composed of six natural vegetation communities, including
riparian, grassland, freshwater emergent wetland, saline emergent wetland, foothill woodland, and
mixed chaparral.  Sensitive plant species found in the San Francisco Bay region are listed in
Table III-21.

Riparian habitat is typically composed of cottonwoods, sycamores, oaks, willows, blackberries,
sedges, and rushes.  It is generally found along perennial and intermittent waterways, flood plains,
and estuarine channels.  Sensitive riparian habitat in the San Francisco Bay estuary includes: great
valley-valley oak riparian forest, great valley cottonwood riparian forest, great valley mixed riparian
forest, white alder riparian forest, great valley willow scrub, buttonbush scrub, elderberry savanna,
and central coast riparian scrub.

Grasslands are found throughout the region on the valley floor and on the well-drained slopes of the
surrounding hills.  Grazing and the introduction of non-native species have changed the composition
to mostly annual grass species.  The non-native grasslands include soft chess, red brome, wild oats,
ripgut brome, and fescue.  Sensitive grassland communities include coastal terrace prairie, pine
bluegrass grassland, valley needlegrass grassland, serpentine bunchgrass, wildflower fields,
freshwater seeps, and alkali playas.

Saline emergent wetlands are usually described as either brackish or salt marshes.  Saline emergent
wetlands occur in the upper intertidal zone of San Francisco and San Pablo bays, typically where
wave action is reduced.  The vegetation is dominated by perennial monocots along with algal mats
on the soil.  Two sensitive habitats in the Bay area could be grouped into the saline emergent
wetland community: northern coastal salt marsh and coastal brackish marsh.

Freshwater emergent wetlands occur in a variety of topographies, so long as a basin is saturated or
periodically flooded.  The marshes are usually found around lakes and ponds and along river
channels.  Freshwater emergent wetlands are usually dominated by perennial hydrophytic monocots.
Sensitive freshwater emergent wetland communities include cismontane alkali marsh, coastal and
valley freshwater marsh, and vernal marsh.

Foothill woodlands are dominated by oaks and intermixed with other broad-leaved and evergreen
vegetation.  The woodlands are denser on the cool east and north facing slopes.  Coast live oaks,
the predominant species, are found higher up on the foothill slopes, above the canyon bottoms.
Other trees include California buckeye, California bay, big leaf maple, and madrone.  Mixed
chaparral is composed of many species, including oaks, manzanita, chamise, sage, coyote brush,
California buckeye, and poison oak.  Chaparral and scrub communities occur on arid south-facing
slopes and above woodlands.  Northern maritime chaparral and serpentine chaparral are
considered sensitive habitats.
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Table III-21
Sensitive Plant Species in the San Francisco Bay Region

 Status

Scientific Name Common Name   State CNPS Federal

Acanthomintha duttonii San Mateo thornmint SE 1B FE
Arctostaphylos hookeri ssp. ravenii Presidio manzanita SE 1B FE
Arctostaphylos imbricata San Bruno Mountain manzanita SE 1B FPT
Arctostaphylos pallida Pallid manzanita SE 1B FPT
Blennosperma bakeri Sonoma sunshine SE 1B FE
Calochortus tiburonensis Tiburon mariposa lily ST 1B FT
Castilleja affinis ssp. neglecta Tiburon Indian Paintbrush ST 1B FE
Ceanothus ferrisae Coyote ceanothus 1B FE
Ceanothus masonii Mason's ceanothus SR 1B FSC
Chorizanthe robusta var. robusta Robust spineflower 1B FE
Cirsium fontinale var. fontinale Fountain thistle SE 1B FE
Cirsium hydrophilum ssp. hydrophilum Suisun thistle 1B FPE
Clarkia franciscana Presidio clarkia SE 1B FE
Cordylanthus mollis ssp. mollis Soft bird's-beak SR 1B FPE
Cupressus abramsiana Santa Cruz cypress SE 1B FE
Delphinium bakeri Baker's larkspur SR 1B C
Dichanthelium lanuginosum var. thermale Geyser's dichanthelium SE 1B FSC
Dudleya setchellii Santa Clara Valley dudleya 1B FE
Eriophyllum latilobum San Mateo woolly-sunflower SE 1B FE
Fritillaria liliacea Fragrant fritillary 1B FSC
Hesperolinon congestum Marin western flax ST 1B FT
Holocarpha macradenia Santa Cruz tarplant SE 1B C
Lessingia germanorum San Francisco lessingia SE 1B FPE
Lilaeopsis masonii Manson's lilaeopsis SR 1B FSC
Pentachaeta bellidiflora White-rayed pentachaeta SE 1B FE
Plagiobothrys strictus Calistoga popcornflower ST 1B FPE
Poa napensis Napa Blue grass SE 1B FPE
Sanicula maritima Adobe sanicle SR 1B FSC
Sanicula saxitilis Rock sanicle SR 1B FSC
Streptanthus albidus ssp. albidus Metcalf Canyon jewelflower 1B FE
Streptanthus niger Tiburon jewelflower SE 1B FE
Suaeda californica California seablite 1B FE

STATE: SE=endangered; ST=threatened; SR=rare; SC=candidate for listing; CSC=special concern.
CNPS: (California Native Plant Society) 1A=presumed extinct in California; 1B=rare,threatened, or

endangered in California and elsewhere; 2=rare,threatened,or endangered in California but
more common elsewhere; 3=need more information; 4=distribution limited (a watchlist).

FEDERAL: FE=endangered; FT=threatened; FPE=proposed endangered; FPT=proposed threatened;
C=candidate for listing; FSC=species of concern.

Source: State Water Project Supplemental Water Purchase Program, Draft Program Environmental
Impact Report (DWR, 1996)
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7. Fish

The San Francisco Bay complex supports a wide variety of fish -- more than 100 fish species.
Habitat types in the bay include open water, tidal mudflats, and marshland.  The anadromous
species of fish which occur in San Francisco Bay system include chinook salmon, striped bass,
sturgeon, American shad, and steelhead trout.  Marine fish, found mainly in the lower bays, include
flatfish, sharks, Pacific herring, jacksmelt, topsmelt, and surf perch.  Other fish in the estuary include
catfish, black bass, crappie, and bluegill.  Shellfish include mussels, oysters, clams, crabs, and
shrimp.  Threatened, endangered, or candidate fish species found in the San Francisco Bay system
are listed in Table III-22.

Food supplies for San Francisco Bay estuary fish communities consist of phytoplankton,
zooplankton, benthic invertebrates, insects, and fish.  Seasonal variations in salinity in the bays, due
to varying Delta outflows, affect the seasonal distribution of fish and invertebrates.  Benthic
invertebrates, such as clams, are limited to areas where conditions are favorable year-round.  Once
a thriving business, there is at present no commercial oyster industry in San Francisco Bay.  There is
sport clamming, although coliform bacteria concentrations are higher than the U.S. Public Health
Service and State allowable limits.

8. Wildlife

The complex interface between land and water in the San Francisco Bay estuary provides a variety
of habitats for wildlife.  Large numbers of migratory waterfowl dominate the landscape, especially in
Suisun Marsh.  Habitats at low elevations include open water, tidal mudflats, diked and undiked
marshland, and riparian vegetation; grassland, agricultural land, woodland, and chaparral can be
found in upland areas.

Open water, tidal mudflats, shorelines, and marshland provide habitat for many species of waterfowl
and shorebirds, including cormorants, grebes, sandpipers, plovers, rails, mallards, and pintails.
Mammals commonly found in these areas include seals, sea lions, harvest mice, and shrews.  These
areas also support several types of amphibians and reptiles.

Species typical of uplands can be seen in the grassland, woodland, and chaparral areas.  These
include many types of raptors, songbirds, owls, and upland game birds, mammals such as hares,
gophers, squirrels, and deer, and also reptiles.

The intense urban development in the estuary has caused destruction of much of the areas that
historically provided wildlife habitat.  There are currently 15 species in the estuary that are either
State or Federally listed, and others are candidates for listing.  Among these are the Alameda
striped racer, salt marsh harvest mouse, San Francisco garter snake, California clapper rail, and
California yellow-billed cuckoo.  Sensitive wildlife species found in the San Francisco Bay region
are listed in Table III-23.
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Table III-22
Sensitive Fish Species in the San Francisco Bay Estuary

Status
Scientific Name Common Name State Federal

Acipenser medirostris Green Sturgeon CSC FSC
Eucyclogobius newberryi* Tidewater goby CSC FE
Hypomesus transpacificus Delta smelt ST FT
Oncorhynchus tshawytscha Fall-run chinook salmon, C

Central Valley, CA ESU
Oncorhynchus tshawytscha Late fall-run chinook salmon, CSC C

Central Valley, CA ESU
Oncorhynchus tshawytscha Spring-run chinook salmon ST FT
Oncorhynchus tshawytscha Winter-run chinook salmon SE FE
Oncorhynchus mykiss Steelhead, Central Valley, CA ESU FT
Pogonichthys macrolepidotus Sacramento splittail CSC FT
Spirinichus thaleichthys Longfin smelt CSC FSC

STATE: SE=endangered; ST=threatened; SR=rare; SC=candidate for listing; CSC=special concern.
FEDERAL: FE=endangered; FT=threatened; C=candidate for listing; FSC=species of concern.

Source: State Water Project Supplemental Water Purchas e Program, Draft Program Environmental Impact
Report (DWR, 1996)

*Believed to have been extirpated from most of its historical range in the San Francisco Bay Estuary

9. Recreation

Mild temperatures and brisk winds make San Francisco Bay a very popular recreational boating
area.  Other water-oriented recreation includes fishing, sightseeing, picnicking, nature walking, and
camping.

The San Francisco Bay Region includes lakes and reservoirs operated by the SFWD, EBMUD,
and MMWD.  Those operated by SFWD are San Andreas Lake, Crystal Springs Reservoir, San
Antonio Reservoir, and Calaveras Reservoir.  San Pablo Reservoir, Briones Reservoir, San
Leandro Reservoir, and Lake Chabot are operated by EBMUD.  Nicaso Reservoir is operated by
MMWD.

Because these reservoirs are used as storage facilities for municipal water supplies, access and
activities are restricted.  However, EBMUD allows limited non-contact water recreation usage at its
lakes and reservoirs, throughout the year.  Recreational facilities include fishing docks, picnic sites,
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Table III-23
Sensitive Wildlife Species in the San Francisco Bay Region

Status
Scientific Name Common Name State Federal

Agelaius tricolor Tricolored blackbird CSC FSC
Branta canadensis leucopareia Aleutian Canada goose FT
Charadrius alexandrinus nivosus Western snowy plover CSC FT
Geothlypis trichos sinuosa Saltmarsh common yellowthroat CSC FSC
Haliaeetus leucocephalus Bald eagle   SE FT
Laterallus jamaicensis coturniculus California black rail   ST FSC
Melospiza melodia maxillaris Suisun song sparrow CSC FSC
Pelecanus occidentalis californicus California brown pelican   SE FE
Rallus longirostris obsoletus California clapper rail   SE FE
Riparia riparia Bank swallow   ST
Sterna antillarum browni California least tern   SE FE
Antozous pallidus Pallid bat CSC
Eumops perotis californicus California mastiff bat CSC FSC
Microtus californicus sanpabloensis San Pablo vole CSC FSC
Plecotus townsendii townsendii Townsend's western big eared bat CSC      FSC
Reithrodontomys raviventris Salt Marsh harvest mouse   SE FE
Sorex ornatus sinuosus Suisun shrew CSC FSC
Sorex vagrans halicoetes Salt marsh wandering shrew CSC FSC
Ambystoma californiense California tiger salamander CSC C
Rana aurora draytonii California red-legged frog CSC FT
Clemmys marmorata Western pond turtle CSC
Masticophis lateralis euryxanthus Alameda whipsnake   ST FPE
Thamnophis sirtalis tetrataenia San Francisco garter snake   SE FE
Euphydryas editha bayensis Bay checkerspot butterfly FT
Icaricia icarioides missionensis Mission blue butterfly FE
Incisalia mossii bayensis San Bruno elfin butterfly FE
Syncaris pacifica California freshwater shrimp   SE FE

STATE: SE=endangered; ST=threatened; SR=rare; SC=candidate for listing; CSC=special concern.
FEDERAL: FE=endangered; FT=threatened; FPE=proposed endangered; FPT=proposed threatened;

C=candidate for listing; FSC=species of concern.

Source: State Water Project Supplemental Water Purchase Program, Draft Program Environmental
Impact Report (DWR, 1996)

and hiking and equestrian trails.  Anderson Reservoir is owned by the SCVWD which receives
CVP water.  The Santa Clara County Parks and Recreation Department manage the recreation
activities at the reservoir.  Typical activities at the reservoir include boating, water skiing, jet skiing,
and picnicking during the peak season.  Off-season activities include fishing.  Swimming and
camping are not allowed at Anderson Reservoir.  Reservoir facilities include a single boat ramp,
which requires reservations for weekend use.
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H. TULARE LAKE BASIN

1. Geography and Climate

The Tulare Lake Basin includes the southern San Joaquin Valley from the southern limit of the San
Joaquin River watershed to the crest of the Tehachapi Mountains.  It stretches from the Sierra
Nevada on the east to the Coast Range on the west.  Four main geographical areas make up this
mostly agricultural region: the western side of the San Joaquin Valley floor and western uplands, the
Sierra Nevada foothills on the region's eastern side, the central San Joaquin Valley floor, and the
Kern Valley floor.  The Tulare Lake region, which is shown in Figure III-15, encompasses almost
10 percent of the State's land area.

The major rivers in the region, the Kings, Kaweah, Tule, and Kern, begin in the Sierras and
generally flow east to west into the San Joaquin Valley.  They are sustained by snowmelt from the
upper mountain elevations.  All of the rivers terminate on the valley floor in lakes or sinks; water
does not find its way to the ocean from the basin, as it once did under natural conditions, except
during extremely wet years.  The west side of the valley, the Coast Ranges, and the Tehachapis
provide a large drainage area, but the streams are intermittent as there is generally scant rainfall in
these areas and little runoff.

The region's climate varies between valley and foothill areas.  The valley areas experience mild
springs and hot, dry summers.  Summer high temperatures often exceed 100EF.  Winters are
typically cold with some temperatures below freezing, but snowfall is rare.  In some parts of the
valley, thick tule fog is common at times during the winter.  Climate in the foothills is typical of
mountainous foothill areas where winters and springs are cold and where snowfall occurs at higher
elevations.

Most of the region's winter and spring runoff from the Sierras is stored for later use in the summer to
supply the drier valley floor areas.  In most years, imported water from northern California
supplements local supplies to meet the region's large agricultural water demand.

2. Population

The population of the Tulare Lake Region in 1990 was over 1.5 million.  Many small agricultural
communities dot the eastern side of the valley, but the rapidly growing cities of Fresno and
Bakersfield and the Visalia-Tulare urban area anchor the region.  These urban areas grew by 50 to
60 percent between 1980 and 1990.  The population of the region is projected to more than double
in the next 30 years, with most of the growth occurring in these same urban areas.



Figure III-15
Tulare Lake Region
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3. Land Use and Economy

About 30 percent of the land area in the Tulare Lake Region is publicly owned, with 1.7 million
acres of national forest, 0.8 million acres of national parks and recreation areas, and 0.5 million
acres managed by the BLM.  The publicly owned lands are primarily in the upland areas on the east
side of the region and include Kings Canyon and Sequoia National Parks and Sierra National
Forest.

Privately owned land totals about 7.4 million acres, of which urban areas take up 176,300 acres.
Irrigated agriculture accounts for over 3.2 million acres of the private land, while other agricultural
land cover an additional 1.4 million acres.  The principal crops grown in the region are cotton,
grapes, and deciduous fruits.  Substantial acreage of almonds and pistachios are also grown, as well
as increasing acreage of truck crops, such as tomatoes and corn.

In the eastern upland areas, agriculture and timber production account for most of the land use.
Deciduous and citrus fruits are the main agricultural crops in the lower foothills.  Timber harvesting
occurs throughout many of the higher elevation areas.

4. Water Supply

The Tulare Lake Basin is one of the richest agricultural regions in the United States.  The highly
developed agricultural economy of the basin is dependent upon local surface runoff, import from
basins to the north, and groundwater to supply its water needs.

The main local surface water supplies in the Tulare Lake Region come from the runoff from the
southern Sierra Nevada rivers.  Other water comes by way of the federal CVP's Delta-Mendota
Canal and Friant-Kern Canal, and the SWP's California Aqueduct, which enters the region as part
of the Joint-Use Facilities with the CVP's San Luis Unit.  Groundwater pumping meets the
remaining water demands.

Many valley cities, including Fresno and Bakersfield, rely primarily on groundwater for urban use,
occasionally obtaining supplemental supplies from local surface water and some imported water.
Fresno, for example, uses groundwater for its main urban supply, but also purchases local Kings
River water and water from the Friant-Kern Canal and replenishes groundwater through recharge
basins.  In Bakersfield, the Kern County Water Agency treats CVP Cross Valley Canal water to
supplement its urban groundwater supply.  In isolated parts of the valley's western side, smaller
cities like Avenal, Huron, and Coalinga rely on imported surface water from the San Luis Canal.

Cities in the Sierra Nevada foothills often have less dependable drought supplies than the valley
communities.  In many foothill areas, local surface water connections are not available and
groundwater is limited to small pockets in the rock strata.  A few cities, such as Lindsay and Orange
Cove, receive surface water through the CVP's Friant-Kern Canal.
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The SWP, through San Luis Reservoir and the California Aqueduct, provides an average of about
1.2 million acre-feet of surface water annually to the region.  The USBR supplies an average of
2.7 million acre-feet during normal years from the CVP via Mendota Pool, the Friant-Kern Canal,
and the San Luis Canal of the CVP/SWP San Luis Joint-Use Facilities.  The Friant-Kern Canal
receives water from Millerton Lake on the San Joaquin River; Mendota Pool and the California
Aqueduct receive water from the Sacramento-San Joaquin Delta.

The 1990 level average water supply for the Tulare Lake Region was over 8.1 million acre-feet.  Of
this, about 33 percent comes from local surface supplies, 48 percent comes from the CVP and
SWP (33 and 15 percent, respectively), and 19 percent comes from groundwater.  The Kings-
Kaweah-Tule River Planning Subarea (KKT PSA), which takes in most of the valley floor north of
Kern County, accounts for just over half of the net water demand for the Tulare Lake Region.
Supplies for the KKT PSA come mainly from local sources with local surface supplies providing 46
percent, groundwater providing 29 percent, and other sources providing 25 percent.  The San Luis
West Side and Kern Valley Floor PSAs rely more on other sources (90 and 60 percent,
respectively).

a. Surface Water Hydrology.  The Tulare Lake Basin is hydrologically separate from the San
Joaquin River Basin and is not normally tributary to the Delta.  The Kings River, which carries
eroded material from the Sierra Nevada, and the Los Gatos Creek alluvial fan have built up a low,
broad ridge across the trough of the valley so that the Tulare Lake Basin has essentially no natural
surface water outlet.

The four major rivers in the basin, the Kings, Kaweah, Tule and Kern rivers historically drained to
the Tulare Lake bed which covers about 200,000 acres.  Tulare Lake tributaries are now heavily
used for irrigation, with little water reaching the lake.  Diversions and management of river flows
have significantly reduced flow to the lake bed which remains dry except during periods of high
flows in wet years.  Floods are not an uncommon occurrence, but are variable in intensity and
frequency.  Levees have been built in the lakebed to contain the floodwater in cells and still
maximize farming possibilities.  During very wet periods, portions of the flow in the Kings River can
enter the San Joaquin River via Fresno Slough.

Dams on the Kings, Kaweah, Tule, and Kern rivers provide flood control and water supply for
groundwater recharge and for urban and agricultural uses.  The Kings River, which drains the Sierra
Nevada mountains in eastern Fresno County, is impounded by Pine Flat Dam and Reservoir, which
stores about 1 MAF.  The Kaweah River is impounded by Terminus Dam to form the 143 TAF
Lake Kaweah.  Success Dam impounds the Tule River to form the 82 TAF Lake Success.  Lake
Isabella, in Kern County, impounds water from the Kern and South Fork Kern rivers.  The
reservoir has a storage capacity of 570 TAF.  These and other lakes and reservoirs in the Tulare
Lake Region also support recreational opportunities.  Table III-24 lists the major reservoirs in the
Tulare Lake Basin.
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Table III-24
Major Reservoirs in Tulare Lake Basin

Reservoir      River Capacity (TAF) Owner
   
Courtright Helms Creek 123 PG&E
Wishon Kings 128 PG&E
Pine Flat Kings 1,000 USCOE
Lake Kaweah Kaweah 143 USCOE
Success Lake Tule 82 USCOE
Isabella Lake Kern 568 USCOE

Source:  DWR 1993b

b. Surface Water Quality.  The water quality of the perennial streams which originate in the
Sierra Nevada is generally very good.  However, irrigation return-water forms a major portion of
the summer base flow in the lower reaches of the larger streams.  Saline water from oil wells is a
contributor to the basin salt load.  The salt content of Tulare Lake (about 570 mg/l TDS) is due
mainly to soil salts historically in the basin and introduced fertilizers.  Poso Creek also contributes
salt to the southern portion of the basin, but the proportional quantity of water from this drainage is
small.

c. Groundwater Hydrology.  The valley floor overlies mostly one large groundwater basin that
consists of alluvial sediments.  In the western half to three quarters of the valley floor, the Corcoran
clay layer, which is found at depths of 300 to 900 feet, divides the groundwater basin into
essentially two separate aquifers.  According to the SJREC, the Corcoran Clay layer is absent in
much of the Kern Fan area.  South of the Kern River, the Corcoran horizon drops below well
depths but other clay layers provide some confinement.  On the eastern side of the valley, both
north and south of the Kern County line, older formations are tapped by wells that usually exceed
2,000 feet in depth.  A small groundwater subbasin, with little hydraulic connection to the main
aquifers, exists on the western side of Fresno, Kings, and Kern counties from Coalinga to Lost
Hills.  Two other subbasins in Kern County are separated from the main basin by the White Wolf
and Edison faults.  Productive aquifers with good quality water are the rule, except in the Tulare
Lake area where lakebed clays yield little water, along the extreme eastern edge of the region where
shallow depth to granite limits aquifer yields, and along the western side where water quality is poor.

The groundwater overdraft in the Tulare Lake Basin is a significant unresolved water resource
problem in California.  The average annual rate of groundwater overdraft was calculated to be
about 650 TAF in 1990.  The annual overdraft has decreased from about 1.3 MAF in 1972 due to
the importation of SWP water and the availability of surplus supplies.

Numerous public and private water agencies are engaged in the acquisition, distribution, and sale of
surface water to growers in the Tulare Lake Basin.  Since most of the agencies overlie usable
groundwater and use groundwater conjunctively with surface water, some of their operational
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practices, such as artificial recharge and use of surplus surface supplies in lieu of groundwater, can
be viewed as elements of a groundwater management program.

d. Groundwater Quality.  Groundwater in the Tulare Lake Basin ranges widely in type and
concentration of chemical constituents.  The differences are related to the quality of waters that
replenish the groundwater reservoirs and the chemical changes that occur as the water percolates
through the soil.  In general, groundwater is divided into three main groups.  Groundwater on the
east side of the basin is generally of bicarbonate type and has low to moderate total dissolved
solids.  Groundwater throughout the axial trough ranges in chemical character and usually has higher
total dissolved solids than the east side waters.  The groundwater on the west side of the basin is of
sulfate or bicarbonate type and nearly always has higher total dissolved solids than eastside
groundwater.

Most groundwater in the basin is of usable quality and generally meets the needs of agricultural
applications.  There are areas of inferior quality groundwater, mostly occurring along the west side
of the valley.  Naturally occurring constituents that limit the usefulness of groundwater in these areas
include total dissolved solids, sulfate, boron, arsenic, chloride, selenium, and uranium.

Groundwater near Tulare Lake has experienced an increase in dissolved solids concentrations over
the years.  Groundwater quality has suffered due to the agricultural practice of leaching salts from
the root zone into shallow groundwater.  In some locations, beneficial use of groundwater has been
impaired as a result of quality degradation from salt loading.

Most of the region's urban population relies on groundwater to meet its water demands.  Drinking
water standards are much stricter than agricultural requirements and many of the urban areas are
faced with water quality problems from their groundwater supplies.  The groundwater in some areas
of the basin exceeds the recommended TDS concentration limit in the U.S. Public Health Service
Drinking Water Standard (500 mg/l).  Nitrogen concentrations in some groundwater in the Tulare
Lake Basin approach or exceed the levels recommended by the drinking water standards (10 mg/l).
High nitrogen concentrations are usually attributed to sewage effluent, fertilizers, feedlots and dairies.
Herbicides and pesticides from agricultural applications, as well as petroleum products and industrial
solvents, are being discovered in excess of the maximum contamination limits in various areas
throughout the basin.

5. Water Use

Water supplies in the Tulare Lake Region are mostly used for irrigated agriculture.  With 1990 level
average conditions, irrigated agriculture uses over 7.7 million acre-feet, which is about 95 percent of
the region's total water use.  Cotton accounts for 35 percent of the total evapotranspiration of
applied water for irrigated crops.  Municipal and industrial needs are about 214,000 acre-feet per
year (3 percent of total).  Average per capita daily water use within the region is about 301 gallons.
Municipal and industrial net water use is expected to increase 112 percent by 2020 due to large
population increases throughout the region, while agricultural water use may decline by over
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0.5 million acre-feet (7 percent) as farm irrigation efficiencies continue to increase and some
agricultural land is converted to urban use.

6. Vegetation

Ten common natural vegetation community types occur in the Tulare Lake Basin.  They include
valley and foothill riparian, valley grassland, freshwater emergent wetland, foothill woodland, valley
oak woodland, sycamore alluvial woodland, mixed chaparral, and chenopod scrub.  Mixed conifer
forest, montane hardwood, and montane riparian vegetation communities typical of the Sierra
Nevada are found in the eastern portion of the region.  Chaparral is the most abundant natural
community in the basin occurring on the foothill and mountain slopes surrounding the valley floor.

Plant species along the major tributaries to the basin are typical of those found in the riparian
habitats throughout the west slope of the Sierra Nevada foothills.  Around streams and lakes,
riparian habitats include willows, western sycamore, cottonwood, alder, and California buckeye, as
well as shrubs and herbaceous species.  Sensitive riparian habitats in the Tulare Lake Basin include
great valley-valley oak riparian forest, great valley cottonwood riparian forest, great valley mixed
riparian forest, white alder riparian forest, great valley willow scrub, buttonbush scrub, elderberry
savanna, central coast cottonwood-sycamore riparian forest, central coast live oak riparian forest,
central coast arroyo willow riparian forest, and great valley mesquite scrub.

A large part of the riparian vegetation, including areas below the reservoirs, has been lost due to
extensive agricultural encroachment and other development.  However, there is a mature riparian
forest on both sides of the Kaweah River immediately below Terminus Dam.  Most natural
vegetation below the reservoirs remains only in small disjunct patches.  Further downstream, plant
life becomes similar to that of the Tulare Lake Basin.  Plant life of the lower Kern River is
characterized as valley mesquite habitat, which is uniquely found in southwestern Kern County.

Grassland is a broadly defined community, occupying the perimeter of the valley portion of the
region.  Although valley grassland historically consisted of perennial bunch grasses, grazing and the
introduction of non-native species have changed the composition to mostly annual grass species.
Vernal pools are found among many of the grassland areas.  Sensitive grassland habitat types in the
Tulare Lake Basin, in addition to the vernal pools, include valley needlegrass grassland, serpentine
bunchgrass, wildflower fields, freshwater seeps, alkali playas, pine bluegrass grassland, and valley
sacaton grassland.

Historically, the Tulare Lake Basin contained the largest single block of wetland habitat present in
California.  Cattail-sedge species such as tule cattail and spike rush occur throughout the region in
fresh and brackish marshes, farm ponds, and ditches.  Diversion of water for agricultural and urban
uses resulted in the reclamation of Tulare Lake and associated wetlands.  Less than 1 percent of the
freshwater lake habitat and 4 percent of the wetland habitat remains.  Three sensitive freshwater
emergent wetland communities occur in the Tulare Lake Basin: cismontane alkali marsh, coastal and
valley freshwater marsh, and vernal marsh.
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The foothill woodland community type occurs in the foothills and valley borders, usually between
500 and 3,000 feet in elevation.  It is typically dominated by one or more species of oaks in
association with pines, California buckeye, Ceanothus species, manzanita, and annual grasses.  Two
subsets of this community type are blue oak woodland, found on the lower slopes of the foothills
surrounding the Central Valley, and blue oak-foothill pine woodland, found at slightly higher
elevation.  Throughout California over the past 25 years, oak woodlands (both foothill and valley)
have been lost at a rate of almost 14,000 acres annually to residential and commercial development.

Patches of valley oak woodland occur in the Sacramento and San Joaquin valleys, in the Tehachapi
Mountains, and in the valleys of the Coast Ranges.  This community type is dominated by valley
oak, with species such as sycamore, walnut, interior live oak, poison oak, and blackberry also
commonly present.  Although valley oak woodland can occur up to elevations of 2,000 feet, it is
usually found in the well-drained alluvial soils of valley bottoms.

Sycamore alluvial woodland is a sensitive community that occurs in the southern Coast Ranges and
in the Sierra Nevada foothills, from Alameda to Santa Barbara counties.  This community type is
found along intermittent streams.  Rainfall rather than snowmelt usually produce flow in these
streams.  Sycamore alluvial woodland consists of a winter-deciduous broadleafed riparian
woodland with widely spaced sycamores, California buckeyes, and elderberry bushes.

Mixed chaparral can be found in the Coast Ranges and along the lower slopes of the western Sierra
Nevada.  It usually does not occur above 5,000 feet elevation.  This vegetation community is
composed of many species, including oaks, manzanita, chamise, California buckeye, and poison
oak.  Structurally, mixed chaparral is a brushland with the canopy height varying from 3 to 13 feet.
Sensitive chaparral habitats in the Tulare Lake Basin are serpentine chaparral and upper Sonoran
subshrub scrub.

Chenopod scrub is a broad community type that includes valley, foothill, and desert habitats.  The
Sacramento and San Joaquin valleys once contained many examples of the various types of foothill
and valley chenopod scrubs, but as a result of flood control, agriculture, and groundwater pumping,
most of these communities are now limited in their distribution.  Chenopod scrub communities
consist of shrubby, often succulent species, typically dominated by the Chenopodiaceae family.
They occur on poorly drained soils, dry lakebeds, and alluvial fans, often in alkaline or saline soils.
Valley sink scrub, valley saltbush scrub, interior coast range saltbush scrub, and Sierra-Tehachapi
saltbush scrub are particularly sensitive community types.

The majority of special-status wildlife species are associated with the grasslands, freshwater
emergent wetlands and open water habitats that occur on the valley floor.  The Tulare Lake Basin
contains 106 significant natural areas which contain habitat for many special-status plant and animal
species.  Sensitive plant species found in the Tulare Lake Basin are listed in Table III-25.
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7. Fish

Water diversions, channelization, and construction of irrigation canals and levees have dramatically
altered aquatic and riparian habitats in the Tulare Lake area.  The vast lakebottom and marsh areas
of Tulare Lake and much of its native flora and fauna have been replaced by agriculture.  Normal
irrigation and farming practices dictate that these irrigation canals often dry up seasonally.  In spite of
this, several species of fish occur seasonally or perennially when there is water in Tulare Lake,
usually only in above-normal water years.

Native fish species include rainbow trout, tule perch, Sacramento sucker, riffle sculpin, and endemic
minnows.  Recently, neither Sacramento perch nor tule perch has been reported from the drainage,
and the extent and diversity of native minnow populations have diminished.  Non-native species of
both game and nongame fish have been introduced throughout the basin.
Principal game fish in tributaries upstream of the dams are rainbow and brown trout, smallmouth
bass, bluegill, and green sunfish.  In the reservoirs, the coldwater fishery consists mainly of planted
rainbow trout.  Largemouth bass, bluegill, redear sunfish, black crappie, and white catfish dominate
the warmwater fishery.

Fish habitat downstream from tributary reservoirs is primarily warm water.  Trout move out of the
lakes and support a trout fishery immediately below some of the dams during fall and winter.
Summer water temperatures in these reaches are too warm to sustain coldwater species year round.
The rivers are commonly dewatered when there are no irrigation or flood control needs, so fish are
seasonal and are usually from upstream areas.  When intermittent pools exist, the more hearty and
well-adapted species such as carp, Sacramento blackfish, bullhead, green sunfish, bluegill,
mosquitofish, hitch, golden shiner, log perch, and Mississippi silverside can usually be found.

The Tulare Lake Basin is not inhabited by any threatened or endangered fish species, but the Kern
Brook lamprey is a State listed species of special concern.  There also are no species of commercial
importance in the basin, although recreational fishing is quite popular, and a variety of coldwater and
warmwater game fish are available.

8. Wildlife

A majority of the native wildlife has been extirpated from the Tulare Lake Basin.  Many species that
occurred historically in the lake basin have been greatly reduced in number due to habitat
deterioration and destruction from farming and urban development in the area.  A number of wildlife
species have been able to adapt to the conversion of grassland community to cultivated lands.
These converted lands support large populations of rodents that provide prey for raptors and other
wildlife that include rodents in their diet.  Other species that have adapted successfully to an
agricultural environment include brush rabbits, beechy ground squirrels, white-crowned sparrows,
mourning doves, American goldfinches, and house finches.  Migratory waterfowl utilize open
pastures, harvested fields, and the Goose and Buena Vista Lakes for fall and winter feeding.
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Table III-25
Sensitive Plant Species in the Tulare Lake Basin

         Status

Scientific Name Common Name State  CNPS Federal

Atriplex tularensis Bakersfield smallscale SE 1B FSC
Brodiaea insignis Kaweah brodiaea SE 1B FSC
Castilleja campestris ssp.succulenta Succulant owl's-clover SE 1B FT
Caulanthus californicus California jewelflower SE 1B FE
Chamaesyce hooveri Hoover's spurge 1B FT
Cordylanthus palmatus Palmate-bracted bird's-beak SE 1B FE
Eremalche kernensis Kern mallow 1B FE
Eriastrum hooveri Hoover's eriastrum   4 FT
Fritillaria striata Striped adobe-lily ST   1 FPT
Gratiola heterosepala Boggs Lake hedge-hyssop SE 1B
Lembertia congdonii San Joaquin woollythreads 1B FE
Opuntia basilaris var. treleasei Bakersfield cactus SE 1B FE
Orcuttia inaequalis San Joaquin Valley Orcutt grass SE 1B FT
Pseudobahia bahiifolia Hartweg's golden sunburst SE 1B FE
Pseudobahia peirsonii San Joaquin adobe sunburst SE 1B FT
Tuctoria greenei Greene's tuctoria SR 1B FE

STATE: SE=endangered; ST=threatened; SR=rare; SC=candidate for listing; CSC=special concern .
CNPS: (California Native Plant Society) 1A=presumed extinct in California; 1B=rare,threatened, or

endangered in California and elsewhere; 2=rare,threatened,or endangered in California but
more common elsewhere; 3=need more information; 4=distribution limited (a watchlist).

FEDERAL: FE=endangered; FT=threatened; FPE=proposed endangered; FPT=proposed threatened;
C=candidate for listing; FSC=species of concern.

Source: State Water Project Supplemental Water Purchase Program, Draft Program Environmental
Impact Report (DWR, 1996)

A wide variety of wildlife species inhabit the tributary drainages; among them are California mule
deer, mountain lion, golden eagle, coyote, and bobcat.  Farther downstream, wildlife typical of the
low Sierra Nevada foothills becomes less prevalent and species more typical of the valley floor
become more numerous.  Species common in the lower elevations include valley quail, band-tailed
pigeon, dove, osprey, and red-tailed hawk.  Wild turkeys have recently been established near the
boundary of Sequoia National Park.

A number of threatened or endangered species may occur within the area, including the Sierra red
fox, California wolverine, San Joaquin kit fox, San Joaquin antelope squirrel, blunt-nosed leopard
lizard, Tipton kangaroo rat, giant kangaroo rat, giant garter snake, peregrine falcon, Swainson's
hawk, black-shouldered kite, great blue heron, western snowy plover and spotted owl.  Bald eagles
frequently winter along the lower reaches, and at one time, the endangered California condor
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occasionally ranged over the drainage during late summer.  The yellow-billed cuckoo has not been
reported in this area for a number of years though it was formerly widespread in San Joaquin Valley
riparian areas.  Its disappearance from the area is probably due to the lack of adequate habitat since
it requires relatively large areas of undisturbed riparian areas.  Sensitive wildlife species in the Tulare
Lake Basin are listed in Table III-26.

9. Recreation

Some water use in recreation areas can be described as indirect usage.  Along the California
Aqueduct, there are many areas designated for fishing that include easy access from area roads and
vehicle parking areas.  In the Tulare Lake Region, there are five fishing access areas: Three Rocks,
Huron, Kettleman City, Lost Hills, and Buttonwillow.  In the foothills, the major reservoirs have
recreation areas that are used for fishing, boating, camping, and other recreational uses.  Both fishing
access and recreation areas show reduced use during drought periods and low-flow months.

During years of normal runoff, white water rafting is a popular activity on the upper Kings and Kern
rivers.  Stretches of these rivers have been declared wild and scenic by federal legislation.  The
Kings River is designated as such on both the middle and south fork of the upper portion above Mill
Flat Creek.  The Kern River is designated wild and scenic on both the north and south fork of the
upper portion above Isabella Lake.

The remaining wetlands in the region are mainly freshwater wetlands that provide habitat for
migratory waterfowl.  These wetlands include the Kern and Pixley NWRs, the Mendota Wildlife
Area, and the Tulare lakebed.  The Mendota Wildlife Area, which is a regulating basin for the
Delta-Mendota Canal, receives about 23,000 acre-feet per year.  The Kern NWR has no firm
supplies and relies on surplus water from the SWP and groundwater.  Pixley NWR has no firm
supplies and relies on flood flows from Deer Creek and groundwater.

The Tulare Lake Region has approximately 40 private hunting clubs that encompass over 15,000
acres.  In 1990, there were nearly 3,000 acres of privately managed wetlands, including duck clubs,
nature preserves owned by nonprofit organizations, and rice lands.  In average years, about 7,000
acre-feet of water is supplied to duck club properties.

I. CENTRAL COAST REGION

1. Geography and Climate

The Central Coast Region accounts for about 7 percent of California's total land area.  It
encompasses the area adjacent to the Pacific Ocean from Santa Cruz County in the north through
Santa Barbara County in the south and includes a number of mountain ranges that make up the
central portion of the Coast Ranges.  The region includes the Pajaro, Carmel, Santa Maria,
Cuyama, and Salinas valleys, and the rugged coastline features Monterey Bay and Morro Bay.  The
Central Coast region, shown in Figure III-16, consists of three broad physiographic regions,
including coastal plains, coastal mountains and valleys, and interior mountains and valleys.
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Table III-26

Sensitive Wildlife Species in the Tulare Lake Basin
Status

Scientific Name Common Name State   Federal

Accipiter cooperi Cooper's hawk CSC
Accipiter striatus Sharp-shinned hawk CSC
Agelaius tricolor Tricolored blackbird CSC FSC
Aquila chrysaetos Golden eagle CSC
Asio flammeus Short-eared owl CSC
Athene cunicularia Burrowing owl CSC
Buteo swainsoni Swainson's hawk   ST
Charadrius alexandrinus nivosus Western snowy plover CSC FT
Circus cyaneus Northern harrier CSC
Coccyzus americanus occidentalis Western yellow-billed cuckoo   SE
Empidonax traillii Willow flycatcher   SE
Falco mexicanus Prairie falcon CSC
Grus canadensis tabida Greater sandhill crane   ST
Gymnogyps californianus California condor   SE FE
Haliaeetus leucocephalus Bald eagle   SE FT
Icteria virens Yellow-breasted chat CSC
Pandion haliaetus Osprey CSC
Plegadis chihi White-faced ibis CSC FSC
Riparia riparia Bank swallow   ST
Vireo bellii pusillus Least Bell's vireo   SE
Ammospermophilus nelsoni San Joaquin antelope squirrel   ST FSC
Antrozous pallidus Pallid bat CSC
Dipodomys ingens Giant kangaroo rat   SE FE
Dipodomys ingens brevinasus Short-nosed kangaroo rat CSC
Dipodomys nitratoides nitratoides Tipton kangaroo rat   SE FE
Euderma maculatum Spotted bat CSC FSC
Eumops perotis californicus California mastiff bat CSC FSC
Neotoma fuscipes riparia Riparian woodrat CSC C
Onychomys torridus tularensis Tulare grasshopper mouse CSC
Plecotus townsendii townsendii Townsend's western big-eared bat CSC
Sorex ornatus relictus Buena Vista Lake shrew CSC C
Vulpes macrotis mutica San Joaquin kit fox   ST FE
Clemmys marmorata Western pond turtle CSC
Gambelia sila Blunt-nosed leopard lizard   SE FE
Thamnophis gigas Giant garter snake   ST FT
Ambystoma californiense California tiger salamander CSC C
Rana aurora draytonii California red-legged frog CSC FT
Rana boylii Foothill yellow-legged frog CSC FSC
Scaphiopus hammondii Western spadefoot toad CSC FSC
Branchinecta longiantenna Longhorn fairy shrimp FE
Branchinecta lynchi Vernal pool fairy shrimp FT
Desmocerus californicus dimorphus Valley elderberry longhorn beetle FT

STATE: SE=endangered; ST=threatened; SR=rare; SC=candidate for listing; CSC=special concern.
FEDERAL: FE=endangered; FT=threatened; FPE=proposed endangered; FPT=proposed threatened;

C=candidate for listing; FSC=species of concern.
Source: State Water Project Supplemental Water Purchase Program, Draft Program Environmental

Impact Report (DWR, 1996)
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The varied geography of the region creates diverse climates.  During the summer months,
temperatures are generally cool along the coastline and warm inland.  In the winter, temperatures
remain cool along the coast and become even cooler inland.

Annual precipitation in the northern region ranges from 14 to 45 inches, usually in the form of rain,
with most it occurring from November through April.  The average annual precipitation near the City
of Salinas is about 14 inches while in the higher elevations of the Big Sur area south of Monterey,
precipitation averages about 40 inches per year.  Average annual precipitation in the southern
coastal basins ranges from 12 to 20 inches.  The southern interior basins usually receive from 5 to
10 inches per year, with the mountain areas receiving more than the valley floors.

2. Population

With a 1990 population slightly under 1.3 million, the Central Coast Region contains roughly
4 percent of California's total population.  Growth in this region from 1980 to 1990 exceeded the
State's average.  The collective population of incorporated cities in the Salinas Valley increased
37 percent, and population centers such as San Luis Obispo and Santa Maria had increases of 23
and 54 percent, respectively.

Despite population increases, much of the region is sparsely populated.  The principal population
centers are Santa Cruz, Salinas, Watsonville, Monterey, San Luis Obispo, Santa Maria, Santa
Barbara, and Lompoc.

3. Land Use and Economy

The economy of several areas of the region is tied to military installations.  Fort Ord, Hunter-Liggett
Military Reservation, Camp Roberts, and Vandenberg AFB are the major military facilities in the
region, although Fort Ord was recently closed.

Publicly owned lands constitute approximately 28 percent of the region's area.  The four major
military installations within the region occupy 340,000 acres.  State parks and national forests
provide about 1.3 million acres for public recreation.  Elkhorn Slough National Estuarine Research
Reserve is one of the few remaining coastal wetlands.  The slough is on a migratory flyway and is an
important feeding and resting ground for waterfowl.

Irrigated and nonirrigated agriculture remain the dominant land use for most of the Central Coast
region.  Intensive agriculture exists in the Salinas and Pajaro valleys in the north and the Santa Maria
and lower Santa Ynez valleys in the south.  Moderate levels of agricultural activity also occur near
the upper Salinas, South Coast, and Cuyama areas.  Most of the region's irrigated agriculture is in
the northern and southwestern valleys, and irrigated acreage has decreased slightly in recent years
as a result of urban encroachment.
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Central Coast Region
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Vegetables and other truck crops are the primary crops grown in the region, with many acres
planted in vineyards and orchards.  Cut flowers, strawberries, and specialty crops, such as
asparagus, mushrooms, artichokes, and holly, are distinctive to the northern region.  The flower
seed industry is important in Lompoc Valley and also attracts many tourists.  Portions of the upper
Salinas Valley and Carrizo Plain are dry-farmed to produce winter grain.  These areas also support
sheep and cattle ranching.  Manufacturing is limited, but heavy water-using industries, such as
petroleum production and refining, food processing, and stone, clay, and glass products
manufacturing are present.

4. Water Supply

Groundwater is the primary source of water for the region.  The average water supply for the 1990
level of development is about 1.1 million acre-feet.  In 1990, groundwater pumping amounted to
82 percent of total supplies, 21 percent of which was in excess of the estimated prime supply and is
considered overdraft.

Currently, imported supplies account for only 5 percent of the total water supply.  This water is
delivered to the northern part of the region from the CVP through the San Felipe Project.
Completion of the Coastal Branch of the SWP in 1997 has lessened the reliance on groundwater
supplies in San Luis Obispo and Santa Barbara counties.  The Coastal Branch facilities are
expected to transport 52.7 TAF of water to the area, though full SWP entitlement is 70.5 TAF per
year for these areas.  Santa Barbara County has the option to buy back an additional 12.2 TAF per
year of SWP water.

a. Surface Water Hydrology.  The Santa Ynez, Santa Maria, and Salinas rivers constitute the
major drainages of the Central Coast region, although numerous lesser streams exist.  There are in
excess of 60 reservoirs, most of which are privately owned.  The reservoirs in the region are used
for residential and municipal water needs, flood control, recreation, irrigation, and riparian habitat.
Table III-27 lists the major reservoirs in the Central Coast Region.

The Salinas River, the largest single watershed in the Central Coast area, flows northward through
Monterey County to Monterey Bay.  San Antonio and Nacimiento Reservoirs store and regulate
the flows on the major tributaries to the Salinas River which, together with the Carmel and Pajaro
rivers, provide most of the groundwater recharge for the northern part of the region.  Smaller
watersheds in the northern part of the region include San Luis, Chorro, San Juan, and Arroyo
Grande creeks.

Basins in the southern part of the region are smaller, but locally important.  The Santa Maria River
and its Cuyama River tributary form the boundary between San Luis Obispo and Santa Barbara
counties.  Twitchell Reservoir is located on the Cuyama River.  The Sisquouc River, tributary to the
Santa Maria River, is listed as a federal Wild and Scenic River.  The Santa Ynez River drains the
southern portion of Santa Barbara County with Lake Cachuma as the primary storage facility.
Salsipuedes Creek is a major stream in the Santa Ynez Valley.  Lesser streams include San
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Antonio, Alisal, Alamo Pintado, and Santa Aqueda creeks, Atascadero Creek in Goleta, Mission
and Sycamore creeks in the city of Santa Barbara, and Santa Monica, Steer, and Rincon creeks in
the Carpinteria area.

Table III-27
Major Reservoirs in the Central Coast Region

Reservoir River Capacity (TAF) Owner

Santa Margarita Lake Salinas 24 USACE

San Antonio San Antonio 335 MCWRA

Nacimiento Nacimiento 340 MCWRA

Gibralter Santa Ynez 9 City of Santa Barbara

Cachuma (Bradbury) Santa Ynez 190 USBR

Whale Rock Old Creek 41 DWR

Lopez Arroyo Grande Creek 52 SLOCFCWCD

Vaquero (Twitchell) Cuyama River 240 USBR

Source:  DWR 1993b

b. Surface Water Quality.  The population of the Central Coast has grown substantially in the
past few decades, and surface water of adequate quality is now in short supply.  Water quality
problems are not often evident, although bacterial contamination of coastal waters has been noted in
Morro Bay and southern Santa Barbara County.  Other streams in the Central Coast area, such as
the Cuyama River, are highly mineralized (above 1000 milligrams/liter total dissolved solids), which
contributes to high groundwater salinity.

Water quality of streams in San Luis Obispo County typically varies from good (water that supports
and enhances the designated beneficial uses) to intermediate (water that supports designated
beneficial uses but is degraded occasionally).  However, some streams contain water of impaired
quality (water that cannot reasonably be expected to attain or maintain applicable water quality
standards).  The Salinas River has about 120 miles of good water quality, 30 miles of intermediate,
and 30 miles of impaired.  Water quality problems are caused by agricultural return flows that carry
toxic organics.  San Luis Obispo Creek contains 8 miles of good water quality and 10 miles of
impaired.  Water quality problems are caused by sedimentation, which has led to impaired spawning
habitat and a decline in the fishery.  Lower San Luis Obispo Creek experiences eutrophication
problems.   Santa Rosa Creek consists of 12 miles of intermediate quality water.  This may be a
result of natural nickel, chromium, and mercury in the water and in streambed sediments.  The
Cuyama River, which runs through both San Luis Obispo and Santa Barbara counties, has 91 miles
of intermediate water quality.  Below Twitchell Reservoir, the river contains elevated levels of NO3,
SO4 and total dissolved solids.  Chorro Creek has 3 miles of intermediate quality water and 8 miles
of impaired water.  Inactive mines and sedimentation contribute to the water quality problems.
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Major streams in Santa Barbara County typically have water of intermediate or impaired quality.
Rincon Creek consists of 9 miles of intermediate water quality, principally caused by sedimentation
problems.  Santa Monica Creek, with pesticides present in stream sediments, has 4 miles of
intermediate water quality.  The Sisquouc River has 45 miles of river with intermediate quality and
has only seasonal flow, with sedimentation problems.   The Santa Ynez River has 59 river miles of
intermediate water quality and 11 miles of impaired quality.  Coliform, conductivity, and excessive
total dissolved solids have contributed to the water quality problems.  Mission Creek contains
9 miles of stream with impaired water quality.  Coliform levels cause some of the water quality
problems, and runoff is also suspected to contain metals and organics.

Half of the major reservoirs in the Central Coast area contain water of unknown quality
(Vaquero/Twitchell, Santa Margarita, Lopez, and Whale Rock).  Jameson Reservoir is
characterized as having good water quality, as are Lake Cachuma and Gibraltar Reservoir, which
also have limited sedimentation problems.  Additionally, Gibraltar Reservoir contains mercury mine
tailings.  Lake Nacimiento contains water of impaired quality, as evidenced by elevated levels of
toxic substances in fish tissue levels.

c. Groundwater Hydrology.  There are approximately 53 groundwater basins, subbasins, and
storage areas in the Central Coast Region.  Most of the groundwater basins are small but important
to their local communities.  These shallow basins underlie seasonal coastal streams.  During years
with normal or above-normal rainfall, aquifers in the basins are continuously replenished by creek
flows.  In years of below-normal precipitation, the creek flows are intermittent, flow is insufficient
for both agriculture and municipal uses, wells become dry, and seawater intrudes into some coastal
groundwater basins.
There are nine groundwater basins in San Luis Obispo County, some of which are shared with
Monterey and Santa Barbara counties.  The nine basins are Paso Robles Basin, Cholame Valley,
Los Osos Valley, San Luis Obispo Valley, Pismo Creek Valley, Arroyo Grande Valley-Nipomo
Mesa area, Santa Maria River Valley, Cuyama Valley, and Carrizo Plain.  Pismo Creek Valley
(10 square miles) is the smallest, and Paso Robles Basin (860 square miles) is the largest.  Storage
capacity of the nine basins ranges from 30,000 acre-feet to 6,800,000 acre-feet, and usable
capacity ranges from 10,000 acre-feet to 1,700,000 acre-feet.

Santa Barbara County has seven identified groundwater basins, including those that are shared with
San Luis Obispo and Ventura counties.  The seven basins are Santa Maria River Valley, Cuyama
Valley, San Antonio Creek Valley, Santa Ynez River Valley, Goleta Basin, Santa Barbara Basin,
and Carpinteria Basin.  Carpinteria Basin (12 square miles) is the smallest, and Santa Ynez River
Valley (260 square miles) is the largest.  The storage capacity of these basins ranges from 140,000
acre-feet to 2,700,000 acre-feet and the usable capacity ranges from 19,000 acre-feet to 362,000
acre-feet.

The Cuyama Valley basin is subject to critical conditions of overdraft because extraction,
evapotranspiration, and outflow outpace natural groundwater recharge.  Irrigation water use in the
basin increased 53,000 acre-feet between 1939 and 1980.  Groundwater levels in the western and
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central parts of the valley declined from 50 to 200 feet between 1950 and 1980, and the loss of
groundwater storage capacity between 1947 and 1978 was 700,000 acre-feet.

d. Groundwater Quality.  Water quality in the Central Coast Region is generally quite good.
Groundwater temperature ranges from about 55EF to about 75EF.  TDS content of the water is
generally less than 800 milligrams per liter, but locally it can be more than 11,000 milligrams per
liter.  The predominant water type is calcium bicarbonate; however, sodium, magnesium, sulfate,
and chloride are present locally in significant quantities.

In San Luis Obispo County, most groundwater basins have only minor water quality problems.  The
Paso Robles Basin has locally high levels of boron for irrigation use, and the Los Osos Valley has
some areas of sea water intrusion, as well as locally high levels of chlorides for domestic or irrigation
uses and for prevention of seawater intrusion.  Along the coastal margin of Pismo Creek Valley,
TDS, chloride, and sulfate are high for domestic use, and locally, in the Pismo basin, TDS and
nitrates are high for domestic use.  The lower Arroyo Grande Valley commonly has high nitrates for
domestic use, and along the coastal margin TDS, chlorides, and sulfates are high for domestic uses.
The Santa Maria River Valley is locally high in TDS for domestic use.  The Cuyama Valley has local
areas of groundwater that are unsuitable for domestic or irrigation use, and near Soda Lake in the
Carrizo Plain, the groundwater is generally unsuitable for domestic and irrigation uses.

In Santa Barbara County, the San Antonio Creek and Santa Ynez River valleys are locally high in
TDS for domestic and irrigation use.  In the Goleta Basin, there are locally high levels of TDS,
manganese, and iron for domestic use.  In the Santa Barbara Basin, TDS is high for domestic use
and boron and chlorides are also high, and seawater is possibly intruding into the basin.  The
Carpinteria Basin also has possible seawater intrusion.

5. Water Use

In 1990, the total net water use was 1,143,000 acre-feet.  Agricultural water use accounted for
78 percent of the total water use in the region, while urban water use was 20 percent of the total.
Energy production, environmental needs, conveyance losses, and recreation make up the remainder
of total water use.  Forecasts indicate that average annual water demand will increase by about
13 percent by 2020.

Urban net water demand for the region in 1990 was 229,000 acre-feet.  The average per capita
water use in the Santa Barbara and San Luis Obispo areas was 187 and 190 gallons, respectively.
These values reflect the average use for the region, which includes highs of about 250 gallons per
day in the warmer inland communities of Hollister and King City and lows of about 150 gallons per
day in the chronically water-short, but cooler Monterey-Carmel area.  While population in the
Central Coast is expected to increase by about 56 percent by 2020 to over 2 million people, the
urban water use in the region is not projected to increase proportionally.

decade and is forecasted to increase just slightly by 2020.  Irrigated crop acreage in 1990 was
Irrigated agriculture has remained relatively stable in the Central Coast Region during the past
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528,000 acres and the total applied water demand was 1,140,000 acre-feet.  Total agricultural net
water demand was 893,000 acre-feet.

6. Vegetation

Much of the natural vegetation in the Central Coast Region remains relatively undisturbed.  Those
areas that have been developed have mainly been the valleys, alluvial fans and plains, and terraces.
Vegetation found in the Central Coast service area can be divided into a number of broad
categories, or vegetation communities.  These communities contain both native and non-native
species.

Plant communities found in the area include valley and foothill riparian, grassland, freshwater
emergent wetland, saline emergent wetland, foothill woodland, sycamore alluvial woodland, mixed
chaparral, chenopod scrub, coastal scrub, coastal dunes, coast live oak forest, montane hardwood
forest, and mixed conifer forest.  Numerous sensitive plant species occur in these communities.
Sensitive plant species found in the Central Coast region are listed in Table III-28.

Sensitive riparian habitats in the Central Coast region include central coast live oak riparian forest,
central coast cottonwood-sycamore riparian forest, central coast arroyo willow riparian forest, and
central coast riparian scrub.  Sensitive grassland habitats include vernal pools, serpentine
bunchgrass, pine bluegrass grassland, wildflower fields, and freshwater seeps.  Sensitive wetland
habitats include coastal and valley freshwater marsh, vernal marsh, northern coastal salt marsh and
coastal brackish marsh.  Other sensitive habitats that are found in the Central Coast region include
central maritime chaparral, interior coast range saltbush scrub, and central dune scrub.

7. Fish

A wide variety of fish, including both warmwater and coldwater species, can be found in the
streams and reservoirs of the Central Coast area.  Threespine stickleback, sculpin, speckled dace,
and Sacramento squawfish can be found in many of the streams.  Some streams have runs of
steelhead or populations of tidewater gobies.  Most reservoirs contain populations of brown
bullhead, bluegill, white catfish, channel catfish, smallmouth bass, largemouth bass, threadfin shad,
and black crappie.  Golden shiner, red-eared sunfish, trout (planted), Alabama bass, striped bass,
and spotted bass are also found in some reservoirs.  San Antonio Reservoir has a commercial
fishery for carp and goldfish.  Whale Rock Reservoir contains a population of landlocked steelhead,
while California’s only legal population of white bass is found in Nacimiento Reservoir.

No species of salmon are found in the streams south of Monterey Bay.  However, three other
significant fish species are found along the central coast streams, including winter run steelhead,
tidewater goby, and the unarmored threespine stickleback.  Sensitive fish species found in the
Central Coast region are listed in Table III-29.
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Table III-28

Sensitive Plant Species in the Central Coast Region

           Status

Scientific Name Common Name State  CNPS  Federal

Arctostaphylos hookeri ssp. hearstorium Hearst's manzanita SE 1B FSC
Arctostaphylos morroensis Morro manzanita 1B FT
Arenaria paludicola Marsh sandwort SE 1B FE
Bloomeria humilis Dwarf goldenstar SR 1B FSC
Castilleja mollis Soft-leaved Indian paintbrush 1B FPE
Caulanthus californicus California jewelflower SE 1B FE
Ceanothus hearstorium Hearst's ceanothus SR 1B FSC
Ceanothus maritimus Maritime ceanothus SR 1B FSC
Chlorogalum purpureum var.reductum Camatta Canyon amole SR 1B C
Cirsium fontinale var. obispoensis Chorro Creek bog thistle SE 1B FE
Cirsium loncholepis La Graciosa thistle ST 1B C
Cirsium rhothophilum Surf thistle ST 1B C
Clarkia speciosa ssp. immaculata Pismo clarkia SR 1B FE
Crodylanthus maritimus ssp. maritimus Salt marsh bird's-beak SE 1B FE
Cordylanthus rigidus ssp.littoralis Seaside bird's-beak SE 1B FSC
Dithyrea maritima Beach spectaclepod ST 1B FSC
Eremalche kernensis Kern mallow 1B FE
Eriastrum hooveri Hoover's eriastrum   4 FT
Eriodictyon altissimum Indian Knob mountainbalm SE 1B FE
Eriodictyon capitatum Lompoc yerba santa SR 1B C
Hemizonia increscens ssp. villosa Gaviota tarplant SE 1B C
Lasthenia conjugens Contra Costa goldfields 1B FPE
Layia carnosa Beach layia SE 1B FE
Lembertia congdonii San Joaquin woollythreads 1B FE
Lupinus nipomensis Nipomo Mesa lupine SE 1B C
Pedicularis dudleyi Dudley's lousewort SR 1B FSC
Rorippa gambellii Gambel's watercress ST 1B FE
Sanicula maritima Adobe sanicle SR 1B FSC
Sidalcea hickmanii ssp. anomala Cuesta Pass checkerbloom SR 1B FSC
Sidalcea hickmanii ssp. parishii Parish's checkerbloom SR 1B C
Suaeda californica California sea blite 1B FE
Thermopsis macrophylla Santa Ynez false-lupine SR 1B FSC

STATE: SE=endangered; ST=threatened; SR=rare; SC=candidate for listing; CSC=special concern.
CNPS: (California Native Plant Society) 1A=presumed extinct in California; 1B=rare,threatened, or

endangered in California and elsewhere; 2=rare,threatened,or endangered in California but more
common elsewhere; 3=need more information; 4=distribution limited (a watchlist).

FEDERAL: FE=endangered; FT=threatened; FPE=proposed endangered; FPT=proposed threatened;
C=candidate for listing; FSC=species of concern.

Source: State Water Project Supplemental Water Purchase Program, Draft Program Environmental
Impact Report (DWR, 1996)
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Table III-29
Sensitive Fish Species in the Central Coast Region

Status
Scientific Name Common Name State Federal

Eucyclogobius newberryi Tidewater goby CSC FE
Gasterosteus aculeatus williamsoni Unarmored threespine stickleback SE FE
Oncorhynchus mykiss Steelhead, Southern California ESU CSC FE
Oncorhynchus mykiss Steelhead, South Central California Coast ESU CSC FT
Oncorhynchus mykiss Steelhead, Central California Coast ESU FT

STATE: SE=endangered; ST=threatened; SR=rare; SC=candidate for listing; CSC=special concern.
FEDERAL: FE=endangered; FT=threatened; FPE=proposed endangered; FPT=proposed threatened;

C=candidate for listing; FSC=species of concern.

Source: State Water Project Supplemental Water Purchase Program, Draft Program Environmental Impact
Report (DWR, 1996)

Steelhead runs still exist within San Luis Obispo and Santa Barbara counties, although they have
declined from historical levels.  In San Luis Obispo County, both San Simeon and Santa Rosa
creeks have reduced population levels due to loss of instream habitat.  In Chorro Creek, the only
spawning habitat is below an impassable dam and is often dewatered during the summer.  Arroyo
de la Cruz, however, remains fairly pristine and is one of the healthiest steelhead streams in the area.

The Santa Ynez River in Santa Barbara County historically had the largest steelhead runs in
southern California.  Now the population is almost extirpated due to dams blocking access to most
spawning and rearing habitat.  This population might possibly be restored if adequate flows are
provided.  The Santa Ynez River drains the north slope of the Santa Ynez Mountains.  Streams
draining the south slope also had steelhead runs historically.  Resident rainbow trout are still present
in most of these streams.

Steelhead, including the Southern California, South Central California Coast, and Central California
Coast Evolutionary Significant Units (ESU), were listed under the Endangered Species Act by the
National Marine Fisheries Service in August 1997.

8. Wildlife

The Central Coast region contains a wide variety of habitats, from desert scrub to riparian forest,
which in turn support diverse animal communities.  Because of the overlap between the northern and
southern floristic elements, many rare and endangered species inhabit the Central Coastal region.
Among the common animal species are mule deer, mountain lion, bobcat, coyote, turkey, hawks,
passerines, rodents, snakes, lizards, amphibians, and insects.
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Within the riparian areas of the Central Coast, common wildlife species include striped skunks,
raccoons, gray fox, pond turtles, various passerines and neotropical migrants, waterfowl, and
wading birds.  Grasslands contain vernal pool species, as well as species adapted to more arid
habitats, like the San Joaquin kit fox, kangaroo rats, and various raptors.  The foothill and sycamore
woodlands provide habitat for large mammals such as the mountain lion, bobcat, and black-tailed
deer, as well as smaller creatures like squirrels, snakes, and quail.

In addition to the common species of the coastal mountains and valleys, the diverse plant
communities support 51 sensitive animal species.  These include State- or federal-listed species,
candidate species, and species of special concern.  Of these 51, about half are officially listed as
threatened or endangered.  Table III-30 lists the sensitive wildlife species found in the Central Coast
region.

9. Recreation

The Central Coast Region contains a broad spectrum of recreational opportunities due to its wide
variety of habitats.  The topography ranges from the interior mountains and valleys to coastal
mountains and valleys to the coastal plain.  The coastline provides areas for tide-pooling, wildlife
watching, hiking, picnicking, swimming, surfing, diving, and fishing, as well as recreational boating
and sport fishing on the ocean.  The Henry Cowell Redwoods and Pfeiffer Big Sur State Parks are
popular recreation areas.  Inland, the Los Padres National Forest also provides many recreational
opportunities such as hiking, camping, wildlife watching, fishing, and picnicking.   Water related
recreational opportunities are provided at many of the rivers and reservoirs in the area, including
Lake San Antonio, Lake Nacimiento, Lake Cachuma, and Lopez Lake.

J. SOUTHERN CALIFORNIA

The discussion of the environmental setting for Southern California will focus on the areas included
in the SWP Contractors' Service Area.  This will include the South Coast Region, as described in
Bulletin 160-93 (DWR 1994), and will also include the Antelope Valley and Mojave areas of the
South Lahontan Region and the Coachella Valley area of the Colorado River Region.  Figure III-17
shows the Southern California region.

The principal SWP contracting agencies in the Southern California service area include: the
Metropolitan Water District of Southern California; Antelope Valley-East Kern, Castaic Lake,
Crestline-Lake Arrowhead, Desert, Mojave, and San Gorgonio Pass Water Agencies; Coachella
Valley and San Gabriel Valley Municipal Water Districts; and Ventura County Flood Control
District.  The SWP Southern California service area comprises approximately 10.6 million acres.
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Table III-30
Sensitive Wildlife Species in the Central Coast Region

Status
Scientific Name Common Name   State     Federal

Accipiter cooperi Cooper's hawk CSC
Accipiter striatus Sharp-shinned hawk CSC
Agelaius tricolor Tricolor blackbird CSC FSC
Aquila chrysaetos Golden eagle CSC
Asio flammeus Short-eared owl CSC
Asio otus Long-eared owl CSC
Athene cunicularia Burrowing owl CSC
Brachyramphus marmoratus Marbled murrelet   SE FT
Buteo regalis Ferruginous hawk CSC
Buteo swainsoni Swainson's hawk   ST
Charadrius alexandrinus nivosus Western snowy plover   SC FT
Circus cyaneus Northern harrier CSC
Coccyzus americanus occidentalis Western yellow-billed cuckoo   SE
Dendroica petechia brewsteri Yellow warbler CSC
Empidonax traillii Willow flycatcher   SE
Falco mexicanus Prairie falcon CSC
Gymnogyps californianus California condor   SE FE
Haliaeetus leucocephalus Bald eagle   SE FT
Icteria virens Yellow-breasted chat CSC
Ixobrychus exilis hesperis Western least bittern CSC FSC
Laterallus jamaicensis conturniculus California black rail   ST FSC
Numenius americanus Long-billed curlew CSC
Pelecanus occidentalis californicus California brown pelican   SE FE
Phalacrocorax auritus Double-crested cormorant CSC
Progne subis Purple martin CSC
Rallus longirostris obsoletus California clapper rail   SE FE
Riparia riparia Bank swallow   ST
Sterna antillarum browni California least tern   SE FE
Toxostoma lecontei Le Conte's thrasher CSC
Vireo bellii pusillus Least Bell's vireo   SE
Ammospermophilus nelsoni San Joaquin antelope squirrel   ST FSC
Dipodomys heermanni morroensis Morro Bay kangaroo rat   SE FE
Dipodomys ingens Giant kangaroo rat   SE FE
Dipodomys nitratoides brevinasus Short-nosed kangaroo rat CSC
Euderma maculatum Spotted bat CSC FSC
Onychomys torridus tularensis Tulare grasshopper mouse CSC
Plecotus townsendii townsendii Townsend's western big-eared bat CSC
Vulpes macrotis mutica San Joaquin kit fox   ST FE
Clemmys marmorata Western pond turtle CSC
Gambelia sila Blunt-nosed leopard lizard   SE FE
Phrynosoma coronatum frontale California horned lizard CSC
Ambystoma californiense California tiger salamander CSC C
Bufo microscaphus calfiornicus Arroyo toad CSC FE
Rana aurora draytonii Calfiornia red-legged frog CSC FT
Rana boylii Foothill yellow-legged frog CSC FSC
Branchinecta longiantenna Longhorn fairy shrimp FE
Branchinecta lynchi Vernal pool fairy shrimp FT
Euphilotes enoptes smithi Smith's blue butterfly FE

 STATE:      SE=endangered; ST=threatened; SR=rare; SC=candidate for listing; CSC=special concern.
   FEDERAL: FE=endangered; FT=threatened; FPE=proposed endangered; FPT=proposed threatened;

C=candidate for listing; FSC=species of concern.
         Source: State Water Project Supplemental Water Purchase Program, Draft Program Environmental Impact

Report (DWR, 1996)
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1. Geography and Climate

The South Coast Region is the most urbanized region of California.  Although it covers only about
7 percent of the State's total land area, it contains over half of the State's population.  The region
extends east from the Pacific coast and is bounded on the north by the Santa Barbara/Ventura
county line and the San Gabriel and San Bernardino mountains, on the south by the Mexican
border, and on the east by the San Jacinto Mountains and low-elevation mountain ranges in central
San Diego County.  The SWP Southern California service area includes Ventura, Los Angeles, and
Orange counties, and portions of San Bernardino, Riverside, San Diego, Kern and Imperial
counties.

Topographically, the South Coast Region is comprised of a series of broad coastal plains, gently
sloping inland valleys, and mountain ranges of moderate elevation.  The largest mountain ranges of
the region are the San Gabriel, San Bernardino, San Jacinto, Santa Rosa, and Laguna mountains.
Peak elevations are generally between 5,000 and 8,000 feet above sea level; however, some peaks
are nearly 11,000 feet high.  The SWP service area also includes interior deserts in the Antelope,
Mojave, and Coachella valleys which are generally east of the South Coast Region.  The Coachella
Valley is located at the northwest end of the Salton Trough, which extends from San Gorgonio Pass
to the Gulf of California.  The Salton Sea is situated at the lowest point of the trough and lies below
sea level.

The climate of the region is Mediterranean-like, with warm dry summers and mild wet winters.
Summer temperatures along the coast are relatively cool as a result of the moderating influence of
the ocean.  In the warmer interior, summer temperatures are often over 90EF.  In the inland deserts,
average summer maximum temperatures are 105-110EF.  During winter, temperatures seldom drop
below freezing except in the mountains and some interior valleys.

Average annual rainfall can range from 10 to 15 inches on the coastal plains and 20 to 45 inches in
the mountains.  The interior deserts average as little as 4 inches per year.  Most of the precipitation
falls between December and March.  Precipitation in the higher mountains frequently occurs as
snow, and in most years, snowfall is sufficient to support winter recreation in the San Gabriel and
San Bernardino mountains.

The primary River Basins of the South Coast Region include the Santa Clara, Los Angeles, San
Gabriel, Santa Ana, Santa Margarita, and San Luis Rey.  Some portions of these rivers have been
intensively modified for flood control.  The natural runoff of the region's streams and rivers averages
about 1.2 million acre-feet per year.

2. Population

The population in the South Coast Region in 1990 was over 16 million, an increase of 26 percent
from the 1980 level.  Most of the increase is due to immigration, both from within the United States
and from around the world.  Most of the region's coastal plains are densely populated.  The largest
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cities include Los Angeles, San Diego, Long Beach, Santa Ana, and Anaheim; each is among
California's ten most populated cities and Los Angeles and San Diego rank second and sixth largest
in the United States, respectively.  The region includes six of the ten fastest growing cities with
populations between 50,000 and 200,000.  They include Corona, Fontana, Tustin, Laguna Niguel,
National City, and Rancho Cucamonga.  Areas undergoing increased urbanization include the
coastal plains of Orange and Ventura counties, the Santa Clarita Valley in northwestern Los
Angeles County, the Pomona/San Bernardino/Moreno valleys, and the valleys north and east of the
City of San Diego.  The population of this region is expected to increase by 55 percent by 2020.

The desert regions contain some of the fastest growing urban areas in California, including the cities
of Lancaster and Palmdale in the Antelope Valley of Los Angeles County and the Victor and Apple
valleys of San Bernardino County.  Many new resident in these valleys commute to the greater Los
Angeles area to work.  Major local employment includes the aerospace industry of Palmdale
Airport and Edwards Air Force Base.  The combined population in the Mojave and Antelope
valleys in 1990 was about 525,000.  Major cities in the Coachella Valley include Palm Springs,
Indio, Cathedral City, and Palm Desert.  The 1990 population for the Coachella Valley was
263,000.

3. Land Use

Since the 1940's, Southern California has changed from a largely rural community with an
agricultural economy to a highly urban-industrial society.  Despite being so urbanized, about one-
third of the South Coast Region's land is publicly owned.  Of the approximately 2.3 million acres of
public land, about 75 percent is national forest.  Urban land use accounts for about 1.7 million acres
and irrigated cropland accounts for less than 300,000 acres.

The major industries in the region are national defense, aerospace, recreation and tourism, and
agriculture.  Other large industries include electronics, motion picture and television production, oil
refining, housing construction, government, food and beverage distribution, and manufacturing
(clothing and furniture).  While defense, aerospace, and oil refining are in decline, the South Coast
Region has a strong and growing commercial services sector.  International trading, financing, and
basic services are major economic contributors to the region.

In the coastal areas of Southern California, agriculture remains important economically, despite
urbanization.  Farms generally produce high value crops on small irrigated parcels.  The largest
amount of irrigated agriculture is in Ventura County, where 116,600 acres of cropland is devoted
primarily to fresh market vegetables, strawberries, and citrus and avocados.  The San Diego area
has more than 110,000 acres in irrigated agriculture, most of which is planted in citrus and
avocados.  Fresh market vegetables are grown throughout the regions coastal and inland valleys
which are also ideally suited for growing other high-value crops such as nursery products and cut
flowers.  Other irrigated agriculture includes forage and field crops related to the dairy industry and
vineyards.
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Agriculture is also important in the Colorado Desert, especially in the Coachella and Imperial
valleys, where livestock, field crops, truck crops, grain, sugar beets, and cotton are produced.
There were 74,000 irrigated acres in the Coachella Valley in 1990.  Poultry, livestock, and field
crops are produced in the Mojave Desert.  Alfalfa and pasture are the principal crops grown on
approximately 26,000 acres of irrigated agricultural lands in the Antelope and Mojave basins.
Almond, apple, apricot, pear, grain, and some truck crops are also grown.

Recreation and tourism together have become the second most important industry in the Coachella
Valley.  Developers have constructed world-class hotels, country clubs, golf courses, and residential
communities.  Over 90 golf courses have been established in the valley, contributing to the influx of
retirees and vacationers from around the world.

4. Water Supply

Because local water supplies are limited, imported water has played a significant role in meeting the
area's growing water demands.  Since the turn of the century, water development has been carried
out on a massive scale throughout Southern California.  Steady expansion of the population and
economy lead to sufficient demand and financial backing to build large water supply projects for
importing water into the region.  Due to the highly seasonal precipitation, the major rivers in the
service area do not provide a substantial or reliable surface water supply.  The runoff in the
intermittent streams that flow from the mountains primarily percolates into groundwater basins.
Most of the local water sources have been developed to provide flood control, groundwater
recharge, and water supply.  About two thirds of the South Coast Region's 1990 water supply
comes from surface water imports.  The remaining portion is supplied by groundwater (25 percent),
local surface water (6 percent), and reclaimed water (2 percent).

Water is imported into Southern California from three sources:  (1) the Owens Valley and Mono
Lake Basin; (2) the Colorado River; and (3) the SWP.  The City of Los Angeles first brought
imported water into the area from Owens Valley via the Los Angeles Aqueduct in 1913.  With the
addition of a second conduit in 1970, the Mono-Owens supply is about 10 percent of the region's
1990 level water supply.  As development on the coastal plain increased, the Colorado River was
tapped as a second imported supply by the Metropolitan Water District of Southern California
(MWD), which constructed the Colorado River Aqueduct in 1941.  The Colorado River provides
about 29 percent of the 1990 level water supply.  Both of these import facilities have been operating
at or near capacity.  A third major source of imported water, the SWP, first made deliveries from
the Sacramento-San Joaquin Delta to the Southern California area through the California Aqueduct
in 1972, and today furnishes about 28 percent of the region's supply.  SWP service contractors in
Southern California have entitlement to 2.5 million acre-feet, which is 59 percent of the ultimate
minimum yield of the project; however, not all of the SWP contractors receive their full entitlement
at this time.

Three significant events have occurred subsequent to 1990 which will likely reduce imports to the
region via the Los Angeles Aqueduct by a significant amount.  These events include: (1) adoption by
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the SWRCB of Water Right Decision 1631, which substantially reduced the water available for
export from the Mono Basin; (2) approval by the City of Los Angeles and the County of Inyo of the
Inyo-Los Angeles Agreement, which will substantially reduce the quantity of groundwater that can
be exported from the Owens Valley; and (3) adoption by the Great Basin Unified Air Pollution
Control District of a state implementation plan, which provides for the release of water by the City
of Los Angeles onto the historically dry Owens Lake bed to control the emission of PM10.
Together, it is anticipated that these events will reduce the quantity of water imported into the region
via the Los Angeles Aqueduct by up to 120,000 acre-feet per year, which is in excess of 25% of
historical diversions of the Los Angeles Department of Water and Power.

Groundwater supplies a significant portion of the water in the Southern California service area.
Although further development is possible in a few local areas, some of the basins have been over-
used, and as a result, have been adjudicated or managed by public agencies.

In 1990, the Coachella Valley used 85,000 acre-feet of groundwater, 52,000 of which was
considered overdraft.  MWD has an exchange agreement with Desert Water Agency and Coachella
Valley Water District that allows MWD to take the two agencies' SWP entitlement water.  In
return, MWD releases water from its Colorado River Aqueduct for groundwater recharge in the
Coachella Valley.

Groundwater is the major, if not only, local source of water in the Mojave and Antelope valleys.
Problems associated with overdraft have resulted in adjudication of the Mojave groundwater basin
and sporadic efforts to either adjudicate or develop groundwater management plans for the
Antelope Valley basin.  These efforts could restrict the use of groundwater and give impetus to
developing more active conjunctive use programs.  Such programs would have to rely on imported
water supplies to a considerable extent.

In the heavily urbanized Coastal Plain area extending into Ventura County and eastward into San
Bernardino and Riverside counties, reliance on groundwater is less because more surface water is
available.  However, annual groundwater extractions exceed 1.5 million acre-feet, which is a much
larger absolute use but a smaller proportion of the overall water supply.   Annual overdraft has been
estimated to be as high as 200,000 acre-feet.  A long history of largely uncontrolled groundwater
use in this area resulted in serious over-exploitation of many basins, with resultant seawater intrusion
and declining water levels.  As a result of litigation springing from these problems, most of the major
groundwater basins have been adjudicated or have had active groundwater management programs
developed.  In the adjudicated basins, the rights to pump groundwater have been quantified and
assigned.  In these basins, the annual amount of water that can be pumped is controlled, and
pumping in excess of an adjudicated rate generally requires procurement of an offsetting
replenishment supply.  The nature of the adjudication process makes it somewhat difficult to modify
basin operation significantly to alleviate short-term water shortages, particularly under drought
conditions.  Managed basins often have similar restrictions but tend to be more flexible in their ability
to respond to changing conditions.
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Urban areas overlying much of the groundwater basins continue to expand, resulting in loss of
recharge capability.  This loss has been partially offset by development of extensive artificial
recharge programs.  Nevertheless, the limited opportunities for recharge will necessitate prudent use
of groundwater as a source of supply during extended dry periods.

In San Diego County, groundwater basins tend to be much smaller.  Although they constitute an
important part of the water supply system, these basins have little potential for more use in the short
term.

a. Surface Water Hydrology.  Many streams flow down the southwestern slope of the
Transverse Ranges and the western slope of the Peninsular Ranges to drain into the Pacific Ocean.
These include the Santa Clara, Ventura, Los Angeles, San Gabriel, Santa Ana, San Jacinto, San
Diego, San Luis Rey, Santa Margarita, Otay, and Tijuana rivers.  Dams and reservoirs regulate
many of these rivers.  Large reservoirs in the area, most of which are storage facilities for imported
supplies, include Pyramid Lake, Castaic Lake, Silverwood Lake, Lake Perris, Lake Casitas, Lake
Mathews, El Capitan Reservoir, San Vicente and Lake Havasu.  Table III-31 lists the major
reservoirs in the Southern California Region.

On the eastern side of the Peninsular Ranges lie the Mojave and Colorado deserts.  Streams there
typically have intermittent flow and, with the exception of the Colorado River, primarily drain into
groundwater basins or interior lakes.  Rainfall in the desert is scarce and highly seasonal but at times
is so intense that watercourses overflow and cover large areas with sheet flow.  These conditions
result in changing patterns of erosion and deposition.  Desert rivers include the Mojave, Colorado,
San Gorgonio, Alamo, and New rivers.  Lakes and reservoirs are scarce in this area, with the
exception of dry lakebeds and the Salton Sea.

b. Surface Water Quality.  Southern California has many water quality problems.  Along the
coast, thermal discharges from electrical generation plants and nutrient overloading of streams cause
local problems.  In the desert, the problems are more general and relate to increasing salinity of
groundwater and lakes such as the Salton Sea.

Along the coast, water quality in streams, lakes, and reservoirs varies from good (water that
supports and enhances the designated beneficial uses) to intermediate (water that supports
designated beneficial uses but with occasional degradation of water quality) to impaired (water that
cannot reasonably be expected to attain or maintain applicable water quality standards).

The Santa Clara River contains 79 river miles of intermediate quality water due to pollutants in
urban and agricultural runoff.  The upper Ventura River consists of 9 miles of good quality water;
the lower river has 6 miles of impaired quality from high ammonia levels and low dissolved oxygen.
The Los Angeles River varies from intermediate to impaired water quality due to urban runoff, high
ammonia levels, and high volatile organic compounds.  The Santa Ana River varies from good to
impaired, with impaired reaches exhibiting toxic bioassay results and threats to recreational and
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Table III-31
Major Reservoirs in the Southern California Region

Reservoir River    Capacity (TAF) Owner

Casitas Coyote Creek 254 USBR
Lake Piru Piru Creek 88 United WCD
Pyramid Piru Creek 171 DWR
Castaic Castaic Creek 324 DWR
San Gabriel San Gabriel 42 LACFCD/DWP
Big Bear Lake Bear Creek 73 Big Bear MWD
Perris Bernasconi Pass 132 DWR
Mathews Trib Cajalco Creek 179 MWDSC
Irvine Lake Santiago Creek 25 Serrano ID/Irvine Ranch
Skinner Tucalota Creek 44 MWDSC
Vail Temecula Creek 50 Rancho Calif.  WD
Henshaw San Luis Rey River 53 Vista ID
Lake Hodges San Dieguito River 38 City of San Diego
Sutherland Santa Ysabel Creek 29 City of San Diego
San Vincente San Vincente Creek 90 City of San Diego
El Capitan San Diego River 113 City of San Diego
Lower Otay Otay River 50 City of San Diego
Morena Cottonwood Creek 50 City of San Diego
Barrett Cottonwood Creek 38 City of San Diego
Seven Oaks Santa Ana River 146 USCOE (under const.)
Prado Santa Ana River 183 USCOE
Silverwood West Fork Mojave 75 DWR

Source:  DWR 1993b

groundwater uses.  The San Jacinto River has good water quality, the San Diego River has
intermediate, and San Diego Creek suffers from impaired water quality.  Elevated levels of toxins
have been found in the tissues of fish and shellfish in San Diego Creek, as well as eutrophication
problems.  As with many rivers that cross the international border, the Tijuana River has impaired
water quality due to untreated wastewater.

Many of the reservoirs along the west slope of the Peninsular Ranges contain water of good quality.
However, Big Bear Lake is facing both eutrophication and sedimentation problems, as well as
increasing levels of toxins in fish tissues; and Perris Reservoir contains potential precursors of
trihalomethanes.  Intermediate quality water can be found in Lake Hodges and in Casitas Lake,
which suffers from turbidity problems.

Rivers within the Colorado and Mojave deserts, for the most part, have poor water quality.  The
Alamo River has impaired quality water, which is evident in the increasing levels of toxins in fish
tissue and the threat of toxic bioassay results.  The New River also contains water of impaired
quality and has been declared a public health hazard.  San Gorgonio River water quality is
unknown.  The Mojave River varies from good to impaired, with problems caused by sedimentation
and toxic pollutants.  The portion of the Colorado River that runs along the eastern boundary of
California contains water considered to be of good quality.
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Lakes and reservoirs in the desert seem to contain either good or impaired quality water, although
even areas with good quality are threatened.  Lake Silverwood is considered good quality water,
although there is the potential for mercury problems.  Lake Havasu is also considered good, but
there is a threat of increasing levels of selenium in fish tissue.  The Salton Sea contains water of
impaired quality demonstrated by high salinity levels and high levels of selenium in fish tissues.

The water delivered to the City of Los Angeles via the LA Aqueduct generally has less than 230
mg/L total dissolved solids.  Other water imported into Southern California ranges from less than
220 mg/L for SWP supplies to 750 mg/L for Colorado River water.  In some areas, SWP water is
blended with Colorado River water to provide a larger supply of water with acceptable TDS levels.

c. Groundwater Hydrology.  The South Coastal Region has at least 44 major groundwater
basins.  Groundwater commonly occurs in alluvial basins that vary greatly in size and storage
capacity.  Typically, the basins contain a complex interfingering of coarse-grained aquifer and fine-
grained material that limits water movement between aquifers.  Many basins contain fine-grained
material at or near the surface, which limits the area through which groundwater recharge can be
accomplished.  The relatively low recharge rates in comparison to storage capacity in many basins
have resulted in a tendency toward over-exploitation.

The most significant groundwater basins in the interior desert portions of the service area include the
Antelope, Mojave, and Coachella valleys.  Urban areas are expanding in all three valleys, and
supplemental water from the SWP is available to them.  Nevertheless, annual groundwater
extraction from these areas is about 433,000 acre-feet, with a resultant overdraft of as much as
221,000 acre-feet.

Potential adverse impacts of continued overdraft include land subsidence, increased pumping costs,
and water quality degradation.  In the 1970s, the Antelope Valley-East Kern Water Agency began
receiving deliveries of SWP water and recharging the groundwater basin.  Groundwater levels in
some portions of the basin have risen 40 feet or more since the introduction of SWP water.

Seawater intrusion can be a significant water quality problem in coastal groundwater basins.
Historically, seawater has intruded into most coastal basins in this area.  Injection wells are used to
create intrusion barriers along the coast in Orange and Los Angeles counties.  The barriers use
imported surface water and reclaimed waste water for injection and increase the extent to which
inland groundwater levels can be drawn down.  However, the barriers are not entirely effective (or
even present in some basins), thus limiting the availability of groundwater for use during extended
dry periods.

d. Groundwater Quality.  Although much of the groundwater in Southern California is suitable
for municipal and agricultural supplies, substantial degradation in some areas, such as San Diego
County, limits groundwater use.  Loss of production capability, while of concern, has been relatively
small.  Given the heavily urban character of the area and the former widespread citrus orchards,
elevated levels of nitrate and total dissolved solids, as well as contamination by synthetic organics,
are a fairly common problem in some basins.  In particular, the San Fernando and San Gabriel
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basins have widespread synthetic organics contamination, which constrains basin operations in order
to limit the spread of contamination.  Similar but less severe limitations on operations exist in many
other basins.

The groundwater within most basins of the south coastal area is suitable for all beneficial uses.
Groundwater temperature and total dissolved solids content tends to vary considerably between
basins.  In basins where Colorado River water is being used for recharge, the groundwater has
begun to take on qualities of the recharge water and is inferior to the natural groundwater.
Hardness is a common water quality problem in many basins.  Almost all of the basins are highly
developed except in San Diego County, where the basins are not as extensive and, in some cases,
contain water of inferior quality not suitable for domestic use.  Sea water intrusion is known to be
occurring or has the potential to occur in several south coastal basins, including the Coastal Plain of
Los Angeles, the Coastal Plain of Orange County, Santa Margarita Valley, San Luis Rey Valley,
San Dieguito Valley, and Mission Valley.

Groundwater quality in the Mojave River area is fair.  Total dissolved solids concentrations range
from about 300 to 1000 mg/L and are predominantly calcium or sodium bicarbonate in character,
with calcium predominating in the recharge area of the foothills and sodium in the middle and lower
discharge areas of the playas.  Groundwater quality in the immediate vicinity of the California
Aqueduct in Antelope Valley is excellent.  Total dissolved solids concentrations of about 150 to
300 mg/L dominate, with a few smaller areas around the communities of Littlerock and
Pearblossom having concentrations of about 300 to 500 mg/L.  The predominant character of the
water in the Coachella Valley is sodium sulfate or sodium chloride, but significant quantities of
calcium and bicarbonate are also present in some locations.  Groundwater temperature ranges from
about 60° to about 90°F; however, a temperature in excess of 200°F has been recorded.  Total
dissolved solids content of the water varies considerably, but is generally less than 600 mg/L.

5. Water Use

The total net water demand for the South Coast Region in 1990 was nearly 4.4 million acre-feet.
Urban use accounted for 80 percent of the net water demand, while agricultural use was 15 percent
of the total.  Urban water demand for the South Coast Region has rapidly increased due to
tremendous growth rates and expanding urbanized areas.  In many areas, urban expansion has led
to reductions in agricultural acreage and water use.

The total net water demand for the Antelope Valley and Mojave River areas in 1990 was about
225,000 acre-feet, and was nearly equally split between urban and agricultural use.  Net urban
demand in the Coachella Valley was 165,000 acre-feet, and net agricultural demand was 313,000
acre-feet.  Net water demand in the Coachella Valley is expected to increase slightly by 2020, but
the ratio of urban-to-agricultural use is expected to reverse with urban use more than doubling and
agricultural use falling by nearly half.
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6. Vegetation

While some of the naturally occurring vegetation in the Southern California service area has been
altered significantly by urban and agricultural development, a large part of the region, mostly
uplands, retains it native cover.  The dominant natural vegetation type in the non-urbanized portion
of the South Coast Region is a mixture of coastal sage scrub and chaparral communities, covering
nearly half of the land area.  The other vegetation communities include grassland, freshwater
emergent wetland, saline emergent wetland, coastal scrub, coastal dunes, desert scrub, desert
dunes, woodland, forest, and agricultural/urban.  Numerous sensitive plant species occur in those
communities.  Table III-32 lists the sensitive plant species found in the Southern California region.

Chaparral, the most abundant plant community in the Southern California area, represents the
typical vegetation.  Chaparral is composed of various species of manzanita, wild lilac, ceanothus,
oak, sage, mountain mahogany, and chamise.  This community is often found on hot, dry slopes,
ridges, and mesas and on poor soils that are shallow, sandy, and have low water-holding capacity.
While chaparral has little commercial value, it provides valuable wildlife habitat and forms a
protective cover to prevent erosion in steep watersheds.  Two types of sensitive chaparral habitat,
southern maritime chaparral and southern mixed chaparral, occur in Southern California.

Coastal sage scrub, once abundant, is now disappearing because of urban development.  Inland
sage is usually found on dry slopes below 3,000 feet on the coastal side of mountains.  Other scrub
communities include the creosote brush scrub (found on the floor of the Mojave Desert and along its
lower slopes) and succulent scrub (found in scattered locations throughout the southern desert)
communities.  Sensitive coastal scrub habitats in Southern California include southern coastal bluff
scrub, maritime succulent scrub, Diegan coastal sage scrub, and Riversidean sage scrub.

Agriculture and urban uses have largely displaced the native grasslands of the Southern California
service area.  With few exceptions, the remaining grasslands consist of introduced annual grasses
and forbs.  Sensitive grassland habitats in Southern California include valley needlegrass grassland,
serpentine bunchgrass, wildflower fields, southern interior basalt flow vernal pool, San Diego mesa
hardpan vernal pool, San Diego mesa claypan vernal pool, alkali seep, freshwater seep, alkali playa,
and pavement plain.

Coastal strand plants and coastal salt- and fresh-water marshes, once common along the coastline
in Southern California, have almost disappeared due to filling and dredging to create seaside
developments, marinas, and ports.  Remnants of these communities have been set aside in public
and private preserves.  Sensitive freshwater wetland habitats in Southern California include coastal
and valley freshwater marsh, cismontane alkali marsh, and transmontane alkali marsh.  Sensitive
saline wetland habitats in Southern California are the southern coastal salt marsh and coastal
brackish marsh.  Two types of sensitive coastal dune habitat in Southern California are southern
foredunes and southern dune scrub.
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Table III-32
Sensitive Plant Species in the Southern California Region

                   Status
Scientific Name Common Name           State  CNPS Federal

Acanthomintha ilicifolia San Diego thorn mint SE 1B FPE
Allium munzii Munz's onion ST 1B FPE
Arabis johnstonii Johnston's rock cress 1B FTP
Arctostaphylos glandulosa ssp. crassifolia Del Mar manzanita 1B FE
Arenaria paludicola Marsh sandwort SE 1B FE
Arenaria ursina Bear Valley sandwort 1B FPT
Astragalus albens Cushenbury milk-vetch 1B FE
Astragalus brautonii Braunton's milk-vetch 1B FE
Astragalus jaegerianus Lane Mountain milk-vetch 1B FPE
Astragalus lentiginosus var. coachellae Coachella Valley milk-vetch 1B FPE
Astragalus magdalenae var. perisonii Peirson's milk-vetch SE 1B FPE
Astragalus tener var. titi Coastal dunes milk-vetch SE 1B FPE
Astragalus tricarinatus Triple-ribbed milk-vetch 1B FPE
Atriplex coronata var. notatior San Jacinto Valley crownscale 1B FPE
Baccharis vanessae Encinitas baccharis SE 1B FT
Berberis nevinii Nevin's barberry SE 1B FPE
Brodiaea filifolia Thread-leaved brodiaea SE 1B FPT
Calochortus dunnii Dunn's mariposa lily SR 1B FSC
Castilleja cinerea Ash-gray Indian paintbrush 1B FPT
Castilleja gleasonii Mt. Gleason Indian paintbrush SR 1B FSC
Ceanothus ophiochilus Vail Lake ceanothus SE 1B FPT
Chorizanthe orcuttiana Orcutt's spineflower SE 1B FE
Cordylanthus maritimus ssp. maritimus Salt marsh bird's-beak SE 1B FE
Corethrogyne filaginifolia var. linofolia Del Mar Mesa sand aster 1B FSC
Croton wigginsii Wiggin's croton SR   2
Delphinium hesperium ssp. cuyamacae Cuyamaca larkspur SR 1B FSC
Dithyrea maritima Beach spectaclepod ST 1B FSC
Dodecahema leptoceras Slender-horned spineflower SE 1B FE
Downingia concolor var. brevior Cuyamaca Lake downingia SE 1B FSC
Dudleya abramsii ssp. parva Conejo dudleya 1B FT
Dudleya blochmaniae ssp. brevifolia Short-leaved dudleya SE 1B C1
Dudleya cymosa ssp. marcescens Marcescent dudleya SR 1B FT
Dudleya cymosa ssp. ovatifolia Santa Monica Mountains dudleya 1B FT
Dudleya densiflora San Gabriel Mountains dudleya 1B C
Dudleya stolonifera Laguna Beach dudleya ST 1B FPE
Dudleya verityi Verityi's dudleya 1B FT
Eriastrum densifolium ssp. sanctorum Santa Ana River woollystar SE 1B FE
Erigeron parishii Parish's daisy 1B FT
Eriogonum crocatum Conejo buckwheat SR 1B FSC
Eriogonum ericifolium var. thornei Thorne's buckwheat SE 1B FSC
Eriogonum kennedyi var. austromontanum Southern mountain buckwheat 1B FPT
Eriogonum ovalifolium var. vineum Cushenbury buckwheat 1B FE
Eryngium aristulatum var. parishii San Diego button-celery SE 1B FE
Fremontodendron mexicanum Mexican flannelbush SR 1B FPE
Galium angustifolium ssp. borregoense Borrego bedstraw SR 1B FSC
Helianthus niveus ssp. tephrodes Algodones Dunes sunflower SE 1B FSC
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Table III-32 (cont.)
Sensitive Plant Species in the Southern California Region

Status
Scientific Name Common Name          State  CNPS  Federal

Helianthus nuttallii ssp. parishii Los Angeles sunflower 1A FSC
Hemizonia conjugens Otay tarplant SE 1B FPE
Hemizonia minthornii Santa Susana tarplant SR 1B FSC
Hemizonia mohavensis Mohave tarplant SE 1A FSC
Ivesia callida Tahquitz ivesia SR 1B FSC
Lesquerella kingii ssp. bernardina San Bernardino Mtn. bladderpod 1B FE
Limnanthes gracilis ssp. parishii Parish's meadowfoam SE 1B FSC
Machaeranthera asteroides var. Laguna Mountains aster SR   2 FSC
  lagunensis
Monardella linoides ssp. viminea Willowy monardella SE 1B FPE
Navarretia fossalis Prostrate navarretia 1B FPT
Nolina interrata Dehesa nolina SE 1B FPT
Orcuttia californica California Orcutt grass SE 1B FE
Oxytheca parishii var. goodmaniana Cushenbury oxytheca 1B FE
Pentachaeta lyonii Lyon's pentachaeta SE 1B FE
Poa atropupurea San Bernardino bluegrass 1B FPE
Pogogyne abramsii San Diego Mesa mint SE 1B FE
Pogogyne nudiuscula Otay Mesa mint SE 1B FE
Puccinellia parishii Parish's alkali grass 1B FPE
Rorippa gambellii Gambel's watercress ST 1B FE
Rosa minutifolia Small-leaved rose SE   2 FSC
Senecio ganderi Gander's ragwort SR 1B FSC
Sidalcea hickmanii ssp. parishii Parish's checkerbloom SR 1B C
Sidalcea pedata Bird-footed checkerbloom SE 1B FE
Taraxacum californicum California dandelion 1B FPE
Trichostema austromontanum compactum Hidden Lake bluecurls 1B FPT
Verbesina dissita Crown beard ST 1B FT
                                                                                                                                                                                                                                                                                                         

STATE: SE=endangered; ST=threatened; SR=rare; SC=candidate for listing; CSC=special concern.
CNPS: (California Native Plant Society) 1A=presumed extinct in California; 1B=rare,threatened, or

endangered in California and elsewhere; 2=rare,threatened,or endangered in California but more
common elsewhere; 3=need more information; 4=distribution limited (a watchlist).

FEDERAL: FE=endangered; FT=threatened; FPE=proposed endangered; FPT=proposed threatened;
C=candidate for listing; FSC=species of concern.

Source: State Water Project Supplemental Water Purchase Program, Draft Program Environmental
Impact Report (DWR, 1996)

Desert dune habitat, found throughout the Mojave and Sonoran deserts, varies from barren sand
expanses to partial cover by shrubs and herbaceous plants to nearly complete shrub canopy
closure.  Desert dunes are usually found between sea level and 5,000 feet in elevation.  Sensitive
dune habitats in Southern California include active desert dunes, stabilized and partially stabilized
desert dunes, and stabilized and partially stabilized desert sand fields.
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Desert scrub is found throughout the Mojave and Sonoran deserts and is the most widespread
desert vegetation community type.  Many species are found in this habitat, including creosote bush,
agave, barrel cactus, teddybear cholla, rabbitbrush, and yucca.  In addition to the creosote brush
scrub and the pinyon-juniper and Joshua tree woodlands, alkali communities are found in the desert
areas where drainage is poor.

The woodland communities include the foothill, pinyon-juniper, and Joshua tree woodlands.  The
foothill woodlands (primarily southern oaks) serve as a transition zone between the grasslands and
forest communities.  The oak woodland communities continue to be threatened by urbanization and
are impacted by firewood harvesting.  Pinyon-juniper woodlands are found in the higher elevations
of the Mojave Desert and Joshua tree woodlands are found in the lower elevations of the high
desert.  Sensitive foothill woodland communities in Southern California include valley oak
woodland, open Englemann oak woodland, dense Englemann oak woodland, and California walnut
woodland.  Sensitive desert woodland communities include Joshua tree woodland, crucifixion thorn
woodland, all-thorn woodland, and Arizona woodland.

The forest community occurring in Southern California is montane coniferous forest.  This
community is usually found in the higher elevations (above 5,000 feet) of the Transverse Range
(Santa Ynez, Santa Monica, Santa Suzana, San Gabriel, and San Bernardino mountains) and the
Peninsular Ranges (Santa Ana, San Jacinto, Santa Rosa, Palomar, Cuyamaca, and Laguna
mountains).  The majority of the forests in this area occur on U.S. Forest Service lands.

Stream channels pass through all of the above communities, but most are seasonal and carry water
only during rainfall events or during spring.  Many of these channels support riparian communities
and contain vegetation that provides habitat for wildlife and migration or travel corridors to and from
surrounding habitats.  In many areas, large trees and shrubs are found only in and along stream
courses and dry washes.

7. Fish

Many of Southern California’s waterways have been heavily altered by human activities.  The fish
fauna of the area also has been significantly altered.

Southern California has a variety of different aquatic habitats which support a variety of fish species.
Coldwater rivers along the coast support steelhead, trout, speckled dace, and suckers.  Trout are
available in many of the higher elevation lakes and streams and warm-water gamefish are found in
most of the lakes throughout the area.  The Colorado River, a warmwater river, has populations of
catfish, suckers, squawfish, rainbow trout (in the colder tributaries), and red shiner.  Aqueducts and
reservoirs contain resident and stocked fish, including largemouth bass, smallmouth bass, striped
bass, crappie, threadfin shad, tule perch, channel catfish, green sunfish, bluegill, and trout.  The
desert springs and streams support tui chub and pupfish.



State Water Resources Control Board Environmental Setting

Final EIR for Implementation of the III-164 November 1999
1995 Bay/Delta Water Quality Control Plan

There are two races of steelhead: winter steelhead and summer steelhead.  Only winter steelhead
occur naturally along the Southern California coast.  Their historical range included streams as far
south as the Tijuana River; however, the most extensive population declines and extinctions have
occurred at this southern extent of their range.  Other sensitive fish species are listed in Table III-33.

Table III-33
Sensitive Fish Species in the Southern California Region

Status

Scientific Name Common Name State Federal

Catostomus santaanae Santa Ana sucker CSC FSC
Cyprinodon macularius Desert pupfish SE FE
Cyprinodon nevadensis amargosae Amargosa pupfish CSC
Cyprinodon nevadensis nevadensis Saratoga Springs pupfish CSC
Eucyclogobius newberryi Tidewater goby CSC FE
Gasterosteua aculeatus williamsoni Unarmored threespine stickleback. SE FE
Gila bicolor mohavensis Mojave tui chub SE FE
Ptychocheilus lucius Colorado squawfish SE FE
Rhinichthys osculus ssp.1 Amargosa Canyon speckled dace CSC FSC
Rhinichthys osculus ssp.3 Santa Ana speckled dace CSC FSC
Xyrauchen texanus Razorback sucker SE FE

STATE: SE=endangered; ST=threatened; SR=rare; SC=candidate for listing; CSC=special concern.
FEDERAL: FE=endangered; FT=threatened; FPE=proposed endangered; FPT=proposed threatened;

C=candidate for listing; FSC=species of concern.

Source: State Water Project Supplemental Water Purchase Program, Draft Program Environmental Impact
Report (DWR, 1996)

8. Wildlife

The Southern California area supports a great diversity of wildlife.  The coastal strand community
functions as an important breeding and rearing ground for numerous shorebirds including plovers,
turnstones, sandpipers, and gulls.  Marshes provide important habitat for migratory waterfowl,
clapper rails, loons, and pelicans, amphibians, and western pond turtles (in fresh water).  Lakes and
reservoirs in Southern California provide habitat for numerous geese, ducks, and shorebirds.

The dominant animal in the chaparral community is the mule deer.  Other common mammals in this
habitat include coyotes, bobcats, foxes, woodrats, and skunks.  Resident birds include thrashers,
wrentits, bushtits, and jays.  Migratory birds such as sparrows, warblers, and robins also use this
habitat.  Reptiles are abundant throughout this community, and amphibians occur in locations where
moisture is continuously present.

While the scrub community may appear sparse, it supports many resident species including
towhees, sparrows, wrens, and quail.  Mammals supported by this habitat include coyotes, foxes,
skunks, and mice.  Creosote brush scrub is especially good habitat for numerous species of lizards
and snakes.
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The grassland community provides habitat for several species of mice, ground squirrels, and rabbits.
Coyotes are the most abundant carnivores and this community supports several species of birds,
including predators such as owls, hawks, and eagles, and seed-eating birds such as sparrows,
doves, and quail.

The foothill woodland community provides roosting and nesting sites for raptors such as hawks and
eagles.  Several kinds of woodpeckers are commonly found in this habitat.  The pinyon-juniper
woodland community supports species that are found in both the desert and coniferous forest
communities, including jays, warblers, and orioles.

The coniferous forest community supports several species of birds, including woodpeckers,
nuthatches, and creepers.  Dominant mammals include deer, coyotes, and mountain lions.  California
kingsnakes, lodgepole chipmunks, and porcupines are found only in this type of habitat.

The diversity of habitats available in the area, combined with the impacts of a rapidly developing
human population, has resulted in a large number of rare and endangered species.  Steps have been
taken to preserve habitats that have unique biological significance.  One endangered fish, the
unarmored three-spine stickleback, exists in the service area but is no longer found in the Los
Angeles, San Gabriel, and Santa Ana rivers.  Increased recreational use and development threaten
the population in the Santa Clara River.  Other sensitive wildlife species are listed in Table III-34.

9. Recreation

Southern California contains a broad spectrum of recreational opportunities due to its wide variety
of habitats.  The topography ranges from the coastal plain to the interior mountains and valleys to
the desert.  Along the coastlines, beaches provide areas for tide-pooling, wildlife watching, hiking,
picnicking, swimming, surfing, diving, and fishing.

Recreational boating and sportfishing on the ocean are also popular.  Inland, national forests provide
areas for hiking, camping, wildlife watching, fishing, picnicking, and other activities.  Rivers and
reservoirs in the area also provide for water-oriented recreation.  The desert areas are used for
hiking, wildlife watching, camping, and off-road vehicles.

The four SWP reservoirs and other lakes and reservoirs in Southern California receive heavy year-
round recreational use.  Castaic Lake provides as many as a million visitor-days per year, and Lake
Perris receives more than 800,000.  Boating, swimming, fishing, water-skiing, picnicking, camping,
hiking, hunting, scuba diving, and rock climbing are available in and around the lakes and reservoirs.

Recreation facilities along the California Aqueduct include a bicycle trail that extends 105 miles from
Quail Lake near Interstate Highway 5 to a point near Silverwood Lake in San Bernardino National
Forest.  The U.S. Forest Service plans to route a portion of the Pacific Crest National Scenic Trail
along the California Aqueduct, establishing a hiking and equestrian route.  Five fishing access sites
are also available along the East Branch of the aqueduct.
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Table III-34
Sensitive Wildlife Species in the Southern California Region

Status

Scientific Name Common Name State Federal

Accipiter cooperi Cooper's hawk CSC
Accipiter striatus Sharp-shinned hawk CSC
Agelaius tricolor Tricolored blackbird CSC FSC
Aquila chrysaetos Golden eagle CSC
Asio Flammeus Short-eared owl CSC
Asio otus Long-eared owl CSC
Athene cunicularia Burrowing owl CSC
Brachyramphus marmoratus marmoratus Marbled murrelet   SE FT
Charadrius alexandrinus nivosus Western snowy plover CSC FT
  (Pacific Coast)
Circus cyaneus Northern harrier CSC
Coccyzus americanus occidentalis Western yellow-billed cuckoo   SE
Colaptes auratus chrysoides Gilded northern flicker   SE
Cypseloides niger Black swift CSC
Dendroica petechia brewsteri Yellow warbler CSC
Dendroica petechia sonorana Sonoran yellow warbler CSC
Empidonax traillii Willow flycatcher   SE
Empidonax traillii extimus Southwestern willow flycatcher
Falco mexicanus Prairie falcon CSC
Falco peregrinus anatum American peregrine falcon   SE FE
Gymnogyps californianus California condor   SE SE
Haliaeetus leucocephalus Bald eagle   SE FT
Icteria virens Yellow-breasted chat CSC
Laterallus jamaicensis coturniculus California black rail   ST FSC
Melanerpes uropygiallis Gila woodpecker   SE
Micrathene whitneyi Elf owl   SE
Myiarchus tyrannulus Brown-crested flycatcher CSC
Passerculus sandwichensis beldingi Belding's savannah sparrow   SE FSC
Pelecanus occidentialis californicus California brown pelican   SE FE
Phalacrocorax auritus Double-crested cormorant CSC
Piranga flava Hepatic tanager CSC
Piranga  rubra Summer tanager CSC
Polioptila californica californica Coastal california gnatcatcher CSC FT
Progne subis Purple martin CSC
Pyrocephalus rubinus Vermilion flycatcher CSC
Rallus longirostris levipes Light-footed clapper rail   SE FE
Rallus longirostris yumamensis Yuma clapper rail   ST FE
Riparia riparia Bank swallow   ST
Rynchops niger Black skimmer CSC
Sterna antillarum browni California least tern   SE FE
Toxostoma bendirei Bendire's thrasher CSC
Toxostoma dorsale Crissal thrasher CSC
Toxostoma lecontei Le Conte's thrasher CSC
Vermivora virginiae Virginia's warbler CSC
Vireo bellii arizonae Arizona Bell's vireo   SE
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Table III-34 (cont.)
Sensitive Wildlife Species in the Southern California Region

Status
Scientific Name           Common Name         State   Federal

Vireo bellii pusillus Least Bell's vireo   SE FE
Vireo vicinior Gray vireo CSC

Antrozous pallidus Pallid bat CSC
Dipodomys stephensi Stephen's kangaroo rat   ST FE
Euderma maculatum Spotted bat CSC FSC
Eumops perotis californicus California mastiff bat CSC FSC
Macrotus californicus California leaf-nosed bat CSC FSC
Microtus californicus mohavensis Mojave River vole CSC
Myotis velifer brevis Cave myotis CSC FSC
Nyctinomops [=Tadarida] Pocketed free-tailed bat   SC
  femorosaccus
vis canadensis cremnobates Peninsular bighorn sheep   ST FPE
Perognathus alticola alticola White-eared pocket mouse CSC FSC
Perognathus alticola inexpectatus Tehachapi pocket mouse CSC FSC
Perognathus longimembris brevinasus Los Angeles pocket mouse CSC  FE
Perognathus longimembris pacificus Pacific pocket mouse CSC FSC
Plecotus townsendii Townsend's big-eared bat CSC
Sigmondon hispidus eremicus Yuma cotton rat CSC FSC
Spermophilus mohavensis Mojave ground squirrel   ST FSC
Spermophilus tereticaudus chlorus Palm Springs ground squirrel CSC FSC

Charina bottae umbratica Southern rubber boa   ST FSC
Clemmys marmorata pallida Southwest pond turtle CSC FSC
Cnemidophorus hyperythrus Orange-throated whiptail CSC FSC
Coleonyx switaki Barefoot banded gecko   ST FSC
Crotalus ruber ruber Northern red-diamond rattlesnake CSC FSC
Eumeces skiltonianus interparietalis Coronado skink CSC FSC
Xerobates agassizii Desert tortoise   ST FT
Heloderma suspectum Gila monster CSC
Lampropeltis zonata pulchra San Diego mountain kingsnake CSC FSC
Phrynosoma coronatum blainvillei San Diego horned lizard CSC FSC
Phrynosoma coronatum frontale California horned lizard CSC
Phrynosoma mcalli Flat-tailed horned lizard CSC FPT
Salvadora hexalepis virgultea Coast patch-nosed snake CSC
Uma inornata Coachella Valley fringe-toed lizard   SE FT

Batrachoseps aridus Desert slender salamander   SE FE
Bufo microscaphus californicus Arroyo southwestern toad CSC FE
Ensatina eschscholtzi klauberi Large-blotched slender salamander CSC FSC
Rana aurora draytonii California red-legged frog CSC FT
Rana boylii Foothill yellow-legged frog CSC FSC
Rana muscosa Mountain yellow-legged frog CSC FSC
Scaphiopus hammondii Western spadefoot CSC FSC
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Table III-34 (cont.)
Sensitive Wildlife Species in the Southern California Region

                          Status
Scientific Name Common Name          State     Federal

Branchinecta lynchi Vernal pool fairy shrimp FT
Euphilotes battoides allyni El Segundo blue butterfly FE
Glaucopsyche lygdamus Palos Verdes blue butterfly FE
Rhaphiomidas terminatus Delhi Sands flower-loving fly FE
Streptocephalus woottoni Riverside fairy shrimp FE
Branchinecta sandiegonensis San Diego fairy shrimp FE

STATE: SE=endangered; ST=threatened; SR=rare; SC=candidate for listing; CSC=special concern.
FEDERAL: FE=endangered; FT=threatened; FPE=proposed endangered; FPT=proposed threatened;

C=candidate for listing; FSC=species of concern.

Source: State Water Project Supplemental Water Purchase Program, Draft Pro gram Environmental
Impact Report (DWR, 1996)
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 CHAPTER IV.  ANALYTICAL METHODS

This chapter describes the principal analytical methods and models used by the SWRCB to evaluate
the environmental effects of alternative methods of implementing the objectives.  The chapter
contains a description of (a) DWR's planning simulation model (DWRSIM) which was used to
determine the water supply and hydrologic effects of the alternatives; (b) DWR's Delta
hydrodynamics and water quality model (DWRDSM) which simulates the hydrodynamics and
salinity in the Bay/Delta Estuary; (c) the City of Stockton's dissolved oxygen model which was used
to calculate dissolved oxygen concentrations in the San Joaquin River near Stockton; (d) the San
Joaquin River Input/Output (SJRIO) model which was used to determine the effects of water quality
control actions on salinity and flow in the San Joaquin Basin; (e) the USBR water temperature
model which was used to assess the effects of the alternatives on water temperature in the major
streams tributary to the Delta; (f) aquatic resource relationships which were used to provide a
qualitative comparison of relative abundance of aquatic resources under the alternatives; and (g) the
methodology used to calculate the responsibility of parties under the water right priority alternatives
(Alternatives 3 and 4 under the flow objectives alternatives). 

A. DWRSIM

DWRSIM is a generalized planning model for California's Central Valley and the SWP/CVP
project systems.  The model is designed to simulate the river and reservoir system upstream of the
Delta, Delta export operations, and the SWP and the CVP conveyance systems in the export areas.
 The model accounts for system operational objectives, physical constraints, legal requirements, and
institutional agreements.  These parameters include requirements for flood control storage, instream
flows for fish and navigation, allocation of storage among system reservoirs, hydropower
production, pumping plant capacities and limitations, the Coordinated Operations Agreement
(COA) between the SWP and the CVP, and required minimum Delta operations to meet Delta
water quality and outflow objectives.  DWRSIM models most of the river systems and major
tributary reservoirs in the Central Valley.  In the Sacramento Basin, the model includes:  (1) the
Sacramento River upstream to Shasta Lake, (2) the Feather River upstream to Lake Oroville, and
(3) the American River upstream to Folsom Lake.  In the San Joaquin Basin, the model includes: 
(1) the San Joaquin River upstream to Millerton Lake, (2) the Chowchilla and Fresno rivers
upstream to Eastman and Hensley lakes, respectively, (3) the Merced River upstream to Lake
McClure, (4) the Tuolumne River upstream to New Don Pedro Reservoir, and (5) the Stanislaus
River upstream to New Melones Reservoir.  The model also includes Trinity River diversions into
the Sacramento Basin from Clair Engle and Lewiston lakes.  The remaining river and reservoir
systems in the Central Valley are incorporated into a depletion analysis, which is an input to
DWRSIM.   The following export-related facilities are also modeled:  the Delta-Mendota Canal, the
South Bay Aqueduct, the Coastal Aqueduct, and the California Aqueduct including the SWP-CVP
Joint Reach, San Luis Reservoir, and Pyramid, Castaic, Silverwood, and Perris lakes.  Descriptions
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of the DWRSIM model and the hydrology development process for the model have been prepared
by the DWR (Barnes and Chung 1986; DWR 1986, 1992a, 1994a).

DWRSIM has several limitations that require the exercise of caution when interpreting model
results.  Many of these limitations are due to lack of information or objective criteria, and would be
limitations of any similar model.  Some of the more important limitations are discussed below.

1. DWRSIM operates on a monthly time step.  Therefore, assumptions are made to model any
standard that is not formulated on a monthly basis.  Peak storm flows, which are usually
considerably higher than monthly average flows, cannot be modeled.  In addition, a monthly
time step can not assess short-term aspects of project operation, such as fluctuations in daily
pumping rates, and their associated environmental effects.

2. The federal ESA limitations on Delta export pumping based on actual take levels for delta
smelt and winter-run chinook salmon are not modeled due to lack of information on when
conditions requiring export constraints might be imposed.

3. The CVPIA mandates that 600 to 800 TAF of CVP yield be allocated annually for
environmental purposes.  The USBR has not yet fully established criteria on how this
obligation will change CVP operations, or how much additional Delta inflow or outflow this
mandate will provide (some instream flow prescriptions have been defined for the DWRSIM
simulations).  Until such criteria are established, interpretation of modeling results is subject to
the uncertainty of the CVPIA allocation.

4. The effect of the water quality objectives or the federal ESA requirements on the sharing
formula in the COA is unknown.  This sharing will affect relative reservoir levels and available
water for delivery between the SWP and the CVP. 

5. The Depletion Analysis model, which provides hydrologic input to DWRSIM, accounts for
use of ground water, but ground water itself is not physically modeled.

6. DWRSIM is not capable of analyzing the water supply impacts of water quality objectives for
the interior stations in the southern Delta because of a lack of adequate understanding of
relationships between the San Joaquin River flow and southern Delta water quality.

For any DWRSIM modeling study, the modeled conditions in a particular year will not conform
with the observed conditions for the same year.  This is because the purpose of the model is not to
recreate historic conditions but to predict potential conditions for planning purposes.  Even though
the model uses unimpaired streamflows based on historic hydrology from 1922 to 1994, the
consumptive use of water specified in the model is based on current or future demand level.  Thus,
superimposing current or future water demand on historic hydrology produces modeled exports and
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reservoir operations that are different from historic conditions.  This is true even for recent years
because the model optimizes reservoir and export operations for the entire period of record.

The following operations criteria and major assumptions are incorporated into all of the DWRSIM
studies for the alternatives under consideration, unless specified otherwise as part of an alternative. 
A description of these and additional DWRSIM assumptions has been prepared by the DWR
(DWR 1996a, 1996b).

Hydrology.  DWRSIM operates on a monthly time basis and uses the historical 73-year hydrologic
sequence of flows from water years 1922 through 1994 as input.  The water year begins on
October 1 and ends on September 30.  The hydrologic sequence is adjusted to reflect the effect of
estimated 1995-level land use patterns, which are based on land use projections from DWR Bulletin
160-93 (DWR 1994b).  This adjustment is developed using two other models:  the Consumptive
Use model and the Depletion Analysis model.  The hydrology is also modified to account for current
operations of local upstream reservoirs.  San Joaquin Basin hydrology was adapted from the
USBR's SANJASM model.

Instream Flow Requirements.  Instream flow requirements are described below, excluding flow
requirements imposed through the CVPIA that are described in the next section.

1. Trinity River minimum fish flows below Lewiston Dam are maintained at 340 TAF/year for all
years, based on a May 1991 letter of agreement between the USBR and the USFWS.

2. Sacramento River minimum fishery flows below Keswick Dam are maintained per an
agreement between the USBR and the DFG (as revised October 1981).  These flows range
from 2,300 to 3,900 cfs, depending on the time of year according to the USBR's Shasta
criteria.

3. Sacramento River navigation control point flows are maintained at 4,000 cfs in critical years
and 5,000 cfs in all other years.  These criteria are relaxed to 3,500 cfs when Shasta carry-
over storage drops below 1.9 MAF.

4. Feather River fishery flows are maintained according to an August 26, 1983 agreement
between the DWR and the DFG.  In normal years these minimum flows are 1,700 cfs from
October through March and 1,000 cfs from April through September.  Lower minimum flows
are allowed in dry and critical water years.  If flows between October 15 and November 30
exceed 2,500 cfs, then flows through the end of March can decrease only 500 cfs from the
high point.

5. Lower American River minimum fish and recreation flows are maintained per USBR operation
criteria outlined in an April 26, 1996 letter from USBR to the SWRCB (USBR 1996). 
October through February flow requirements are based on available storage in Folsom



State Water Resources Control Board Analytical Methods

FEIR for Implementation of the IV-4 November 1999
1995 Bay/Delta Water Quality Control Plan

Reservoir.  March through September flow requirements are based on storage and inflow to
Folsom Reservoir. 

6. Mokelumne River minimum fishery flows below Camanche Dam are maintained per an
agreement between EBMUD, USFWS, and DFG (FERC Agreement 2916).  These flows
range from 100 cfs to 325 cfs from October 1 through June 30, depending on time of the year
and water year type.  Flows are maintained at 100 cfs from July 1 through September 30 for
all water year types.  Additional pulse flows of up to 200 cfs are also provided in April
through June in some years depending on storage levels and water year type.

7. Stanislaus River minimum fish flows below New Melones Reservoir range from 98 TAF/year
to 302 TAF/year, according to the interim agreement dated June 1987 between the USBR
and the DFG.  The actual minimum fish flow for each year is based on the water supply
available for that year.  Additional minimum flow requirements are imposed in June through
September (15.2-17.4 TAF per month) to maintain dissolved oxygen levels in the river. 
Channel capacity below Goodwin Dam is assumed to be 8,000 cfs.  CVP contract demands
above Goodwin Dam are met as a function of New Melones Reservoir storage and inflow per
an April 26, 1996 letter from USBR to SWRCB (USBR 1996).

8. Tuolumne River minimum fishery flows below New Don Pedro Dam are maintained per an
agreement between Turlock and Modesto Irrigation Districts, City of San Francisco, DFG
and others (FERC Agreement 2299).  Base flows range from 50 cfs to 300 cfs.  Base and
pulse flow volumes depend on time of the year and water year type.

9. Merced River minimum fishery flows below New Exchequer are maintained per FERC
agreement 2179.  Minimum flow ranges from 16 cfs to 101 cfs.  Minimum flow volumes
depend on the time of the year and the water year type.

CVPIA Flow Criteria. 

1. Flow requirements between 3,250 cfs and 5,500 cfs are maintained below Keswick Dam on
the Sacramento River.  Flow requirements during October through April are based on Shasta
carry-over storage.  Flow requirements during May through September are based on the
previous month's storage.

2. Flow requirements between 52 cfs and 200 cfs are maintained below Whiskeytown Dam on
Clear Creek, depending on time of year and year type.

3. Flow requirements below Nimbus Dam on the American River during October through
February are triggered by Folsom carry-over storage.  Flow requirements during March
through September are triggered by the previous month's storage plus remaining water year
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inflows.  Minimum flows are maintained per USBR operation criteria outlined in an 
April 26, 1996 letter from USBR to the SWRCB (USBR 1996).

Target Reservoir Storage. 

1. Shasta Reservoir carry-over storage is maintained at or above 1.9 MAF in all normal water
years for winter-run chinook salmon protection per the NMFS biological opinion.  However,
in critical years following critical years, storage is allowed to fall to 1.2 MAF (and lower in
extremely dry years).  

2. Folsom Reservoir storage capacity is reduced from 1010 TAF to 975 TAF due to sediment
accumulation as calculated from a 1992 reservoir capacity survey.  Folsom Reservoir flood
control criteria are in accordance with the December 1993 USCOE report " Folsom Dam and
Lake Operation Evaluation."  The maximum flood control reservation varies from 400 TAF to
670 TAF based on available storage in upstream reservoirs. 

Trinity River Imports.  Imports from Clair Engle Reservoir to Whiskeytown Reservoir (up to a
3,300 cfs maximum) are provided according to USBR criteria.  Imports vary according to
month and previous month Clair Engle storage.

SWP and CVP Pumping.  The SWP Banks Pumping Plant's capacity is 10,350 cfs.  However,
unless specified otherwise, average monthly pumping is limited to 6,680 cfs (or 8,500 cfs in
some winter months).  The CVP Tracy Pumping Plant's permitted capacity is 4,600 cfs, but
constraints along the Delta-Mendota Canal and at the relift pumps to O'Neill Forebay restrict
export capacity to 4,200 cfs during some months.

SWP and CVP Sharing Formula.  The SWP and the CVP share responsibility for the coordinated
operation of the two projects based on the COA.  Storage withdrawals for in-basin use are
split 75 percent CVP and 25 percent SWP, and surplus flows are split 55 percent CVP and
45 percent SWP.  The present COA does not specify how Delta pumping capacity is to be
shared when export restrictions under the Bay/Delta Plan objectives control project
operations.  A sharing ratio of 50 percent CVP and 50 percent SWP is used.

SWP Demands, Deliveries and Deficiencies. 

1. Maximum SWP contractor deliveries are designed to vary in response to local wetness
indices.  As such, maximum deliveries are reduced in the wetter years, assuming greater
availability of local water supplies.  Deliveries to all San Joaquin Valley agricultural contractors
are reduced in wetter years, using a wetness index developed from annual Kern River inflows
to Lake Isabella, as follows:
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Dry/Avg Above Wet

Kern River flow (TAF) <1,000      1,000-1,400 >1,400

Max.  ag delivery (TAF)    1,175   1,100     915

Deliveries to Metropolitan Water District (MWD) are reduced in wetter years as follows,
using a 10-station, two-year average precipitation index:

  Dry Avg. Above    Wet
So. Cal.  precip. (in/year) <15 15-17.9 18-20.9.

Max. MWD delivery (TAF) 1,433 1,183 883    783

Maximum deliveries to all other SWP municipal and industrial (M&I) contractors are not
adjusted for a wetness index, and are set at 857 TAF/year in all years.  As a result of the use
of these wetness indices, the total maximum delivery to all SWP contractors varies by year,
ranging between 3,529 TAF in the dry-average years down to 2,619 TAF in the wetter years,
as follows:

Dry/Avg. Avg.           Above Wet

Max. ag delivery 1,175 1,175 1,100 915

Max. MWD delivery 1,433 1,183 883 783

Max. other M&I delivery 857 857 857 857

Fixed losses & recreation 64 64 64 64

Total maximum SWP delivery  3,529 (total varies) 2,619

A range of maximum SWP deliveries are possible, as the two wetness indices are independent
of each other.  Thus, a given year may be classified as "average" for agricultural deliveries by
the Kern River flow index, and also be classified as "above average" or "wet" for MWD
deliveries by the Southern California precipitation index.

2. Coastal Aqueduct deliveries to Santa Barbara and San Luis Obispo counties are assumed to
be zero at the present level of development, but full deliveries are assumed at future levels of
development.

3. Deficiencies are imposed according to the draft Monterey Agreement criteria (Monterey
1994) and are calculated from the following entitlements:

>20.9
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Agricultural entitlements 1,175 TAF/year             
M & I entitlements 2,869             
Recreation & losses           64

   -------
Total entitlements 4,108 TAF/year

4. When available, interruptible water is delivered to SWP south-of-Delta contractors in
accordance with the following assumptions (interruptible water deliveries are deliveries to
SWP contractors in excess of their entitlements):

a. Interruptible water cannot be stored in San Luis Reservoir for later delivery to
contractors.

b. A contractor may accept interruptible water in addition to its monthly scheduled
entitlement water.  Interruptible water deliveries do not impact entitlement water
allocations.

c.     If demand for interruptible water is greater than supply in any month, the supply is
allocated in proportion to the entitlements of the contractors requesting interruptible
water.  The maximum demand assumed for interruptible water is 84 TAF per month.

CVP Demands, Deliveries & Deficiencies.

1. 1995 level CVP export demands, including canal losses, are assumed as follows:

Contra Costa Canal =      140 TAF/year
DMC and Exchange Contractors =    1,561
CVP San Luis Unit =    1,260
San Felipe Unit =      196
Cross Valley Canal =      128
Wildlife Refuges =      288 

Total CVP Delta Exports =    3,573 TAF/year

CVP Delta export demands are reduced in certain wet years in the San Joaquin River Basin
when flood flows and flows from the James Bypass are available in the Mendota Pool to
satisfy Exchange Contractor demand.

The Cross Valley Canal demands are imposed in some of the alternatives for the combined
use of points of diversion (JPOD Alternatives 3-8).
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2. Sacramento Valley refuge demands are modeled implicitly in the hydrology through rice field
and duck club operations.  Sacramento Valley refuges include Gray Lodge, Modoc,
Sacramento, Delevan, Colusa and Sutter.  Level II refuge demands in the San Joaquin Valley
are explicitly modeled at an assumed level of 288 TAF/year.  San Joaquin refuges include
Grasslands, Volta, Los Banos, Kesterson, San Luis, Merced, Mendota, Pixley and Kern.

3. CVP South-of-Delta deficiencies are imposed when needed by contract priority.  Contracts
are classified into four groups:  agricultural, M&I, exchange, and refuge.  Deficiencies are
imposed in accordance with the Shasta Index and sequentially according to the following rules:

a. Agricultural requests are reduced up to a maximum of 50 percent.

b. Agricultural, M&I, and exchange requests are reduced by equal percentages up to a
maximum of 25 percent.  At this point, cumulative agricultural deficiencies are 75
percent.

c. Agricultural, M&I, and refuge requests are reduced by equal percentages up to a
maximum of 25 percent.  At this point, cumulative agricultural and M&I deficiencies are
100 percent and 50 percent, respectively.

d. M&I requests are reduced until cumulative deficiencies are 100 percent.

e. Further reductions are imposed equally upon exchange and refuge.

4. Deficiencies in the form of "dedicated" water and "acquired" water to meet the 800 TAF/year
CVPIA demands are not imposed.

Delta Standards.  The Delta objectives are maintained as required in the Bay/Delta Plan or
D-1485, as applicable, except as specified below.

1. A buffer is added to insure that the M&I chloride objective at Contra Costa Canal is
maintained on a daily basis.  DWRSIM uses a value of 130 mg/L chloride concentration for
the 150 mg/L objective and a value of 225 mg/L chloride concentration for the 250 mg/L
objective.

2..      Salinity and chloride water quality objectives are not modeled at the following locations: 
Cache Slough, Clifton Court Forebay, Tracy Pumping Plant, Mokelumne River at Terminous,
Old River, western Suisun Marsh, and the San Joaquin River at San Andreas Landing,
Prisoners Point, and Brandt Bridge site.

3.      The San Joaquin River salinity objectives at Vernalis are maintained by releasing water from
New Melones Reservoir.  There is no cap on reservoir releases to meet these objectives.  If
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New Melones Reservoir storage drops to 80 TAF, additional water is not provided for
salinity control and the objectives are violated. 

4. The dissolved oxygen objective in the San Joaquin River is not modeled.

5. The Kimmerer-Monismith monthly equation, provided below, is used to calculate the outflow
required to maintain the outflow/X2 objectives. 

EC position = 122.2 + [0.3278 x (previous month EC position in km)] -
                               [17.65 x log10(current month Delta outflow in cfs)]

In months when the X2 objective is specified in more than one location (e.g., 19 days at the
confluence and 12 days at Chipps Island), required outflow for the month is computed as a
flow weighted average of the partial month objectives.

6. The relaxation of the outflow/X2 objectives that allows the transfer of excess outflow/X2 days
in a single month to be credited to the next month is not modeled  (see Bay/Delta Plan,
Footnote "a", page 26).

7. The X2 trigger to activate the Roe Island objective is set at 66.3 km from the previous month,
as an average monthly value.

B. DWRDSM

DWRDSM is a mathematical computer model that simulates the hydrodynamics and water quality in
the Bay/Delta Estuary.  Two versions of the model were used.  The Flow Alternatives were
analyzed using DWRDSM-1, which uses the Martinez tide as the downstream tidal boundary
condition.  The Suisun Marsh Alternatives were analyzed using DWRDSM (Suisun Marsh Version),
which uses the 19-year Golden Gate mean tide as the downstream condition.  Both versions use the
I Street Bridge and Vernalis as the upstream boundary on the Sacramento and San Joaquin rivers
respectively.  The model is a variant of the Fischer Delta Model, which was developed by Hugo
Fischer and is currently under the proprietorship of Flow Science Inc.  DWR modified the 
Fischer Delta Model and created DWRDSM.  DWRDSM is specifically designed to simulate 
salinity changes in the Delta as affected by changes in geometry and hydrology (DWR 1995). 

The hydrodynamics of the Delta are described in the model by governing equations for long wave,
non-uniform, unsteady flow in prismatic channels. The equations are solved numerically using the
Method of Characteristics for flows, stages, and velocities at discrete locations.

The transport of dissolved water quality constituents, (total dissolved solids), is explained in the
model by two distinct processes:  advection and dispersion.  The advection process is largely
dependent on flow velocities, which are obtained by solving the hydrodynamics equations.  
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The dispersion process is dependent on the concentration gradient and the dispersion coefficient.  The
dispersion coefficients vary from one location to another and are commonly used as calibration
parameters.

For the purposes of the analysis in this draft EIR, some of the boundary conditions for DWRDSM
are obtained from the monthly average results from DWRSIM.  In addition, the mean of the
measured tidal variation over 19 years is used as a boundary condition to simulate the effects of
ocean tides.  DWRDSM calculates changes on a 60-second time step for flow, and a one to five
minute time step for salinity.  Although these time steps are relatively short, the use of monthly
average flow and mean tidal variation as boundary conditions prevents the model from simulating the
extremes that may result from, for example, a short-duration, high intensity storm event or a week-
long period of high pumping rates.

C. DISSOLVED OXYGEN MODEL

The City of Stockton developed a model for simulating water quality, including dissolved oxygen
conditions, under a variety of flow and water quality conditions (Stockton 1993).  The model
simulates the transport of water quality constituents, including constituents from the Stockton
wastewater treatment plant outfall, in a limited segment of the San Joaquin River based on upstream
inflows, Delta water withdrawals, tides, and constituent loading rates.  The model includes a near-
field component that simulates mixing and dilution in the immediate vicinity of the outfall and a far-
field component that simulates mass transport of constituents through the river and Stockton
shipping channel.

The near-field component of the model is comprised of one of the USEPA's existing plume models,
UDKHDEN, which analyzes the development of the plume through the zone of flow establishment. 
The output parameters are plume trajectory, travel time, plume width, average dilution, and
minimum dilution.  UDKHDEN, like other plume models, assumes steady-state conditions.  In the
Stockton case, however, the currents change dynamically with the tides.  Therefore, the model is
applied for multiple segments of time and the results are reconstructed to provide a dynamic
representation of the conditions.

The far-field component of the model is a link-node model that tracks the transport, dispersion, and
decay of constituents in the river.  The model encompasses the section of the San Joaquin River
between Rindge Tract and McDonald Tract to the north and the confluence of the San Joaquin and
Old rivers to the south.  The model also includes Fourteen Mile Slough, the lower Calaveras River,
the Mormon Slough, the Stockton Diverting Canal, and the French Camp Slough.  The water
quality parameters simulated by the model are dissolved oxygen, ammonia, biochemical oxygen
demand, nitrate, total dissolved solids and coliform bacteria.  The model has a hydrodynamic
module and a water quality module. The hydrodynamic module generates output of tidal elevations
for each node and flows for each link.  The water quality module uses the output from the
hydrodynamic module and performs mass balance calculations for constituents by accounting for
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advection, diffusion, and chemical and biological reactions.  The final output is the concentrations of
water quality parameters for each node on an hourly time step.

The dissolved oxygen model has been calibrated with 1991 data and verified with 1993 and 
1996 data.  The year 1991 was critically dry, 1993 was an above normal year, and 1996 was a wet 
year.  Thus, the model has been shown to simulate conditions under various hydrologic year types.

A sensitivity analysis has also been performed to provide information about the effectiveness of
various factors in raising dissolved oxygen concentrations.   Results of the sensitivity analysis can be
found in Chapter X.

D. SJRIO MODEL

SJRIO is a mass balance water quality model developed to study the effects of agricultural drainage
on water quality in the San Joaquin River (SWRCB 1992, CVRWQCB 1996).   Flows and
concentrations of total dissolved solids (TDS), boron, and selenium are calculated for a 60 mile
reach of the San Joaquin River.  The upstream boundary of the model is the San Joaquin River at
Lander Avenue, and the downstream boundary is near Vernalis.  The following tributary river
segments are also within the model boundaries:

1. Five miles of the Merced River below the United States Geological Survey (USGS) gaging
station near Stevinson;

2. Fifteen miles of the Tuolumne River below the USGS gaging station at Modesto;

3. Nine miles of the Stanislaus River below the DWR gaging station at Koetitz Ranch;

4. Six miles of Salt Slough below the DWR gaging station near Stevinson;

5. Nine miles of Mud Slough below the USGS gaging station near Gustine; and

6. Several miles of three west side tributaries:  Del Puerto, Orestimba and Hospital/Ingram
creeks.

The San Joaquin River at Lander Avenue was chosen as the upstream boundary of the model
because (1) it is downstream of Friant Dam where most of the river is diverted; (2) it is upstream of
significant agricultural drainage inputs from Mud and Salt sloughs; and (3) there are substantial
monitoring data available at the location.  Vernalis was chosen as the downstream boundary
because of data availability at this location and because it is upstream of tidal effects.

The following sources and sinks are accounted for in the model's mass balance calculations for
flows and salt loads:
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1. The San Joaquin River at Lander Avenue, the upstream boundary to the model;

2. The eight tributaries identified above;

3. Appropriative and riparian diversions from the San Joaquin River and the east side tributaries
at 41 points;

4. Subsurface agricultural discharges at nine discharge points;

5. Surface agricultural discharges, including tail water and operational spill water at 35 sites;

6. Municipal and industrial discharges at three sites;

7. Groundwater accretions or depletions calculated for every river mile along the San Joaquin
River and along the three east-side tributaries within the model study area;

8. Riparian vegetation water use for every five-mile reach of the San Joaquin River and for each
of the east-side tributaries;

9. Evaporation and precipitation for every five mile reach of the San Joaquin River and for each
of the east-side tributaries;

E. WATER TEMPERATURE MODEL

The water temperature model developed by the USBR (USBR 1990, 1993, 1997) was used to
assess the effects of the Flow and Joint POD Alternatives on water temperature in four major
streams in the Sacramento-San Joaquin River system, the Sacramento, Feather, American, and
Stanislaus rivers.  DWRSIM, described in Section A, was used to predict monthly project
operations that were input to the temperature model for the 72-year hydrologic period of record
(1922-93). 

The reservoir temperature models simulate monthly mean vertical temperature profiles and release
temperatures for Whiskeytown, Shasta, Oroville, Folsom, New Melones and Tulloch reservoirs
based on hydrologic and climatic input data.  The temperature control devices (TCD) at Shasta,
Oroville, and Folsom Dams can selectively withdraw water from different reservoir levels to provide
downstream temperature control.  The TCDs are generally operated to conserve cold water for the
summer and fall months when stream temperatures become critical for fisheries.  The models
simulate the TCD operations by making upper level releases in the winter and spring, mid-level
releases in the late-spring and summer, and low level releases in the late-summer and fall. 
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Temperature changes in the downstream regulating reservoirs, Keswick, Thermalito, Natomas, and
Goodwin, are computed from equilibrium temperature decay equations in the reservoir models,
which are similar to the river model equations. 

The river temperature models predict mean monthly water temperatures at twelve locations on the
Sacramento River from Keswick Dam to Freeport, twelve locations on the Feather River from
Oroville Dam to the mouth, nine locations on the American River from Nimbus Dam to the mouth,
and eight locations on the Stanislaus River from Goodwin Dam to the mouth.  The river temperature
calculations are based on regulating reservoir release temperatures, river flows, and climatic data. 
Monthly mean historical air temperatures for the 72-year period and other long-term average
climatic data for Shasta, Whiskeytown, Redding, Red Bluff, Colusa, Oroville, Marysville, Folsom,
Sacramento, New Melones, and Stockton were obtained from Weather Bureau records and used
to represent climatic conditions for the five river systems.

Assessment of impacts on aquatic resources is limited by the monthly time-step used in the
DWRSIM and temperature models.  Mean monthly flows and temperatures do not define daily
variations that occur in the rivers due to dynamic flow and climatic conditions.  These variations may
have significant effects on habitat for aquatic resources.  However, monthly results are useful for
general comparison of the alternatives. 

F. AQUATIC RESOURCE RELATIONSHIPS IN THE DELTA

The following three types of aquatic resource relationships are used in the analysis of the effects of
the alternatives on aquatic resources in the Delta:  (1) salmon smolt survival models, (2) estuarine
outflow/abundance relationships, and (3) young-of-the-year striped bass model.

1. Salmon Smolt Survival Models

The USFWS has developed models to predict survival of juvenile chinook salmon migrating through
the Delta (USFWS 1995).  For the Sacramento River, models have been developed for  fall-run,
late fall-run, and winter-run smolts, and spring-run young-of-the-year and yearlings.  For the 
San Joaquin River, a model has been developed for fall-run smolts.

The models are based on survival indices generated from coded-wire-tagged (CWT) fall-run
hatchery smolts released at various locations in the Delta and recovered within a few weeks after
release by midwater trawl at Chipps Island.  Survival indices were calculated based on the number
recovered at Chipps Island corrected for effort in both time and space.

Both the Sacramento and San Joaquin models split the Delta into various reaches and use
backward-stepping multiple-regression analyses to identify environmental variables (exports, flows,
and temperature) important to survival within each reach.  Professional judgment by the model
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authors was used to some extent in selecting variables for consideration.  Both models assume that
smolts enter the various reaches of the model in proportion to flow.

The Delta smolt survival model, developed for fall-run smolts emigrating from the Sacramento River
Basin, was slightly modified to better index the survival of Sacramento River juvenile winter-run, 
late fall-run, and spring-run chinook salmon through the Delta. The period of occurrence of each race 
in the Delta and associated temperature conditions were incorporated into the model.

For the Sacramento River, the models indicate that the factors with the greatest effect on smolt
survival are:  (1) water temperature at Freeport; (2) percent flow diverted through the Delta Cross
Channel gates and Georgiana Slough; and (3) CVP and SWP exports during the migratory period. 
On the San Joaquin River, the corresponding primary factors are:  (1) percent flow diverted into
upper Old River; (2) percent flow remaining in the river at Stockton; (3) temperature at Jersey
Point; and (4) CVP and SWP exports in April and May.

The model for smolt survival on the Sacramento River illustrates the importance of keeping the
migrating salmon smolts on the mainstem of the Sacramento River and minimizing their diversion into
the central Delta.  Survival, as predicted by the model, significantly improves when the Delta Cross
Channel gates are closed.  The model also indicates that smolt survival is significantly affected by
water temperature.  Survival is very poor above a temperature of approximately 68°F regardless of
other conditions.

Similarly, the model for smolt survival on the San Joaquin River illustrates the importance of keeping
the migrating salmon smolts on the mainstem of the San Joaquin River and minimizing their diversion
into Old River.  Survival, as predicted by the model, is enhanced by operation of a barrier at the
head of Old River.  For those smolts that migrate down the mainstem of the San Joaquin River,
factors affecting survival include flow, temperature at Jersey Point, and exports.  The smolts that
migrate down upper Old River and survive are assumed to have gone through the export salvage
facilities and then been transported and released into the western Delta. 

The models can be used to estimate the relative benefits of controllable parameters in the Delta,
specifically flows, exports, Delta Cross Channel gate operation, and construction of the Old River
barrier.  A number of other implementation measures may also improve smolt survival, but the
effects of those other measures have not been modeled.

The statistical validity of the USFWS' smolt survival model has been disputed (Kimmerer 1994).  
A peer review analysis facilitated by Kimmerer concluded that the models are too complex, contain
too many parameters, and inappropriately convert smolt survival index values to probabilities to
calculate survival through successive reaches of the Delta.

However, the USFWS salmon smolt models are not used in the analysis as quantitative management
tools or to establish the outflow or export objectives.  The models are used only for qualitative
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comparisons among the alternatives and to illustrate the factors that are believed to affect smolt
survival.  The models have been modified to increase their ability to predict outside the range of the
original data set.

2. Estuarine Abundance/Outflow Relationships

The DFG has sampled the abundance of estuarine and bay fish species for many years.  Since
1980, as part of the Interagency Ecological Program, the DFG has undertaken a specific study to
investigate the relationship between Delta freshwater outflow and the abundance and distribution of
fish and invertebrates.  Factors other than flow can affect fish and invertebrates, but the major
objective of this study was to consider outflow as it influences estuarine and bay fish resources
(DFG 1987).

The abundance of 70 species of fish, shrimp, and crabs were analyzed for years since 1980. 
A majority of the species (55.6 percent) showed no difference in their abundance between wet and
dry years.  Most of the species that showed no significant difference in abundance between wet and
dry years were marine.  In contrast, over two-thirds of the species in the study considered to be
estuarine, anadromous, or freshwater were significantly more abundant in wet years.  Significant
positive relationships between Delta outflow and abundance were found for four of these estuarine
species: a bay shrimp, Crangon franciscorum; longfin smelt; starry flounder; and Sacramento
splittail (DFG 1987, 1992a).

In addition to these outflow/abundance relationships, Jassby developed relationships between X2
and several aquatic resources in the Estuary, including: particulate organic carbon (POC), a small
mysid shrimp, Neomysis mercedis, C. franciscorum, starry flounder, longfin smelt, striped bass,
and mollusks (SFEP 1992).  These aquatic resources were selected because they were found by
the DFG to be affected by outflow, and because they are representative of various trophic levels in
the Estuary.  The regression equations for six of these estuarine resources/species (POC, Neomysis
mercedis, C. franciscorum, longfin smelt, starry flounder, and Sacramento splittail), and the data
used to develop the equations are plotted in the ER to the Bay/Delta Plan (Chapter VI, pages VI-8,
VI-9, and VI-11). 

In recent years, there is evidence that a number of these relationships have weakened since the
introduction of the Asian clam, Potamocorbula (Kimmerer 1997a).  In addition, recent work by
Sommer et al (1997) suggests that Sacramento splittail abundance is more closely associated with
floodplain inundation from February through May than Delta outflow.

In spite of these drawbacks, the outflow/abundance relationships for some species remain significant
and were considered adequate tools to evaluate the relative effects of the alternatives on abundance
of these species.  Current outflow/abundance relationships (revised in 1998) are used in Chapters
VI and XIII to evaluate effects of the Flow and Joint POD alternatives on C. franciscorum, longfin
smelt, starry flounder, and Sacramento splittail.
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3. Young-of-the-Year Striped Bass Model

The DFG has sampled the abundance of young-of-the-year striped bass in the Bay/Delta system
using standardized methods since 1959.  Analysis developed by DFG in the 1970’s showed
significant positive relationships between young-of-the-year abundance at 38 mm. and Delta outflow
and exports (Turner and Chadwick 1972; Chadwick et al. 1977).  Although these relationships
have weakened in recent years, a significant positive relationship still exists between young-of-the-
year striped bass abundance from 1959 through 1998 and Delta outflow and export variables.

A multiple regression recently developed by DFG relating total young-of-the-year striped bass
abundance at 38 mm. to the mean April – July San Joaquin River flow past Jersey Point, log10 net
Delta outflow, and total Delta exports (including CVP, SWP, Contra Costa Canal, and
miscellaneous Delta diversions) (Lee Miller, DFG, personal communication) was used to evaluate
effects of the alternatives on striped bass.  Young-of-the-year indices for 1959 – 1998 were
correlated with April - July flow data from DWR DAYFLOW.  This relationship was used to
predict the effects of the Flow, Joint POD, and Cumulative Impacts Alternatives on young-of-the-
year striped bass abundance.  The DWRSIM model was used to simulate flows for the project
alternatives over the 1922-1994 period of hydrologic record.

The abundance of adult striped bass was not modeled for the following reasons: 1) recent literature
indicates that many factors other than those included in existing adult striped bass models affect the
size of the adult striped bass population (Bennett and Howard 1997; Kimmerer 1997b), and 2) the
alternatives under consideration will primarily affect the young-of-the-year life stage through changes
in Delta outflow and exports.

G. WATER RIGHT PRIORITY ANALYSIS

This section describes the calculations used to allocate responsibility to meet the flow objectives
based on the water right priority system (Flow Alternatives 3 and 4).  The discussion is in two parts:
(1) calculation of water subject to allocation and (2) calculation of stream depletions due to
diversions.

1. Calculation of Water Subject to Allocation

The beginning point of the water right priority calculation is the recognition that the watershed
protection statutes (Water Code §§ 11460 et seq. and §§ 15505 et seq.) assign the SWP and the
CVP export projects the most junior priority in the Central Valley.  The export projects are
assumed to include both the export pumps and the reservoirs that release water for diversion at the
export pumps.  Therefore, both direct diversions to the export pumps and storage in a reservoir that
provides water to the export pumps are treated in the calculations as having a priority junior to all
other diversions in the basin.  This junior priority extends only to the natural and abandoned flow in
the system.  This junior priority does not apply to SWP and CVP storage releases or their imports
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into the basin.  Consequently, the SWP and the CVP export projects must bypass all of the inflow
to their reservoirs plus either release from storage or import into the basin sufficient water to meet
their export demands before any other party is required to curtail diversion. 

For purposes of a water right priority analysis, the flow objectives for the San Joaquin River at
Vernalis are treated separately from the Delta outflow objectives.  This segregation is necessary
because only San Joaquin Basin water right holders are responsible for the Vernalis objectives, but
all water right holders in the Sacramento and San Joaquin basins are responsible for the Delta
outflow objectives.  In addition, because there are two water right priority flow alternatives, one in
which the Friant Project is treated as an in-basin project and entitled to watershed of origin
protections (Flow Alternative 3) and one in which it is treated as an export project 
(Flow Alternative 4), there are a total of four sets of calculations:  (a) Vernalis calculation for 
Flow Alternative 3; (b) Delta calculation for Flow Alternative 3; (c) Vernalis calculation for Flow
Alternative 4; and (d) Delta calculation for Flow Alternative 4. 

a. Vernalis Calculation for Flow Alternative 3.  The watershed protection statutes do not
apply to this calculation because the Friant Project is treated as an inbasin project, and there is,
therefore, no SWP or CVP export project in the San Joaquin Basin.  The quantity of water in
excess of natural and abandoned flow needed to meet the Vernalis flow objectives can be obtained
from the DWRSIM output files.  The model calculates the quantity of releases from New Melones
Reservoir, New Don Pedro Reservoir, and Lake McClure required for this purpose, and specific
model output files identify this quantity of water.  This quantity of water is provided by curtailing
diversions of water right holders in the San Joaquin Basin water right holder database in order of
water right priority.  Water is available from a water right holder to meet the Vernalis objectives if
the water right holder is directly diverting water or diverting water to storage in the months in which
flows are required.  Monthly average diversions to storage are available from the DWRSIM output
files.  The calculation of monthly average direct diversion quantities is described in the next section
of this report.

In real-time operation of this alternative, an estimate would be made of the near-term flow
deficiency in the San Joaquin River, and the appropriate number of water right holders would be
directed to curtail diversions. 

b. Delta Calculation for Flow Alternative 3.  The watershed protection statutes apply to this
calculation.  The SWRCB includes Standard Term 91 in all permits issued since 1965 to ensure that
inbasin users are not diverting water that is released from storage by the DWR and the USBR to
meet Delta objectives.  The method for calculating the responsibility of other users to provide water
for Delta objectives is based on a modified Term 91 approach.  Term 91 states:

No diversion is authorized by this permit when satisfaction of inbasin entitlements require
release of supplemental project water by the SWP and the CVP.
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a. Inbasin entitlements are defined as rights to divert water from streams tributary to the
Delta for use within the respective basins of origin or the legal Delta, natural
requirements for riparian habitat and conveyance losses, and flows required by the
SWRCB for maintenance of water quality and fish and wildlife.  Export diversions and
project carriage water are specifically excluded from the definition of inbasin entitlement.

b. Supplemental project water is defined as water imported to the basin by the projects
and water released from project storage which is in excess of export diversions, project
carriage water, and project inbasin deliveries.

As shown in Figure IV-1, the Term 91 method treats the Delta watershed as if it is a fully
interconnected basin below the foothill reservoirs.  Water availability is assumed to be the same
throughout the basin.  When natural and abandoned flow in the basin is greater than the inbasin
demand plus Delta outflow requirements, water is available for appropriation.  When natural and
abandoned flows are insufficient to supply inbasin needs and Delta outflow requirements, the SWP
and the CVP must release stored water, under the present regulatory requirements, to ensure that
inbasin entitlements are met. 

Term 91, as presently applied, can be expressed in the following mathematical notation, and an
example of a Term 91 calculation is provided in Figure IV-1.   

SW = SR - (EX + CW)

Where: SW => Supplemental water, as defined above.
SR => Project storage releases from Shasta, Oroville and Folsom reservoirs,

  plus imports from the Trinity River. 
EX => Export diversions into the California Aqueduct, the Delta-Mendota

 Canal, the Contra Costa Canal, and the North Bay Aqueduct.
CW => Carriage water required to repel seawater due to operation of the

 export pumps.

This method of calculating supplemental water was approved by the SWRCB in Order 81-15.  The
order states that carriage water does not apply when a flow objective is the controlling objective in
the Delta.  Under D-1485, salinity objectives controlled the majority of the time, and carriage water
was an important consideration.  However, under the 1995 Bay/Delta Plan, outflow objectives
control the majority of the time.  Therefore, the carriage water term is almost always zero, and it can
be ignored in the Term 91 calculation at this time.  In addition, the version of DWRSIM used in the
modeling study for this draft EIR does not include a carriage water calculation and so the
information is not available for purposes of calculation in the draft EIR.
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Figure IV-1  Term 91
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Although Term 91 recognizes the projects' obligation for inbasin deliveries, the equation above does
not include a term for this obligation.  This is because Term 91 presently is included only in
appropriative water rights issued after 1965, and those rights are junior to the inbasin rights of the
SWP and the CVP.  Before the equation used to calculate supplemental water can be applied to all
post-1914 appropriators on the data base, the equation must be modified to account for the
projects' obligation to serve their inbasin contractors with stored water.  For contractors with no
independent water rights and contractors with water rights junior to the projects, the obligation
exists when the contractors are being served with water under the projects' rights, and the projects'
inbasin direct diversions have been curtailed.  For contractors with water rights senior in priority to
the projects, the obligation exists when the contractors' rights to divert water have been curtailed. 
The new term that must be added to the Term 91 equation tracks this inbasin obligation (IO) that
requires the release of stored water.  As direct diversions under the projects' inbasin rights are
curtailed and as direct diversions of contractors with rights senior to the projects are curtailed, the
storage release obligations of the projects increase in an amount adequate to serve these
contractors.  These increased storage release obligations are project obligations and not the
responsibility of inbasin users and must be subtracted from the projects’ storage release when
supplemental project water is calculated. This situation is illustrated in Figure IV-2.

The new equation that can be used to implement a Term 91 approach for all post-1914
appropriators is defined below.

SW3 = SR - (EX + IOn)

In real-time operation, water right holders would be required to curtail diversions to ensure that
supplemental water does not exceed zero.  In the context of the model results, DWRSIM output
files can be used to calculate the number of water right holders that would be required to curtail
diversion by using the following equation:

SR - (EX + IOn) = DDn + Ston

Where: SW3 => Supplemental water for Flow Alternative 3.
IOn => Project inbasin obligations at water right priority (n) that require the

 release of stored water.
DDn => Reduction in stream depletions from cessation of direct diversions at

  water right priority (n).
Ston => Reduction in stream depletion from cessation of storage at water right

  priority (n).

For purposes of calculation, it is convenient to express the equation in the following form:

SR - EX = DDn + Ston + IOn
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The quantity on the left side of the equation identifies the amount of water that is needed to satisfy
inbasin entitlements after the obligations of the SWP and the CVP due to their export operations
have been met.  Another way to think of this term is that it is the quantity of water being used by
inbasin water users beyond their inbasin rights.  The terms on the right side of the equation identify
the inbasin sources available to satisfy the inbasin entitlements. 

The DWRSIM output provides the quantities SR, EX, and Ston on a monthly average basis, and
monthly average estimates of IOn and DDn can be calculated, as described in the next section of this
report.  The number of direct diversions and diversions to storage that need to be curtailed can also
be calculated on a real-time basis using this equation.  The quantities SR, EX, and Ston can be
obtained on a daily basis from the SWP and the CVP and from non-project reservoirs subject to
curtailment of diversions to storage, and daily estimates of IOn and DDn can be calculated. 

For ease of analysis of an alternative of this nature, water right holders in the database subject to this
alternative have been placed into one of eight groups based on their water right priority. All of the
water right holders in a group would be directed to curtail diversions at the same time.  A group is
not directed to curtail diversions unless there is no water available to the entire group.  However, the
SWRCB could direct that water right holders be treated individually and not placed into water right
priority groups.

c. Vernalis Calculation for Flow Alternative 4.  The watershed protection statutes apply to
this calculation because the Friant Project is treated as an export project.  The alternative further
assumes that the Friant Project's obligations will be met by releases from New Melones Reservoir. 

A principal issue in the analysis of this alternative is the treatment of the Exchange Contractors. 
These contractors have retained their riparian and pre-1914 appropriative water rights on the upper
San Joaquin River, but they executed a contract with the CVP to receive water from any source,
including the Delta, in exchange for their San Joaquin River water.  This exchange allows the
diversion of the majority of the San Joaquin River at Friant Dam for use in the Tulare Lake Basin. 
This routing of water is more efficient than the alternative of supplying the Friant-Kern service area
with water diverted from the Delta.  From a water right perspective, deliveries to the Exchange
Contractors can be treated as inbasin deliveries because the contractors have inbasin rights.  The
conceptual model for the calculation is a water routing system in which (1) San Joaquin River water
is provided to the Exchange Contractors; (2) unmet demands of the Exchange Contractors are met
with diversions from the Delta; (3) any remaining water from Millerton Lake after the inbasin
demands are met is exported to the Friant-Kern service area; and (4) remaining export demands in
the Friant-Kern service area are met with diversions from the Delta. 

The following additional assumptions are made to calculate responsibility to achieve the Vernalis
flow objectives under this alternative.
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1. Friant-Kern exports are defined, for the purposes of application of the watershed protection
statutes, as total diversions into the Friant-Kern Canal minus deliveries to the Kings River
Basin.  This definition is based on the statutes, which provide protection both to the watershed
of origin and to immediately adjacent areas that can be conveniently served from the
watershed of origin.  The Kings River Basin is assumed to be an immediately adjacent area
that can be conveniently served from the San Joaquin River. 

2. Exchange contractor deliveries are obtained from the DWRSIM output files.  In order to
determine the inbasin deliveries, the output files are capped based on two other
considerations.  First, the deliveries cannot exceed the contractual amount of 840 TAF. 
Second, the deliveries cannot exceed the amount of water that would be available under the
contractors' water rights if they were diverting from the San Joaquin River.  This quantity is
obtained by subtracting riparian diversions between Millerton Lake and Gravelly Ford from
the inflow to Millerton Lake.

3. Exchange contractor monthly deliveries, as defined in (2) above, are subtracted from 
Friant-Kern monthly exports, as defined in (1) above, to obtain the final Friant-Kern export 
term used for subsequent calculations.  If the exchange contractors' deliveries are greater than
exports, the Friant-Kern export term is set to zero.

Using the assumptions and conceptual model described above and DWRSIM output files, the
responsibility of water right holders other than the CVP to release water to meet the Vernalis
objectives can be calculated using the following equation:

SWSJ = Add + SRF - (EXF + IOFn)

Where: SWSJ => Supplemental water for the Vernalis objective - the quantity of water
 that water users, other than the Friant Project, are required to bypass
 to meet the Vernalis flow objectives (negative numbers are set to zero
 and SWSJ #  Add).

Add => The quantity of water above natural and abandoned flows in the San
 Joaquin River needed to achieve the Vernalis flow objectives.

SRF => Millerton Lake storage releases.
EXF => Friant-Kern exports, as defined above
IOFn => Friant Project inbasin obligations that would require the release of

 stored water at water right priority (n) because of the Vernalis
 objective.

The number of direct diversions and diversions to storage in the San Joaquin River that need to be
curtailed to achieve the quantity SWSJ is determined using the method described in the previous
section.  Specifically, the following equation is used.
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Add + SRF - (EXF + IOFn) = DDn + Ston

In this equation, the terms DDn and Ston represent the reductions in stream depletions in the 
San Joaquin Basin from cessation of direct diversions and storage, respectively, of water users in the
basin at water right priority (n).

For purposes of calculation, it is convenient to express the equation in the following form.

Add + SRF - EXF = DDn + Ston + IOFn

The quantity on the left side of the equation identifies the amount of water that is needed to satisfy
inbasin entitlements in the San Joaquin Basin after the obligations of the Friant Project  due to its
export operations have been met.  (When SR > or = to EX, the left side of the equation is set equal to
Add.)  Alternatively, the term can be thought of as the amount of water being used by inbasin water
users beyond their inbasin water rights.  The terms on the right side of the equation identify the
inbasin sources in the San Joaquin Basin available to satisfy the inbasin entitlements.

The Friant Project's share of the Vernalis flow objectives (FO) can be calculated using the following
equation.  New Melones Reservoir is responsible for releasing this quantity of water.

FO = Add - SWSJ

All of the terms described above can be either calculated or extracted from the DWRSIM output. 
In real-time operation, the terms of the equations can be determined on a daily basis from
monitoring data or they can be calculated, as described in the sections above. 

d. Delta Calculation for Flow Alternative 4. The only difference between the calculation for
this alternative and the calculation for the responsibility to achieve the Delta objectives under 
Flow Alternative 3 is that the Friant Project has been added as an export project.  Consequently, 
the following equation applies:

SW4 = SW3 + SRF - (EXF + IOFn) +FO

Where: SW4    =>   Supplemental water for Flow Alternative 4

For purposes of calculation, it is convenient, for the reasons described in the previous two sections,
to express the equation in the following form.

SR - EX + FO = DDn + Ston + IOn

In this equation, the terms SR, EX, and IOn apply to all of the export-related operations of the
projects in the Sacramento and San Joaquin basins, including the operations of the Friant Project. 
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The quantity on the left side of the equation identifies the amount of water that is needed to satisfy
inbasin entitlements after the obligations of the SWP and the CVP due to their export operations
have been met.  The terms on the right side of the equation identify the inbasin sources throughout
the Sacramento and San Joaquin basins available to satisfy the inbasin entitlements.

2. Calculation of Stream Depletions Due to Diversions

Most of the terms in the equations described in the previous section are obtained from DWRSIM
output files.  However, two of the terms, DD and IO, are calculated.  A description of how these
terms are calculated is provided below.

a. DD Calculation. The DD term provides the depletions due to direct diversions of water right
holders without a contract with the SWP and the CVP.  The term is calculated by multiplying the
irrigated acreage of the water right holder both by the monthly consumptive use of applied water
(CUAW) factor for the depletion study area (DSA) in which the depletion occurs and by a
nonrecoverable losses factor.  The irrigated acreage data is obtained from Reports of Permittee and
Licensee in the SWRCB files.  The monthly CUAW factor for each DSA is available from DWR
and is based on land use studies conducted by the DWR.  The nonrecoverable losses factors were
obtained from the DWR. The factor is ten percent for diversions on the valley floor and fifteen
percent for diversions in the rim areas.   For applicants with multiple rights, diversions are assumed
to occur first under the senior right until the full face value of the right is exhausted.  When multiple
rights have overlapping places of use, the acreage applied to each right is determined on a case-by-
case basis by reviewing detailed place of use maps.  Volume 2, Appendix 3 contains tables that
identify the magnitude of the DD term at the different water right priorities.

b. IO Calculation.  The projects' inbasin contractors fall into one of two categories:  water
supply contractors and water settlement contractors.  Water supply contractors divert under the
projects' rights and make full payment for water received.  Water settlement contractors have their
own water rights, and they divert under those rights until water is no longer available under their
priority, at which time they divert under the projects' rights.  The CVP settlement contracts specify
monthly quantities of water available under the contractors' water rights (base supply).  Amounts of
water used in excess of the base supply are considered the CVP's supply for which payment is
required.

The projects have inbasin direct diversion water rights that they use to provide service to their
contractors.  When water is no longer available under these direct diversion water rights, depletions
due to the contractors diverting under these rights must be met by releases from the projects'
storage.  Some settlement contractors have rights to divert water at priorities senior to the projects'
inbasin rights.  When these contractors rights are curtailed, their depletions also become a storage
release obligation of the projects.  The IO term provides the depletions due to diversions of the
projects' contractors when the contractors are no longer able to divert under their own rights, if any.
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The IO term is calculated by multiplying monthly average deliveries to each contractor by the basin
efficiency and a non-recoverable loss factor.  The monthly average deliveries are derived by
distributing the average annual deliveries for the period 1982 through 1989 (excluding 1983 which
was an exceptionally wet year), which were provided by the projects, among the months of the
irrigation season based on the delivery pattern to the Tehama-Colusa Canal.  The basin efficiency
and the non-recoverable loss factor were obtained from the DWR. 

The IO term for a specific contractor may be reduced in years when deficiencies are imposed 
on inbasin project deliveries.  Deficiencies are calculated as a percentage of base and project
entitlement.  Deficiencies are applied first to project water contractors up to a maximum of 
50 percent of entitlement, then to settlement contractors up to 25 percent of combined project and
base supply.  A preliminary IO term under deficiency conditions is calculated for each contractor
based on the assumptions described above.  This quantity is then compared to the IO term under
normal conditions, which is based on depletions caused by average deliveries.  The smaller of the
terms is used as the final IO term under deficiency conditions.  Volume 2, Appendix 3 contains
tables of the possible combinations of IO terms used in the calculations.

H. WATERSHED ANALYSIS

Flow Alternative 5 establishes flow requirements to meet Vernalis and Delta outflow objectives for
individual watersheds tributary to the Delta based upon their relative contribution to unimpaired
Delta inflow.  Data for unimpaired flow were obtained from DWR and is published in a document
titled California Central Valley Unimpaired Flow Data – 1920-1992 (DWR 1994c).  For each
basin, a minimum monthly flow obligation is calculated for each of the five water year types defined
in the 1995 Bay/Delta Plan.  The individual tributary flow requirements are listed in Table II-7.  The
responsibility to meet requirements is assigned to the rim reservoirs that control downstream flow. 
In addition, upstream reservoir owners with cumulative capacity of greater than 100 TAF would
also share responsibility.  The affected reservoirs are listed in Table II-8.  If more than one party has
an obligation on a given tributary, the responsibility is divided among parties based on each party’s
depletion of the tributary.  The responsibility on rivers controlled by the SWP or the CVP is
assigned entirely to the projects, as is overall responsibility for meeting the Delta outflow objectives.

1. Calculation of Watershed Allocation

Average required monthly flows are calculated for each watershed and each water-year type.  In
the calculation, the Sacramento and San Joaquin basins are treated differently, depending on the
month.  Tributaries to the San Joaquin River upstream of Vernalis contribute to both the Vernalis
and the Delta outflow objectives during the months of February through June and in October.  In the
Sacramento basin and for the East Side Streams, tributaries contribute only to Delta outflow.  
Consumptive use within the Delta, which is assumed to be entirely riparian, is assigned to the
Sacramento basin tributaries.  Also, for the purposes of this analysis, Putah and Cache creeks are
assigned no obligation to Delta outflow.
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Tributary obligations are calculated using the following equations:

For months with Vernalis objectives:

SR Tribs  = (SR %) x (Adjusted Average Minimum Delta outflow) +
 (SR %) x (Average Delta CU)

SJR Tribs = (SJR %) x (Avg. SJR flow objective)

Where: CU => Consumptive Use
SR => Sacramento River
SJR => San Joaquin River
SR % => the average unimpaired contributions of the 

Sacramento River expressed as a percent of the total 
contribution of tributaries participating in the basin

SJR % => the average unimpaired contributions of the 
San Joaquin River expressed as a percent of the total 
contribution of tributaries participating in the basin

The Average Minimum Delta Outflow, San Joaquin River Objective, and Delta Consumptive Use
data are taken directly from a DWRSIM study in which all 1995 Bay/Delta Plan objectives are met
by the projects and other sources as needed.  The adjusted minimum Delta outflow for each water
year type is equal to the minimum required Delta outflow minus the required San Joaquin River flow.
Tables showing the details of the calculation are in Volume 2, Appendix 4.

In months without Vernalis objectives:

SR Tribs  = (Overall %) x (Adj. Avg. Min. Delta outflow) + (SR %) x (Avg. Delta CU)
SJR Tribs = (Overall %) x (Adj. Avg. Min. Delta outflow)

In watersheds with multiple major parties, a cost sharing formula was devised based on each party’s
depletion of water from the tributary.  Exported water creates no return flow.  Therefore, for the
districts that export water, depletions are equal to total diversion.  Table IV-1 specifies the diversion,
depletion, and percent of the total depletion for the Yuba, Bear, and Tuolumne Rivers.  The
responsibility of each party to meet the flow obligation for its tributary is equal to the percent total
depletion for the tributary.
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Table IV-1
 Flow Alternative 5 Obligations for the Yuba, Bear, and Tuolumne Rivers

Agency
Average

Diversion (afa)
Average

Depletion (afa)
Total

Depletion (%)

Yuba River Obligations1

  Yuba Co Water Agency 232,470 166,472 24.83
  PG&E 381,808 381,808 56.95
  Nevada I.D. 58,600 58,600 8.74
  Oroville Wyandotte I.D. 63,538 63,538 9.48

Bear River Obligations2

  Nevada I.D. 52,201 37,381 34.90
  South Sutter W.D. 82,350 61,651 57.55
  Camp Far West I.D. 10,803 8,088 7.55

Tuolumne River Obligations3

  City of San Francisco 240,258 240,258 21.1
  Modesto I.D. 264,812 235,074 20.6
  Turlock I.D. 749,138 665,010 58.3
1. Data Source:  April 30, 1997 letter from Bookman Edmonston
2. Data Source:  SWRCB files for A2652A and A14804
3. Data Source:  SWRCB files
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CHAPTER V.  WATER SUPPLY IMPACTS
OF THE FLOW ALTERNATIVES

The purpose of this chapter is to evaluate the water supply impacts of the seven alternatives
for implementing the flow objectives in the 1995 Bay/Delta Plan.  The seven alternatives are
described in detail in Chapter II, section E.1.  A number of parameters have water supply
implications among the alternatives being evaluated.  The principal parameters are delivery
changes, export reductions, carry-over storage changes, and water transfer export capacity in
the Delta.

In addition to evaluating impacts to the quantities of water available under the seven
alternatives, this chapter contains an analysis of the time of year and frequency that
diversions are curtailed for individual water rights holders in the Central Valley under
Alternatives 3 and 4.  These two alternatives require surface water diversion curtailments,
based on the water rights priority system, when the SWP and CVP are releasing
supplemental water to meet inbasin entitlements.  Implementation of Alternatives 3 and 4
will affect the exercise of water rights and the water supply available to individual water
right holders in the Central Valley.

Where applicable, impacts are determined by subtracting the value of a water supply
parameter for the base case from that of the alternatives.  Because hydrologic conditions vary
considerably from year to year in the project area, the water supply impacts are calculated for
two different hydrology scenarios:  (1) the average annual impacts based on the historic
73-year period hydrology of 1922 through 1994, and (2) the average annual impacts based on
the critically dry period hydrology of May 1928 through October 1934 (called the critical
period).

This chapter is divided into the following sections:  (A) water deliveries, (B) carryover
storage in Central Valley reservoirs, (C) Delta exports, (D) capacity for water transfers,
(E) diversion curtailments under Alternatives 3 and 4, and (F) summary and conclusions.

A. WATER DELIVERIES

The amount of water delivered for beneficial consumptive use under each alternative was
determined using results from DWRSIM, EBMUDSIM and HEC 3.  Chapter IV of this EIR
discusses the assumptions and operating criteria used in the DWRSIM modeling studies for
each of the flow alternatives.  EBMUD provided results from its planning model,
EBMUDSIM, for the base case and Alternatives 3, 4 and 5.  EBMUD reservoir operations
under Alternatives 2, 6, 7, and 8 are identical to the base case; thus, these alternatives were
not modeled.  For Alternative 5, the HEC 3 model of the Yuba and Bear river systems, which
provides input to DWRSIM, was run.  The HEC 3 model results provide information on
delivery impacts on the Yuba and Bear rivers for Alternative 5.  The HEC 3 analysis shows
substantial reductions in diversions through the Bear River Canal.  However, these diversion
reductions are not included in the delivery reduction analysis.  DWRSIM output shows full
deliveries to the Bear River Canal vicinity because the model attempts to make full deliveries
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from other available sources, including groundwater, when one of the available sources has
deficient supplies.  This feature of the model causes upstream delivery reductions to be
translated into export reductions.  The HEC 3 model was not rerun for Alternatives 3 and 4,
because, although those alternatives could affect deliveries on the Bear and Yuba rivers, the
impact would be small.  Additional information regarding the modeling of the Bear and Yuba
River systems is located in Chapter IV, section H.

The delivery reduction calculations for Alternatives 3 and 4 are affected by assumptions
included in the modeling.  When a direct diversion is curtailed under these alternatives, the
water right holder can either contract for a substitute water supply, as other prior right water
users have in the past, or pump groundwater.  For modeling purposes, the assumption is made
that a water right holder in the Sacramento Basin will contract for a substitute water supply
while a water right holder in the San Joaquin Basin will pump groundwater.  Consequently, the
model results show no impact on Sacramento Basin direct diverters under these alternatives,
but do show an impact on the San Joaquin Basin direct diverters.  The Sacramento Basin
impact is translated into an export area delivery impact because the SWP and the CVP are
supplying stored water to the water right holders required to curtail direct diversions.  Because
of these assumptions, the results of this section and section E of this chapter should be
considered together to understand the delivery impacts of Alternatives 3 and 4.  Section E
evaluates the time of year and frequency that individual water right holders in the Central
Valley must curtail diversions to meet the flow objectives.

As formulated, Alternative 5 significantly exceeds the Delta flow objectives and results in the
largest average water delivery reductions for the 73-year period.  Further refinement of this
alternative would result in modeled water supply impacts closer to those of the other
alternatives.  The model results for Alternative 5 are still useful indicators of trends in water
supply impacts.

A large part of the demand in the study area is met through delivery of water stored in
reservoirs.  The amount of water delivered versus the amount retained in a reservoir as
carryover storage is an operations decision that can change from year to year.  For modeling
purposes, reservoir operation assumptions regarding deliveries versus carryover storage are
programmed into the models.  Thus, actual reservoir operations may vary from modeled
operations resulting in different deliveries and carryover storage amounts than those calculated
here.  Nonetheless, the model results are a good tool for comparing the alternatives for relative
impacts.

Table V-1 shows the annual average reductions, or in one case, increase, in deliveries for the
different alternatives compared to the base case for the 73-year period.  Table V-2 presents the
information for the critical period.  Delivery impacts are broken out by service area or supplier
where possible.  The total delivery reductions are shown at the bottom of both tables.
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T a b l e  V - 1

B a s e  C a s e  W a t e r  D e l i v e r i e s  a n d  D e l i v e r y  C h a n g e s ,  7 3 - Y e a r  P e r i o d  A n n u a l  A v e r a g e  ( T A F )

Del ivery D e l i v e r y  C h a n g e  f r o m  t h e  B a s e  C a s e

Base Case A l t .  2 A l t .  3 A l t .  4 A l t .  5 A l t .  6 A l t .  7 A l t .  8

N o n - C V P / S W P  S u p p l i e s

Yuba River  System 4 0 3 0 0 0 -45 0 0 0

Bear  River  Sys tem 2 9 0 0 0 0 -57 0 0 0

E a s t  B a y  M U D 2 3 8 0 -3 -4 -22 0 0 0

San  Joaqu in  R ive r  Sys t em Di rec t  D ive r s ions 8 5 7 0 -73 -65 0 0 0 0

City of  San Francisco 2 4 3 0 0 0 0 0 0 0

M o d e s t o  I D / T u r l o c k  I D 1 ,138 0 0 0 -6 0 0 0

Merced I r r iga t ion  Dis t r ic t 1 ,343 0 0 0 0 0 0 0

Eas tman  Lake  (Chowchi l l a  WD) 2 9 2 0 -14 -13 -10 0 0 0

H e n s l e y  L a k e  ( M a d e r a  I D ) 3 8 4 0 0 0 -7 0 0 0

Subtotal 5 ,188 0 -90 -82 - 1 4 7 0 0 0

Selected  SWP Suppl ies

   North Bay 42 -2 -2 -2 -1 -2 -2 -2

   Sou th  Bay 1 6 7 -7 -5 -5 -2 -6 -8 -7

   T u l a r e  B a s i n 1 ,117 -45 -36 -36 -5 -44 -53 -45

   Southern  Cal i fornia 1 ,532 -61 -54 -54 -22 -59 -67 -60

Subtotal 2 ,858 - 1 1 5 -97 -97 -30 - 1 1 1 - 1 3 0 - 1 1 4

Selected  CVP Suppl ies

   Cont ra  Cos ta  Cana l  1 4 3 0 0 0 0 0 0 0

   S tock ton -Eas t  WD/Cen t r a l  San  Joaqu in  WCD 1 0 7 -37 -22 -24 -9 -4 -84 -47

   San Fel ipe  Service  Area 1 7 5 -9 -7 -7 -6 -8 -10 -10

   Exchange  Cont rac tors 8 9 4 -20 -15 -16 -7 -21 -24 -18

   O t h e r  C V P  a n d  D M C  A g  D i v e r s i o n s 4 0 6 -44 -39 -39 -32 -25 -49 -55

   C ros s  Va l l ey  Cana l  Ag  Dive r s ions 96 -10 -9 -9 -7 -6 -11 -12

   Tota l  Refuge  Divers ions 2 8 8 -3 -2 -2 -1 -4 -3 -3

   San  Lu i s  Un i t 9 1 3 -98 -86 -86 -71 -55 - 1 0 7 - 1 2 5

   Friant  Project 1 ,343 0 0 0 - 4 2 3 0 0 0

Subtotal 4 ,365 - 2 2 1 - 1 8 0 - 1 8 3 - 5 5 6 - 1 2 3 - 2 8 8 - 2 7 0

Tota l  12 ,411 - 3 3 6 - 3 6 7 - 3 6 2 - 7 3 3 - 2 3 4 - 4 1 8 - 3 8 4

T a b l e  V - 2

B a s e  C a s e  W a t e r  D e l i v e r i e s  a n d  D e l i v e r y  C h a n g e s ,  C r i t i c a l  P e r i o d  A n n u a l  A v e r a g e  ( T A F )

Del ivery D e l i v e r y  C h a n g e  f r o m  t h e  B a s e  C a s e

Base Case A l t .  2 A l t .  3 A l t .  4 A l t .  5 A l t .  6 A l t .  7 A l t .  8

N o n - C V P / S W P  S u p p l i e s

Yuba River  System 4 1 2 0 0 0 -90 0 0 0

Bear  River  Sys tem 2 2 4 0 0 0 - 1 0 8 0 0 0

E a s t  B a y  M U D 2 3 3 0 -15 -15 -37 0 0 0

San  Joaqu in  R ive r  Sys t em Di rec t  D ive r s ions 8 5 3 0 -99 -82 0 0 0 0

City of  San Francisco 2 6 0 0 0 0 0 0 0 0

M o d e s t o  I D / T u r l o c k  I D 1 ,171 0 0 0 -61 0 0 0

Merced I r r iga t ion  Dis t r ic t 1 ,408 0 0 0 1 0 0 0

Eas tman  Lake  (Chowchi l l a  WD) 3 0 4 0 -19 -17 -8 0 0 0

H e n s l e y  L a k e  ( M a d e r a  I D ) 4 0 1 0 0 0 -6 0 0 0

Subtotal 5 ,266 0 - 1 3 3 - 1 1 4 - 3 0 9 0 0 0

Selected  SWP Suppl ies

   North Bay 31 -9 -8 -9 -4 -8 -9 -9

   Sou th  Bay 1 2 5 -22 -21 -21 -6 -20 -22 -20

   T u l a r e  B a s i n 8 7 6 - 1 5 2 - 1 4 9 - 1 4 9 -47 - 1 4 5 - 1 6 0 - 1 4 6

   Southern  Cal i fornia 1 ,475 - 3 0 7 - 2 9 5 - 2 9 4 - 1 1 2 - 2 9 2 - 2 9 8 - 2 9 3

Subtotal 2 ,507 - 4 9 0 - 4 7 3 - 4 7 3 - 1 6 9 - 4 6 5 - 4 8 9 - 4 6 8

Selected  CVP Suppl ies

   Cont ra  Cos ta  Cana l  1 5 4 0 0 0 0 0 0 0

   S tock ton -Eas t  WD/Cen t r a l  San  Joaqu in  WCD 38 -38 -38 -38 -17 -17 -30 -23

   San Fel ipe  Service  Area 1 5 3 -17 -10 -10 -3 -20 -18 -16

   Exchange  Cont rac tors 8 7 5 -64 -46 -45 -18 -76 -69 -63

   O t h e r  C V P  a n d  D M C  A g  D i v e r s i o n s 2 6 2 -56 -33 -33 -4 -60 -56 -52

   C ros s  Va l l ey  Cana l  Ag  Dive r s ions 61 -13 -8 -8 -1 -13 -12 -11

   Tota l  Refuge  Divers ions 2 9 8 -5 -2 -2 -1 -7 -4 -5

   San  Lu i s  Un i t 5 7 8 - 1 2 0 -72 -71 -9 - 1 3 1 - 1 2 1 - 1 1 0

   Friant  Project 9 5 9 0 0 0 - 3 2 7 0 0 0

Subtotal 3 ,378 - 3 1 3 - 2 0 9 - 2 0 7 - 3 8 0 - 3 2 4 - 3 1 0 - 2 8 0

Tota l  11 ,151 - 8 0 3 - 8 1 5 - 7 9 4 - 8 5 8 - 7 8 9 - 7 9 9 - 7 4 8
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Alternative 6 results in the lowest total reduction in average deliveries for the 73-year period,
but this result should be viewed with caution.  Alternative 6 is the only flow alternative that
includes unlimited combined use of SWP and CVP points of diversion in the Delta.  The
other alternatives would have smaller 73-year period average delivery reductions, when
compared to Alternative 6, if they also included unlimited combined use of points of
diversion.  Combined use of points of diversion could be authorized as part of the
implementation of the 1995 Bay/Delta Plan for any of the alternatives, as described in
Chapter XIII of this report.

For the critical period, Alternative 8 reduces total deliveries the least.  Alternative 5 has the
largest delivery reductions for both the 73-year and critical period principally due to
reductions in non-project deliveries and Friant Project deliveries.

B. CARRYOVER STORAGE IN CENTRAL VALLEY RESERVOIRS

Carryover storage is the amount of water retained in a reservoir at the end of September of
each year.  Carryover storage helps meet future demand in the event that the next year is dry.
The amount of water dedicated to carryover storage is balanced against the amount needed to
meet immediate delivery needs, hydropower generation needs, and instream flow
requirements of a project, according to operation rules that differ for each reservoir.  For the
SWP and CVP reservoirs, the operation rules have been determined through optimization
studies.  Reservoir functions are modeled in DWRSIM according to these rules.

To determine the impacts of implementing the 1995 Bay/Delta Plan flow objectives on
carryover storage, average September end-of-month storage amounts for each flow
alternative are compared to those of the base case.  Reservoirs in this analysis include, from
north to south, Trinity Lake, Lake Shasta, Lake Oroville, Folsom Lake, Camanche Reservoir,
Pardee Reservoir, New Melones Reservoir, New Don Pedro Reservoir, Lake McClure,
Eastman Lake, Hensley Lake, and Millerton Lake.  Tables V-3 and V-4 show carryover
storage volumes in these reservoirs for the 73-year period and the critical period for the
alternatives and the base case.  Bar charts for each reservoir (Figures V-1 through V-11)
show the increase or decrease in carryover storage for each alternative compared to the base
case for the two scenarios.  Trinity Lake carryover storage was not charted because there is
no difference among the alternatives.

The charts show that Alternative 5 generally has more favorable carryover storage in the
SWP and CVP reservoirs in the Sacramento Valley than the other alternatives.  With the
exception of New Melones Reservoir, Alternative 5 is the least favorable alternative for the
Delta east-side and San Joaquin Valley reservoirs.  This relationship is true for both the long-
term average and the critical period average.  For the San Joaquin Valley reservoirs (except
New Melones), Alternatives 2, 6 and 7, which have little effect relative to the base case, are
the most favorable alternatives.  An anomalous result is apparent for Alternative 7 in New
Don Pedro Reservoir where carryover storage is shown to increase although demands on the
reservoir are higher in this alternative.  This anomaly is caused because the FERC instream
flow requirements for New Don Pedro Reservoir were modeled slightly differently under
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this alternative than under the other alternatives.  In any event, the effect of Alternative 7 on
New Don Pedro Reservoir is small.  For New Melones Reservoir, Alternative 7 is the most
favorable alternative for carry-over storage, due to modeling assumptions made for this
alternative.  Alternative 2 results in the lowest carry-over storage in New Melones Reservoir.

For Alternatives 3 and 4, the modeling assumption that water right holders in the Sacramento
Valley will seek contracts from the DWR and USBR when their diversions are curtailed
affects the carryover storage calculations for SWP and CVP reservoirs.  If water right holders
do not seek substitute water supply contracts when their diversions are curtailed, carryover
storage in Sacramento Valley SWP and CVP reservoirs could increase over the amounts
calculated in this analysis.

C. DELTA EXPORTS

The 1995 Bay/Delta Plan limits the rate of Delta export pumping to a percent of Delta
inflow. 1  Total exports evaluated in this section include SWP Banks Pumping Plant exports,

                                                                
1     The method for calculating the percent of Delta inflow diverted is described on page 25 of the 1995
Bay/Delta Plan.

T a b l e  V - 3
C a r r y o v e r  S t o r a g e  i n  C e n t r a l  V a l l e y  R e s e r v o i r s  (  T A F )

7 3 - Y e a r  P e r i o d  A n n u a l  A v e r a g e

Sacramento Valley Delta Eastside Area San Joaquin Valley

Alternative Trinity Shasta Oroville Folsom Pardee Camanche New Melones N. Don Pedro McClure Eastman Hensley Millerton

Alt .  1 1329 2,910 2,310 481 163 238 1,543 1,365 657 27 23 186

Alt .  2 1330 2,886 2,195 444 163 238 1,238 1,365 657 27 23 186

Alt .  3 1330 2,929 2,204 458 168 210 1,457 1,275 602 40 21 186

Alt .  4 1330 2,929 2,203 457 168 208 1,358 1,292 631 39 22 186

Alt .  5 1330 3,015 2,328 482 134 162 1,554 1,124 522 18 12 175

Alt .  6 1329 2,805 2,181 408 163 238 1,560 1,365 657 27 23 186

Alt .  7 1329 2,819 2,141 426 163 238 1,788 1,377 654 27 23 186

Alt .  8 1330 2,896 2,165 448 163 238 1,392 1,346 612 27 23 186

T a b l e  V - 4
C a r r y o v e r  S t o r a g e  i n  C e n t r a l  V a l l e y  R e s e r v o i r s  ( T A F )

C r i t i c a l  P e r i o d  A n n u a l  A v e r a g e

Sacramento Valley Delta Eastside Area San Joaquin Valley

Alternative Trinity Shasta Oroville Folsom Pardee Camanche New Melones N. Don Pedro McClure Eastman Hensley Millerton

Alt. 1 775 1,944 1,608 261 155 205 1,104 1,101 644 12 14 156

Alt. 2 775 1,827 1,454 174 155 205 511 1,101 644 12 14 156

Alt. 3 775 1,956 1,418 206 159 161 996 776 598 21 10 156

Alt. 4 775 1,955 1,420 207 159 161 706 854 625 23 11 156

Alt. 5 775 2,079 1,646 266 95 57 1,228 410 433 9 6 149

Alt. 6 775 1,762 1,430 160 155 205 1,180 1,101 644 12 14 156

Alt. 7 775 1,857 1,453 187 155 205 1,531 1,133 642 12 14 156

Alt. 8 775 1,904 1,439 204 155 205 748 1,064 574 12 14 156
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Figure V-2
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Figure V-1

Shasta Lake Carryover Storage Impacts
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Figure V-3

Folsom Lake Carryover Storage Impacts
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Figure V-4

Camanche Reservoir Carryover Storage Impacts
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Figure  V-5

P a r d e e  R e s e r v o i r  C a r r y o v e r  S t o r a g e  I m p a c t s

- 7 5

- 6 0

- 4 5

- 3 0

- 1 5

0

1 5

7 3 - Y e a r  P e r i o d  A v g . 0 5 5 - 2 9 0 0 0

C r i t i c a l  P e r i o d  A v g 0 4 4 - 6 0 0 0 0

Al t .  2 Al t .  3 Al t .  4 Al t .  5 Al t .  6 Al t .  7 Al t .  8

Figure V-6

New Melones  Reservoir  Carryover  Storage Impacts
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Figure V-7

New Don Pedro Reservoir  Carryover Storage Impacts
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Figure V-8

Lake McClure Carryover Storage Impacts
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CVP Tracy Pumping Plant exports, Contra Costa Canal exports and North Bay Aqueduct
exports.  Figure V-12 shows the yearly average Delta exports by water year type.  The 1995
Bay/Delta Plan allows an increase in export during wet years when compared to D-1485.
Exports are reduced progressively as conditions become drier.  Figure V-13 shows the average
annual exports under the base case and alternatives for the 73-year hydrology and critical
period hydrology.  Figure V-14 shows the average annual export impact.  The impacts to
exports were calculated by subtracting the base case exports from the exports under each
alternative.  Figure V-14 shows that exports are reduced under all alternatives, but the

Figure V-9

Eastman Lake Carryover Storage Impacts
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Figure V-10

Hensley Lake Carryover Storage Impacts
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Figure V-11

Millerton Lake Carryover Storage Impacts
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reduction is least under Alternative 5, making it the favorable alternative with respect to
exports.  The largest export reductions occur under Alternative 8 for the 73-year period and
Alternative 7 for the critical period.

Like carryover storage, exports under Alternatives 3 and 4 are affected by the assumption that
water right holders in the Sacramento Valley will seek substitute water supply contracts from
the DWR and USBR when their diversions are curtailed.  More water may be available for
export from the SWP and CVP than indicated by this analysis if water right holders do not seek
contracts to replace curtailed diversions.  Chapter VI discusses the potential effects if water
right holders use groundwater instead of seeking substitute water supply contracts.

D. CAPACITY FOR WATER TRANSFERS

Water transfers using the SWP and the CVP export facilities are an important tool for meeting
the water supply needs of the state.  The capacity of export facilities to accommodate transfers
has water supply implications for the different alternatives. The purpose of this analysis is to
identify the maximum amounts of water that could be transferred under the flow alternatives,
under optimal conditions.  The actual transfer capacity may be less in many years.
Nonetheless, the analysis provides valuable information about the relative impacts of the
alternatives on transfer capacity.  The analysis also provides a basis for determining the
maximum environmental impacts that could occur.

For this evaluation, July through October is assumed to be the most likely period for water
transfers to occur.  This assumption is based on historical operations, the objectives in the
1995 Bay/Delta Plan, which are more restrictive in February through June, and the increased

Figure V-12

Average Annual Delta Export by Water-Year Type 
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possibility of fishery impacts in other periods.  The ability of the projects to accommodate
water transfers during the July through October period depends on two factors:  (1) unused
pumping capacity at the Banks and Tracy pumping plants and (2) limits on exports in the
1995 Bay/Delta Plan.

The following method was used to analyze the capacity for water transfers during July
through October for each of the seven alternatives.  Using DWRSIM study results, the
unused Delta pumping capacity was determined for each flow alternative by subtracting the
monthly exports at the Banks and Tracy pumping plants from their respective physical and
authorized maximum pumping capacities.  The portion of the unused capacity that could be
transferred through the Delta without exceeding the export ratio limit of 65 percent of Delta
inflow was then determined.  An iterative process was used because as the volume of
transferred water increases, the Delta inflow increases allowing increased exports within the
65 percent limit.  Transfer capacity could be increased beyond the quantities calculated in
this analysis if the parties to the transfer provide supplemental Delta inflow to keep exports
within the 65 percent limit.  This analysis does not consider other possible operational
restrictions such as storage or conveyance capacity south of the Delta.  In this analysis, a
72-year hydrologic period was used instead of a 73-year period because data were not
available for October of the 1995 water year.

Figure V-13
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Figure V-14
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The transfer capacity of the base case and alternatives and the impacts of the alternatives are
shown in Figures V-15 and V-16.  The only scenario in which transfer capacity is less than
the base case is the Alternative 6 critical period.  Alternative 7 has the greatest transfer
capacity and is the favorable alternative with respect to this parameter.

E. DIVERSION CURTAILMENTS UNDER FLOW ALTERNATIVES 3 AND 4

In Alternatives 3 and 4, the availability of water for appropriation by water right holders in
the Bay/Delta watershed is determined by using the orders of priority described for these
alternatives in Chapter II.  This section evaluates the frequency and time of year that
individual water right holders must curtail diversions under Alternatives 3 and 4.  The
method for calculating the frequency and time of year of curtailments is described in Chapter
IV of this report.  The method uses a modified Term 91 approach, which can be applied to all
post-1914 appropriative water right permits and licenses; but for the purposes of this report is
only applied to larger water right holders, as described in Chapter II.

Alternatives 3 and 4 are the only alternatives that curtail diversions under individual water
rights using an order of priority and a modification of the Term 91 process.  The other flow
alternatives will continue to apply the existing Term 91 process.  Term 91 currently is
included in the relatively small group of appropriative water rights issued by the SWRCB
(and its predecessor) after 1965 for diversion of more than one cfs or 100 acre-feet annually
in the Central Valley.  Implementation of any of the alternatives could affect the date on

Figure V-15
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Figure V-16
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which the existing Term 91 water right holders are required to curtail diversions.  The effect
on these diverters will not be substantial because they already have arranged for fill-in
supplies.

The analysis in this section identifies when different groups of post-1914 appropriative water
right holders (post-1914 rights) would be required to curtail diversions.  The analysis does
not identify pre-1914 rights for curtailment because many pre-1914 appropriative right
claims are neither documented nor quantified.  Thus, the relative priorities of most pre-1914
rights are unknown.

In this analysis, there are 72 post-1914 appropriative diverters in the San Joaquin Basin
whose water rights are affected by implementing the Vernalis objectives.  These diverters
were assigned water right priority numbers from 1 to 72 as shown in Chapter II, Table II-6.
Figures V-17 through V-22 show the frequency that diversions under these water rights must
be curtailed in October, and February through June to meet the Vernalis objectives.  The
results of both Alternatives 3 and 4 are shown on each figure.

The graph for October shows frequent diversion curtailments for almost all water rights.
Alternative 3 will result in curtailment of all post-1914 diversions in 45 percent of the years.
Alternative 4 is less drastic with curtailment of most rights in about 30 percent of the years.
February and March are not nearly as severe.  In February, diversions under the eight lowest
priority rights are curtailed in less than ten percent of the years while in March diversions are
curtailed in about twelve percent of the years.  However, occasionally under both
alternatives, the curtailments include the 36 most junior rights for Alternative 3 and the
48 most junior rights for Alternative 4.

Availability of water in the remaining spring months is a problem for the 16 lowest priority
rights under Alternative 3.  Curtailment of diversion under the eight lowest priority rights
occurs in April in almost 60 percent of the years, in May in almost 80 percent of the years,
and in June in almost 45 percent of the years.  Diversions pursuant to water rights 9 through
16 in the priority ranking are curtailed in April in about 50 percent of the years, in May in
about 55 percent of the years, and in June in over 35 percent of the years.  This situation is
significantly better in Alternative 4 where none of the 16 lowest priority rights are curtailed
in more than 40 percent of the years for any of the spring months.  For rights with a priority
above 16, the most severe curtailments occur in April and June at a frequency of 30 percent
of the years.

Under Alternatives 3 and 4, the satisfaction of in-basin entitlements is the responsibility of all
water right holders in both the Sacramento and San Joaquin Basin.  For ease of
administration of these alternatives, the post-1914 water right holders are placed into eight
groups depending on priority.  Table II-5 lists Central Valley water rights in groups 
1 through 8.
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Figure V-17
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Figure V-18
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Figure V-19
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Figure  V-20
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Figure  V-21
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Figure  V-22
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Figures V-23 through V-31 show the frequency that diversions in the water rights groups are
curtailed for each month.  Post-1914 appropriators can use these graphs to determine how
frequently their diversions would be curtailed under Alternatives 3 and 4.

These figures show that June, July and August require the most frequent curtailments for all
groups under both Alternatives 3 and 4.  With few exceptions, Alternative 4 requires greater
frequency of curtailment for all groups than Alternative 3.   Curtailments also occur in October,
February, March, April, and May for some or all of the different groups, but never at a frequency
greater than about 10 percent.

Alternatives 3 and 4 have similar curtailment frequencies for June and July.  However, August
curtailments are more severe for all groups under Alternative 4 than Alternative 3.  The figures
also show that for Alternative 3, all of the post-1914 diversions (groups 1 through 8) would be
curtailed for the month of June in about 25 percent of the years, for July in 50 percent of the years
and for August in less than 5 percent of the years.  For Alternative 4, all of the post-1914
diversions would be curtailed for the month of June in about 35 percent of the years, for July in
about 70 percent of the years, and for August in about 25 percent of the years.  For groups
1 through 5, representing the majority of post-1914 rights, water is unavailable for appropriation
in June in over half of the years and in July in 80 percent of the years.

Although infrequent in occurrence, there are years in which curtailment of all post-1914
diversions provides insufficient flow to meet the supplemental water requirement needed to meet
Delta flow objectives.  This occurs in February, April, June, and July at a frequency of less than
5 percent of the years.  Using a strict priority approach, this additional increment of flow would
become the obligation of the junior-most pre-1914 appropriative diverters.  However, the relative
priorities of the pre-1914 diverters are not established.  In addition, many pre-1914 diverters hold
settlement contracts with the USBR.  If these contractors' diversions were curtailed, they would
become an in-basin obligation of the USBR.  Thus, any additional increment of flow needed to
meet the supplemental water requirement after all of the post-1914 appropriative diversions have
been curtailed becomes the obligation of the USBR and the DWR under Flow Alternatives 3
and 4.

F. SUMMARY AND CONCLUSIONS

Following is a summary description of the seven flow alternatives and the water supply impacts
associated with each alternative.  Conclusions explaining why the impacts occur also are
provided.

Alternative 2:  The SWP and the CVP are responsible for meeting the flow objectives under this
alternative.  Therefore, carryover storage at SWP and CVP reservoirs declines in relation to the
other alternatives and exports also decline because stored water is not available for export.  The
more restrictive export requirements from the base case also limit export opportunities.  Transfer
capacity increases in comparison with other alternatives because export capacity is not used by
the projects.  Carryover storage in New Melones Reservoir is depleted because it is the only
reservoir in the San Joaquin Basin required to release water to meet the Vernalis objectives.
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Alternative 3:  Post-1914 appropriators are responsible for meeting the objectives under this
alternative based on an order of priority.  The SWP and the CVP in connection with their
exports meet the bulk of the responsibility to achieve the objectives because the exports are
junior in water right priority.  The Friant Project and the New Melones Project are assumed
to be in-basin projects, not exports, and the New Melones Project meets all flow
responsibility incurred by the Friant Project.

Overall carryover storage in SWP and CVP reservoirs in the Sacramento Basin increases in
comparison to Alternative 2 because other parties are sharing responsibility to meet inbasin
entitlements. Additional increases in carryover storage could be realized if, contrary to the
modeling assumption, water rights holders do not seek contracts when their diversions are
curtailed under this alternative.  Carryover storage in New Melones Reservoir improves
substantially because other parties in the San Joaquin Basin are bypassing flows that would
otherwise be diverted.  Carryover storage in other reservoirs declines because of bypass
requirements.

Deliveries to SWP and CVP export areas increase because of the shared responsibility.
However, San Joaquin River direct diverters are required to cease diversion at some times
which reduces their deliveries.  San Joaquin water right holders with storage rights in New
Don Pedro and Lake McClure do not have any delivery reductions because, through reservoir
reoperations, they have adequate storage to meet the flow obligations plus full deliveries.
Export transfer capacity declines in comparison to Alternative 2 because the SWP and the
CVP are making more use of their export facilities.

Alternative 4:  The difference between Alternative 3 and Alternative 4 is that the Friant
Project is considered to be an export project in Alternative 4.  Therefore, the part of the water
delivered by the Friant Project to the export area shifts from being treated as a comparatively
senior water right to a junior water right compared to inbasin users.  The principal effect of
this change is that carryover storage in New Melones Reservoir declines because this
reservoir makes releases to meet the Friant Project obligations.

Alternative 5:  Under this alternative, flow requirements are established for the principal
tributaries to the Bay/Delta watershed to meet the 1995 Bay/Delta Plan Vernalis and outflow
objectives based on the unimpaired flow contribution of the tributaries to the watershed.  The
Friant Project is required to make releases to meet the flow requirements assigned to the
upper San Joaquin River.  Compared with the other alternatives, this alternative shifts more
responsibility to meet the flow objectives onto water right holders other than the SWP and
CVP export facilities.  Alternative 5 also has a very substantial effect on Friant Project
deliveries.

Carryover storage in Sacramento Basin SWP and CVP reservoirs and in New Melones
Reservoir increases slightly.  Carryover storage in Millerton Lake declines slightly while in
the other modeled reservoirs declines are substantial.

Total 73-year period average deliveries under this alternative decline more than any other
alternative, but the Friant Project accounts for 58 percent of the total delivery reductions.
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Deliveries to the Yuba and Bear river system and the EBMUD service area decline
substantially because of increased flow obligations from these watersheds.  Modest
reductions occur in the Madera ID and Chowchilla WD.  Deliveries to Modesto, Turlock, and
Merced irrigation districts do not decline substantially because these districts have adequate
storage to meet the new flow requirements plus make deliveries.  Deliveries to SWP and
CVP export areas improve substantially because water from other sources is entering the
Delta and can be exported.  Also, the reduced responsibility to meet the flow objectives
leaves more water in storage upstream, which can be exported as the need arises.  The
increase in transfer capacity  under Alternative 5 is less than the increases in the other
alternatives because the SWP and the CVP are making more use of their export facilities.

Alternative 6:  This alternative is similar to Alternative 2, but the Vernalis flow objectives are
met by the CVP by using the export facilities to meet the Vernalis flow objectives through
recirculation rather than by making releases from New Melones Reservoir.  Additional flow
requirements at Vernalis are also established under this alternative to meet the consumptive
use in the southern Delta, and these requirements are also met through recirculation.
Combined use of SWP and CVP points of diversion are incorporated in this alternative.

This alternative places a substantial new demand on the CVP storage in the Sacramento
Basin and on the SWP and the CVP export facilities.  Other facilities have no responsibility
to meet the objectives.  Consequently, CVP carryover storage in Shasta and Folsom lakes
declines.  Carryover storage in New Melones Reservoir increases because this reservoir is not
responsible for meeting the Vernalis flow objectives.

Exports increase under this alternative compared to most of the other alternatives.  Even
though much of this increase is used to meet the Vernalis requirements, CVP deliveries to
export areas also increase because of the combined use of SWP and CVP points of diversion
in the Delta.  Transfer capacity at the export facilities substantially declines because of the
other demands on the facilities.  However, transfer requirements should also decline.

Alternative 7:  Under this alternative, the minimum flows required at Vernalis are reduced
from the Bay/Delta Plan objectives based on the Letter of Intent.  The SWP and the CVP
facilities in the Sacramento Basin are responsible for meeting the Delta outflow objectives.
The San Joaquin tributaries group guarantees flow releases to meet the minimum flows on
the San Joaquin River at Vernalis identified in the Letter of Intent.  Carryover storage in
Sacramento Basin SWP and CVP facilities is similar to Alternative 2, but New Melones
carryover storage improves because of the new operating rules for New Melones Reservoir,
including a 70 TAF cap on releases for salinity control at Vernalis.  Minor carryover storage
changes occur in New Don Pedro Reservoir and Lake McClure because of the new demands
on these reservoirs.

Deliveries by the SWP and CVP to export areas decline compared to Alternative 2 because
there is less water available to export in the April-May period due to the reduced Vernalis
flow requirements and the export restrictions during this period.  Deliveries to all other water
right holders in the Central Valley are unaffected by this alternative.  Transfer capacity is
similar to the capacity under Alternative 2.
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Alternative 8:  Under Alternative 8, the Vernalis pulse flows and the export levels during the
pulse flows are replaced with target values in the San Joaquin River Agreement.  The SWP
and the CVP facilities in the Sacramento Basin are responsible for meeting the Delta outflow
objective.  New Melones Reservoir is operated according to the New Melones Interim Plan
of Operation (Interim Plan).  If additional water is needed to meet the Vernalis target flows,
the San Joaquin tributaries group provides up to 110 TAF.

Carryover storage in Sacramento Basin SWP and CVP reservoirs is similar to Alternative 2,
but New Melones Reservoir carryover storage improves because of the Interim Plan.  A
decline in carryover storage occurs in New Don Pedro Reservoir and in Lake McClure
compared to Alternative 2 due to releases from these reservoirs to meet the target flows.

Deliveries by the SWP and CVP to export areas decline slightly compared to Alternative 2
for the 73-year period because of the export restrictions during the Vernalis pulse flow.
Transfer capacity is improved over the base case but declines in comparison to Alternative 2.
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CHAPTER VI.  ENVIRONMENTAL EFFECTS OF IMPLEMENTING FLOW AND
WATER OPERATION ALTERNATIVES

The purpose of this chapter is to evaluate and disclose the environmental effects of
implementing the flow and water operation alternatives (flow alternatives) described in Chapter
II.D.  The flow alternatives implement the water quality objectives found in Table 3, page 19 of
the 1995 Bay/Delta Plan.  For the purposes of this analysis, flow objectives include Delta
outflow and river flow objectives (flow objectives), salinity objectives in the Delta that
occasionally control outflows, Vernalis salinity objectives, limits on exports and restrictions on
Delta Cross Channel gate operations.

This chapter is divided into the following five sections:  (A) background information on flow
objectives, (B) environmental effects in the Delta, (C) environmental effects in upstream areas,
(D) export areas, and (E) Friant service area.

A. BACKGROUND INFORMATION ON FLOW OBJECTIVES

Prior to the 1978 Bay/Delta Plan, salinity standards were adopted in the water quality control
plans for the Delta to ensure adequate flow through the estuary for fish and wildlife.  Salinity
standards were used instead of flow objectives because methods had not been developed to
quantify Delta inflow and outflow and because both flow and salinity are closely related to the
health of aquatic resources in the Delta.  The 1978 Bay/Delta Plan, however, included Delta
outflow objectives and river flow objectives for the Sacramento River at Rio Vista.  Then, as
now, the principal purpose of the flow objectives was for fish and wildlife protection.

The objectives in the 1978 and 1991 Bay/Delta Plans were reviewed and updated in the 1995
Bay/Delta Plan.  Two major features of the new Delta outflow objectives are that (1) they
apply on a year-round basis, and (2) from February through June, they can be met either
through Delta outflow or through compliance with specified salinity conditions at three
locations in the Delta and Suisun Bay.  Delta outflow and its related salinity values are
included in the objectives because these parameters have been found to correlate with the
abundance of certain estuarine resources (see Chapter IV, sections E.2 and E.3).

The river flow objectives in the 1995 Bay/Delta Plan for the Sacramento and San Joaquin
rivers provide attraction and transport flows and suitable habitat for various life stages of
aquatic organisms.  River flows are measured at gages on the Sacramento and San Joaquin
rivers at Rio Vista and Vernalis, respectively.

The 1995 Bay/Delta Plan also contains export limits to protect the habitat of estuarine-
dependent species by reducing the entrainment of the various life stages of aquatic species by
the major export pumps in the southern Delta.  The export limits are expressed as a maximum
percent of Delta inflow diverted.1  CVP operations are further constrained in the 1995
Bay/Delta Plan by objectives that restrict the operation of the Delta Cross Channel gates.  The
                                                
     1 The method for calculating the percent of Delta inflow diverted is described on page II-11 of this report.
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gates are required to be closed in the winter and spring to reduce the diversion of eggs, larvae,
and smolts into the central Delta where survival is generally reduced.

Seven alternatives for achieving the flow objectives and the “no project alternative” are
summarized in Chapter II, section E.  The environmental effects of implementing the flow
alternatives are evaluated in this chapter using a two step process.  First, the base case and each
of the seven alternatives were modeled to determine the river flows, Delta outflow, Delta
salinity distribution and reservoir levels that will result from implementing each of the
alternatives. For each of these factors, the alternatives were compared to the base case to
evaluate changes in hydrology.  The modeled hydrology was then compared to biological
criteria for fish, other aquatic resources, vegetation and wildlife to evaluate the environmental
effects of implementing each of the flow alternatives.

B. ENVIRONMENTAL EFFECTS IN THE DELTA

The evaluation of the environmental effects in the Delta is divided into the following
subsections:  (1) hydrology, (2) salinity, (3) fish and aquatic resources, (4) Delta vegetation and
wildlife, (5) land use, and (6) recreation.

1. Hydrology

The principal factors affecting Delta hydrology are river inflow from the San Joaquin and
Sacramento river systems, Delta outflow, exports and local diversions.  Another comparatively
small source of Delta inflow is from the streams draining the area immediately east of the
Delta.  Local diversions are assumed to be the same under all of the alternatives.  Freeport is the
measuring site for Delta inflow from the Sacramento River while Vernalis is the measuring site
for Delta inflow from the San Joaquin River.

Because of tidal influence, outflow from the Delta cannot be measured directly.  Thus, Delta
outflow is estimated using the Net Delta Outflow Index.  This index is described on page II-11
of this report.

Tables VI-1 through VI-12 list the base case monthly flows of the Sacramento River at
Freeport, the San Joaquin River at Vernalis, total Delta inflow (which includes inflow from the
San Joaquin and Sacramento rivers, and the eastside streams), Delta outflow, Delta export
pumping and the export/inflow ratio for the 73-year period and critical period.  Below the base
case flows are the reductions and increases from the base case flows resulting from the seven
flow alternatives.  The bolded entries in the tables signify the highest flows among the seven
alternatives for each month.
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Table  VI-1

S a c r a m e n t o  R i v e r  F l o w  a t  F r e e p o r t ,  7 3 - Y e a r  P e r i o d

Base Case Average Monthly Flow (cfs)

Alt Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

1 14,211 17,053 24,238 32,539 38,481 35,441 23,335 19,893 16,904 16,385 13,951 11,812

Change in Flow from the Base Case (cfs)

Alt Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

2 -704 -43 -659 -690 85 220 267 -256 2,889 694 -1,616 167

3 -554 161 -481 -513 187 237 278 -269 2,367 365 -1,643 190

4 -556 158 -507 -515 175 241 276 -273 2,408 378 -1,647 185

5 -315 706 10 -162 543 847 345 -171 2,274 -861 -1,732 262

6 -572 -292 -1,090 -885 -379 12 198 -327 3,461 894 -1,255 573

7 -819 -366 -907 -888 -174 352 1,092 -831 3,394 923 -1,498 109

8 -736 -146 -793 -742 40 204 -31 -438 2,955 1,007 -1,223 222

Note:  Bolded entries signify the highest flow among the seven alternatives for each month.

Table  VI-2

Sacramento  River  F low a t  Freeport ,  Cr i t i ca l  Per iod

Base Case Average Monthly Flow (cfs)

Alt Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

1 10,186 8,893 12,867 16,315 15,126 14,694 10,534 10,121 11,029 14,321 12,063 8,107

Change in Flow from the Base Case (cfs)

Alt Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

2 -1,227 350 -729 -697 -1,123 534 952 1,445 3,500 -681 -1,838 293

3 -1,248 468 -702 -656 -1,084 905 994 1,559 2,955 -671 -2,251 161
4 -1,250 462 -702 -656 -1,084 911 994 1,566 2,941 -678 -2,254 161

5 -1,060 717 -293 -296 -640 1,456 126 1,017 3,885 -1,622 -2,166 221

6 -983 398 -816 -865 -1,330 -54 1,067 1,519 4,384 -486 -2,546 317

7 -1,106 193 -697 -653 -1,081 271 2,804 437 3,750 -1,380 -2,265 238

8 -1,271 375 -743 -697 -1,168 201 387 966 4,000 -186 -1,961 118

Note:  Bolded entries signify the highest flow among the seven alternatives for each month.

Table  VI-3

San  Joaquin  River  F low at  Vernal i s ,  73 -Year  Per iod

Base Case Average Monthly Flow (cfs)

Alt Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

1 3,169 2,076 2,927 4,413 6,808 6,177 5,448 4,653 3,722 1,798 1,361 1,874

Change in Flow from the Base Case (cfs)

Alt Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

2 -47 -68 -150 -217 -390 -83 356 719 93 178 236 -27

3 26 -94 -193 -335 -512 -89 389 774 785 552 417 -31

4 -1 -75 -174 -354 -532 -57 385 760 761 545 442 -12

5 433 -14 -161 -469 387 729 2,360 2,144 926 1,728 523 97

6 85 -43 -73 -54 -64 34 401 726 307 294 339 -19

7 358 23 145 127 95 64 -54 255 256 221 -22 -201

8 -140 22 -80 -261 -532 -73 645 1,063 306 200 164 -40

Note:  Bolded entries signify the highest flow among the seven alternatives for each month.

Table  VI-4

San  Joaquin  River  F low a t  Verna l i s ,  Cr i t i ca l  Per iod

Base Case Average Monthly Flow (cfs)

Alt Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

1 1,870 1,442 1,675 1,778 2,983 2,231 2,409 1,770 1,277 1,099 1,138 1,464

Change in Flow from the Base Case (cfs)

Alt Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

2 105 -131 -160 -108 -87 -30 210 781 -65 -132 -106 -74

3 151 -126 -154 -157 -416 -27 235 802 973 695 551 -31

4 165 -126 -154 -146 -253 -27 235 781 1,001 695 551 -31

5 530 -5 -21 -11 221 782 1,661 1,564 592 1,240 292 160

6 172 -134 -146 -106 -90 -30 199 776 286 411 426 -45

7 -21 -95 -43 -13 -2 70 103 344 197 223 -253 -237

8 -58 -106 -68 -105 -305 -5 433 936 194 152 -64 -69

Note:  Bolded entries signify the highest flow among the seven alternatives for each month.
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Table  VI-5

Tota l  De l ta  In f low ,  73 -Year  Per iod

Base Case Average Monthly Flow (cfs)

Alt Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

1 18,019 20,328 32,458 47,069 58,534 50,483 34,350 26,372 22,014 19,312 16,354 14,552

Change in Flow from the Base Case (cfs)

Alt Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

2 -775 -116 -814 -912 -309 114 571 378 2,866 749 -1,484 81

3 -542 64 -678 -851 -328 136 638 455 3,081 844 -1,285 125

4 -573 79 -685 -872 -360 170 629 432 3,092 844 -1,271 136

5 76 658 -214 -706 850 1,757 2,986 2,296 3,777 1,092 -1,274 228

6 -493 -338 -1,167 -943 -444 40 588 377 3,741 1,159 -941 541

7 -519 -350 -767 -765 -82 364 913 -775 3,382 862 -1,754 -224

8 -944 -129 -876 -1,006 -543 67 568 471 3,067 1,038 -1,164 163

Note:  Bolded entries signify the highest flow among the seven alternatives for each month.

Table  VI-6

Tota l  De l ta  In f low,  Cr i t i ca l  Per iod

Base Case Period Average Monthly Flow (cfs)

Alt Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

1 12,388 10,736 15,499 19,367 19,587 17,849 13,568 12,446 12,871 15,936 13,661 9,963

Change in Flow from the Base Case (cfs)

Alt Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

2 -1,152 216 -894 -816 -1,219 496 1,146 2,137 3,323 -941 -2,052 156

3 -1,125 345 -859 -819 -1,503 870 1,213 2,272 3,803 -105 -1,808 72

4 -1,113 336 -859 -808 -1,343 876 1,213 2,258 3,820 -112 -1,808 72

5 -583 667 -317 -301 -414 2,385 2,173 3,137 5,315 -58 -1,807 399

6 -825 272 -968 -976 -1,429 -95 1,249 2,263 4,619 -128 -2,163 245

7 -1,150 95 -743 -675 -1,086 336 2,902 709 3,860 -1,259 -2,602 -50

8 -1,359 269 -813 -810 -1,521 184 781 1,789 4,107 -119 -2,079 27

Note:  Bolded entries signify the highest flow among the seven alternatives for each month.

Table  VI-7

De l ta  Out f low,  73 -Year  Per iod

Base Case Average Monthly Flow (cfs)

Alt Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

1 8,216 9,974 22,176 38,689 49,942 42,012 24,417 18,415 12,891 6,627 3,870 4,145

Change in Flow from the Base Case (cfs)

Alt Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

2 -919 591 -252 -507 971 864 3,083 155 334 59 176 528

3 -753 734 -162 -493 945 854 3,122 185 474 60 181 563

4 -791 756 -151 -507 910 892 3,118 172 471 60 184 571

5 -322 1,213 224 -412 1,928 2,321 4,576 1,267 948 140 168 691

6 -1,105 172 -1,041 -1,516 1,382 1,220 3,090 126 916 69 190 468

7 -650 347 -293 -448 1,208 1,118 2,013 847 749 69 124 435

8 -1,132 569 -291 -645 772 896 4,020 913 469 57 160 536

Note:  Bolded entries signify the highest flow among the seven alternatives for each month.

Table  VI-8

Del ta  Outf low,  Cri t ica l  Per iod

Base Case Average Monthly Flow (cfs)

Alt Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

1 5,708 3,050 5,998 10,604 8,443 8,118 8,190 4,800 4,228 3,973 4,842 2,650

Change in Flow from the Base Case (cfs)

Alt Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

2 -1,536 1,767 -377 -2,139 3,269 4,627 1,101 3,559 3,236 883 -957 379

3 -1,545 1,762 -379 -2,160 3,069 4,646 1,095 3,564 3,287 883 -957 384

4 -1,540 1,756 -379 -2,152 3,170 4,646 1,095 3,564 3,287 883 -957 384

5 -1,582 1,650 -295 -1,927 3,614 4,760 1,308 3,868 3,860 883 -1,067 387

6 -1,880 1,759 -401 -2,201 3,083 4,397 1,112 3,571 3,930 883 -776 384

7 -1,373 1,518 -342 -2,033 3,083 4,031 1,006 3,799 3,714 883 -1,129 379

8 -1,779 1,754 -349 -2,136 3,060 4,345 1,285 3,608 3,397 883 -830 385

Note:  Bolded entries signify the highest flow among the seven alternatives for each month.



Environmental Effects of Implementing
State Water Resources Control Board Flow and Water Operation Alternatives

FEIR for Implementation of the VI-5 November 1999
1995 Bay/Delta Water Quality Control Plan

The tables show that, of all the alternatives, Alternative 5 generally results in the highest river
flows at Freeport and Vernalis.  Notable exceptions to this trend include the Sacramento River at
Freeport where the Alternative 5 flows are the lowest of the alternatives for June, July, and
August over the 73-year period and the San Joaquin River at Vernalis where the Alternative 7
flows are the highest of the alternatives for November, December and January over the 73-year
period.

In most months, Alternative 5 results in the highest total Delta inflow and Delta outflow of all the
alternatives.  However, Alternative 6 results in the highest total Delta inflow in July, August, and
September over the 73-year period.   The Delta outflow reported in Tables VI-7 and VI-8 meets
the minimum required outflow objective in the 1995 Bay/Delta Plan for all seven alternatives.

Average monthly Delta export/inflow ratios for the alternatives are shown in Tables VI-11 and
VI-12.  For both the 73-year period average and critical period average, the alternatives are not
significantly different from each other with respect to the average monthly export/inflow ratio
achieved.  The tables show that the average monthly export/inflow ratio achieved under the
different alternatives is significantly lower than the objective for every month except June.  This
result is expected because the objective represents a maximum value and the monthly data are
averages.  Reviewing the entire data set, the export/inflow ratio limit is never violated in April,
July or August for the entire 73-year period for Alternatives 2, 3, 4, 6, and 8, or in July and
August for Alternatives 5 and 7.  The environmental significance of the changes in Delta outflow
and exports is described in the following section of this chapter.

Table  VI-9

De l ta  Exports ,  73 -Year  Per iod

Base Case Average Monthly Exports (TAF)

Alt Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

1 534 578 624 611 544 526 527 358 323 526 592 514

Change in Exports from the Base Case (TAF)

Alt Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

2 9 -42 -34 -25 -72 -46 -149 14 150 42 -102 -27

3 13 -40 -31 -22 -72 -44 -147 17 155 48 -90 -26

4 13 -41 -33 -23 -71 -44 -148 16 155 48 -89 -26

5 24 -33 -27 -18 -61 -34 -94 63 168 58 -89 -28

6 38 -31 -7 35 -102 -72 -149 16 168 67 -69 4

7 8 -42 -29 -20 -73 -46 -65 -100 156 48 -115 -39

8 11 -42 -36 -22 -74 -51 -203 -24 154 60 -81 -22

Note:  Bolded entries signify the highest flow among the seven alternatives for each month.

Table  VI-10

Delta  Exports ,  Crit ical  Period

Base Case Average Monthly Exports (TAF)

Alt Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

1 335 410 573 591 657 573 231 334 295 480 366 326

Change in Exports from the Base Case (TAF)

Alt Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

2 24 -92 -32 82 -250 -254 2 -88 5 -112 -68 -13

3 26 -85 -30 83 -255 -232 7 -80 31 -61 -53 -18

4 26 -85 -30 83 -252 -232 7 -80 32 -61 -53 -18

5 61 -59 -1 100 -224 -147 51 -45 87 -57 -47 1

6 65 -89 -35 76 -252 -276 8 -80 41 -62 -86 -8

7 14 -85 -25 84 -233 -227 113 -190 8 -132 -91 -25

8 26 -89 -28 81 -256 -256 -28 -108 43 -61 -77 -21

Note:  Bolded entries signify the highest flow among the seven alternatives for each month.
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2. Salinity

This section analyzes salinity conditions under the seven flow alternatives and the base case
as modeled by DWRSIM and the DWR Delta Simulation Model, DWRDSM1.  Two
analyses are discussed below to illustrate the flow alternatives' effects on salinity in the
Estuary.  In the first analysis, the position of X2, the 2 parts per thousand (ppt) isohaline, for
each of the flow alternatives is compared with the X2 position of the base case.  In the

T a b l e  V 1 - 1 1

D e l t a  E x p o r t / I n f l o w  R a t i o ,  7 3 - Y e a r  P e r i o d

A l t O c t N o v D e c J a n F e b M a r A p r M a y J u n J u l A u g S e p

1 0 .48 0 .55 0 .45 0 .33 0 .28 0 .27 0 .36 0 .28 0 .28 0 .43 0 .55 0 .58

O c t N o v D e c J a n F e b M a r A p r M a y J u n J u l A u g S e p

0 .65 0 .65 0 .65 0 .65 0 .35** 0 .35 0 .35 0 .35 0 .35 0 .65 0 .65 0 .65

A l t O c t N o v D e c J a n F e b M a r A p r M a y J u n J u l A u g S e p

2 0 .52 0 .50 0 .44 0 .35 0 .21 0 .22 0 .22 0 .24 0 .32 0 .43 0 .48 0 .55

3 0 .52 0 .50 0 .44 0 .35 0 .21 0 .22 0 .22 0 .25 0 .32 0 .43 0 .49 0 .55

4 0 .52 0 .50 0 .44 0 .35 0 .21 0 .22 0 .23 0 .25 0 .32 0 .43 0 .49 0 .55

5 0 .52 0 .49 0 .44 0 .34 0 .21 0 .22 0 .24 0 .26 0 .32 0 .44 0 .50 0 .55

6 0 .54 0 .51 0 .46 0 .38 0 .20 0 .21 0 .23 0 .25 0 .32 0 .44 0 .50 0 .57

7 0 .51 0 .50 0 .44 0 .35 0 .22 0 .22 0 .28 0 .16 0 .32 0 .43 0 .47 0 .54

8 0 .52 0 .49 0 .44 0 .35 0 .21 0 .22 0 .19 0 .22 0 .32 0 .44 0 .49 0 .55

*There  i s  no  E/ I  ob jec t ive  under  D-1485

**Is  increased to  0 .45  i f  the  Eight  River  Index for  January  i s  less  than or  equal  to  1 .0  MAF

T a b l e  V 1 - 1 2

D e l t a  E x p o r t / I n f l o w  R a t i o ,  C r i t i c a l  P e r i o d

A l t O c t N o v D e c J a n F e b M a r A p r M a y J u n J u l A u g S e p

1 0 .41 0 .60 0 .58 0 .49 0 .62 0 .58 0 .27 0 .42 0 .37 0 .47 0 .39 0 .51

O c t N o v D e c J a n F e b M a r A p r M a y J u n J u l A u g S e p

0 .65 0 .65 0 .65 0 .65 0 .35** 0 .35 0 .35 0 .35 0 .35 0 .65 0 .65 0 .65

A l t O c t N o v D e c J a n F e b M a r A p r M a y J u n J u l A u g S e p

2 0 .49 0 .45 0 .58 0 .59 0 .39 0 .29 0 .25 0 .25 0 .28 0 .33 0 .32 0 .49

3 0 .50 0 .46 0 .58 0 .59 0 .39 0 .30 0 .26 0 .26 0 .30 0 .36 0 .34 0 .48

4 0 .50 0 .46 0 .58 0 .59 0 .39 0 .30 0 .26 0 .26 0 .30 0 .36 0 .34 0 .48

5 0 .52 0 .48 0 .59 0 .59 0 .40 0 .34 0 .28 0 .28 0 .33 0 .38 0 .35 0 .50

6 0 .53 0 .45 0 .58 0 .59 0 .39 0 .28 0 .26 0 .26 0 .29 0 .36 0 .30 0 .49

7 0 .48 0 .47 0 .58 0 .59 0 .40 0 .31 0 .34 0 .16 0 .27 0 .30 0 .30 0 .48

8 0 .51 0 .45 0 .58 0 .59 0 .39 0 .29 0 .22 0 .24 0 .31 0 .36 0 .29 0 .48

*   There  i s  no  E/ I  objec t ive  under  D-1485

**  Is  increased to  0 .45  i f  the  Eight  River  Index for  January  i s  less  than or  equal  to  1 .0  MAF

B a s e  C a s e  A v e r a g e  M o n t h l y  E / I  R a t i o *

1 9 9 5  W Q C P  M o n t h l y  E / I  O b j e c t i v e

F l o w  A l t e r n a t i v e s  A v e r a g e  M o n t h l y  E / I  R a t i o

B a s e  C a s e  A v e r a g e  M o n t h l y  E / I  R a t i o *

1 9 9 5  W Q C P  M o n t h l y  E / I  O b j e c t i v e

F l o w  A l t e r n a t i v e s  A v e r a g e  M o n t h l y  E / I  R a t i o
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second analysis, the electrical conductivity (EC) of each of the flow alternatives at stations
throughout the Delta is compared to that of the base case.

a. X2.  The significance of the changes in the X2 position is related to their effects on
aquatic resources in the Delta.  X2 is defined as the distance from the Golden Gate Bridge in
kilometers (km) of the 2 part per thousand (ppt) isohaline at a depth of one meter from the
bottom of the channel.  Figure VI-1 shows the distance in kilometers from the Golden Gate
Bridge along a path through the Bay/Delta.  This figure can be used to locate the X2 position.
The 1995 Bay/Delta Plan provides that the Delta outflow objectives are met from February
through June if the location of the X2 isohaline is downstream of specified locations for a
certain number of days per month.  During the development of the X2 objectives, it was
agreed that the 2-ppt salinity isohaline at the bottom of the water column could be
represented by a specific conductance of 2.64 mmhos/cm at the surface.  This conversion was
made because the majority of the field salinity EC data are measured at the surface. These
data are adjusted to 25°C to provide comparable data.

DWRSIM was used to determine the location of the X2 isohaline position for each of the
seven flow alternatives and the base case.  The model predicts the location of X2 as a
function of the current and previous months’ flows (see Chapter IV section A).  Table VI-13
shows monthly average X2 positions for Alternative 1 for the 73-year period and the critical
period as predicted by the model.  The table also compares these monthly average X2
positions for the base case to the X2 positions for each of the other alternatives.  Positive
changes indicate westward movement of the X2 line, which is generally desirable for aquatic
species in the Estuary; negative changes indicate a shift toward the Delta.

Some general observations regarding the position of X2 can be noted.  Over the 73-year
period, the X2 position for the flow alternatives moves slightly downstream as compared to
the base case in November and December and from February through September.  The
greatest downstream movement occurs in April.  X2 moves upstream in October and
January.  This upstream movement corresponds with a reduction in Delta outflow as
compared to the base case (see Table VI-7).  The same general trends are observed during the
critical period, except that upstream movement of X2 also occurs in August.  This
corresponds to reduced critical period Delta outflow during August (see Table VI-8).  Delta
outflow in December for the critical period is also reduced from the base case; however, the
X2 position is downstream of the base case.  This is likely the result of antecedent conditions.

The effects of Alternatives 2, 3, 4, 7, and 8 on X2 are virtually indistinguishable from each
other for both the 73-year period and the critical period.  This is to be expected since monthly
average Delta outflow varies little among these alternatives. The X2 position is farther
downstream for all months under Alternative 5 than for any other alternative because of the
higher outflow under this alternative.  The X2 position is farther upstream in October through
January under Alternative 6 than the other alternatives because higher exports associated
with combined use of SWP and CVP points of diversion in the Delta result in lower Delta
outflows during this period.



Figure VI - 1
X2  Location Map

Sacramento - San Joaquin Delta and San Francisco Bay
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Overall, the shift in X2 locations for all the flow alternatives in comparison to the base case is
downstream and should have positive effects on aquatic resources.  In October and January, the
X2 position under the alternatives would be slightly eastward, but this limited shift in the X2
location is not significant and will not require mitigation.

b. Electrical Conductivity Within the Delta.  DWRDSM was used to determine the effect of
each of the eight flow alternatives on EC in the Delta.  To estimate monthly average salinity in
the Delta, DWRDSM (described in Chapter IV) uses the hydrology generated by DWRSIM
studies of the base case and alternatives as input.  Thus, the modeling assumptions for DWRSIM,
discussed in Chapter IV, also apply to the salinity analysis.  DWRDSM is not intended to provide
absolute predictions of future Delta hydrodynamic and EC conditions; rather, the model is meant
as a tool to compare Delta conditions under various alternative actions.

This analysis examines results of simulations at the following 13 locations shown on
Figure VI-2 and listed in Table VI-14: Contra Costa Canal at Pumping Plant No. 1/Rock Slough;
Contra Costa Los Vaqueros Intake; Banks Pumping Plant; Tracy Pumping Plant; Sacramento
River at Emmaton; San Joaquin River at Jersey Point; South Fork of the Mokelumne River at
Terminous; San Joaquin River at San Andreas Landing; San Joaquin River at Prisoners Point;
San Joaquin River at Vernalis; San Joaquin River at Brandt Bridge

Table  VI-13

Modeled Isohaline (X2) Posit ion

7 3 - Y e a r  P e r i o d  A v e r a g e  M o n t h l y  X 2  P o s i t i o n  ( k m )

A l t e r n a t i v e O c t N o v D e c J a n F e b M a r A p r M a y J u n J u l A u g S e p

Al t  1 8 3 . 0 8 2 . 4 7 7 . 4 7 0 . 4 6 6 . 4 6 6 . 1 7 0 . 8 7 3 . 3 7 6 . 6 8 0 . 9 8 5 . 7 8 8 . 1

C h a n g e  i n  X 2  P o s i t i o n  f r o m  t h e  B a s e  C a s e  ( k m )

A l t e r n a t i v e O c t N o v D e c J a n F e b M a r A p r M a y J u n J u l A u g S e p

Al t  2 - 0 . 9 1 . 1 0 . 2 - 0 . 5 1 . 1 1 . 4 3 . 0 1 . 9 2 . 5 1 . 5 1 . 0 1 . 5

Al t  3 - 0 . 7 1 . 2 0 . 2 - 0 . 5 1 . 2 1 . 5 3 . 1 1 . 9 2 . 5 1 . 5 1 . 0 1 . 5

Al t  4 - 0 . 7 1 . 2 0 . 2 - 0 . 5 1 . 2 1 . 5 3 . 1 1 . 9 2 . 5 1 . 5 1 . 0 1 . 6

Al t  5 - 0 . 4 1 . 6 1 . 6 - 0 . 2 1 . 5 2 . 0 3 . 7 2 . 7 3 . 0 1 . 6 1 . 1 1 . 4

Al t  6 - 1 . 1 0 . 7 - 0 . 3 - 1 . 1 1 . 0 1 . 4 3 . 0 1 . 9 2 . 9 1 . 6 1 . 1 1 . 4

Al t  7 - 0 . 7 0 . 9 0 . 1 - 0 . 6 1 . 1 1 . 5 2 . 6 2 . 1 2 . 8 1 . 6 1 . 0 1 . 4

Al t  8 - 1 . 0 1 . 1 0 . 2 - 0 . 5 1 . 1 1 . 4 3 . 4 2 . 3 2 . 7 1 . 5 1 . 0 1 . 5

C r i t i c a l  P e r i o d  A v e r a g e  M o n t h l y  X 2  P o s i t i o n  ( k m )

A l t e r n a t i v e O c t N o v D e c J a n F e b M a r A p r M a y J u n J u l A u g S e p

Al t  1 8 5 . 4 8 8 . 8 8 4 . 9 7 9 . 1 7 9 . 8 8 2 . 6 8 1 . 1 8 3 . 5 8 5 . 9 8 7 . 3 8 5 . 9 9 0 . 0

C h a n g e  i n  X 2  P o s i t i o n  f r o m  t h e  B a s e  C a s e  ( k m )

A l t e r n a t i v e O c t N o v D e c J a n F e b M a r A p r M a y J u n J u l A u g S e p

Al t  2 - 2 . 3 2 . 6 0 . 3 - 2 . 0 2 . 6 6 . 7 3 . 9 5 . 4 6 . 4 3 . 8 - 0 . 5 0 . 9

Al t  3 - 2 . 4 2 . 6 0 . 3 - 2 . 0 2 . 5 6 . 7 3 . 9 5 . 4 6 . 4 3 . 8 - 0 . 5 0 . 9

Al t  4 - 2 . 4 2 . 6 0 . 3 - 2 . 0 2 . 5 6 . 7 3 . 9 5 . 4 6 . 4 3 . 8 - 0 . 5 0 . 9

Al t  5 - 2 . 3 2 . 3 - 0 . 1 - 0 . 8 - 3 . 2 8 . 0 6 . 1 6 . 3 7 . 5 3 . 9 - 0 . 8 0 . 7

Al t  6 - 3 . 0 2 . 6 0 . 2 - 2 . 1 2 . 5 6 . 5 3 . 9 5 . 4 7 . 0 4 . 0 0 . 0 1 . 0

Al t  7 - 2 . 0 2 . 4 0 . 2 - 1 . 9 2 . 5 6 . 4 3 . 8 5 . 5 6 . 9 4 . 0 - 0 . 7 0 . 8

Al t  8 - 2 . 7 2 . 6 - 0 . 2 - 1 . 0 2 . 8 7 . 3 5 . 9 6 . 0 7 . 2 3 . 8 - 0 . 4 0 . 9
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C4       San Joaquin River at San Andreas Ldg.
C5       Contra Costa Canal at Pumping Plant #1
C6       San Joaquin River at Brandt Bridge Site
C8       Old River near Middle River
C10     San Joaquin River near Vernalis
C13     Mokelumne River at Terminous
D15     San Joaquin River at Jersey Point
D22     Sacramento River at Emmaton
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These stations are not Bay/Delta WQCP Monitoring Stations

Figure VI-2
Delta Salinity Recording Stations
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site; Old River at Tracy Road Bridge; and Old River near Middle River.  Figures VI-3 through
VI-22 show expected chloride concentrations for Contra Costa’s Intakes and the Banks and
Tracy pumping plants, under the seven flow alternatives and the base case for water years 1976
through 1991. Figures VI-23 through VI-63 show expected electrical conductivity (EC) at the
remaining stations.  Where possible, objectives are noted on the figures.  EC objectives for
stations in the south Delta are the same for all year types, while EC objectives at other stations
change based on the year type.  The first figure for each station shows the average EC (or
chloride concentration) for wet years during the 16-year period, followed by above normal,
below normal, dry, and critically dry years.  Year types are based on the Sacramento Valley
"40-30-30” classification system with the exception of the four Southern Delta Salinity stations,
which are based on the San Joaquin Valley “60-20-20” hydrologic classification system.  Below
normal years under the San Joaquin 60-20-20 hydrologic classification system do not occur
during the model study period (1976 – 1991).  Consequently below normal year types are
omitted for stations under the San Joaquin Valley 60-20-20 Index convention.

Modeled chloride concentrations at Contra Costa Canal Pumping Plant No. 1 are shown in
Figures VI-3 through VI-7.  A feature of these plots is that the maximum mean daily chloride
objective is exceeded slightly in December of critically dry years under Alternatives 2 through 8.
This is caused by differences between the methods used by DWRSIM and DWRDSM to
calculate salinity or chloride concentrations.  DWRSIM, the operations model, uses a relationship
between outflow and salinity to determine concentrations of these parameters at selected western
Delta stations, including the Contra Costa Pumping Plant.  DWRSIM makes reservoir releases as
necessary to meet the objectives at these locations and DWRSIM output indicates that these
objectives are always met.  The hydrology output from DWRSIM is used as input to DWRDSM,
which uses a more complicated method for calculating salinity and chloride concentrations.  The
method used by DWRDSM considers other factors such as exports and tidal influence.  Output
from DWRDSM may show significant violations of salinity objectives.  In summary, the
DWRDSM output indicates a need for carriage water, but the DWRSIM model does not
presently include a method for calculating carriage water.  Although DWRDSM output predicts
that salinity objectives at some locations will be violated, in actual operations, the projects would

Table VI-14

Salinity Recording Stations
S a c r a m e n t o  V a l l e y  4 0 - 3 0 - 3 0  I n d e x  S a n  J o a q u i n  V a l l e y  6 0 - 2 0 - 2 0  I n d e x

C o n t r a  C o s t a  C a n a l  P u m p i n g  P l a n t  #  1         S a n  J o a q u i n  R i v e r  a t  V e r n a l i s

C o n t r a  C o s t a  L o s  V a q u e r o s  I n t a k e              S a n  J o a q u i n  R i v e r  a t  B r a n d t  B r i d g e  s i t e

B a n k s  P u m p i n g  P l a n t        O l d  R i v e r  a t  T r a c y  R o a d  B r i d g e

T r a c y  P u m p i n g  P l a n t      O l d  R i v e r  n e a r  M i d d l e  R i v e r

S a c r a m e n t o  R i v e r  a t  E m m a t o n

S a n  J o a q u i n  R i v e r  a t  J e r s e y  P o i n t

S o u t h  F o r k  M o k e l u m n e  R i v e r  a t  T e r m i n o u s

S a n  J o a q u i n  R i v e r  a t  S a n  A n d r e a s  L a n d i n g

S a n  J o a q u i n  R i v e r  a t  P r i s o n e r s  P o i n t
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be operated to meet salinity and chloride objectives in the western Delta under all of the
alternatives, and violations would not be expected to occur.  Because of the conditions described
above, salinity information depicted in Figures VI-3 through VI-67 is generally discussed relative
to base case salinity, rather than to the objectives.

Figures VI-3 through VI-7 show predicted chloride concentrations for Contra Costa Canal at
Pumping Plant No.1.  The graphs show that chloride levels among Alternatives 2 through 8
increase relative to the base case in December of above normal years and in December, January,
and February of both dry and critically dry years.  Chloride levels among Alternatives 2 through
8 decrease in August and September of wet and above normal year types, in June through
September of below normal and dry years, and in March through August of critically dry years.
Chloride levels of Alternatives 2 through 8 are similar throughout the year, with the limited
exception of Alternative 6 in some winter months in below normal years.  At these times the
chloride levels rise because of increased exports and decreased outflow associated with use of the
combined points of diversion.

Figures VI-8 through VI-12 show predicted chlorides for Contra Costa Water District's Los
Vaqueros Intake on Old River.  The graphs show that chloride levels among Alternatives 2
through 8 are greater than the base case in December of above normal years and December,
January and February of dry and critical years.  Alternatives 2 through 8 are lower than the
base case chlorides in September of above normal years; July, August and September of
below normal and dry years, and June, July and August of critically dry years.  Otherwise
chloride levels are similar throughout the year.

Figures VI-13 through VI-17 and Figures VI-18 through VI-22 show predicted chlorides for
the SWP Banks Pumping Plant and CVP Tracy Pumping Plant, respectively.  The graphs
show that chloride levels among Alternatives 2 through 8 are greater than base case chlorides
in December of above normal years and December, January, and February of dry and critical
years.  Alternatives 2 through 8 are lower than the base case in July, August and September
of below normal and dry years, and June, July, and August of critically dry years.  Other
differences are not significant.

Figures VI-23 through VI-27 show predicted salinity for the Sacramento River at Emmaton.
Salinity for Alternatives 2 through 8 increases over the base case in October of wet years;
decreases from June to December of below normal years and from April to September of dry
years.  In critically dry years salinity for Alternatives 2 through 8 is higher than the base case
in August, October, December, and January but is lower from February to July.

Figures VI-28 through VI-32 show predicted salinities in the San Joaquin River at Jersey
Point in the western Delta.  Salinity levels under Alternatives 2 through 8 are higher than
base case salinity in October of wet and above normal years and in January of dry and
critically dry years.  Salinity levels under Alternatives 2 through 8 are similar to or lower
than the base case throughout the summer months in all year types.

Figures VI-33 through VI-47 show predicted central Delta salinities at Terminous, and the
San Joaquin River at San Andreas Landing and Prisoners Point.  The alternatives and the
base case have very similar salinity conditions at Terminous on the South Fork of the
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Mokelumne River.  The salinity patterns at San Andreas and Prisoners Point are similar to
the salinity patterns in the western Delta stations. Salinity at these stations increases relative
to the base case in December of dry and critically dry years when the Delta Cross Channel is
closed and exports are high.  In the spring and summer, salinity decreases as outflow
increases.  The spring salinity decreases at these stations are not as pronounced as in the
western Delta because the Delta Cross Channel gates are closed more often than under the
base case.

Figures VI-48 through VI-63 show predicted salinity levels at the four southern Delta
stations: San Joaquin River at Vernalis, and at Brandt Bridge, Old River at Tracy Road
Bridge, and Old River near Middle River. The salinity objectives at Vernalis in the Bay/Delta
Plan are 0.7 mmhos/cm from April through August and 1.0 mmhos/cm from September
through March.  The salinity requirement at Vernalis in D-1422 (base case) is 500 ppm
(approximately 0.86 mmhos/cm).  The exceedances of the objectives predicted by
DWRDSM are not caused by the differences between DWRSIM and DWRDSM, as
described above. Salinity conditions at Vernalis predicted by DWRSIM are boundary
conditions in DWRDSM and are, therefore, the same in both models.  DWRSIM makes
releases from New Melones Reservoir to meet salinity objectives at Vernalis. When there is
insufficient water in New Melones Reservoir to meet all of the demands, salinity objectives
are violated.  During the 16-year, 192-month period, Alternatives 2 and 5 exceed the monthly
Vernalis salinity objective three times.  Alternative 7 exceeds salinity objectives 23 times and
Alternative 8 exceeds objectives 15 times.  Flow Alternatives 3, 4 and 6 do not have any
exceedances of the Vernalis salinity objective.  Because of the difference in objectives at
Vernalis between the base case and the seven alternatives, Vernalis salinity is generally
higher in the summer for the base case than for the other alternatives.  Alternative 7 exceeds
Plan objectives at the four stations in August of dry and critically dry years.  This is because,
under the Letter of Intent, there is a 70 TAF cap on releases from New Melones Reservoir for
salinity control.  Alternative 8 exceeds Plan objectives in August of critically dry years
because of New Melones Reservoir release limits for salinity control specified in the
Stanislaus River Interim Operations Plan.

The model is not operated to require the release of higher dilution flows to meet salinity
objectives at the other three southern Delta stations (Brandt Bridge, Old River at Tracy
Bridge, and Old River near Middle River).  Consequently, salinity at these stations exhibit a
pattern similar to Vernalis salinity, but the objectives at these locations are exceeded more
often than the Vernalis objectives, especially under dry conditions, because of the local water
use and drainage patterns.

All four of the south Delta stations show Alternative 5 having the lowest salinity in July,
except for Brandt Bridge in dry and critical years.  Alternative 5 also tends to exhibit slightly
lower salinity in the spring, although the decrease is small.



Salinity for Contra Costa Canal at Pumping Plant #1 
End-of-Month Simulated Values for Above Normal  Years
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Figure VI-4

For a Above Normal water year; 190 (52%) days <= 150 mg/l CL Sacramento "40-30-30"  above normal 
years averaged (1978 & 80)Salinity objectives are the same for D-1485 & Bay/Delta Plan

Max. mean daily chloride value of 250 mg/l CL

Salinity for Contra Costa Canal at Pumping Plant #1 
End-of-Month Simulated Values for Below Normal  Years
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Figure VI-5

For a Below Normal water year; 175 (48%) days <= 150 mg/l Sacramento "40-30-30" 
below normal year (1979)Salinity objectives are the same for D-1485 & Bay/Delta Plan

Max. mean daily chloride value of 250 mg/l CL

Salinity for Contra Costa Canal at Pumping Plant #1 
End-of-Month Simulated Values for Wet  Years
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Figure VI-3

For a Wet water year; 240 (66%) days <= 150 mg/l CL Sacramento "40-30-30" wet years 
averaged (1982, 83, 84 & 86)Salinity objectives are the same for D-1485 & Bay/Delta Plan

Max. mean daily chloride value of 250 mg/l CL
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Salinity for Contra Costa Canal at Pumping Plant #1
End-of-Month Simulated Values for Dry Years
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Figure VI-6

For a Dry water year; 165 (45%) days <= 150 mg/l CL Sacramento "40-30-30" dry years 
averaged (1981, 85, 87 & 89)Salinity objectives are the same for D-1485 & Bay/Delta Plan

Max. mean daily chloride value of 250 

Salinity for Contra Costa Canal at Pumping Plant #1
End-of-Month Simulated Values for Critical Years
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Figure VI-7

For a Critical water year; 155 (42%) days <= 150 mg/l Sacramento "40-30-30" critical years 
averaged (1976, 77, 88, 90 & 91)Salinity objectives are the same for D-1485 & Bay/Delta Plan

Max. mean daily chloride value of 250 
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Salinity for Los Vaqueros Intake on Old River 
End-of-Month Simulated Values for Below Normal  Years
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Sacramento "40-30-30" 
below normal year (1979)Salinity objectives are the same for D-1485 & Bay/Delta Plan

Figure VI-10

For a Below Normal water year; 175 (48%) days <= 150 mg/l CL

Max. mean daily chloride value of 250 mg/l 

Salinity for Los Vaqueros Intake on Old River 
End-of-Month Simulated Values for Above Normal Years
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Figure VI-9

Sacramento "40-30-30"  above normal 
years averaged (1978 & 80)Salinity objectives are the same for D-1485 & Bay/Delta Plan

Max. mean daily chloride value of 250 mg/l CL

For a Above Normal water year; 190 (52%) days <= 150 mg/l CL

Salinity for Los Vaqueros Intake on Old River 
End-of-Month Simulated Values for Wet Years
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Sacramento "40-30-30" wet years 
averaged (1982, 83, 84 & 86)Salinity objectives are the same for D-1485 & Bay/Delta Plan

Max. mean daily chloride value of 250 mg/l CL

Figure VI-8

For a Wet water year; 240 (66%) days <= 150 mg/l CL
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Salinity for Los Vaqueros Intake on Old River
End-of-Month Simulated Values for Critical Years
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Figure VI-12

Salinity objectives are the same for D-1485 & Bay/Delta Plan
Sacramento "40-30-30" critical years averaged 

(1976, 77, 88, 90 & 91)
For a Critical water year; 155 (42%) days <= 150 mg/l CL

Max. mean daily chloride value of 250 mg/l 

Salinity for Los Vaqueros Intake on Old River
End-of-Month Simulated Values for Dry Years 
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Figure VI-11

Sacramento "40-30-30" dry years 
averaged (1981, 85, 87 & 89)Salinity objectives are the same for D-1485 & Bay/Delta Plan

For a Dry water year; 165 (45%) days <= 150 mg/l CL

Max. mean daily chloride value of 250 mg/l 
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Sacramento "40-30-30" 
below normal year (1979)Salinity objectives are the same for D-1485 & Bay/Delta Plan

Salinity for Banks Pumping Plant
End-of-Month Simulated Values for Below 

Figure V-15

For a Below Normal water year; 175 (48%) days <= 150 mg/l CL

Max. mean daily chloride value of 250 mg/l 

Salinity for Banks Pumping Plant 
End-of-Month Simulated Values for Above Normal Years
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Figure VI-14

Sacramento "40-30-30"  above normal 
years averaged (1978 & 80)Salinity objectives are the same for D-1485 & Bay/Delta Plan

Max. mean daily chloride value of 250 mg/l CL

For a Above Normal water year; 190 (52%) days <= 150 mg/l CL

Salinity for Banks Pumping Plant 
End-of-Month Simulated Values for Wet Years
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Sacramento "40-30-30" wet years 
averaged (1982, 83, 84 & 86)Salinity objectives are the same for D-1485 & Bay/Delta Plan

Max. mean daily chloride value of 250 mg/l CL

Figure VI-13

For a Wet water year; 240 (66%) days <= 150 mg/l CL
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Salinity for Banks Pumping Plant
End-of-Month Simulated Values for Critical Years
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Figure VI-17

Salinity objectives are the same for D-1485 & Bay/Delta Plan
Sacramento "40-30-30" critical years averaged 

(1976, 77, 88, 90 & 91)
For a Critical water year; 155 (42%) days <= 150 mg/l CL

Max. mean daily chloride value of 250 mg/l 

Salinity for Banks Pumping Plant
End-of-Month Simulated Values for Dry Years 
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Figure VI-16

Sacramento "40-30-30" dry years 
averaged (1981, 85, 87 & 89)Salinity objectives are the same for D-1485 & Bay/Delta Plan

For a Dry water year; 165 (45%) days <= 150 mg/l CL

Max. mean daily chloride value of 250 mg/l 
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Salinity for Tracy Pumping Plant
End-of-Month Simulated Values for Below Normal  Years
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Sacramento "40-30-30" 
below normal year (1979 )Salinity objectives are the same for D-1485 & Bay/Delta Plan

Figure VI-20

For a Below Normal water year; 175 (48%) days <= 150 mg/l CL

Max. mean daily chloride value of 250 mg/l 

Salinity for Tracy Pumping Plant 
End-of-Month Simulated Values for Above Normal Years
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Figure VI-19

Sacramento "40-30-30 "  above normal 
years averaged (1978 & 80)Salinity objectives are the same for D-1485 & Bay/Delta Plan

Max. mean daily chloride value of 250 mg/l CL

For a Above Normal water year; 190 (52%) days <= 150 mg/l CL

Salinity for Tracy Pumping Plant 
End-of-Month Simulated Values for Wet Years
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Sacramento "40-30-30 " wet years 
averaged (1982, 83, 84 & 86)Salinity objectives are the same for D-1485 & Bay/Delta Plan

Max. mean daily chloride value of 250 mg/l CL

Figure VI-18

For a Wet water year; 240 (66%) days <= 150 mg/l CL
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Salinity for Tracy Pumping Plant
End-of-Month Simulated Values for Critical Years
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Figure VI-22

Salinity objectives are the same for D-1485 & Bay/Delta Plan
Sacramento "40-30-30 " critical years averaged 

(1976, 77, 88, 90 & 91)
For a Critical water year; 155 (42%) days <= 150 mg/l CL

Max. mean daily chloride value of 250 mg/l 

Salinity for Tracy Pumping Plant
End-of-Month Simulated Values for Dry Years 
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Figure VI-21

Sacramento "40-30-30 " dry years 
averaged (1981, 85, 87 & 89)Salinity objectives are the same for D-1485 & Bay/Delta Plan

For a Dry water year; 165 (45%) days <= 150 mg/l CL

Max. mean daily chloride value of 250 mg/l 
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Salinity for Sacramento River at Emmaton 
End-of-Month Simulated Values for Above Normal Years
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Figure VI-24

Sacramento "40-30-30"  above normal 
years averaged (1978 & 80)Salinity objectives are the same for D-1485 & Bay/Delta Plan

Apr 1 - Jul 1, 
14-day mean daily EC is 0.45

Jul 1 - Aug 15, 14-day mean daily EC is 0.63 

Salinity for Sacramento River at Emmaton 
End-of-Month Simulated Values for Below Normal  Years
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Figure VI-25

Sacramento "40-30-30" 
below normal year (1979)Salinity objectives are the same for D-1485 & Bay/Delta Plan

Apr 1 - Jun 20, 
14-day mean daily EC is 0.45

Jun 20 - Aug 15, 14-day mean daily EC is 1.14 
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Figure VI-23

Sacramento "40-30-30" wet years 
averaged (1982, 83, 84 & 86)Salinity objectives are the same for D-1485 & Bay/Delta Plan

Salinity for Sacramento River at Emmaton
End-of-Month Simulated Values for Wet Years

Apr 1 - Aug 15, 14-day mean daily EC is 0.45  
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Salinity for Sacramento River at Emmaton
End-of-Month Simulated Values for Dry Years 
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Figure VI-26

Sacramento "40-30-30 " dry years 
averaged (1981, 85, 87 & 89)Salinity objectives are the same for D-1485 & Bay/Delta Plan

Apr 1 - Jun 15, 
14-day mean daily EC is 0.45

Jun 15 - Aug 15, 14-day mean daily EC is 1.67  

Salinity for Sacramento River at Emmaton
End-of-Month Simulated Values for Critical Years
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Figure VI-27

Sacramento "40-30-30 " critical years 
averaged (1976, 77, 88, 90 & 91)Salinity objectives are the same for D-1485 & Bay/Delta Plan

Apr 1 - Aug 15, 14-day mean daily EC is 2.78  
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Figure VI-29

Sacramento "40-30-30 "  above normal 
years averaged (1978 & 80)

Salinity for San Joaquin River at Jersey Point
End-of-Month Simulated Values for Above Normal Years

Apr 1 - Aug 15, 
14-day mean daily EC is 0.45

The agricultural salinity objectives are the same for D-1485 & Bay/Delta Plan.   The fish and 
wildlife Bay/Delta Plan salinity objective for Apr-May is 0.44 mmhos/cm
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Figure VI-30

Sacramento "40-30-30" 
below normal year (1979)

Salinity for San Joaquin River at Jersey Point
End-of-Month Simulated Values for Below Normal  Years

Apr 1 - Jun 20, 
14-day mean daily EC is 0.45

Jun 20 - Aug 15, 14-day mean daily EC is 0.74  

The agricultural salinity objectives are the same for D-1485 & Bay/Delta Plan.  The fish and 
wildlife Bay/Delta Plan salinity objective for Apr-May is 0.44 mmhos/cm
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Figure VI-28

Sacramento "40-30-30 " wet years 
averaged (1982, 83, 84 & 86)

The agricultural salinity objectives are the same for D-1485 & Bay/Delta Plan.  The fish and 
wildlife Bay/Delta Plan salinity objective for Apr-May is 0.44 mmhos/cm

Salinity for San Joaquin River at Jersey Point
End-of-Month Simulated Values for Wet Years

Apr 1 - Aug 15, 14-day mean daily EC is 0.45  
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Salinity for San Joaquin River at Jersey Point
End-of-Month Simulated Values for Dry Years 
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Figure VI-31

Sacramento "40-30-30" dry years 
averaged (1981, 85, 87 & 89)

Apr 1 - Jun 15, 
14 - day mean daily EC is 0.45

Jun 15 - Aug 15, 14 - day mean daily EC is 1.35 

The agricultural salinity objectives are the same for D-1485 & Bay/Delta Plan.  The fish and 
wildlife Bay/Delta Plan salinity objective for Apr-May is 0.44 mmhos/cm

Salinity for San Joaquin River at Jersey Point
End-of-Month Simulated Values for Critical Years
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Figure VI-32

Sacramento "40-30-30" critical years 
averaged (1976, 77, 88, 90 & 91)

Apr 1 - Aug 15, 14-day mean daily EC is 2.20  

The agricultural salinity objectives are the same for D-1485 & Bay/Delta Plan.  The fish 
and wildlife Bay/Delta Plan salinity objective for Apr-May is 0.44 mmhos/cm
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Salinity for South Fork Mokelumne River at Terminous 
End-of-Month Simulated Values for Above Normal Years

0.0

0.1

0.2

0.3

0.4

0.5

0.6

Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

E
C

 (
m

m
ho

s/
cm

) 

Alt 1 Alt 2 Alt 3 Alt 4 Alt 5 Alt 6 Alt 7 Alt 8

Figure VI-34

Sacramento "40-30-30"  above 
normal years averaged (1978 & 80)Salinity objectives are the same for D-1485 & Bay/Delta 

Apr 1 - Aug 15, 14 - Day Mean Daily EC is 0.45 

Salinity for South Fork Mokelumne River at Terminous 
End-of-Month Simulated Values for Below Normal  Years
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Figure VI-35

Sacramento "40-30-30" 
below normal year (1979)Salinity objectives are the same for D-1485 & Bay/Delta 

Apr 1 - Aug 15, 14 - Day Mean Daily EC is 0.45 

Salinity for South Fork Mokelumne River at Terminous 
End-of-Month Simulated Values for Wet Years
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Figure VI-33

Sacramento "40-30-30" wet years 
averaged (1982, 83, 84 & 86)Salinity objectives are the same for D-1485 & Bay/Delta Plan

Apr 1 - Aug 15, 14-day mean daily EC is 0.45 
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Salinity for South Fork Mokelumne River at Terminous
End-of-Month Simulated Values for Dry Years 
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Figure VI-36

Sacramento "40-30-30 " dry years 
averaged (1981, 85, 87 & 89)

Salinity objectives are the same for D-1485 & Bay/Delta Plan

Apr 1 - Aug 15, 14 - Day Mean Daily EC is 0.45 

Salinity for South Fork Mokelumne River at Terminous
End-of-Month Simulated Values for Critical Years
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Figure VI-37

Sacramento "40-30-30 " critical 
years averaged (1976, 77, 88, 90 & Salinity objectives are the same for D-1485 & Bay/Delta Plan

Apr 1 - Aug 15, 14 - Day Mean Daily EC is 0.54 
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Figure VI-39

Sacramento "40-30-30"  above normal 
years averaged (1978 & 80)

Salinity for San Joaquin River at San Andreas Landing
End-of-Month Simulated Values for Above Normal Years

Apr 1 - Aug 15, 
14-day mean daily EC is 0.45

The agricultural salinity objectives are the same for D-1485 & Bay/Delta Plan.   The 
fish and wildlife Bay/Delta Plan salinity objective for Apr-May is 0.44 mmhos/cm
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Figure VI-40

Sacramento "40-30-30" 
below normal year (1979)

Salinity for San Joaquin River at San Andreas Landing
End-of-Month Simulated Values for Below Normal  Years

Apr 1 - Aug 15, 14 - Day Mean Daily EC is 0.45 

The agricultural salinity objectives are the same for D-1485 & Bay/Delta Plan.  The fish
 and wildlife Bay/Delta Plan salinity objective for Apr-May is 0.44 mmhos/cm
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Figure VI-38

Sacramento "40-30-30" wet years 
averaged (1982, 83, 84 & 86)

The agricultural salinity objectives are the same for D-1485 & Bay/Delta Plan.  The fish 
and wildlife Bay/Delta Plan salinity objective for Apr-May is 0.44 mmhos/cm

Salinity for San Joaquin River at San Andreas Landing
End-of-Month Simulated Values for Wet Years

Apr 1 - Aug 15, 14-day mean daily EC is 0.45  
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Salinity for San Joaquin River at San Andreas Landing
End-of-Month Simulated Values for Dry Years 
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Figure VI-41

Sacramento "40-30-30" dry years 
averaged (1981, 85, 87 & 89)

Apr 1 - Jun 25, 
14 - day mean daily EC is 0.45

Jun 25 - Aug 15, 14 - Day Mean Daily EC is 0.58 

The agricultural salinity objectives are the same for D-1485 & Bay/Delta Plan.  
The fish and wildlife Bay/Delta Plan salinity objective for Apr-May is 0.44 mmhos/cm

Salinity for San Joaquin River at San Andreas Landing
End-of-Month Simulated Values for Critical Years
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Figure VI-42

Sacramento "40-30-30" critical years 
averaged (1976, 77, 88, 90 & 91)

Apr 1 - Aug 15, 14 - Day Mean Daily EC is 0.87 

The agricultural salinity objectives are the same for D-1485 & Bay/Delta Plan.  
The fish and wildlife Bay/Delta Plan salinity objective for Apr-May is 0.44 mmhos/cm
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Salinity for San Joaquin River at Prisoners Point 
End-of-Month Simulated Values for Above Normal Years
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Figure VI-44

The 14 - day mean daily salinity objectives for Bay/Delta Plan are 0.44 
EC from Apr 1 - May 31, and for D-1485 is 0.55 EC from Apr 1 - May 5 

Sacramento "40-30-30"  above 
normal years averaged (1978 & 80)

Bay/Delta Plan, Apr 1 - May 31,
14-day mean daily EC is 0.44

D-1485, Apr 1 - May 5,
average mean daily EC is 0.55
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Figure VI-43

The 14 - day mean daily salinity objectives for Bay/Delta Plan are 0.44 
EC from Apr 1 - May 31, and for D-1485 is 0.55 EC from Apr 1 - May 5 

Salinity for San Joaquin River at Prisoners Point
End-of-Month Simulated Values for Wet Years

Sacramento "40-30-30" wet years 
averaged (1982, 83, 84 & 86)

Bay/Delta Plan, Apr 1 - May 31,
14-day mean daily EC is 0.44 D-1485, Apr 1 - May 5,

average mean daily EC is 0.55
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Figure VI-45

Sacramento "40-30-30" 
below normal year (1979)

Salinity for San Joaquin River at Prisoners Point
End-of-Month Simulated Values for Below Normal  Years

The 14 - day mean daily salinity objectives for Bay/Delta Plan are 0.44 
EC from Apr 1 - May 31, and for D-1485 is 0.55 EC from Apr 1 - May 5 

Bay/Delta Plan, Apr 1 - May 31,
14-day mean daily EC is 0.44

D-1485, Apr 1 - May 5, average mean daily EC is 0.55
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Salinity for San Joaquin River at Prisoners Point 
End-of-Month Simulated Values for Dry Years
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Figure VI-46

The 14 - day mean daily salinity objectives for Bay/Delta Plan are 0.44 EC 
from Apr 1 - May 31, and for D-1485 is 0.55 EC from Apr 1 - May 5

Sacramento "40-30-30" dry years 
averaged (1981, 85, 87 & 89)

Bay/Delta Plan, Apr 1 - May 31,
14-day mean daily EC is 0.44

D-1485, Apr 1 - May 5, average mean daily EC is 0.55

Salinity for San Joaquin River at Prisoners Point 
End-of-Month Simulated Values for Critical Years
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Figure VI-47

The Bay/Delta Plan has no salinity objectives for critical years 
Sacramento "40-30-30" critical years 

averaged (1976, 77, 88, 90 & 91)

D-1485, Apr 1 - May 5, average mean 
daily EC is 0.55
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Salinity for San Joaquin River at Airport Bridge (Vernalis) 
End-of-Month Simulated Values for Above Normal Years
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Figure VI-49

Sep 1 - Mar 31, 30-day mean daily EC is 1.0

Apr 1 - Aug 31, 30-day mean daily EC is 0.7

Water quality salinity objectives are for Bay/Delta Plan except Alternative 1.  The Vernalis salinity objective for Alternative 1 is 500 ppm 
TDS (approximately equals 0.86 mmhos/cm) year-round.  
San Joaquin "60-20-20" above normal years averaged (1979 & 84).
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Figure VI-48
Salinity for San Joaquin River at Airport Bridge (Vernalis)

End-of-Month Simulated Values for Wet Years
Sep 1 - Mar 31, 30-day mean daily EC is 1.0

Apr 1 - Aug 31, 30-day mean daily EC is 0.7

Water quality salinity objectives are for Bay/Delta Plan except Alternative 1.  The Vernalis salinity objective for Alternative 1 is 500 ppm 
TDS (approximately equals 0.86 mmhos/cm) year-round.  
San Joaquin "60-20-20" wet years averaged (1978, 80, 82, 83 & 86).
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Salinity for San Joaquin River at Airport Bridge (Vernalis)
End-of-Month Simulated Values for Dry Years

0.0
0.2
0.4
0.6
0.8
1.0
1.2
1.4

Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

E
C

 (
m

m
ho

s/
cm

) 

Alt 1 Alt 2 Alt 3 Alt 4 Alt 5 Alt 6 Alt 7 Alt 8

Figure VI-50

Sep 1 - Mar 31, 30-day mean daily EC is 1.0

Apr 1 - Aug 31, 30-day mean daily EC is 0.7

Water quality salinity objectives are for Bay/Delta Plan except Alternative 1.  The Vernalis salinity objective for Alternative 1 is 500 ppm 
TDS (approximately equals 0.86 mmhos/cm) year-round.  
San Joaquin "60-20-20" dry years averaged (1981 & 85).

Salinity for San Joaquin River at Airport Bridge (Vernalis) 
End-of-Month Simulated Values for Critical Years

0.0
0.2
0.4
0.6
0.8
1.0
1.2
1.4

Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

E
C

 (
m

m
ho

s/
cm

) 

Alt 1 Alt 2 Alt 3 Alt 4 Alt 5 Alt 6 Alt 7 Alt 8

Figure VI-51

Sep 1 - Mar 31, 30-day mean daily EC is 1.0

Apr 1 - Aug 31, 30-day mean daily EC is 0.7

Water quality salinity objectives are for Bay/Delta Plan except Alternative 1.  The Vernalis salinity objective for Alternative 1 is 500 ppm 
TDS (approximately equals 0.86 mmhos/cm) year-round.  
San Joaquin "60-20-20" critical years averaged (1976, 77, 87,  88, 89, 90 & 91).
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Salinity for San Joaquin River at Brandt Bridge 
End-of-Month Simulated Values for Above Normal Years
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Figure VI-53

Sep 1 - Mar 31, 30-day mean daily EC is 1.0

Apr 1 - Aug 31, 30-day mean daily EC is 0.7

Water quality salinity objectives are for Bay/Delta Plan except Alternative 1.  The Vernalis salinity objective for Alternative 1 is 500 ppm 
TDS (approximately equals 0.86 mmhos/cm) year-round.
San Joaquin "60-20-20" above normal years averaged (1979 & 84).
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Figure VI-52
Salinity for San Joaquin River at Brandt Bridge
End-of-Month Simulated Values for Wet Years

Sep 1 - Mar 31, 30-day mean daily EC is 1.0

Apr 1 - Aug 31, 30-day mean daily EC is 0.7

Water quality salinity objectives are for Bay/Delta Plan except Alternative 1.  The Vernalis salinity objective for Alternative 1 is 500 ppm 
TDS (approximately equals 0.86 mmhos/cm) year-round.  
San Joaquin "60-20-20" wet years averaged (1978, 80, 82, 83 & 86).
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Salinity for San Joaquin River at Brandt Bridge
End-of-Month Simulated Values for Dry Years
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Figure VI-54

Sep 1 - Mar 31, 30-day mean daily EC is 1.0

Apr 1 - Aug 31, 30-day mean daily EC is 0.7

Water quality salinity objectives are for Bay/Delta Plan except Alternative 1.  The Vernalis salinity objective for Alternative 1 is 500 ppm 
TDS (approximately equals 0.86 mmhos/cm) year-round.  
San Joaquin "60-20-20" dry years averaged (1981 & 85).

Salinity for San Joaquin River at Brandt Bridge 
End-of-Month Simulated Values for Critical Years
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Figure VI-55

Sep 1 - Mar 31, 30-day mean daily EC is 1.0

Apr 1 - Aug 31, 30-day mean daily EC is 0.7

Water quality salinity objectives are for Bay/Delta Plan except Alternative 1.  The Vernalis salinity objective for Alternative 1 is 500 ppm 
TDS (approximately equals 0.86 mmhos/cm) year-round.  
San Joaquin "60-20-20" critical years averaged (1976, 77, 87,  88, 89, 90 & 91).
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Salinity for Old River at Tracy Road Bridge 
End-of-Month Simulated Values for Above Normal Years
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Figure VI-57

Sep 1 - Mar 31, 30-day mean daily EC is 1.0
Apr 1 - Aug 31, 30-day mean daily EC is 0.7

Water quality salinity objectives are for Bay/Delta Plan except Alternative 1.  The Vernalis salinity objective for 
Alternative 1 is 500 ppm TDS (approximately equals 0.86 mmhos/cm) year-round.  
San Joaquin "60-20-20" above normal years averaged (1979 & 84).
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Figure VI-56
Salinity for Old River at Tracy Road Bridge 

End-of-Month Simulated Values for Wet Years
Sep 1 - Mar 31, 30-day mean daily EC is 1.0

Apr 1 - Aug 31,  30-day mean daily EC is 0.7

Water quality salinity objectives are for Bay/Delta Plan except Alternative 1.  The Vernalis salinity objective for
Alternative 1 is 500 ppm TDS (approximately equals 0.86 mmhos/cm) year-round.  
San Joaquin "60-20-20" wet years averaged (1978, 80, 82, 83 & 86).
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Salinity for Old River at Tracy Road Bridge 
End-of-Month Simulated Values for Dry Years
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Figure VI-58

Sep 1 - Mar 31, 30-day mean daily EC is 1.0

Apr 1 - Aug 31, 30-day mean daily EC is 0.7

Water quality salinity objectives are for Bay/Delta Plan except Alternative 1.  The Vernalis salinity objective for 
Alternative 1 is 500 ppm TDS (approximately equals 0.86 mmhos/cm) year-round.
San Joaquin "60-20-20" dry years averaged (1981 & 85).

Salinity for Old River at Tracy Road Bridge  
End-of-Month Simulated Values for Critical Years
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Figure VI-59

Sep 1 - Mar 31, 30-day mean daily EC is 1.0

Apr 1 - Aug 31, 30-day mean daily EC is 0.7

Water quality salinity objectives are for Bay/Delta Plan except Alternative 1.  The Vernalis salinity objective for 
Alternative 1 is 500 ppm TDS (approximately equals 0.86 mmhos/cm) year-round.  
San Joaquin "60-20-20" critical years averaged (1976, 77, 87,  88, 89, 90 & 91).
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Salinity for Old River Near Middle River  
End-of-Month Simulated Values for Above Normal Years
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Figure VI-61

Water quality salinity objectives are for Bay/Delta Plan except Alternative 1.  The Vernalis salinity objective for Alternative 1 is 500 
ppm TDS (approximately equals 0.86 mmhos/cm) year-round.  
San Joaquin "60-20-20" above normal years averaged (1979 & 84).

Sep 1 - Mar 31, 30-day mean daily EC is 1.0

Apr 1 - Aug 31, 30-day mean daily EC is 0.7
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Figure VI-60
Salinity for Old River Near Middle River 

End-of-Month Simulated Values for Wet Years
Sep 1 - Mar 31, 30-day mean daily EC is 1.0

Apr 1 - Aug 31, 30-day mean daily EC is 0.7

Water quality salinity objectives are for Bay/Delta Plan except Alternative 1.  The Vernalis salinity objective for Alternative 1 is 500 ppm 
TDS (approximately equals 0.86 mmhos/cm) year-round.  
San Joaquin "60-20-20" wet years averaged (1978, 80, 82, 83 & 86).
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Salinity for Old River Near Middle River 
End-of-Month Simulated Values for Dry Years
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Figure VI-62

Sep 1 - Mar 31, 30-day mean daily EC is 1.0

Apr 1 - Aug 31, 
30-day mean daily EC is 0.7

Water quality salinity objectives are for Bay/Delta Plan except Alternative 1.  The Vernalis salinity objective for Alternative 1 is 500 ppm 
TDS (approximately equals 0.86 mmhos/cm) year-round.  
San Joaquin "60-20-20" dry years averaged (1981 & 85).

Salinity for Old River Near Middle River  
End-of-Month Simulated Values for Critical Years
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Figure VI-63

Sep 1 - Mar 31, 30-day mean daily EC is 1.0

Apr 1 - Aug 31, 30-day mean daily EC is 0.7

Water quality salinity objectives are for Bay/Delta Plan except Alternative 1.  The Vernalis salinity objective for Alternative 1 is 500 ppm 
TDS (approximately equals 0.86 mmhos/cm) year-round.  
San Joaquin "60-20-20" critical years averaged (1976, 77, 87,  88, 89, 90 & 91).
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In summary, the salinity conditions in the central and western Delta reflect the changes in
outflow caused by implementation of the Bay/Delta Plan.  The Bay/Delta Plan provides for
higher outflows in spring and summer than the base case.  These higher outflows deplete
upstream reservoirs, which results in decreased outflows in some fall and winter months.
Consequently, salinity conditions in the central and western Delta under the Bay/Delta Plan
are generally better than or equivalent to the salinity conditions under the base case in the
spring and summer but in some winter months salinity conditions decline in these locations
in comparison to the base case.  Nonetheless, water quality objectives will be met under all of
the alternatives and the higher salinity conditions in some winter months will be offset by
lower concentrations in the spring and summer.  Therefore, there are no significant adverse
salinity-related effects in the central and southern delta associated with implementation of the
Bay/Delta Plan, and mitigation is not required.  In addition, there is no clearly superior
alternative among Alternatives 2 through 8 with respect to salinity conditions at these
locations.

Salinity conditions in the southern Delta, while significantly affected by outflow conditions,
are also significantly affected by salinity conditions in the San Joaquin River.  The
implementation of the Bay/Delta Plan will generally improve salinity conditions in the
principal irrigation season (April to August) because the salinity objective is more restrictive
than the salinity objective in the base case.  Among Flow Alternatives 2 through 8, salinity
conditions in the southern Delta are similar except with the exception of Flow Alternatives 7
and 8.  For these alternatives, dilution water releases from New Melones Reservoir are
capped and salinity will occasionally be higher than the other alternatives, especially in the
late summer.  For Alternative 7, salinity conditions will on occasion both exceed objectives
and base case salinity conditions.  This is a significant environmental effect.  In the short
term if this alternative is adopted, this significant effect cannot be mitigated.  In the long-
term, the water quality control actions described in Chapter VIII can be used as mitigation.

3. Fish and Aquatic Resources

The Bay/Delta Estuary is the largest estuarine system on the west coast of the United States
and drains over 40 percent of California’s land (SFEP 1992a).  Estuaries are among the most
productive ecosystems, supporting a wide range of fish and aquatic resources with their rich
nutrients and diverse habitats.  The estuary is a transition zone between the freshwater
riverine and marine environments.  Many of the organisms inhabiting this area have evolved
special adaptations to cope with the variability in environmental conditions.  The diverse
assemblage of aquatic resources in the estuary is of great economic, aesthetic, and scientific
value.   A significant proportion of California’s commercial fisheries depends on species that
inhabit or migrate through the Estuary (USBR 1997a).

More than 130 species of fish inhabit the Bay/Delta Estuary for at least part of their life cycle
(SFEP 1992a).  Approximately ¼ of these species have been introduced.  Some of the most
abundant species (threadfin shad, white catfish, inland silverside, and striped bass) in the
Delta were introduced from other areas (Herbold and Moyle 1989).  Most historical
introductions were intentional, for sportfishing, increased production, or control of other
organisms.  Recent introductions occurred primarily from ship ballast discharges.
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a. General Factors .  Significant population declines have occurred for many aquatic
species in the Delta over the past few decades.  Simultaneous declines of several species
suggest overall impacts to the Estuary.  The primary factors thought to significantly impact
the Estuary and its inhabitants are:  (a) reduced Delta outflow, (b) entrainment of organisms
by export water pumps, (c) reverse flows in the Delta, (d) temperature fluctuations; (e) food
limitations, (f) habitat loss; (g) introduced species, (h) harvest, and (i) contamination by
pollutants.  The relative magnitude of these factors and their complex interactions
(synergistic or antagonistic) are not fully understood.  The main factors are only briefly
discussed here.  A detailed discussion of these factors is available in the ER (SWRCB 1995).

Outflow.  The seasonal pattern and annual volume of Delta outflow affects the
abundance of many aquatic species dependent on the Delta.  Outflow affects physical
variables such as water temperature, salinity, pollutant concentrations, habitat availability for
aquatic organisms, floodplain inundation, and the migration and transport of organisms
through various life stages.  Delta outflow affects both estuarine and anadromous species by
altering the time required to move upstream or downstream and the availability of habitat.
Transport time affects species that spawn upstream and depend on currents to carry their eggs
and larvae to downstream nursery areas (SWRCB 1995).  Generally, the higher the outflow,
the farther downstream fish and invertebrates are dispersed (DFG 1993).  Although
fluctuations exist, outflow is generally highest from January to March and lowest from July
through September.  Flow during April, May, and June is particularly important to the
reproductive success and survival of many estuarine species (SFEP 1992b).  The reduction of
spring outflows is considered to have adverse impacts on the aquatic resources.  Monthly
Delta outflow under the flow alternatives is shown in Tables VI-7 and VI-8.  In general,
Delta outflow is lower under Flow Alternatives 2 through 8 than in the base case in October
through January.  However, in the spring months, predicted outflow under Alternatives 2
through 8 is greater than outflow for the base case which may improve conditions for
spawning and survival of aquatic resources in the estuary in this critical period.

Entrainment.  Entrainment is broadly defined to include diversions of water that take,
damage, or kill aquatic organisms (IEP 1996).  Diversion of water and in- Delta pumping
results in the entrainment and mortality of numerous aquatic organisms.  In addition to the
direct mortality that occurs with physical entrainment, losses are incurred through predation
at intakes and fish salvage facilities, by the Delta fish salvage process itself (SWRCB 1995),
and by removal from preferred habitat.  Other factors that may influence entrainment are the
type of diversion, the velocity caused by the diversion, type of screens or other protective
devices, the time of year, and the species composition in the area.  Smaller, less mobile
organisms and critical life stages (eggs, larvae, and juveniles) of larger organisms are more
susceptible to entrainment.

Sources of entrainment in the Delta include the SWP and the CVP export facilities and the
approximately 1,800 other municipal, industrial, and agricultural diversions.  Currently, SWP
and CVP exports can reach approximately 10,000 cfs most of the year with higher levels
possible in the winter.  Agricultural diversions, which peak between April and August (with
an estimated combined capacity of 4,000 cfs), may account for significant fish losses in
localized areas of the Delta.  Large numbers of fish including chinook salmon, striped bass,



Environmental Effects of Implementing
State Water Resources Control Board Flow and Water Operation Alternatives

FEIR for Implementation of the VI-42 November 1999
1995 Bay/Delta Water Quality Control Plan

American shad, and delta smelt, are present during the diversion season.  The majority of
these diversions are not effectively screened.

Potential effects of entrainment vary among the flow alternatives.  In general, flow
alternatives with lower Delta outflow and higher exports have the highest entrainment
potential.  Over the 73-year period of record, exports are predicted to increase in May, June,
July, and October under Alternatives 2 through 6; exports are predicted to increase in June,
July, and October under Alternatives 7 and 8 compared to the base case.   In critical years,
exports are predicted to increase in April, June, and October under Alternatives 2 through 8
compared to the base case, except for Flow Alternative 8 in April.  However, increased Delta
outflows exceed these increased exports, except in October when Delta outflow decreases
and exports increase.  Alternatives 2 through 8 also have higher total outflow and lower total
exports than the base case on an annual basis.  Therefore, in general, these alternatives are
not likely to result in significantly higher entrainment rates.

Reverse Flows .  When SWP and CVP exports are high and Delta inflow is low, the net
flow in the lower San Joaquin River and Delta channels south of the San Joaquin River are
usually toward the southern Delta, rather than downstream towards Suisun Bay. Reverse
flows may result in increased straying.  Reverse flows may also carry eggs, larvae and young
fish into the central and southern Delta, reducing survival because of poor rearing conditions,
increased predation, and increasing vulnerability to entrainment at the export facilities and in
local agricultural, municipal, and industrial diversions (SWRCB 1995).

Table VI-15 lists QWEST flows from the DWRSIM studies (QWEST is the net flow at
Jersey Point on the San Joaquin River).  To a certain extent, QWEST can be used as a
measure of reverse flow conditions in Delta channels.  As QWEST decreases, reverse flows
in some Delta channels will increase.  Model output indicates that predicted QWEST values
for Alternatives 2 through 8 are generally higher than for the base case in February, March,
and April, which may benefit aquatic resources in this important period.  However, in the fall
and winter months, November through January, QWEST is generally decreased under
Alternatives 2 through 8 compared to the base case.
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Temperature .  Water temperature regimes affect migration, spawning, incubation
success, growth, inter- and intra-specific competitive ability, and resistance to disease and
parasites.  Most successful fish spawning occurs within a narrow temperature range.
Temperature variations outside this range may inhibit the development of eggs and sperm or
reduce survival of eggs, larvae, and juvenile fish.  Warmer water may result in emigration to
areas of more suitable water temperature  (Baxter 1960).  The return to temperature regimes
that existed under unimpaired conditions is, in general, beneficial to native organisms.
Anadromous species depending on temperature to cue reproduction cycles are significantly
affected by temperature changes.  Of these, steelhead and chinook salmon have the lowest
temperature requirements.

The effects of the flow alternatives on water temperature in the Delta are difficult to assess.
In general, water temperatures in the Delta are affected primarily by ambient air
temperatures.  Minor temperature fluctuations in the Delta may be caused by the discharge of
cooling water from power plants, release of warm water from reservoirs, changes in flow
regimes, loss of stream side (riparian) vegetation, and climate changes (SWRCB 1995). The
relative change in Delta outflow among the alternatives is low and is unlikely to result in
detectable water temperature changes in the Delta.  Flow Alternative 6, which recycles water,
may increase San Joaquin River temperatures which may significantly affect migrating 
San Joaquin River salmon smolts.  If this alternative were adopted, this significant effect could
not be mitigated.  

Food Limitation.  Food supply affects the abundance of organisms at all trophic levels.
Food may be limited in various ways, including decreased availability of nutrients, and
decreased abundance and availability of preferred food items (SWRCB 1995).  Studies have
shown that small fish larvae are more susceptible to predation than large larvae.  Thus,
reduction in growth through food limitation may result in lower survival and recruitment

T a b l e  V I - 1 5

Q W e s t  F l o w  

7 3 - Y e a r  P e r i o d  A n n u a l  A v e r a g e  ( c f s )

A l t e r n a t i v e O c t N o v D e c J a n F e b M a r A p r M a y J u n J u l A u g S e p

1 242 -1 ,134 785 4 ,357 7 ,402 6 ,367 3 ,334 3 ,539 3 ,245 -1 ,665 -3 ,111 -1 ,711
2 -185 -1 ,459 -126 3 ,704 7 ,587 6 ,355 4 ,595 2 ,820 1 ,057 -2 ,098 -1 ,792 -1 ,309
3 -126 -1 ,478 -220 3 ,567 7 ,473 6 ,330 4 ,625 2 ,861 1 ,579 -1 ,864 -1 ,769 -1 ,289

4 -164 -1 ,502 -188 3 ,555 7 ,448 6 ,365 4 ,621 2 ,851 1 ,547 -1 ,873 -1 ,764 -1 ,279
5 136 -1 ,580 -242 3 ,387 8 ,148 7 ,268 6 ,022 3 ,859 1 ,998 -916 -1 ,717 -1 ,215

6 -392 -1 ,678 -474 2 ,861 8 ,400 6 ,890 4 ,663 2 ,852 1 ,222 -2 ,229 -2 ,035 -1 ,656
7 239 -1 ,454 76 3 ,954 8 ,049 6 ,494 2 ,809 4 ,009 1 ,103 -2 ,252 -1 ,932 -1 ,362

8 -380 -1 ,399 -53 3 ,635 7 ,427 6 ,399 5 ,788 3 ,737 1 ,143 -2 ,321 -2 ,088 -1 ,340

C r i t i c a l  P e r i o d  A n n u a l  A v e r a g e  ( c f s )

A l t e r n a t i v e O c t N o v D e c J a n F e b M a r A p r M a y J u n J u l A u g S e p

1 997 -927 -1 ,258 -361 -1 ,261 -1 ,244 2 ,717 425 -339 -2 ,769 -702 -399

2 309 -328 -2 ,670 -3 ,667 -73 331 532 -156 -65 -1 ,417 -360 -262
3 311 -423 -2 ,694 -3 ,722 -315 33 490 -251 387 -1 ,422 -74 -168
4 311 -426 -2 ,694 -3 ,716 -211 27 490 -256 399 -1 ,417 -74 -168

5 156 -717 -2 ,930 -3 ,776 -147 -325 1 ,465 525 286 -743 -235 -204
6 -214 -373 -2 ,627 -3 ,594 -82 610 448 -211 -17 -1 ,550 316 -276

7 381 -457 -2 ,664 -3 ,594 -301 -30 -1 ,168 957 230 -920 -237 -223
8 93 -359 -2 ,635 -3 ,667 -246 344 1 ,204 311 -266 -1 ,763 -153 -137
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even if larvae are not starving (IEP 1996).  Introduction of species, such as the Asiatic clam,
has increased competition for food and altered the food web.  Increased flow increases
habitat for food organisms in the Bay/Delta (USBR 1997a).  Reduced diversions, in general,
reduce the entrainment of food from the Delta.

The effects of the flow alternatives on available food supply are complex.  However, the
higher outflows and lower exports under Alternatives 2 through 8 compared to the base case
in the spring months may increase available food supply in the Delta, because habitat for
food organisms may be increased and entrainment of food organisms may be decreased.

Habitat Loss.  Land reclamation and waterway modification have caused major
ecological changes in the Estuary and throughout the Central Valley.  These changes include
the destruction of most tidal marshes in the Estuary and the seasonally flooded wetlands
upstream of the Estuary (DFG 1993).  Marsh and habitat losses are important factors that
shape and control existing populations of organisms (SWRCB 1995).  Losses of habitat have
probably reduced the resilience of certain populations, resulting in decline of certain species.
Reduced wetland habitat also reduces the buffering capacity of the area leading to more
pollutants reaching the waterways.  Urbanization increases the volume and decreases the
runoff time of storm events, increasing the suspended solids load to the Estuary.  The
removal of riparian vegetation contributes to habitat loss.  By maintaining bank stability,
providing shade and instream cover for aquatic organisms, moderating water temperatures,
contributing nutrients, and providing habitat diversity, riparian vegetation performs a variety
of critical functions in stream ecosystems (USBR 1997a).  The transformation of vast areas
of freshwater marsh into cropland eliminated the contribution of marsh productivity to
downstream food web organisms.  Channelization has removed the shallow margins of most
river channels, preventing the growth of submerged aquatic vegetation.  Additionally,
dredging and disposal of estuarine sediments temporarily increase turbidity and may disperse
toxic pollutants and increase their availability to aquatic organisms (SWRCB 1995).

Flow changes due to implementation of the flow alternatives may result in slight changes in
water elevations and wetted channel periphery in the Delta.  Changes in wetted periphery
may affect the availability of habitat for certain species of fish, such as Sacramento splittail,
that depend on newly flooded areas for spawning and early rearing.

However, the project alternatives are not expected to have significant effects on available
habitat.  The alternatives will not result in direct loss of physical habitat.  Changes in wetted
channel periphery due to the flow changes are expected to be slight under the project
alternatives compared to the base case.  In the spring months, there may be a slight increase
in wetted periphery and available habitat under Alternatives 2 through 8, since Delta outflow
in February through June will be increased compared to the base case.

Introduced Species.  The Bay/Delta Estuary is dominated by more than 150 introduced
species of aquatic plants and animals (SWRCB 1995).  Introduced species have caused major
shifts in the food web dynamics that may drive some native species to extinction or inhibit
recovery of depleted species (USFWS 1996).   Many species were intentionally introduced to
diversify the Estuary and control pests.  Recent introductions have primarily occurred from
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ship ballast water.  Competition for food and space, predation, habitat alteration,
hybridization and pathogen transport are only a few of the adverse effects on the native
species.  More details are provided in the Environmental Report, Chapter V, page 22
(SWRCB 1995).

The flow alternatives are not expected to affect the introduction or propagation of introduced
species.  One of the primary introductions resulting in the food web shift, the Asiatic clam
(Potamocorbula amurensis), may inhabit a smaller area with increased Delta outflow
because of its preference for brackish waters, but there is no evidence that increased outflow
will significantly affect abundance of the species.

Harvest.  Over-exploitation of many Bay/Delta species, including mollusks,
crustaceans, and fish, has contributed to their population declines.  The number of spawning
adults and the average age (potential fecundity) of the species are affected by harvest.  Illegal
harvest is of concern because of the difficulty in estimating the catch and the potential
decrease in reproducing stocks.  The flow alternatives will have no direct effects on harvest
of Bay/Delta species.

Contaminants.  Aquatic resources in the Bay/Delta may be affected by numerous
sources of contaminants.  Up to 40,000 tons of toxic pollutants enter the Estuary each year,
mainly from non-point sources such as agricultural and urban runoff (SWRCB 1995).  Other
sources include municipal and industrial discharges, mine drainage, dredging, atmospheric
deposition, accidental spills, leaks from waste disposal sites and marine vessel discharges
(SFEP 1992a).  Control of these sources requires full implementation and enforcement of
existing regulatory controls and development of new initiatives to remediate existing
conditions.

Pollutants are distributed in the Bay/Delta by a combination of physical, chemical, and
biological processes (SFEP 1992a).   Many contaminants naturally accumulate in the
entrapment zone of the Estuary, which is preferred by many Delta organisms, increasing
exposure.  Some pollutants bioaccumulate in organisms by direct absorption or by ingestion
of contaminated food.  Bioconcentration can result in levels of pollutants accumulating in
higher trophic levels.

Many pollutant-related effects in the Delta have been identified, although conclusive
evidence quantifying these effects to individual populations and the whole aquatic
community is hard to establish (SFEP 1992a).  Toxic pollutants of particular concern are
trace elements such as selenium, copper, cadmium, and chromium, organochlorine and other
pesticides (DDT and Dioxin), and petroleum hydrocarbons like benzene and chrysene
(USBR 1997a).  Pesticides from urban and agricultural runoff are also of concern.  Pollutant
effects on organisms range from subtle physiological and reproductive changes to deformity
and mortality (SWRCB 1995).

The flow alternatives do not directly affect contaminant input, concentrations, or effects.  Flow
alternatives may affect pollutant concentrations by altering dilution rates; however, changes in
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concentration are expected to be minor.  Therefore, the alternatives are unlikely to have a
significant effect on contaminant problems.  No mitigation measures are required.

b. Impacts of Alternatives on Selected Species.  The species discussed below are intended
to be representative of the range of species present in the Bay/Delta system.  They were
selected because of their relative importance and the availability of data.  Not all species have
been as thoroughly studied as chinook salmon; these species are only qualitatively discussed.
This section describes impacts to selected species in the Delta; section C describes impacts in
upstream areas.  Detailed descriptions of the selected species can be found in the
Environmental Report (SWRCB 1995).

Salmon.  Chinook salmon (Onchorhynchus tshawytscha), also called king salmon, has
the broadest geographic range of the five Pacific salmon species and is the largest of the
salmon species.  Chinook salmon migrate to the ocean early in their life, mature in the ocean,
and return inland as adults to spawn in freshwater streams (SWRCB 1995).

There are four distinct runs of chinook salmon in the Bay/Delta Estuary: spring, fall, late-fall,
and winter.  These runs are distinguished primarily by the time of entry into freshwater.  Each
run’s migration pattern is different (identified in Chapter III, Table III-7).  The winter-run
chinook salmon are listed as endangered under both the state and federal endangered species
acts.  Spring-run chinook are listed as threatened under both the state and federal endangered
species acts.  Fall-run and late-fall run chinook are candidate species under the federal
Endangered Species Act.

The CVP and SWP export facilities in the southern Delta adversely affect anadromous fish
survival in the Delta through direct entrainment losses and indirect effects related to changes in
the cycle, direction, and magnitude of flow in the Delta channels (USBR 1997a).  Reduced
inflow to the Delta in combination with increased diversions from the Delta have caused
adverse impacts on anadromous and resident species by reducing net flow through the Delta
and Delta outflow (USBR 1997a).  Water diversions reduce survival of emigrating juvenile
salmonids through direct losses at inadequately screened diversions and indirect losses
associated with reduced stream flows.  Fish losses at diversions result from injury,
impingement, entrainment and predation.  Higher flow rates through the Delta generally
increase juvenile salmon survival by decreasing migration time, reducing exposure to
diversions, and maintaining favorable water quality and habitat conditions during migration.

Fall-run and late fall-run chinook salmon juveniles are particularly vulnerable to entrainment
related mortality at local diversions because the emigration period (April-June) coincides with
the onset of the irrigation season (April-October).  Losses are minimal during the summer from
entrainment in irrigation diversions because most juveniles are not actively migrating during
that period.  Generally, most juvenile salmon salvaged in the spring at the Delta pumps are
from the San Joaquin Basin.  Salvage records from the SWP indicate salmon fry and smolts are
entrained year-round but peak in the late winter and spring when the fall-run pass through the
Delta.  Losses of chinook salmon at the SWP and CVP Delta export facilities typically range
from 400,000 to 800,000 fry and smolts per year. (USBR 1997d).
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The USFWS salmon smolt survival model, described in Chapter IV, was used to evaluate the
effects of the flow alternatives on survival of chinook salmon through the Delta.  Survival
indices for the following chinook salmon runs/lifestages were modeled:

• Sacramento River fall-run, late fall-run, and winter-run (smolts), and spring-run 
(young-of-the-year and yearlings)

• San Joaquin fall-run smolts (with and without the Head of Old River barrier)

The model formulas incorporate multiple-regression survival indices generated from coded-
wire-tagged smolt survival studies.  The models split the Sacramento and San Joaquin rivers
into various reaches and use backward-stepping smolt mortality equations using selected
environmental variables (flows, exports, and temperature) shown to affect smolt mortality in
each reach.  Both the Sacramento and San Joaquin models assume that smolts enter the
various reaches of the model in the same proportion as flow.  Water temperatures on the
Sacramento River for November through March are assumed to be monthly constants of 53,
47, 47, 50 and 55 degrees, respectively.  Historical temperature estimates from the USBR for
both the San Joaquin and Sacramento rivers were used as input for April, May, and June.
Survival indices were predicted over the hydrologic period of record (1922-1992).  Model
calculations are shown in Volume 2, Appendix 5.

Although none of the models predict absolute survival, they are a useful tool for obtaining a
baseline index and comparing the effects of the alternatives.  Given the fixed temperatures
used in the models, the higher survival can be expected with higher flows, lower exports, and
increased DCC closure.

Figures VI-64 through VI-70 show the predicted indices for through-Delta migration of each
chinook salmon run by flow alternative and water year type.  For all runs, predicted survival
indices were generally higher in wetter water years.  Indices predicted under Flow
Alternatives 2 through 8, in general, were higher than in the base case.

For Sacramento River fall-run smolts (Figure VI-64), survival indices in a wet water year
were similar in all of the flow alternatives and the base case.  In all other water year types,
survival indices for Flow Alternatives 2 through 8 were generally similar, and higher than in
the base case.

For late fall-run smolts (Figure VI-65), predicted survival indices were higher under Flow
Alternatives 2 through 8 than in the base case in all water year types.  The difference between
the flow alternatives and the base case increased in drier water years.  Among the flow
alternatives, survival indices were similar.

For winter-run smolts (Figure VI-66), survival indices were higher under Flow Alternatives 2
through 8 than in the base case in all water year types.  The difference between the flow
alternatives and the base case increased in drier water years.  Among the flow alternatives,
survival indices were similar.
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For young-of-the-year spring-run (Figure VI-67), survival indices in wet, above normal, and
below normal water years were similar in all of the flow alternatives and the base case.  In
dry and critical years, predicted survival indices under Flow Alternatives 2 through 8 were
similar, and higher than in the base case.

For yearling spring-run (Figure VI-68), survival indices were higher under Flow Alternatives
2-8 than in the base case in all water year types. The difference between the flow alternatives
and the base case increased in drier water years.  Among the flow alternatives, survival indices
were generally similar.

For San Joaquin fall-run (Figures VI-69 and VI-70), predicted survival indices were higher
with the operation of the Head of Old River barrier than without the barrier, but the
relationships between the flow alternatives and the base case were similar with and without the
barrier.  Predicted survival indices were higher under Flow Alternatives 2-8 than in the base
case, except for Alternative 7 in a wet year. The difference between the flow alternatives and
the base case generally increased in drier water years.  Among the flow alternatives,
Alternatives 5 and 8 were generally higher, and Alternative 7 lower, than the other alternatives.

While the smolt survival models indicate that factors such as flow, exports, barrier operations,
and temperature affect smolt survival, other factors are likely to affect survival as well.  These
factors include contaminants, availability of suitable rearing habitat in the Delta, and
introduced species impacts.  Ocean harvest also has a significant effect on adult survival.  The
alternatives will not significantly affect these other factors.  The general effects of the flow
alternatives on contaminants and introduced species impacts are described previously in
section B.3.a.  The effects of the flow alternatives on the availability of rearing habitat for
chinook salmon in the Delta could not be assessed directly, because the relationship between
flow and rearing habitat availability has not been described.

Figure  VI-64
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Figure VI-65
Sacramento River Late Fall-Run Salmon Smolt Survival Indexl
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Figure VI-66
Sacramento River Winter Run Salmon Smolt Survival Index
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Figure VI-67
Sacramento River Young-of-the-Year Spring-Run Salmon

Smolt Survival Index 
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Figure VI-68
Sacramento River Yearling Spring-Run Salmon Survival Index 
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Figure VI-69
San Joaquin River Fall-Run Salmon Smolt Survival Index with Barrier
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Figure VI-70
San Joaquin River Fall-Run Salmon Smolt Survival Index without Barrier 
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Recirculation under Flow Alternative 6 will increase the percentage of Sacramento River
water that returns to the San Joaquin River.  This may impact the imprinting of juvenile fall-
run chinook salmon emigrating from the San Joaquin Basin in April and May.  However,
under current conditions, substantial quantities of Sacramento River water are imported into
the San Joaquin basin.  The significance of the potential impact of additional water imports is
not known.

Steelhead.  The flow alternatives have the potential to affect juvenile steelhead
(Onchorhynchus mykiss) during the period of emigration through the Delta.  Emigration
through the Delta occurs from December through May, with peak migration occurring from
February through April (DWR and USBR 1999).  The primary factors affected by the flow
alternatives that may affect survival of juvenile steelhead in the Delta are Delta inflows,
exports, and closure of the Delta Cross Channel gates.

Operations of the CVP and SWP export facilities in the southern Delta may adversely affect
steelhead survival in the Delta through direct entrainment losses and indirect effects related
to changes in the cycle, direction, and magnitude of flow in the Delta channels (USBR
1997a).  Reduced inflow to the Delta in combination with increased diversions may cause
adverse impacts on anadromous species by reducing net flow through the Delta and Delta
outflow (USBR 1997a).  Higher flow rates through the Delta may generally increase
steelhead survival by decreasing migration time, reducing exposure to diversions, and
maintaining favorable water quality and habitat conditions during migration.  Closure of the
Delta Cross Channel gates may reduce entrainment of juvenile steelhead from the
Sacramento River into the central Delta where survival may be lower.

In general, survival of juvenile steelhead emigrating through the Delta in the February
through April period may improve under Flow Alternatives 2 through 8 compared to base
case conditions.  Delta inflow will generally be higher under Flow Alternatives 2 through 8
in March and April, but lower in February.  Delta exports will be lower in the February
through April period, except in April of critical water years.  The DCC gates will be closed in
the February through April period under Flow Alternatives 2 through 8 but the gates would
be open most of this period under the base case condition.

Delta Smelt.  Delta smelt (Hypomesus transpacificus) are small, annual, euryhaline fish
that are endemic to the Sacramento-San Joaquin Delta Estuary (USBR 1997a).  Delta smelt
were once one of the most abundant fish species in the Delta, but their recent decline has led
to the species being listed in 1993 as threatened under the state and federal Endangered
Species Acts (USBR 1997a). Adults and older juveniles principally live in shallow water or
near the surface in deeper water where they feed on zooplankton, particularly copepods.
After release during spawning, delta smelt eggs sink toward the bottom and adhere to any
available hard substrate (USBR 1997a).  Little is known about the annual movement of smelt
in the Bay/Delta.  In some years, more fish are found in the north tributaries of the Estuary
than in others.

Entrainment is another key factor in the decline of delta smelt.  The primary mechanism for
increased entrainment is low outflow and high exports, which shift the population closer to
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the diversions (IEP 1996).  Entrainment is generally highest during drier years, suggesting
that a greater proportion of smelt is entrained when the population is most sensitive.  The
entrainment of delta smelt by SWP and CVP pumps predominately affects spawning adults,
larvae, and young juveniles.  Prespawning adults and older juveniles inhabiting the western
Delta and Suisun Bay are probably beyond the influence of the SWP and CVP pumps (USBR
1997a).  Entrainment losses at agricultural diversions are unknown but are assumed to be
significant because of the large number of diversions (1,800) and total diversion capacity
(4,000 cfs).  Diversions in the northern and central Delta where they are most abundant are
likely the greatest source of entrainment (USFWS 1996).

Reduced Delta outflow also has a significant effect on delta smelt abundance (USBR 1997a).
Outflow affects survival because smelt spawn in the Delta and young are transported to
downstream nursery areas.  High flows increase survival by dispersing smelt over a greater
area of the Estuary, by increasing the available food supply, and by reducing vulnerability to
predation, entrainment, and contaminant effects in upstream channels (DFG, 1993).
However, extremely high Delta outflow, as in 1982-1983, may also affect delta smelt by
flushing them out of the system.  High February-June flows are thought to be necessary for
transport of larval and juvenile smelt away from export areas in to productive rearing habitat
(USFWS 1996).  Increased exports and the associated adverse changes in the position of X2
and reductions in net westerly flows measured by QWEST in the spring months are
important factors affecting delta smelt abundance.  There is a weak positive correlation
between abundance and the number of spring days that the entrapment zone remains in
Suisun Bay (IEP 1996).

Contaminants have also been found to have potential population-level effects on delta smelt
abundance.  An inverse relationship between copper applications to rice fields and delta
smelt midwater trawl abundance has been identified in a preliminary study (IEP 1996).

The USFWS issued a biological opinion to the SWP and the CVP that operation to the
objectives in the Bay/Delta Plan would not cause jeopardy to delta smelt using the current
facility configuration and operations (USFWS 1995).  The requirements of this opinion are
generally met with Alternatives 2 through 8, and improve conditions for delta smelt. The
export and outflow differences among Flow Alternatives 2 through 8 are probably not large
enough to cause a substantial effect on delta smelt populations.  Flow Alternative 5 may be
beneficial to delta smelt because of the higher Delta outflows.

Longfin Smelt.  Longfin smelt (Spirinchus thaleichthys) are a small planktivorous fish
that can tolerate salinities ranging from fresh water to sea water and are an important
component of the estuarine food chain in that they are eaten by predatory fish, birds, and
marine mammals (BDOC 1993).  Longfin smelt migrate from salt and brackish water to the
Delta during the winter and spawning occurs in the Delta from December to April (Stevens
1983).  They deposit adhesive eggs in fresh to brackish water over sandy-gravel substrates,
rocks, or aquatic vegetation in channels of the eastern Estuary.  Longfin smelt larvae are then
transported to nursery areas by freshwater outflow (SWRCB 1995).
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The factor most closely associated with the recent decline in the abundance of longfin smelt
is the decrease in outflow during the winter and spring months when the smelt are spawning
(SWRCB 1995).  In low outflow conditions, adults must migrate further upstream to find
suitable freshwater spawning habitat.  Reverse flows, which draw freshwater from the
Sacramento River, may entrain adults into the southern Delta where adults and their larvae
are more vulnerable to entrainment in diversions and other causes of mortality (USBR
1997a).  Adequate flow is crucial for the survival of longfin smelt because it provides an
increased area of suitable brackish water rearing habitat.

A significant positive relationship exists for longfin smelt abundance and December to May
Delta outflow (SWRCB 1995).  Figure VI-71 shows the predicted abundance index for each
of the flow alternatives, based on the outflow/abundance relationship.  The indices predicted
for Alternatives 2 through 8 are slightly higher than for Alternative 1, the base case.  The
indices for Flow Alternatives 2 through 8 are similar.  Slightly higher outflow in Flow
Alternative 5 resulted in a slightly higher index.  The significance of these slight differences
in predicted abundance indices is unknown.

Sacramento Splittail.  The Sacramento splittail (Pogonichthys macrolepidotus) are a
highly fecund large minnow endemic to the Bay/Delta Estuary with a moderate tolerance for
salt water (SWRCB 1995).  Sacramento splittail can live 5-7 years and typically begin
spawning at 2 years of age in areas of submerged vegetation in slow moving stretches of
water.  Hatched larvae remain in shallow, weedy areas until they move to deeper habitat in
the late summer.  Neomysis is the primary food for splittail, but they will opportunistically
feed upon earthworms, clams, insect larvae, and other invertebrates.  Splittail, in turn, are
preyed upon by striped bass and other predatory fish in the Estuary (SWRCB 1995).

The flooding of spawning habitat and heavy feeding on terrestrial organisms prior to
spawning are two mechanisms by which habitat conditions influence successful splittail
reproduction  (IEP 1996).  The operation of upstream storage reservoirs and diversions,
including SWP and CVP facilities, may adversely affect spawning by reducing freshwater
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flow and the availability of temporarily flooded habitat (USBR 1997a).  Consequently,
spawning adults are forced to use less favorable habitat, thereby decreasing reproductive
success (USBR 1997a).  Freshwater flow duration may be an important factor in determining
egg and larval survival because larval splittail are commonly found in the shallow, weedy
areas where spawning occurs.  Additionally, reduced duration of flooding during spawning
and early rearing may degrade conditions necessary for optimal egg and larval development,
or may desiccate these habitats before larvae are able to move to other rearing areas.

Sacramento splittail are entrained in Delta water diversions.  However, Sommer et al (1997)
suggests that entrainment at the south Delta pumps does not have important effects on the
population, although individual year classes may be impacted.  Although adult splittail are
entrained year-round, most adults are entrained between January and April, which coincides
with the migration and spawning period.  Juveniles account for the majority of splittail
entrained and most of the juvenile entrainment occurs from April to August (USBR 1997a).
Late winter and spring Delta diversions coincide with the splittail spawning period. Splittail
are most abundant in the north and western Delta (USFWS 1996).  Entrainment appears to be
proportional to abundance (USFWS 1996).

A relationship exists between juvenile Sacramento splittail abundance and March to May
Delta outflow (SWRCB 1995).  Figure VI-72 shows the predicted abundance indices for each
of the alternatives.  The indices predicted for Alternatives 2 through 8 are slightly higher than
Alternative 1, the base case.  The indices for all of the flow alternatives are similar,
particularly Alternatives 2, 3, 4, 6, and 7.  Indices for Alternative 5 are slightly higher than
for the other alternatives.  Alternative 8 has the next highest index.  The significance of these
slight differences in predicted abundance indices is unknown.

Striped Bass.  Striped bass (Morone saxatilis) flourished in the Bay/Delta Estuary after
their introduction from their native Atlantic Coast estuaries in 1887.  Within a decade, striped
bass became established in the Bay/Delta Estuary and supported a large commercial fishery
until 1935.  At that time, the commercial fishery was outlawed and became exclusively a
sport fishery (USBR 1997a).  The annual catch reported for the sport fishery was larger than
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that for the commercial fishery.  In 1955, catch in the annual sport fishery exceeded four
million pounds (Skinner 1962).  Sport fishery and mark-recapture data indicated the
population plummeted from around three million fish in the early 1960's to approximately
1.7 million in the late 1960's (USBR 1997a).  The population, estimated at 1,948,000 adults
in 1967, eroded to approximately 574,000 in 1990 (DFG 1993).  Slight recovery is evident in
population estimates for 1994 (1,192,000 adults) and 1996 (775,000 adults).

Bay/Delta striped bass spend the majority of their lives in the Estuary and along the Pacific
coast, within a few miles north and south of the Golden Gate.  Once this anadromous fish
reaches maturity it migrates upstream into fresh water to spawn in the spring.  Approximately
one-half to two-thirds of the striped bass spawn in the Sacramento River system with the
remainder spawning in the lower San Joaquin River (SWRCB 1995).  Most spawning occurs
in moderately swift currents when the water is between 61 and 69 degrees.  Striped bass
spawn in small groups by releasing eggs and sperm simultaneously at the surface of main
currents.  Semi-buoyant eggs are carried downstream with the currents towards the Delta.
Eggs hatch in two or three days and larvae begin feeding on small zooplankton after
absorbing their yolk sacs.  Upon reaching the western Delta, their primary rearing area, they
are large enough to begin feeding on opossum shrimp (Neomysis mercedis).  This remains a
major food source until their second year when they become more opportunistic and feed on
bay shrimp and small forage fish.  In three or four years, bass reach maturity and migrate
upstream to spawn.  Striped bass may live for twenty or more years.  Older and larger, which
are more fecund, are no longer present in the Bay in great numbers.  The majority of the adult
population in the Bay/Delta is in the 4 to 7 year age classes.

There are many possible factors contributing to the declining abundance of adult striped bass
in the Bay/Delta Estuary including survival of critical life stages, entrainment in water
diversions, food limitations, exposure to contaminants, and reduced habitat. Recent literature
indicates that the population may also be affected by loss of older fish and declining carrying
capacity (Kimmerer 1997).

Changes in flow and Delta exports due to the flow alternatives will primarily affect the
young-of-the-year striped bass lifestage.  The effects of the flow alternatives on young-of-
the-year striped bass abundance were modeled using a multiple regression relating total
young-of-the-year striped bass abundance at 38 mm. to the mean April to July San Joaquin
River flow past Jersey Point, log10 net Delta outflow, and total Delta exports (including CVP,
SWP, Contra Costa Canal, and miscellaneous Delta diversions) (Lee Miller, DFG, personal
communication).  The regression is described in Chapter IV; regression calculations are
shown in Volume 2, Appendix 5.

Figure VI-73 shows the predicted young-of-the-year indices for the flow alternatives, by
water year type and all years combined.  The pattern of predicted indices among Flow
Alternatives 2 through 8 was similar in each water year type.  Indices for Alternatives 3, 4,
and 6 were similar, and higher than for Alternative 5, but lower than for Alternatives 2, 7,
and 8.  Indices predicted for the base case varied significantly among water year types, being
higher than Alternatives 2 through 8 in wet and above normal water years, but generally
lower than Alternatives 2 through 8 in below normal, dry, and critical years.
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In all years combined, the predicted young-of-the-year index for the base case was similar to
Alternatives 2, 3, 4, and 6, higher than Alternative 5, and lower than Alternatives 7 and 8.  In
general, Flow Alternative 5 may have a slight adverse impact on young-of-the-year abundance
compared to the base case; Flow Alternatives 7 and 8 may result in slightly higher abundance
than in the base case.

The observed differences in abundance indices are primarily due to changes in total Delta
exports.  Of the flow/export variables included in the regression, mean April – July total Delta
exports had a dominant effect on the predicted abundance indices.  In general, total exports
were higher in this period under Alternative 5, and lower under Alternatives 7 and 8, than
under Alternatives 2, 3, 4, and 6.

The predicted changes in young-of-the-year abundance under Alternative 5 may have a slight
adverse impact on the adult striped bass population.  Striped bass losses under Alternative 5
could be mitigated through funding of additional stocking.

American Shad.  American shad (Alosa sapidissima) are members of the herring family.
American shad are oceanic as adults except for a brief spawning run in fresh water
(SWRCB 1995).  River flow is the only factor known to correlate with American shad
abundance.  Higher flow probably improves attraction of upstream migrating adults
(the number of adults spawning in a tributary is proportional to the amount of flow from that
tributary), increases upstream spawning area, and improves rearing habitat (IEP 1996).
Hypotheses explaining reduced abundance at lower Delta outflows include the following:
(1) water velocities needed to suspend eggs and larvae off the bottom are reduced, increasing
the likelihood that eggs and larvae will settle to the river bottom and die,  (2) warmer water
temperatures associated with lower river flows reduce survival of eggs and larvae,  (3) eggs
and larvae are more susceptible to exposure to toxic substances in the rivers and Delta,  (4) a
lower proportion of larvae are carried to the Delta, and  (5) a higher proportion of larvae are
drawn into the central and south Delta where vulnerability to entrainment is greater
(USBR 1997a).

Figure VI-73
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The survival of shad eggs is also closely associated with water temperature.  Less than optimal
water temperatures may cause poor development, reduced growth rates, and increased
mortality of developing larvae (USBR 1997a).  The optimum temperature range for spawning
is 62-68°F, with mortality increasing with an increase in temperature, especially above 68°F
(USBR 1997a).

High Delta outflow and reduced exports would be expected to minimize impacts.  Flow
Alternative 5 has the highest outflow but also has increased exports.  Therefore, Delta
conditions for survival of American shad may be similar under all of the alternatives.

Starry Flounder.  The starry flounder (Platichthys stellatus) is a flatfish that feeds on
benthic organisms.  It is common downstream of the Delta in Suisun and San Pablo bays and
lives on all types of substrates except rocky areas (Baxter 1960).  The starry flounder is a
euryhaline fish, which enables it to tolerate salinities ranging from nearly seawater to
freshwater (Turner 1966), and may be found in the Bay during all stages of life (USBR 1997a).

Eggs, larvae, and small juveniles of the starry flounder are pelagic (open water) and primarily
inhabit the upper water column (Hergessell 1993).  Larval starry flounder consume
phytoplankton and zooplankton.  Juveniles smaller than four inches in length feed upon
copepods and other small crustaceans.  Larger juveniles and adults are benthic, and consume
crustaceans such as Crangon, Dungeness crabs, worms, clams, and occasionally fish (USBR
1997a).  Starry flounder are preyed upon by marine mammals and piscivorous birds.  They are
also prey of striped bass in both the fresh and marine waters of the Bay/Delta Estuary
(DFG 1992b).

Outflow is an important factor in the survival of starry flounder.  Starry flounder spawn in
winter and early spring and abundance is correlated to outflow during the same period
(DFG, 1993).  Moderate to high outflow increases the amount of rearing habitat in San Pablo,
Suisun, and Honker bays (IEP 1996).  The amount and location of shallow, brackish water
nursery habitat for recently settled and small juveniles is most important from March through
June, which is also when most of the larvae and juvenile immigration occurs (SWRCB 1995).
The quantity of this habitat is correlated with starry flounder abundance in the Estuary later in
the year.  In addition, gravitational circulation in the lower Estuary is strongly affected by
freshwater flows and may aid in the immigration of young flounder into the estuarine nursery
areas (IEP 1996).

The decline of starry flounder abundance in Suisun Bay principally reflects reduced production
of young (SWRCB 1995).  Other factors may include pollution and competition.

Abundance of starry flounder is strongly dependent on outflow.  Exports do not have as strong an
influence on abundance.  Since most immigration occurs from March to June, outflow during this
period is considered critical.  Figure VI-74 shows abundance indices predicted for each flow
alternative during that period.  Indices for Alternatives 2, 3, 4, 6, and 7 are very similar and are
slightly higher than for Alternative 1, the base case.  The index for Alternative 5 is slightly higher
due to higher flow.  Alternative 8 has the second highest index.  The significance of these slight
differences in predicted abundance indices is not known.
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Crangon.  Crangon franciscorum, commonly known as bay shrimp, is a type of caridean
shrimp that seldom exceeds 70 mm in total length and dominates the smaller benthic fauna in the
Bay/Delta Estuary (SWRCB 1995).  C. franciscorum exhibits a response to outflow that may be
attributed to two flow-related mechanisms.  First, higher river inflows transport the small post-
larval shrimp into the bay and disperse them into estuarine nursing areas.  Second, higher river
inflows reduce bay salinity and increase the amount of suitable nursery habitat for juvenile
shrimp (SWRCB 1995).

C. franciscorum spawn in the winter and early spring.  Densities are correlated to outflow during
this period (DFG 1993). In low flow years, the distribution of C. franciscorum is further
upstream and exposes them to entrainment at the PG&E Delta power plants.  Large numbers of
C. franciscorum were entrained during a wet year and numbers may be substantially higher
during dry years (IEP 1996).  The species is also entrained at other diversions, including the SWP
and CVP facilities.  C. franciscorum populations may be adversely affected by lower
phytoplankton food availability.  The 1986 invasion of the Asiatic clam, Potamocorbula
amurensis, has reduced chlorophyll a levels by a factor of 10 in Suisun Bay.

The amount of shallow, brackish water habitat seems to be a key population factor for this
species.  Shallow water habitat provides physical refuge for juvenile C. franciscorum from
predators and adult shrimp, as Crangon are cannibalistic (IEP 1996).

A significant positive relationship exists between juvenile C. franciscorum abundance and
March to May Delta outflow (SWRCB 1995).  Figure VI-75 shows that the abundance
indices predicted for all of the flow alternatives slightly exceed that of the base case.  Among
the flow alternatives, the indices are quite similar.  Alternative 5 has a slightly higher index
than the other alternatives that may be due to higher outflow. Alternative 8 has the next
highest index.  The significance of these slight differences in predicted abundance indices is
not known.

Figure VI-74

Predicted Abundance Indices for One-Year-Old Starry Flounder

0

50

100

150

200

250

300

350

1 2 3 4 5 6 7 8
A l t e r n a t i v e

A
b

u
n

d
a

n
c

e
   

   
   

   
  

 I
n

d
ex



Environmental Effects of Implementing
State Water Resources Control Board Flow and Water Operation Alternatives

FEIR for Implementation of the VI-59 November 1999
1995 Bay/Delta Water Quality Control Plan

Neomysis.  Neomysis mercedis, a native mysid shrimp, is an important food source for
many estuarine fish and feeds upon phytoplankton, rotifers, and copepods (SWRCB 1995).
The life span, survival, size, and abundance of Neomysis are regulated by outflow, water
temperature and food supply.  The SWP and CVP pumps may export large numbers of N.
mercedis in low outflow years when they are further upstream (SWRCB 1995).  Food supply
is probably the most important limiting factor for  N. mercedis.,  Abundance has decreased
with the decline of phytoplankton (chlorophyll a) concentrations since the 1970s (Orsi and
Mecum 1996).  In recent years, the introduced Acanthomysis shrimp appears to be replacing
Neomysis in certain areas/time periods.

Until 1986, a positive relationship existed between N. mercedis abundance and average
March through November Delta outflow (SWRCB 1995).  In recent years, Neomysis
abundance has been significantly lower than predicted by that relationship.  In general,
increased flow and reduced diversions are believed to increase phytoplankton biomass,
increase potential habitat, and push Potamocorbula amurensis populations farther
downstream, reducing the competition for food.  The flow alternatives, therefore, may have a
slight beneficial effect on Neomysis abundance compared to the base case.

Copepods .  Copepods are small crustaceans, many of which are planktonic.  They feed
upon a variety of diatoms, green and blue-green algae, and flagellated protozoans.  Copepods,
in turn, are the main food source for many small fish and other organisms in the Estuary and
are an important link in many food webs.  The abundance of copepods is closely linked with
phytoplankton abundance and spring temperatures (USBR 1997a).  A significant correlation
between chlorophyll and copepod biomass has been found and may suggest food limitation,
although this effect is specific to species, location, and time (IEP 1996).

A variety of copepod species inhabit the Delta.  Complex interactions among native and
recently introduced copepod species affect the overall abundance and biomass of copepods in
the system.  Entrainment in diversions and residence time are probably important factors
affecting copepod abundance in the Delta. (IEP 1996).

Figure VI-75
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Phytoplankton.  Phytoplankton are very small, usually microscopic, algae that are
suspended in the water column and drift with the currents.  The major phytoplankton groups in
the Bay/Delta Estuary are diatoms, dinoflagellates, and cryptomonads.  As primary producers
that convert solar energy into food through photosynthesis, phytoplankton comprise an
essential part of the food web in the Estuary.  Phytoplankton productivity, biomass, density,
and species composition are influenced by several factors, including light, temperature,
nutrients, residence time, inflow, and grazing by aquatic animals (SWRCB 1995).

Light limitation due to turbidity and depth affects phytoplankton growth rates in the Estuary
(USBR 1997a).  In general, phytoplankton are light limited due to the high turbidity in the
Estuary.  Net production is consistently negative in the channels of the Delta, where most
phytoplankton occur in light-limited conditions below the surface.  Only in the shoal areas, like
those in Suisun Bay, where the phytoplankton cells are frequently mixed into the surface
waters, can net production be positive; phytoplankton growth rate is about ten times higher in
the shoals than the channels of Suisun Bay (SWRCB 1995).  The introduction of the Asiatic
clam, Potamocorbula amurensis, in 1986, however, has decreased chlorophyll a concentrations
by a factor of 10 in Suisun Bay (SFED 1997).

Entrainment and Delta outflow are important to phytoplankton variability in the Delta
(IEP 1996).  Export pumping was negatively correlated with phytoplankton community
composition and chlorophyll a concentration.  Subsequently, it has been shown that diversions
and Delta outflow together account for 86 percent of chlorophyll a concentrations in the
entrapment zone (SWRCB 1995).  Extremely high flows, however, may decrease
phytoplankton biomass by flushing phytoplankton out of the estuary.  Since freshwater flow
influences the location of the entrapment zone, flow also becomes a crucial factor in the
maintenance of an abundant population of phytoplankton.  Consequently, habitat for
phytoplankton in the Delta is greatly affected by exports and also by residence time, which
varies with flow conditions (SWRCB 1995).

In general, flow alternatives with higher Delta outflow and lower exports are expected to be
beneficial to phytoplankton.

c. Summary of Effects on Fish and Aquatic Resources.  The major factors affecting
aquatic resources in the Bay/Delta are reasonably well understood, although the interactions
of these factors and the relative magnitude of the effects are still controversial.  In general,
the condition of aquatic resources in the Bay/Delta improves as the hydrologic regime moves
towards unimpaired conditions.  In general, habitat conditions under Flow Alternatives 2
through 8 are expected to improve for aquatic species compared to the base case.  The
primary factors affecting aquatic organisms that may be affected by the SWRCB in this
proceeding include Delta outflow and exports.

In general, Flow Alternatives 2-8 result in lower exports in the spring months than in the base
case, which may reduce entrainment and the adverse effects of reverse flows in the critical
period for spawning, rearing, and outmigration of many aquatic species in the Delta.
However, in some months, Alternatives 2 through 8 result in higher Delta exports and greater
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reverse flows than in the base case, which may result in increased entrainment of aquatic
organisms at the Delta export facilities.

In the critical spring months, Delta outflow under Flow Alternatives 2 through 8 is greater
than in the base case, which may improve conditions for spawning and survival of aquatic
resources.  However, in general, Delta outflow is lower under Alternatives 2 through 8 than
in the base case in October through January.

In general, implementation of Flow Alternatives 2 through 8 is predicted to have slight
beneficial effects on through-Delta survival of juvenile chinook salmon and steelhead, and on
abundance of longfin smelt, Sacramento splittail, starry flounder, Crangon franciscorum, and
Neomysis, compared to the base case.

Due to higher exports predicted in some of the spring months, young-of-the-year striped bass
abundance is predicted to be lower under Alternative 5 than in the base case. Potential
impacts on striped bass under Alternative 5 could be mitigated through additional stocking.

Recirculation under Flow Alternative 6 will increase the percentage of Sacramento River
water that returns to the San Joaquin River.  This may impact the imprinting of juvenile fall-
run chinook salmon emigrating from the San Joaquin Basin in April and May. However,
under current conditions, substantial quantities of Sacramento River water are imported into
the San Joaquin basin.  The significance of the potential impact of additional water imports is
not known.

4. Vegetation and Wildlife

This section considers the potential impact that the flow alternatives might have on
vegetation and wildlife within the Delta.  The Delta consists of a mosaic of levied islands and
open waterways.  Of the total area, 72 percent is farmland on which a wide variety of crops
are grown.  Natural habitats comprise 12.6 percent of the total area and consist of freshwater
and saline emergent marsh, riparian, and open water habitat (USBR 1997b).  Wetlands within
the interior Delta are dominated by freshwater plant species.  A gradual transition from
freshwater to brackish and then saline conditions occurs between Emmaton and Jersey Point
on the Sacramento and San Joaquin rivers and Benicia further downstream. This salinity
gradient results in a gradual shift in plant community species composition.  Base assumptions
in the analysis of impact are that (1) there will be no change in the amount of agricultural
land in production, and (2) there will be no change in the extent, frequency, or intensity of
levee maintenance.

Potential impacts to Delta vegetation and wildlife resulting from implementation of the flow
alternatives are related to changes in river stage in the lower Sacramento and San Joaquin
rivers, and changes in salinity caused by a new flow regime.  Drought represented by low
summer stages, and inundation mortality (high stages year-round) are the major impact
mechanisms of river stage on riparian and wildlife habitat.  Long-term changes in salinity
could cause a gradual shift in the relative proportion of freshwater, brackish, and saltwater
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marsh within the estuary.  Populations of wildlife species dependent on a particular habitat
type might shift accordingly.

The effect of river stage changes is greatest at the upstream margins of the Delta and
decreases with distance into the Delta.  This is due to the tidal effects and the high volume of
water in the Delta compared to the inflow.  River stages have been calculated for the
Sacramento River at Verona and the San Joaquin River at Vernalis in section C.3 of this
chapter (see Tables VI-39 and VI-43).  These sites are indicative of conditions at the
upstream boundaries of the Delta.  Reductions in river stage of less than 20 percent are
considered to be less than significant in terms of impact on riparian and wetland habitat.  At
Vernalis, higher flows during the May to July period of dry years in Alternatives 3 and 4, and
during the April to October period in all water year types in Alternative 5 produce a
beneficial effect on riparian and wildlife habitat in the lower portion of the river and may also
be beneficial in the Delta.  On the Sacramento River at Verona there is a significant reduction
in wet year flows from February to May for Alternative 5.  This reduction should not
adversely impact riparian vegetation under wet weather conditions.

The impact of the flow alternatives on salinity (expressed as electrical conductivity) and
"X2" position (the 2 ppt isohaline) is discussed in section A.2 above.  Salinity information
for water years 1976 to 1992 was determined for the alternatives at representative points
within the southern, central, and western Delta using the DWRDSM model.  This
information is presented in Figures VI-3 through VI-63.  In general, salinity under the base
case (Alternative 1) is greater than or equal to the other alternatives during the April to July
period in the western and central Delta.  Other months are variable.  In the southern Delta,
modeled salinity under the alternatives varies from just below the salinity objectives to
greater than the objectives during the June to August period.  In some instances, the
alternatives exceed the base case.

Soil salinity tolerance ranges have been established for certain dominant wetland plant
species (Jones & Stokes and EDAW 1975).  Common freshwater plant species, such as
cattail and tule, display a wide range in soil water salinity tolerance.  The salinity changes
predicted by the DWRDSM modeling are well within the tolerance ranges and therefore
would not cause long term changes in plant species composition.

5. Land Use

This section considers the potential impact that the flow alternatives might have on patterns
of land use within the Delta.  The Delta is used primarily for agricultural purposes.  The area,
much of which is now below sea level, is interlaced with hundreds of miles of waterways and
relies on more than 1,000 miles of levees for protection against flooding.  A wide variety of
crops are grown on more than 500,000 acres of rich farmland.  Delta farmland is irrigated by
water diverted from Delta channels under a combination of riparian and appropriative water
rights.

Ambient water quality is the parameter that most directly affects irrigated agriculture in the
Delta.  Water availability is not a problem because most of the Delta has an elevation at or
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near sea level.  The results of the DWRDSM salinity modeling are discussed in sections B.2.
and B.4. above.  Under all of the alternatives, water quality is adequate for agricultural uses
in the western and central Delta.  However, the modeling results indicate that salinity
objectives in the southern Delta are not always met in the summer.  Even with the long-
standing water quality problem in the southern Delta, the basic agricultural use of the land
has not changed.  Implementation of the flow objectives will not worsen the problem.  Thus,
none of the alternatives are expected to change the current land uses in the Delta.

A number of appropriative water right holders identified in Table II-5 are located within the
Delta.  If diversions under their appropriative water rights were curtailed, they probably
would continue to divert under riparian right if natural flow is available at the time, or seek
contracts for project water.  In either case, there likely would be no effect on water
availability and land use practices resulting from implementation of the outflow alternatives.

6. Delta Recreational Impacts

Many water-dependent and water-enhanced activities occur in the Sacramento-San Joaquin
Delta.  Annual use is estimated at over 12 million visitor days.  Boating and fishing, as
separate activities, are the most important recreational activities, accounting for 17 percent
and 15 percent of the recreational use in the region, respectively.

Closure of the Delta Cross Channel in some months, as required by the 1995 Bay/Delta Plan,
will have adverse effects on boating in the Delta as it impedes navigation between the
Sacramento and Mokelumne rivers.  Under D-1485, the DCC gates are closed between
January 1 and April 15, whenever Delta outflow exceeds 12,000 cfs.  Additionally, between
April 16 and May 31, gates may be closed up to 20 days (but no more than two out of four
consecutive days) at the discretion of the DFG.

Under the plan, DCC gates are closed between February 1 and May 20.  Additionally,
between November 1 and January 31, gates are closed for up to a total of 45 days, as needed
for protection of fish.  Between May 21 and June 15, gates are closed for a total of 14 days,
as needed for fish protection.

Sport fishing could be enhanced by improved water quality in the Delta.  Fish populations in
the Delta have been declining for a number of reasons.  The flow objectives in each of the
alternatives may stabilize or improve the fish populations in the Delta.  An increase in game
fish populations should result in increased sport fishing opportunities.

C. ENVIRONMENTAL EFFECTS  IN UPSTREAM AREAS

The upstream areas considered in this evaluation include the Sacramento and San Joaquin
river basins north and south of the Delta described in Chapter III of this report.  The
evaluation of the environmental effects in upstream areas is divided into the following
subsections:  (1) hydrology, (2) water temperature, (3) aquatic habitat, (4) vegetation and
wildlife, (5) erosion, (6) land use, (7) urban development, (8) energy, (9) recreation,
(10) aesthetics, (11) cultural resources, and (12) groundwater pumping.



Environmental Effects of Implementing
State Water Resources Control Board Flow and Water Operation Alternatives

FEIR for Implementation of the VI-64 November 1999
1995 Bay/Delta Water Quality Control Plan

1. Hydrology

Changes in river flows are evaluated in this section to provide a basis for evaluating the
impacts of the flow alternatives on fish and aquatic resources and other flow dependent
resources in the upstream areas.  The points at which river flows are evaluated correspond to
control points in the DWRSIM model.  These points were selected to coincide with actual
gauging stations or with points on the tributaries upstream of their confluence with the
Sacramento or San Joaquin rivers.

Tables VI-16 through VI-31 list the modeled base case monthly flows for eight locations in
the Sacramento/San Joaquin River system for the 73-year period and critical period.  Below
the base case flows are the changes in these flows from the base case that result from
implementing the seven flow alternatives.

T a b l e  V I - 1 6

S a c r a m e n t o  R i v e r  F l o w  a t  R e d  B l u f f ,  7 3 - Y e a r  P e r i o d

B a s e  C a s e  A v e r a g e  M o n t h l y  F l o w  ( c f s )

A l t O c t N o v D e c J a n F e b M a r A p r M a y J u n J u l A u g S e p

1 7 ,277 8 ,978 12 ,377 15 ,272 18 ,163 15 ,350 11 ,477 10 ,672 10 ,936 12 ,776 10 ,506 6 ,236

C h a n g e  i n  F l o w  f r o m  t h e  B a s e  C a s e  ( c f s )

A l t O c t N o v D e c J a n F e b M a r A p r M a y J u n J u l A u g S e p

2 73 216 30 -126 60 127 16 - 1 9 0 1 ,173 -565 -681 36

3 128 335 115 -75 120 154 31 -199 972 -787 -713 74

4 128 331 109 -75 124 128 36 -199 984 -764 -716 69

5 3 4 4 6 1 5 2 7 2 1 4 5 3 1 2 2 7 9 -1 -350 707 -1 ,458 -701 110

6 86 -40 -187 -255 -252 6 37 -269 1 , 6 5 6 - 4 8 6 - 4 5 7 3 1 7

7 -52 -18 -61 -208 -88 187 3 5 8 -417 1 ,584 -550 -569 23

8 99 174 37 -130 223 121 -68 -231 1 ,224 -523 -696 82

Note:  Bolded entr ies  s ignify the highest  f low among the seven al ternat ives for  each month.

T a b l e  V I - 1 7

S a c r a m e n t o  R i v e r  F l o w  a t  R e d  B l u f f ,  C r i t i c a l  P e r i o d

B a s e  C a s e  A v e r a g e  M o n t h l y  F l o w  ( c f s )

A l t O c t N o v D e c J a n F e b M a r A p r M a y J u n J u l A u g S e p

1 4 ,793 4 ,790 6 ,785 6 ,904 6 ,948 6 ,470 6 ,907 7 ,604 8 ,252 9 ,739 9 ,772 5 ,191

C h a n g e  i n  F l o w  f r o m  t h e  B a s e  C a s e  ( c f s )

A l t O c t N o v D e c J a n F e b M a r A p r M a y J u n J u l A u g S e p

2 -79 50 -82 -84 -84 306 20 281 765 9 9 3 - 1 , 2 9 4 117

3 -249 2 4 6 -41 -44 -42 385 207 3 7 9 480 454 -1 ,338 112

4 -249 212 -41 -44 -42 388 216 3 7 9 492 447 -1 ,341 112

5 -132 -21 4 0 4 0 9 3 6 4 5 294 103 957 -788 -1 ,356 2 0 4

6 1 4 72 -206 -209 -210 -149 196 277 1 , 6 5 6 867 -1 ,696 153

7 -272 -222 -166 -168 -168 52 5 7 4 195 1 ,289 570 -1 ,361 182

8 -158 8 -82 -84 -49 3 -2 257 988 981 -1 ,696 163

Note:  Bolded entr ies  s ignify the highest  f low among the seven al ternat ives for  each month.
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T a b l e  V I - 1 8

S a c r a m e n t o  R i v e r  F l o w  a t  V e r o n a ,  7 3 - Y e a r  P e r i o d

B a s e  C a s e  A v e r a g e  M o n t h l y  F l o w  ( c f s )

A l t O c t N o v D e c J a n F e b M a r A p r M a y J u n J u l A u g S e p

1 11 ,776 13 ,579 19 ,218 26 ,962 31 ,867 30 ,444 19 ,148 15 ,623 12 ,712 12 ,853 10 ,543 9 ,488

C h a n g e  i n  F l o w  f r o m  t h e  B a s e  C a s e  ( c f s )

A l t O c t N o v D e c J a n F e b M a r A p r M a y J u n J u l A u g S e p

2 -506 -12 -433 -547 92 152 233 -361 2 ,042 1 ,044 -1 ,260 -151

3 -373 174 -305 -437 172 162 274 -386 1 ,628 759 -1 ,245 -145

4 -373 170 -321 -438 161 145 275 -378 1 ,654 776 -1 ,250 -146

5 1 1 8 3 5 2 4 8 - 2 3 8 1 6 7 8 5 553 - 6 5 1 ,935 36 -1 ,015 1 9 7

6 -461 -165 -733 -650 -215 40 177 -474 2 , 4 5 4 1 ,164 -1 ,003 142

7 -623 -269 -651 -723 -168 238 9 4 9 -823 2 ,422 1 ,220 -1 ,121 -147

8 -568 -107 -583 -609 283 144 1 -527 2 ,087 1 , 3 3 1 - 8 7 2 -69

Note:  Bolded entr ies  s ignify the highest  f low among the seven al ternat ives for  each month.

T a b l e  V I - 2 0

F e a t h e r  R i v e r  F l o w  a t  G r i d l e y ,  7 3 - Y e a r  P e r i o d

B a s e  C a s e  A v e r a g e  M o n t h l y  F l o w  ( c f s )

A l t O c t N o v D e c J a n F e b M a r A p r M a y J u n J u l A u g S e p

1 2 ,941 2 ,623 4 ,525 5 ,627 6 ,472 6 ,280 3 ,160 3 ,948 3 ,351 4 ,398 3 ,727 1 ,818

C h a n g e  i n  F l o w  f r o m  t h e  B a s e  C a s e  ( c f s )

A l t O c t N o v D e c J a n F e b M a r A p r M a y J u n J u l A u g S e p

2 -580 -226 -462 -421 32 25 220 - 1 7 1 8 6 8 1 ,608 -576 -189

3 -501 -161 -419 -362 49 8 244 -188 654 1 ,545 -528 -221

4 -501 -160 -429 -362 34 17 241 -180 669 1 ,540 -531 -216

5 - 3 0 7 3 0 - 1 1 3 - 1 0 8 2 8 0 2 2 1 71 -374 262 824 -615 - 2 8

6 -544 -123 -544 -395 35 33 143 -205 798 1 ,649 -544 -175

7 -572 -249 -587 -516 -82 52 5 9 2 -406 838 1 ,771 -530 -171

8 -665 -277 -616 -477 10 21 72 -298 861 1 , 8 5 3 - 1 7 6 -151

Note:  Bolded entr ies  s ignify the highest  f low among the seven al ternat ives for  each month.

Table VI-19
Sacramento River Flow at Verona, Critical Period

Base Case Average Monthly Flow (cfs)

Alt Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

1 8,494 7,232 9,837 13,840 12,231 12,084 8,111 7,686 8,336 10,246 9,066 7,032

Change in Flow from the Base Case (cfs)

Alt Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

2 -1,252 120 -252 -236 -213 520 746 980 1,411 604 -1,297 -240

3 -1,452 350 -220 -195 -174 536 978 1,096 1,005 430 -1,394 -379

4 -1,450 308 -220 -195 -174 542 984 1,096 1,022 414 -1,394 -379
5 -1,145 439 9 36 79 1,197 1,236 1,362 2,978 -318 -812 -6

6 -1,359 174 -380 -358 -339 62 743 1,003 2,227 941 -1,657 -339

7 -1,382 -244 -364 -317 -315 198 2,409 404 1,690 -58 -1,255 -267

8 -1,412 107 -260 -240 -172 169 271 496 1,659 1,236 -1,287 -344

Note: Bolded entries signify the highest flow among the seven alternatives for each month.
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T a b l e  V I - 2 1

F e a t h e r  R i v e r  F l o w  a t  G r i d l e y ,  C r i t i c a l  P e r i o d

B a s e  C a s e  A v e r a g e  M o n t h l y  F l o w  ( c f s )

A l t O c t N o v D e c J a n F e b M a r A p r M a y J u n J u l A u g S e p

1 2 ,841 1 ,868 2 ,496 1 ,185 1 ,522 1 ,645 1 ,661 1 ,789 3 ,018 4 ,382 2 ,486 1 ,556

C h a n g e  i n  F l o w  f r o m  t h e  B a s e  C a s e  ( c f s )

A l t O c t N o v D e c J a n F e b M a r A p r M a y J u n J u l A u g S e p

2 -1 ,171 76 - 1 7 0 -155 - 1 3 5 212 731 706 648 -388 9 - 3 6 5

3 -1 ,201 101 -178 -155 - 1 3 5 149 773 720 526 -26 -51 -497

4 -1 ,196 98 -178 -155 - 1 3 5 152 773 720 526 -35 -51 -497

5 - 9 2 1 2 8 4 -378 -155 -379 4 1 2 555 223 564 -334 119 -375

6 -1 ,361 98 - 1 7 0 -155 - 1 3 5 212 552 7 3 0 574 70 46 -497

7 -1 ,103 -22 -197 -155 -153 149 1 , 8 3 2 214 398 -630 107 -452

8 -1 ,248 99 -177 -155 -145 170 278 243 6 6 9 2 5 3 4 1 4 -512

Note:  Bolded entr ies  s ignify the highest  f low among the seven al ternat ives for  each month.

T a b l e  V I - 2 2

A m e r i c a n  R i v e r  F l o w  a t  N i m b u s  D a m ,  7 3 - Y e a r  P e r i o d

B a s e  C a s e  A v e r a g e  M o n t h l y  F l o w  ( c f s )

A l t O c t N o v D e c J a n F e b M a r A p r M a y J u n J u l A u g S e p

1 2 ,159 2 ,696 3 ,651 4 ,374 5 ,145 4 ,001 3 ,695 3 ,359 3 ,895 3 ,513 2 ,763 1 ,898

C h a n g e  i n  F l o w  f r o m  t h e  B a s e  C a s e  ( c f s )

A l t O c t N o v D e c J a n F e b M a r A p r M a y J u n J u l A u g S e p

2 -196 -32 -227 -143 -7 68 34 104 846 -348 -360 316

3 -180 -12 -176 -76 18 76 5 118 738 -394 -402 333

4 -181 - 1 1 -186 -78 18 97 2 104 754 -398 -400 329

5 - 1 1 0 84 - 6 8 0 1 0 3 1 1 5 -120 -5 533 -654 - 2 5 2 4 5 2

6 -114 -129 -359 -235 -163 -27 20 1 4 5 1 , 0 0 6 - 2 6 9 -254 429

7 -194 -98 -257 -163 -3 114 1 4 1 -8 973 -296 -398 252

8 -172 -41 -211 -136 49 63 -30 87 869 -323 -351 287

Note:  Bolded entr ies  s ignify the highest  f low among the seven al ternat ives for  each month.

T a b l e  V I - 2 3

A m e r i c a n  R i v e r  F l o w  a t  N i m b u s  D a m ,  C r i t i c a l  P e r i o d

B a s e  C a s e  A v e r a g e  M o n t h l y  F l o w  ( c f s )

A l t O c t N o v D e c J a n F e b M a r A p r M a y J u n J u l A u g S e p

1 1 ,571 1 ,314 1 ,277 1 ,212 2 ,039 1 ,868 2 ,622 1 ,791 2 ,715 4 ,210 2 ,412 576

C h a n g e  i n  F l o w  f r o m  t h e  B a s e  C a s e  ( c f s )

A l t O c t N o v D e c J a n F e b M a r A p r M a y J u n J u l A u g S e p

2 25 224 -483 -458 -907 21 210 460 2 ,087 -1 ,285 - 5 4 6 526

3 199 123 -486 -458 -907 376 22 458 1 ,945 -1 ,106 -862 536

4 195 154 -486 -458 -907 3 7 9 14 465 1 ,916 -1 ,099 -862 533

5 3 7 1 5 2 6 - 8 5 - 8 7 - 4 6 3 370 -918 -49 1 ,239 - 9 5 8 -737 7 0 7

6 367 227 -442 -499 -991 -112 325 5 1 4 2 ,154 -1 ,429 -895 651

7 267 434 -336 -316 -760 75 3 9 2 33 2 ,063 -1 ,322 -1 ,009 497

8 136 268 -480 -462 -916 33 116 466 2 , 3 3 9 -1 ,426 -675 458

Note:  Bolded entr ies  s ignify the highest  f low among the seven al ternat ives for  each month.
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T a b l e  V I - 2 4

S a n  J o a q u i n  R i v e r  F l o w  a t  N e w m a n ,  7 3 - Y e a r  P e r i o d

B a s e  C a s e  A v e r a g e  M o n t h l y  F l o w  ( c f s )

A l t O c t N o v D e c J a n F e b M a r A p r M a y J u n J u l A u g S e p

1 1 ,638 866 1 ,290 1 ,816 2 ,979 2 ,233 1 ,521 2 ,140 1 ,610 650 528 830

C h a n g e  i n  F l o w  f r o m  t h e  B a s e  C a s e  ( c f s )

A l t O c t N o v D e c J a n F e b M a r A p r M a y J u n J u l A u g S e p

2 -7 -4 -5 -3 -9 -4 -8 -6 -9 -8 -8 -11

3 -64 -46 -69 -66 -181 -30 204 283 181 159 44 -17

4 -35 -20 -38 -53 -114 20 69 143 179 161 53 2

5 3 3 4 3 9 -63 -41 4 7 3 8 1 5 2 , 1 2 1 1 , 7 8 3 7 7 2 1 , 3 9 2 4 2 5 1 1 6

6 152 -4 -4 -2 12 52 408 732 242 174 100 -8

7 -26 -22 -23 -33 -83 -5 85 81 -16 -9 -10 -14

8 45 -47 -68 -68 -189 -28 242 254 -53 -10 -9 -26

Note:  Bolded entr ies  s ignify  the  highest  f low among the  seven a l ternat ives  for  each month.

T a b l e  V I - 2 5

S a n  J o a q u i n  R i v e r  F l o w  a t  N e w m a n ,  C r i t i c a l  P e r i o d

B a s e  C a s e  A v e r a g e  M o n t h l y  F l o w  ( c f s )

A l t O c t N o v D e c J a n F e b M a r A p r M a y J u n J u l A u g S e p

1 1 ,004 479 545 575 1 ,306 748 415 421 471 418 434 631

C h a n g e  i n  F l o w  f r o m  t h e  B a s e  C a s e  ( c f s )

A l t O c t N o v D e c J a n F e b M a r A p r M a y J u n J u l A u g S e p

2 -14 -11 -3 -3 -15 -11 -17 -14 -17 -16 -18 -24

3 -116 -3 -8 -55 -356 -5 193 295 204 244 114 -19

4 -110 -3 -8 -46 -193 -5 78 116 237 244 114 -19

5 3 5 5 1 3 8 1 3 4 9 3 9 5 5 6 6 1 , 3 5 2 1 , 2 7 9 5 1 1 9 7 8 3 8 8 1 6 9

6 227 -14 -8 -3 -15 -11 204 789 170 409 277 -28

7 -119 -11 -3 -38 -93 -11 114 120 -77 -16 -20 -24

8 -86 -10 -5 -44 -307 -8 245 406 -93 -15 -19 -24

Note:  Bolded entr ies  s ignify  the  highest  f low among the  seven a l ternat ives  for  each month.

Table VI-26
Stanislaus River Flow Upstream of the San Joaquin River Confluence, 73-Year Period

Base Case Average Monthly Flow (cfs)
Alt Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep
1 853 523 588 739 1,048 736 1,124 789 877 634 601 597

Change in Flow from the Base Case (cfs)
Alt Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep
2 -36 -62 -146 -214 -381 -78 365 731 107 193 246 -12
3 79 -46 -113 -132 -191 14 152 396 92 150 251 -8

4 28 -54 -124 -174 -287 -19 316 577 80 146 239 -8

5 -19 -42 -61 -110 35 103 42 89 -1 -47 97 -9
6 -65 -38 -71 -51 -75 -17 -7 -6 67 123 243 -8

7 394 47 165 158 165 73 -132 225 272 237 -8 -179

8 -177 68 2 -176 -330 -6 358 734 382 218 180 -9
Note: Bolded entries signify the highest flow among the seven alternatives for each month.
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T a b l e  V I - 2 7

S t a n i s l a u s  R i v e r  F l o w  U p s t r e a m  o f  t h e  S a n  J o a q u i n  R i v e r  C o n f l u e n c e ,  C r i t i c a l  P e r i o d

B a s e  C a s e  A v e r a g e  M o n t h l y  F l o w  ( c f s )

A l t O c t N o v D e c J a n F e b M a r A p r M a y J u n J u l A u g S e p

1 374 451 407 333 307 344 840 609 653 646 646 588

C h a n g e  i n  F l o w  f r o m  t h e  B a s e  C a s e  ( c f s )

A l t O c t N o v D e c J a n F e b M a r A p r M a y J u n J u l A u g S e p

2 121 -118 -155 -111 -66 -19 2 2 7 8 0 1 -36 -100 -84 -48

3 249 -118 -144 -103 -54 -19 28 413 106 176 1 9 7 -9

4 2 5 8 -118 -144 -103 -54 -19 160 653 101 176 1 9 7 -9

5 -37 -119 -154 -111 29 69 49 55 -103 -102 -82 -14

6 -56 -118 -144 -103 -66 -19 0 -14 118 16 158 -9

7 114 - 7 6 - 3 3 2 8 9 8 8 7 48 285 293 2 5 5 -230 -206

8 29 -96 -63 -68 -20 7 121 417 2 9 5 180 -41 -44

Note:  Bolded entr ies  s ignify  the  highest  f low among the  seven a l ternat ives  for  each month.

T a b l e  V I - 2 8

T u o l u m n e  R i v e r  F l o w  U p s t r e a m  o f  t h e  S a n  J o a q u i n  R i v e r  C o n f l u e n c e ,  7 3 - Y e a r  P e r i o d

B a s e  C a s e  A v e r a g e  M o n t h l y  F l o w  ( c f s )

A l t O c t N o v D e c J a n F e b M a r A p r M a y J u n J u l A u g S e p

1 558 523 672 1 ,277 1 ,753 1 ,983 1 ,486 1 ,148 1 ,090 575 321 423

C h a n g e  i n  F l o w  f r o m  t h e  B a s e  C a s e  ( c f s )

A l t O c t N o v D e c J a n F e b M a r A p r M a y J u n J u l A u g S e p

2 0 0 0 0 0 0 0 0 0 0 0 0

3 1 0 -12 -137 -141 -75 -3 52 3 8 7 19 0 0

4 0 0 -12 -128 -133 -60 -16 21 371 19 0 0

5 1 2 6 -11 -36 -314 -157 -203 1 8 9 2 6 7 156 3 8 8 5 -5

6 0 0 0 0 0 0 0 0 0 0 0 0

7 -2 -1 4 5 1 3 0 -5 -44 8 1 1 0

8 -1 2 -13 -15 -23 -34 48 80 -15 -1 -1 -1

Note:  Bolded entr ies  s ignify the highest  f low among the seven al ternat ives for  each month.

T a b l e  V I - 2 9

T u o l u m n e  R i v e r  F l o w  U p s t r e a m  o f  t h e  S a n  J o a q u i n  R i v e r  C o n f l u e n c e ,  C r i t i c a l  P e r i o d

B a s e  C a s e  A v e r a g e  M o n t h l y  F l o w  ( c f s )

A l t O c t N o v D e c J a n F e b M a r A p r M a y J u n J u l A u g S e p

1 323 325 350 344 424 342 613 609 202 197 202 209

C h a n g e  i n  F l o w  f r o m  t h e  B a s e  C a s e  ( c f s )

A l t O c t N o v D e c J a n F e b M a r A p r M a y J u n J u l A u g S e p

2 0 0 0 0 0 0 0 0 0 0 0 0

3 0 0 0 0 0 0 0 14 4 9 2 0 0 0

4 0 0 0 0 0 0 0 0 4 9 2 0 0 0

5 2 1 7 -27 2 3 8 0 1 5 2 2 6 1 2 3 1 191 3 8 1 1 1 7

6 0 0 0 0 0 0 0 0 0 0 0 0

7 -16 -6 -6 -5 0 -3 -56 -56 0 0 0 0

8 -2 -2 2 3 7 0 69 118 4 -2 -3 -1

Note:  Bolded entr ies  s ignify the highest  f low among the seven al ternat ives for  each month.
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In the Sacramento Valley, Alternative 5 generally provides the highest river flows of the
alternatives for the fall and winter months, and the lowest flows for the summer months.
Alternative 7 provides the highest river flows in April.  For the Sacramento River at Red
Bluff and the American River at Nimbus Dam, Alternative 6 generally produces the highest
flows during the summer months for the 73-year period analysis (Tables VI-16 and VI-22).
For the Sacramento River at Verona and the Feather River at Gridley (Tables VI-18 and
VI-20), summer flows are highest in July and August under Alternative 8.  June flows are
highest at Verona under Alternative 6 and at Gridley under Alternative 2.

For the critical period analysis, Alternatives 2, 5, 6 and 8 produce the highest flows in the
summer months depending on the month and the location (Table VI-17, VI-19, VI-21 and
VI-23) and Alternative 5 generally produces the highest flows in the winter months.
Alternative 6 produces the lowest flows on the Sacramento River at Red Bluff and Verona in
the period December through March.  Alternative 7 produces the lowest flows on the Feather
River at Gridley in November, January, March, and May through July.  On the American

T a b l e  V I - 3 0

M e r c e d  R i v e r  F l o w  U p s t r e a m  o f  t h e  S a n  J o a q u i n  R i v e r  C o n f l u e n c e ,  7 3 - Y e a r  P e r i o d

B a s e  C a s e  A v e r a g e  M o n t h l y  F l o w  ( c f s )

A l t O c t N o v D e c J a n F e b M a r A p r M a y J u n J u l A u g S e p

1 1 ,026 305 563 784 1 ,306 601 226 586 696 157 110 197

C h a n g e  i n  F l o w  f r o m  t h e  B a s e  C a s e  ( c f s )

A l t O c t N o v D e c J a n F e b M a r A p r M a y J u n J u l A u g S e p

2 0 0 0 0 0 0 0 0 0 0 0 0

3 -59 -35 -64 -66 -194 -50 201 2 8 2 1 4 8 101 48 -9

4 -29 -12 -33 -50 -128 -1 71 144 146 101 5 4 1 0

5 -317 -62 -186 -193 -214 8 4 5 4 1 266 -25 2 3 9 28 -46

6 0 0 0 0 0 0 0 0 0 0 0 0

7 -18 -18 -17 -30 -72 0 92 87 -5 0 0 -2

8 5 4 -40 -60 -64 -193 -24 210 219 -43 0 1 -12

Note:  Bolded entr ies  s ignify  the  highest  f low among the  seven al ternat ives  for  each month.

T a b l e  V I - 3 1

M e r c e d  R i v e r  F l o w  U p s t r e a m  o f  t h e  S a n  J o a q u i n  R i v e r  C o n f l u e n c e ,  C r i t i c a l  P e r i o d

B a s e  C a s e  A v e r a g e  M o n t h l y  F l o w  ( c f s )

A l t O c t N o v D e c J a n F e b M a r A p r M a y J u n J u l A u g S e p

1 511 137 165 214 593 171 70 70 101 79 93 79

C h a n g e  i n  F l o w  f r o m  t h e  B a s e  C a s e  ( c f s )

A l t O c t N o v D e c J a n F e b M a r A p r M a y J u n J u l A u g S e p

2 0 0 0 0 0 0 0 0 0 0 0 0

3 -114 0 -2 -38 -341 0 193 283 141 158 1 2 1 0

4 -107 0 -2 -38 -187 0 73 100 1 7 5 158 1 2 1 0

5 -275 3 1 -59 -322 9 7 4 0 0 3 8 8 91 1 7 9 35 7

6 0 0 0 0 0 0 0 0 0 0 0 0

7 -104 0 0 -35 -79 0 132 134 -60 0 0 0

8 -72 3 1 -41 -304 -4 223 358 -75 0 0 1

Note:  Bolded entr ies  s ignify  the  highest  f low among the  seven al ternat ives  for  each month.
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River, Alternative 6 produces the lowest flows from January through March and Alternative
5 produces the lowest flows from April through June.

Trends are different in the San Joaquin River Basin than in the Sacramento River Basin.  For
the San Joaquin River at Newman in the 73-year period analysis (Table VI-24), Alternative 5
provides the highest flows in every month except December and January, and Alternative 8
generally provides the lowest flows.  For the critical period analysis, Alternative 5 provides
the highest flows year round.  Flows are the lowest in April and May under Alternative 2,
July and August under Alternative 7, and January and February under Alternative 3;
however, flows under Alternative 8 are among the lowest in each month during the critical
period.

The tributaries show different trends.  On the Stanislaus River, Alternative 7 generally results
in the highest winter flows and Alternative 2 results in the lowest winter flows in each period
of analysis (Table VI-26 and VI-27).  Alternative 5 results in the lowest flows in June and
July and Alternative 7 results in the lowest flows in August and September for both periods.
In the 73-year period analysis, Alternatives 2 and 8 result in the highest flows during the
pulse flow period of April and May, and Alternatives 7 and 8 result in the highest flows in
June and July.  For the critical period analysis, Alternative 2 results in the highest flows
during the pulse flow period of April and May while Alternative 6 provides the lowest.

For the Tuolumne River (Tables VI-28 and VI-29 ), Alternative 5 results in the highest flows
in April, May, July, August and October, and the lowest flows from November through
March in the 73-year period analysis.  Alternatives 3 and 4 provide the greatest increase in
flow in June for both periods of analysis.  For the critical period analysis, most of the
monthly river flows for the alternatives are equal to or better than the base case flows.
Alternative 5 provides the highest flows in eight months including most of the summer
months.  Table VI-29 shows that during the pulse flow period of April through May,
Alternative 7 flows are less than the base case even though releases are made from New Don
Pedro Reservoir in accordance with the Letter of Intent.  This is an artifact of the way FERC
flows on the Tuolumne River were modeled in Alternative 7 rather than a result of the Letter
of Intent.

For the Merced River in the 73-year period analysis, Alternatives 2 and 6 have the highest
flows from November through February with flows equal to the base case (Table VI-30).
This trend is also apparent in the critical period (Table VI-31) although some other
alternatives also have flows equal to the base case during this period.  From March to
September in the 73-year period analysis, Alternatives 3, 4, and 5 provide the highest flows
depending on the month.  Alternative 5 provides the lowest flows from through the fall and
winter months.  In the critical period, Alternative 5 provides the highest flows from March
through May, and in July and September.  Alternatives 3 and 4 provide the highest flows in
June and August.



Environmental Effects of Implementing
State Water Resources Control Board Flow and Water Operation Alternatives

FEIR for Implementation of the VI-71 November 1999
1995 Bay/Delta Water Quality Control Plan

2. Water Temperature

The effects of changes in flow on water temperature in upstream areas were analyzed to
evaluate potential effects on habitat for fish and aquatic resources.  The water temperature
model developed by the USBR (USBR 1990, 1993, 1997d; described in Chapter IV) was
used to assess the effects of the flow alternatives on water temperature in four major streams
in the Sacramento-San Joaquin River system, the Sacramento, Feather, American, and
Stanislaus rivers.  Monthly project operations, modeled with DWRSIM, were input to the
temperature model for the 72-year hydrologic period of record (1922-93).  The model was
used to predict mean monthly water temperatures at eight to twelve locations on each stream.

The following sites were selected for detailed analysis of temperature effects:

• Sacramento River – Below Keswick Dam, Ball’s Ferry, Jelly’s Ferry, and Vina
• Feather River – Downstream of the Afterbay, Honcut Creek, and Mouth
• American River – Below Nimbus Dam, Watt Avenue, and Mouth
• Stanislaus River – Below Goodwin Dam, Orange Blossom Bridge, and Mouth

Representative water years were selected for analysis from the period of record for wet,
above normal, below normal, dry, and critical water year types. Representative years selected
were years closest to the median monthly temperature values for each water year type over
the period of record.  For the Sacramento River system, water years 1942, 1928, 1979, 1964,
and 1992, respectively, were selected to represent the five water year types.  For the
Stanislaus River, water years 1980, 1963, 1950, and 1976 were selected to represent wet,
above normal, below normal, and critical water year types, respectively.  Dry water years
were not analyzed for the Stanislaus River because no impacts were identified in other water
year types.

Predicted mean monthly water temperatures for the above-described stations and water years
are shown in Volume 2, Appendix 5.

The precision of the model was estimated at approximately ± 1.0°F between the alternatives
(J. Rowell, personal communication).  In this analysis, water temperatures predicted for Flow
Alternatives 2 through 8 were compared with values predicted for Alternative 1 (base case)
for each location and representative water year.  Predicted temperatures for Flow
Alternatives 2 through 8 within 1.0°F of those predicted for the base case were considered
within the error of model predictions.

a. Sacramento River.  Water temperatures predicted under the flow alternatives were not
different from those predicted for the base case at any location in wet, above normal, or
below normal water years.  In dry years, predicted temperatures in September were
approximate 1-3°F higher under Alternatives 2, 5, and 6 than in the base case at most
locations.  In critical years, predicted temperatures in the late summer to early fall (August,
September, or October) were approximately 1-3 °F higher under Alternatives 2, 3, 4, 6, and 8
than in the base case at most locations.



Environmental Effects of Implementing
State Water Resources Control Board Flow and Water Operation Alternatives

FEIR for Implementation of the VI-72 November 1999
1995 Bay/Delta Water Quality Control Plan

These differences are related directly to changes in carryover storage at Shasta Reservoir.  In
dry and critical years, carryover storage is reduced under Alternatives 2 through 8 compared to
the base case, resulting in slightly elevated water temperatures in the late summer/early fall
period.

These modeled temperature differences due to implementation of the flow alternatives are
unlikely to result in significant impacts to fishery resources.  SWRCB Order WR 90-5 specifies
temperature objectives for the mainstem Sacramento River.  Temperature criteria also have
been established for the protection of winter-run chinook salmon spawning, egg incubation,
and rearing in the mainstem Sacramento River in the biological opinion for the operation of the
CVP and SWP (NMFS 1993).  The Sacramento River Temperature Task Group, consisting of
representatives from the SWRCB, USBR, USFWS, WAPA, USACOE and NMFS, meets on a
regular basis during the temperature control season (May through October).  Typical
discussions include an assessment of the temperature control operations and forecast of
operations for the remainder of the season.  Operational adjustments are made on a real-time
basis to reduce temperature impacts on winter-run chinook salmon and other species.
Operation of the temperature control device at Shasta Dam is increasing the ability to control
water temperatures for anadromous fish protection in the mainstem Sacramento River.

b. Feather River.  Predicted water temperatures in a wet water year were similar to or lower
under the flow alternatives than in the base case, except for the Honcut Creek site, where
temperatures in July under Alternative 5 were predicted to be approximately 3°F higher than in
the base case.  In an above normal water year, no adverse effects on water temperature were
predicted under any flow alternative.

In a below normal year, water temperatures in August were predicted to be approximately
2.5°F higher under all of the flow alternatives, than in the base case.  In a dry year,
temperatures in April and May under the alternatives were predicted to be up to 2 °F higher
than in the base case.  In a critical water year, no adverse effects on water temperature were
predicted under any of the flow alternatives.

These modeled water temperature increases in the lower river are not likely to result in
significant impacts to fishery resources compared to the base case condition.

Fall and spring-run chinook salmon and steelhead spawn and rear in the lower Feather River.
Fall-run chinook salmon typically emigrate from the lower river from January through March
and therefore are not affected by elevated water temperatures.  Spring-run chinook salmon
spawn in the low flow channel from late August through October; steelhead rear in the low
flow channel year-round.

Temperatures in the lower river are controlled through operation of a temperature control
device.  The DFG/DWR Hatchery Water Supply Temperature Agreement (August 26, 1983)
established minimum and maximum criteria for temperatures at the intake to Feather River
Hatchery at the Thermalito Diversion Dam.  These requirements, in addition to providing
suitable rearing temperatures at the hatchery, provide suitable temperature releases for
coldwater species in the lower river.
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The NMFS is currently completing evaluation of the short-term effects of operation of the
CVP and SWP on steelhead trout and spring-run chinook salmon.  A biological opinion will
be issued in the near future which is likely to include water temperature conditions to protect
spring-run chinook salmon spawning and steelhead rearing in the low flow channel of the
Feather River.

c. American River.  No adverse effects on water temperature were predicted under the
flow alternatives in wet, above normal, and below normal water year types. Temperatures
were similar to or lower under each of the flow alternatives compared to the base case
condition.

In a dry water year, water temperatures were similar to or lower under the flow alternatives
than in the base case, except in August, when predicted temperatures under Alternative 6
were approximately 3 °F higher than under the other flow alternatives and the base case.  In a
critical water year, predicted temperatures were approximately 3 °F higher in July under
Alternatives 2, 3, 4, 6, and 8, and approximately 3 - 4 °F higher in August under all flow
alternatives, than in the base case.  These differences are due to changes in storage at Folsom
Reservoir.  In critical water years, reservoir storage would be lower under the flow
alternatives than the base case, resulting in higher summer water temperatures.

These modeled water temperature increases in the lower river are not likely to result in
significant impacts to fishery resources compared to the base case condition.  This is true for
the following reasons: 1) even under the base case condition, suitable habitat is not available
year-round for all salmonid lifestages, 2) the model did not include real-time operational
adjustments that are made to reduce water temperature impacts, 3) the model did not include
the planned construction and operation of a multi-level release structure at Folsom Dam,
which is expected to allow the release of cooler water in the late summer months.

Under the base case condition, warm summer and fall water temperatures on the lower
American River have been identified as a limiting factor to juvenile steelhead rearing in the
river (USFWS 1995). Water temperatures in the lower American River from July to October
are commonly higher than optimum levels for survival of juvenile steelhead.  In general,
steelhead do not survive extended periods of warm water, and in many years move
prematurely out of the American River to seek cooler water.  High water temperatures have
significantly limited natural steelhead production in the lower river (McEwan and Nelson
1991).  Elevated temperatures in the late summer are also suspected to delay fall-run chinook
spawning in the lower river and may impede reproductive success (USFWS 1995).

The temperature modeling assumed that no operational changes would be made to control
temperatures in the lower river.  However, the USBR, DFG, USFWS, and NMFS meet
routinely to discuss operational changes to benefit fishery resources in the lower American
River.  Flow and water temperature needs for fisheries are taken into consideration for
operations on a real-time basis.  A temperature target of 65°F at Watt Avenue is used to
protect juvenile steelhead rearing in the lower river.  Operational adjustments are often made
to reduce impacts on water temperatures in the late summer months of dry and critical water
years.
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In addition, the predicted effects on water temperature in the lower American River in July
and August assume that no new facilities would be constructed.  The planned construction
and operation of a multi-level release structure at Folsom Dam is expected to permit the
release of cooler water in the late summer and fall than was indicated by the model
simulations.

The NMFS is currently completing evaluation of the short-term effects of operation of the
CVP and SWP on steelhead trout.  A biological opinion will be issued in the near future
which is likely to include conditions to reduce adverse effects of water temperature on
steelhead in the lower American River.

d. Stanislaus River.  No adverse effects on water temperature were predicted under the
flow alternatives in any water year type.  In a wet water year, Alternative 8 is predicted to
result in improved temperature conditions throughout the lower river for coldwater species.
Water temperatures are higher in the winter (January/February) and lower in the spring
(April, May and June) than under base case conditions.   In other water years (above normal,
below normal, and critical years), water temperatures under the alternatives are similar to or
lower than temperatures under the base case.

3. Aquatic Habitat

The purpose of this section is to analyze the impact of the flow alternatives on aquatic habitat
in the upstream areas of the Central Valley.  Implementation of the Bay/Delta Plan will affect
the operation of water supply projects by changing the timing and magnitude of reservoir
releases.  These operational changes can affect upstream aquatic habitat in rivers and
reservoirs.  The factors that affect species in these habitats are discussed in detail in
Chapter V of the ER (SWRCB 1995; Appendix 1).  The following sections describe the
method of analysis and assess the effect of each of the flow alternatives on controllable
factors compared to the base case.

a. Rivers .

Assessment Method .  The Range of Variability Approach (RVA) developed by Richter
et al (1997) was used to assess the impact of the flow alternatives on aquatic habitat in rivers
in the Sacramento-San Joaquin system. This approach, described below, is based on aquatic
ecology theory concerning the critical role of hydrologic variability, and associated
characteristics of duration and timing, in sustaining aquatic ecosystems.

Native riverine species possess life history traits that enable individuals to survive and
reproduce within a certain range of environmental variation.  Many ecological attributes are
known to shape the habitat templates that control aquatic species distribution and abundance.
Natural hydrologic variation plays a major part in structuring the biotic diversity in river
ecosystems as it controls key habitat conditions in the river channel; hydrologic variation is
now recognized as a primary driving force in river ecosystems.
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The RVA methodology provides an approach to translate this ecological theory to the
establishment of streamflow targets based on the natural streamflow regime.  Numerous flow
characteristics are assumed to be important for the maintenance of riverine habitat and
biological diversity, including: the seasonal pattern of flow, timing of extreme conditions, the
frequency, predictability, and duration of floods, droughts, and intermittent flow, daily,
seasonal, and annual flow variability, and rates of change.

The RVA method identifies annual management targets for regulated streams based on a
characterization of ecologically relevant flow regime characteristics.  The natural range of
streamflow variation is characterized using a suite of 32 ecologically relevant hydrologic
parameters calculated from the natural hydrology.  Based on measures of central tendency
(e.g. mean, median) and dispersion (e.g. range, standard deviation, coefficient of variation)
calculated from the natural hydrology, management target ranges for each hydrologic
parameter are identified. In the absence of detailed ecological information, the method
recommends a target range of ± 1 standard deviation from the mean for each of the thirty-two
hydrologic parameters.  For those parameters where a skewed distribution results in a
standard deviation that exceeds the minimum or maximum value, the actual minimum or
maximum value is used as the lower or upper target range boundary.

The method then can be used to assess the relative suitability of alternate flow management
scenarios by calculating the frequency that flows fall within the calculated target range.

Analysis of the Flow Alternatives.  The Range of Variability Analysis method was
used to assess the relative effects of the flow alternatives on stream ecosystems in the
Sacramento-San Joaquin River system, at locations where estimates of unimpaired flow were
available:

• Sacramento River near Red Bluff
• Feather River near Oroville
• American River at Fair Oaks
• San Joaquin River above Vernalis
• Stanislaus River at Melones Reservoir
• Tuolumne River at Don Pedro Reservoir
• Merced River at Exchequer Reservoir

Since estimated unimpaired flows were available only on a monthly time step, a subset of the
32 hydrologic parameters recommended in the RVA analysis was calculated for the available
period of record (1922-1993).  Hydrologic parameters used in the analysis are summarized in
Table VI-32, and include the magnitude of monthly flows, the magnitude of annual extreme
flow conditions, and the timing of annual extreme flow conditions.

From the estimated unimpaired flows, management targets were established for each of the
flow parameters  (± 1 standard deviation from the mean).  For those parameters where a
skewed distribution resulted in a standard deviation that exceeded the minimum or maximum
value, the actual unimpaired minimum or maximum value was used as the lower or upper
target range boundary.
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Simulated flows for the period of record (1922-1993) for each of the flow alternatives
(DWRSIM analysis) were then compared with flow target ranges to evaluate the relative
suitability of the alternatives in meeting ecological objectives.  For the flow simulations,
locations from the DWRSIM analysis were selected that were closest to sites on each river
where estimated unimpaired flow data were available.  The rate of non-attainment of the flow
management targets was calculated for each site and flow parameter.

Table VI-33 shows an example of the Range of Variability Analysis for the Stanislaus River
at Melones Reservoir.  Analyses for all sites are presented in Volume 2, Appendix 5.

Cases where flow parameters showed a greater than 10% deviation in the non-attainment rate
between the flow alternatives and the base case are described below.  In some cases, the
difference in the rate of non-attainment showed a slight positive effect, moving closer to
unimpaired conditions; in other cases, the difference showed a slight adverse effect, moving
away from unimpaired conditions.

Sacramento River.  No differences in the rate of non-attainment greater than 10% were
observed between the flow alternatives and the base case in any of the flow parameters.

Feather River.  In October, mean monthly flows simulated for Alternatives 2 through 8
were lower than in the base case, resulting in flows that are more similar to the unimpaired
condition (more often falling within the target range for monthly flow magnitude).  In
January, mean monthly flows simulated for Alternatives 2 through 8 were lower than in the
base case, resulting in a slight shift away from unimpaired conditions.

The magnitude of the annual 30-day maximum flow was increased in Alternatives 2 through
8 compared to the base case, resulting in maximum flows more similar to the unimpaired
condition.  The timing of the annual minimum flow was shifted later in the year in
Alternatives 2 and 3 compared to the base case, resulting in timing more similar to
unimpaired conditions.

American River.   No differences in the rate of non-attainment greater than 10 percent
were observed in monthly flow magnitude between the flow alternatives and the base case.
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The timing of the annual minimum was more variable for Alternative 3, resulting in timing
that was less similar to unimpaired conditions than the other alternatives and the base case.
The timing of the annual maximum for Alternatives 2 through 8 was closer than the base case
to unimpaired conditions.

San Joaquin River.  In October, simulated mean monthly flows for Alternatives 2
through 8 are higher than for the base case, resulting in a shift away from unimpaired
conditions.  In March and April, simulated mean monthly flows for Alternative 6 are higher
than in the base case, resulting in a shift toward unimpaired conditions.

Minor differences were observed in the magnitude and timing of the annual extremes at this
site.  For Alternative 8, the magnitude of the annual 30-day minimum was closer than the
base case to unimpaired conditions.  For Alternative 2, the timing of the annual 30-day
minimum flow was closer than the base case to unimpaired conditions.  For Alternatives 6
and 8, the timing of the annual 30-day maximum flow was closer than the base case to
unimpaired conditions.

Although flow effects were not analyzed for the upper mainstem San Joaquin River below
Friant Dam, it is evident that flow conditions there would not change under Flow
Alternatives 2 through 4 and 6 through 8.  Flow Alternative 5 would result in a substantial
improvement in flow conditions below Friant Dam and a shift toward unimpaired conditions
from the base case.

Stanislaus  River.  In October, simulated mean monthly flows for Alternatives 2, 4, 5,
and 8 are higher than for the base case, resulting in a shift away from unimpaired conditions.
In February, simulated mean monthly flows for Alternative 8 are higher than for the base
case, resulting in a shift toward unimpaired conditions.  In August, simulated mean monthly
flows for Alternatives 2 through 8 are higher than for the base case, resulting in a shift away
from unimpaired conditions.

The magnitude of the simulated annual 30-day minimum for Alternative 8 was higher than
for the base case, and the annual 30-day maximum was lower, both resulting in a shift away
from unimpaired conditions.  The timing of the annual 30-day minimum was shifted later in
the year in Alternatives 2, 4, and 5 compared to the base case, resulting in a shift away from
unimpaired conditions.  For Alternatives 3, 6, and 8, the timing of the annual 30-day
minimum flow was closer than the base case to the unimpaired condition.  The timing of the
annual 30-day maximum flow was shifted later in the year or was more variable in
Alternatives 3 and 6 compared to the base case, resulting in a shift away from unimpaired
conditions.  For Alternatives 2 and 5, the timing of the annual 30-day maximum flow was
closer than the base case to unimpaired conditions.

Tuolumne River.  In July, simulated mean monthly flows for Alternative 5 were higher
than in the base case, resulting in a shift toward unimpaired conditions.  The timing of the
annual 30-day minimum and maximum was shifted later in the year in Alternative 5
compared to the base case and other flow alternatives, also resulting in a slight shift toward
unimpaired conditions.
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Merced River.  In October, simulated mean monthly flows for Alternative 5 were
lower than in the base case, resulting in a shift toward unimpaired conditions.  In February,
simulated mean monthly flows for Alternatives 3 and 8 are lower than in the base case,
resulting in a shift away from unimpaired conditions.  Also in February, simulated mean
monthly flows for Alternative 5 are higher than the base case, resulting in a shift toward
unimpaired conditions.  In July, mean monthly flows simulated for Alternatives 3 and 4 were
lower than in the base case, resulting in a shift away from unimpaired conditions.  Also in
July, mean monthly flows simulated for Alternative 5 were higher than in the base case,
resulting in a shift toward unimpaired conditions.

For Alternative 5, the magnitude of the annual 30-day maximum flow was shifted away from
unimpaired conditions.  However, the timing of the annual 30-day maximum flow for
Alternative 5 was shifted toward unimpaired conditions.

In conclusion, the differences among the flow alternatives in the rate of non-attainment of the
target ranges are minor.  Rates of non-attainment are high in some months for all of the flow
alternatives, since the pattern of regulated flow releases in the system differs significantly
from the unimpaired condition.  However, the pattern of non-attainment of the target ranges
is generally similar among the flow alternatives.  No significant impacts on riverine aquatic
habitat in upstream areas are therefore expected.  No mitigation is required.

b. Reservoirs .  Central Valley reservoirs are generally either warm water reservoirs or
two-level reservoirs that contain a lower zone of well-oxygenated cool water in summer with
an upper zone of warm water.  Warm water reservoirs are suitable for black bass, sunfish,
and catfish.  Because of drawdowns, inshore zones inhabited by warmwater species are often
unproductive.  Likewise, the deep, open-water portion of large reservoirs does not provide
satisfactory habitat for most game fish.

Large, low elevation, two-level reservoirs such as Shasta, Oroville, Pine Flat and Berryessa
support warmwater fish such as bass, sunfish, and catfish in the upper zone and coldwater
species such as trout in the lower zone.  These reservoirs provide greater fishing diversity
than warm water reservoirs, although drawdowns limit species dependent on shallow water
habitat, such as black bass and sunfish (USBR 1997a).

In general, reservoirs with shallow average water depths are more productive than reservoirs
with greater average water depths.  Optimal conditions for juvenile fish growth and survival
are found in shallow water habitats.  Maximum reservoir productivity is therefore assumed to
occur with stable reservoir water surface elevations that maximize the surface area of shallow
water habitat.

Factors Affecting Reservoir Fish.  Reservoir surface area, reservoir morphology and
water level fluctuations play an important role in productivity of reservoir fish populations.
At high reservoir surface elevations, the physical habitat available for fish increases and the
diversity and quality of the habitat is generally improved.  Higher reservoir elevations
typically provide greater surface area, shoreline, spawning opportunities, cover, and habitat
diversity resulting in larger populations and more diverse fish communities.  Reductions in
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reservoir storage and associated reductions in water elevation during critical time periods can
adversely affect reservoir fisheries by affecting the quality and quantity of important shallow
water habitat available for sensitive life stages.  Water level fluctuation was the most
frequently cited factor affecting fish production in the Central Valley Fish and Wildlife
Management Study (Leidy and Meyers 1984).  Extreme fluctuations are arguably the most
significant controllable environmental factor affecting populations of warmwater fish in
reservoirs, and are a direct result of reservoir management priorities (USBR 1997a).

Another important variable affecting reservoir fish productivity is fluctuating water surface
elevation (i.e. reservoir drawdown and filling).  When lake levels drop, juvenile fish are often
forced into areas with less cover.  Cover is important because it is typically correlated with
food abundance and provides shelter from predation.  Reservoir drawdowns limit fish
production in multi-purpose reservoirs, especially if drawdown during the spring months is
significant.  Benefits of controlled reservoir drawdown include:  increased availability of
prey species, improved predator growth rates and revegetation of exposed shorelines (USBR
1997a; Lee and Paulsen 1989a).

Flooded terrestrial vegetation has been shown to be a factor in the development of strong
year classes in fluctuating reservoirs (USBR 1997a).  The upper area of the fluctuation zone
is the most heavily invaded by terrestrial vegetation and is the least severely eroded by wave
action.  Flooded cover protects juvenile fish from predation and provides food sources during
the summer and fall growing periods.  Receding water levels can affect survival by exposing
shoreline areas and leaving limited cover available for shelter of juvenile fish.  Adverse
impacts also include dewatering of nests and desiccation of eggs, disruption of spawning and
nest-guarding areas, gradual loss of shoreline shelter due to erosion, reduction in food
supplies, increased predation on nests and juvenile fish, and reduced habitat diversity.  The
degree of impact will depend upon the magnitude and timing of the drawdown, shoreline
gradient, and amount and quality of habitat remaining inundated.  Because vegetation density
and encroachment along the shoreline of reservoirs is different for every reservoir and
changes from year to year, an assumption for this analysis is that the juvenile habitat is best
when the reservoir is at or near maximum pool elevation.

Central Valley reservoirs include a number of warmwater fish species.  A major goal of
reservoir fishery management is to provide quality black bass (Micropterus spp.) fishing for
anglers.  Black bass are found in numerous reservoirs and the Sacramento-San Joaquin Delta
(DFG 1995).  The black bass species most sensitive to reservoir water level fluctuations is
the largemouth bass, Micropterus salmoides.  Largemouth bass are one of the most popular
warmwater game fish in California (USBR 1997a).  Since largemouth are the most sensitive
of the bass to water level fluctuations, this assessment of the impacts of changes in reservoir
operations on warmwater fish in Central Valley reservoirs is based on the sensitive life
history requirements of this species. Largemouth bass are therefore an indicator species in
this analysis for other warmwater species, such as smallmouth bass, bluegill, crappie and
sunfish.  Analysis of effects on largemouth bass will provide a conservative (worst case)
estimate of potential impacts of the proposed alternatives on all reservoir fishery resources.
Largemouth bass was also used as an indicator species for the reservoir impact assessment in
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the CVPIA PEIS (1997).  Because dams in the Central Valley preclude access to anadromous
fish, the AFRP does not make recommendations regarding reservoir aquatic habitat.

The most critical periods for largemouth bass are the adult spawning period in the spring and
early rearing period of juveniles in the spring and summer months.  Largemouth bass
spawning begins when water temperatures reach and exceed approximately 60°F.  Although
the initiation of spawning will vary between reservoirs depending on the latitude, elevation
and size of the reservoir, the majority of the largemouth bass spawning probably occurs from
March through May in California waters.  The maximum depth of largemouth bass spawning
reported or observed in California reservoirs was 7.2 feet and, based on the literature, could
range from 3.2 to 13.1 feet.  Stable or rising water levels during the spring spawning season
have been associated with strong year classes of largemouth bass (Lee and Paulsen 1989a).

Methods of Analysis.  The purpose of the analysis is to determine the effect of
implementing the flow alternatives on upstream fisheries using largemouth black bass as an
indicator species.  Modeled end-of-month elevations for eight major reservoirs are used to
determine the potential quality of reservoir fishery habitat for each flow alternative.  Scoring
criteria were developed to evaluate the suitability of the reservoir elevation for spawning and
rearing of largemouth bass. The months considered in this analysis are March through
September, the most sensitive time period for black bass (Lee and Paulsen 1989a and 1989b;
Lee, D. pers. comm. March 1997).  Scoring criteria in this analysis are based on the findings
of the DFG (Lee and Paulsen 1989a and 1989b).

The following eight major reservoirs were selected for this analysis:  Shasta, Oroville,
Folsom, New Melones, New Don Pedro, Lake McClure, Millerton Lake and San Luis.
Striped bass is the dominant species in San Luis Reservoir, however, San Luis also has
largemouth bass.  Millerton Lake has Alabama spotted bass, Micropterus punctulatus
punctulatus, which nest in deep water, with no shallow water spawning bass (i.e., largemouth
or smallmouth bass).  The remaining reservoirs contain varying percentages of large- and
smallmouth bass species (Lee, D. pers. comm. March 1997) as shown in Table VI-34.
Although water elevation fluctuations may not affect the spotted and striped bass, the
analysis characterizes reservoir operations in the spring and summer months and indicates
relative potential impacts to warmwater aquatic species.

There are two critical factors that influence spawning habitat conditions:  (1) starting
elevation and (2) change in reservoir elevation during the spawning season.  Stable and
maximum pool levels are preferable for fry and juveniles that rear primarily in nearshore,
shallow areas.  Year class sizes may be large if rearing conditions are favorable even if
spawning conditions were poor (Lee, D. pers. comm. March 1997).  Therefore, in this
analysis, each month is scored by:  (1) the water surface elevation relative to maximum pool
at the beginning of the month2 and (2) the change in elevation during that month.  These two
scores are summed for the months of concern, March through September.  The summed
scores are then multiplied together to arrive at a reservoir habitat index value.
                                                
     2  The water surface elevation is actually the end-of-period elevation for the previous month.  In other words,
the elevation in the beginning of June is actually the elevation at the end of May.
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Stable or rising water levels are considered to be preferred conditions for bass spawning.
The maximum pool elevation for a given reservoir was given the highest score of six, and
every decreasing increment of five feet was given a decreasing score down to one at greater

Table VI-34
Species Composition of Black Bass in Selected Reservoirs

          Reservoir
Largemouth

Bass %
Smallmouth

Bass %
Spotted
Bass %

          Shasta 10 10 80

          Oroville 5 15 80

          Folsom 33 33 33

          New Melones 100 0 0

          New Don Pedro 100 0 0

          McClure 15 5 80

          Millerton 0 0 100

          San Luis 01 0 0

1 Striped Bass Dominate (Lee, D. pers comm March 1997)

than 20 feet below maximum pool.  If a reservoir water level in the current month rose or
remained stable, it was also given the highest rank of six.  The scoring for lower reservoir
levels during the spawning season was based on five-foot increments.  A decrease in water
surface elevation of five feet would be ranked five, a decrease of ten feet would be ranked
four, and so on.  A decrease greater than 20 feet in one month is given a score of one.
Because reservoirs draw down in the summer, maximum potential habitat scores do not
occur.

The results of the habitat analysis are shown in Tables VI-35 and VI-36.  The higher the
index, the better the quantity and quality of habitat.  The best habitat conditions are predicted
for Flow Alternative 5 for the major Sacramento River reservoirs, Shasta, Oroville, and
Folsom, as indicated by both the 73-year average indices and the dry-year average indices.
However, the poorest habitat conditions are predicted for Flow Alternative 5 for the major
non-project reservoirs on the San Joaquin River system, New Don Pedro, Lake McClure, and
Millerton, for both the 73-year average and dry-year averages.  The best habitat conditions
are predicted for Alternative 7 for New Melones Reservoir over the 73-year average;
conditions predicted for Alternative 2 are the poorest.  Alternative 5 is the preferred
alternative during the critical period.  Overall, given the small (<4%) difference between the
lowest (Alternative 5) and highest (Alternative 7) of the summed index scores, and
limitations of the model as discussed above, there is no significant difference among the
alternatives in the summed scores across all eight reservoirs.  Therefore, using this scoring
system for comparative analysis, an overall preferred alternative with respect to reservoir
aquatic habitat quality cannot be identified.
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A l t  1

R e s e r v o i r ( B a s e ) A l t  2 A l t  3 A l t  4 A l t  5 A l t  6 A l t  7 A l t  8

Shas t a 4 5 9 0 4 4 1 5 - 1 8 - 1 6 - 2

O r o v i l l e 3 8 8 - 4 1 1 4 4 - 5 - 1 4 - 1 1

F o l s o m 4 3 8 - 1 1 - 7 - 8 8 - 3 1 - 2 1 - 1 0

N e w  M e l o n e s 2 9 8 - 4 5 - 1 3 - 2 6 - 1 - 4 4 0 1 5

N e w  D o n  P e d r o 3 5 8 0 - 1 9 - 1 8 - 4 4 0 2 - 8

M c C l u r e 3 8 7 0 - 2 1 - 7 - 9 3 0 - 4 - 2 0

M i l l e r t o n 3 2 9 0 0 0 - 4 5 0 0 0

S a n  L u i s 2 6 5 2 1 2 4 2 4 2 8 5 5 3 7 1 0

S u m  T o t a l 2 , 9 2 2 - 3 9 - 3 2 - 3 1 - 4 4 - 4 2 4 - 2 4

A l t  1

R e s e r v o i r ( B a s e ) A l t  2 A l t  3 A l t  4 A l t  5 A l t  6 A l t  7 A l t  8

Shas t a 2 0 2 0 1 0 5 - 5 1 - 1

O r o v i l l e 1 8 4 4 9 7 4 1 5 6 6

F o l s o m 2 5 0 - 2 7 - 4 1 - 4 2 - 7 - 2 2 - 3 5 - 2 3

N e w  M e l o n e s 2 1 9 - 4 0 - 4 - 2 4 1 0 4 - 2 - 2 1

N e w  D o n  P e d r o 2 2 9 0 - 1 4 - 3 4 - 3 4 - 6 1 - 4

M c C l u r e 2 8 8 0 - 5 - 3 - 6 9 0 0 - 2 9

M i l l e r t o n 1 9 4 0 0 0 4 0 0 0

S a n  L u i s 1 9 1 - 1 4 - 7 - 8 0 4 2 2 1 6

S u m  T o t a l 1 , 7 5 7 - 7 7 - 6 1 - 1 0 4 7 8 - 2 0 - 7 - 8 7

C r i t i c a l  P e r i o d  A v e r a g e  I n d e x  -  D i f f e r e n c e  f r o m  t h e  B a s e  C a s e

7 3 - Y e a r  P e r i o d  A v e r a g e  I n d e x  -  D i f f e r e n c e  f r o m  t h e  B a s e  C a s e

73-Year Period Average Reservoir Habitat  Index

Table VI-35

Table VI-36

Critical Period Average Reservoir Habitat Index
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Modeled reservoir elevations can be expected to have a margin of error of approximately 10
to 20 percent.  Therefore, differences between the base case and the various alternatives for
individual reservoirs are considered significant only if the indices are more than 10 percent
different than the index for the base case.

Over the 73-year period, significant adverse impacts to habitat in New Melones Reservoir
occur under Alternative 2 compared to the base case (15 percent difference).  Predicted
habitat indices are significantly lower for New Don Pedro Reservoir, Lake McClure and
Millerton Lakes under Alternative 5 (12 percent, 24 percent and 14 percent, respectively).

Over the critical period, predicted habitat indices for Folsom Reservoir are significantly
lower under Alternatives 2 (11 percent), 3 (16 percent), 4 (17 percent) and 7 (12 percent).
Indices for New Melones Reservoir are significantly lower under Alternatives 2 (18 percent)
and 4 (11 percent).  Significant adverse impacts occur at New Don Pedro under Alternatives
4 and 5 (15 percent each), and at Lake McClure under Alternative 5 (24 percent).

Mitigation.  The implementation of the flow alternatives may result in significant
impacts to reservoir fisheries at one or more reservoirs, depending on the alternative selected.
These impacts are generally temporary and mitigable.  If significant effects on reservoir fish
populations are observed, mitigation could include additional fish planting, habitat
improvement through planting of shoreline vegetation, addition of habitat structures, or
improved management of shoreline grazing practices.

4. Vegetation and Wildlife

Implementation of the flow alternatives may result in impacts to vegetation and wildlife
resources upstream of the Delta.  Changes in reservoir operations may affect reservoir water
levels and resulting downstream flows.  Changes in reservoir water levels could affect the
amount of riparian vegetation in the drawdown zone and the amount of reservoir habitat
available to wildlife species.  Changes in downstream flows may affect the maintenance and
regeneration of riparian and wetland vegetation and its associated wildlife.  Reductions in
water supply could affect wetland habitat at wildlife refuges and privately owned duck clubs.

This analysis of impacts on vegetation and wildlife focuses on potential changes in habitat
rather than populations of individual species.  Wildlife populations may be affected by
factors beyond the control of the SWRCB and appropriate analytical tools are not available
for many potentially impacted species (USBR 1997c).  Four general categories of habitat are
considered: (a) wetland and riparian habitats which would be affected by changes in river
hydrology, (b) riparian vegetation within reservoir drawdown zones, (c) aquatic habitats used
by waterfowl species at reservoirs, and (d) wetland habitat at wildlife refuges and duck clubs.
Impacts to the first three categories of habitats are assessed by considering:  (1) the changes
in modeled river stage and (2) the changes in modeled reservoir operations.  This analysis is
based on the methodology developed by the CVPIA for analyzing the effects on vegetation
and wildlife.  Modeling studies assume that no agricultural farmland is fallowed to obtain
water to meet the flow objectives and that cropping patterns in the Central Valley remain
unchanged.  Hence, impacts to agricultural and terrestrial habitats are not assessed by means
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of hydrologic modeling.  However, the potential for changes to occur in wetland habitat at
wildlife refuges and private duck clubs was considered based on the likelihood of water
supplies being reduced through the implementation of the 1995 Bay/Delta Plan.

a. Impacts on Riparian Vegetation and Riparian Wetland Habitats.  The condition of
riparian vegetation and wetland habitat in the riparian zone of major rivers was assessed
using simulated river water surface elevation (stage) at representative locations.  Average
monthly stage was calculated for the base case and each alternative for average, wet and dry
year conditions 3.  Differences among alternatives are expressed as a percent change from the
base case.  Drought represented by low summer stages, and inundation mortality (high stages
year-round) are considered to be the major impact mechanisms.  Adequate spring and
summer stages are considered critical for habitat maintenance; fall and winter water levels
are relatively less important.  Due to the nature of the hydrologic input data and the use of
average monthly operations, modeled surface water elevations may be expected to have a
margin of error of plus or minus 10 to 20 percent. Therefore, differences between alternatives
are considered to be significant only if greater than 20 percent in a detrimental direction
(USBR 1997b).

Simulated river flows obtained from DWRSIM, expressed in cubic feet per second, are
converted to stage using the general relationship:

Gage Depth = (Coefficient) x (Flow Exponent)

Coefficients and exponents were developed by the CVPIA for each gage location using
historic data and non-linear regression techniques.  The location of river stage gages and
other relevant information are listed in Table VI-37 (USBR 1997d).

Results of the analysis are contained in Tables VI-38 through VI-43.  Values that exceed the
20 percent significance threshold are indicated in bold type and in bold italics if the impact is
negative.

On the lower Sacramento River at Verona (Table VI-39), beneficially higher stages are
predicted in June of dry years under Alternatives 2, 6, 7 and 8.  Likewise, beneficially higher
flows are expected at Verona under Alternative 5 during the December to June period of dry
years.  Reduced river stages are expected in wet years at Verona under Alternative 5 between
December and May, exceeding the significance threshold in February, April and May.
Significantly reduced river stages are expected on the Feather River under Alternatives 5, 7
and 8 in May of dry years, and under Alternative 5 in August of wet years (Table VI-40).
Significantly higher river stages are expected at Gridley during dry conditions in June under
all alternatives except Alternative 5.  On the American River (Table VI-41), dry year stages
are significantly higher for Alternatives 2, 6 and 8 in June and for Alternatives 2 through 6 in
September.

                                                
     3  “Wet” years are the average of wet and above normal years as defined in the 1995 Bay/Delta Plan for the
Sacramento and San Joaquin river basins.  “Dry” years are the average of below normal, dry, and critically dry
year types.
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Table VI-37
Information Used for Estimation of River Stage

Stream Reach Gage Location DWRSIM Nodes Coefficient Exponent

American River Fair Oaks CP09 dsf 0.110 0.460

Feather River Gridley CP106 dsf 0.027 0.587

Upper Sacramento R. Bend Bridge CP74 dsf 0.020 0.630

Lower Sacramento R. Verona CP43 dsf minus
CP64 dsf minus
CP43 local inflow

0.016 0.678

Upper San Joaquin R. Newman CP695 dsf plus
CP704 div plus
CP762 div

0.400 0.400

Lower San Joaquin R. Vernalis CP682 dsf 0.130 0.500

     Note: dsf = downstream flow;  div = actual diversion

On the upper San Joaquin River, Alternative 5 produces dramatically improved river stage
conditions at Newman (Table VI-42) between April and August of all year types and in
March of dry years.  In dry years, Alternatives 3, 6 and 8 enhance the upper San Joaquin
River during the April-June time period.  In the lower San Joaquin River basin, significantly
higher river stages are expected at Vernalis (Table VI-43) in dry years from May to July for
Alternatives 3 and 4, and from April to July for Alternative 5 under all water year conditions.
The additional river flow expected in Alternative 5 would enhance San Joaquin River
riparian habitat from Friant Dam to the Delta.  Alternatives 3, 6 and 8 would enhance the
river from the confluence with the Merced River to the Delta.

Reduced river stages predicted at Verona occur during wet years and therefore would not
have a significant adverse impact to riparian habitat.  Periodic high flows are needed by
riparian vegetation to promote regeneration.  Peak river stages are unaffected by any of the
flow alternatives (see Table VI-46).  Lower river stages are predicted on the Feather River
in dry years and therefore are presumed to be detrimental.  Exceedances range from
0.1 to 3.6 percent higher than the 20 percent criteria for significance and occur in only one
month for each of the affected alternatives.  The differences are small enough that riparian
vegetation would adjust to the new flow regime without specific mitigation.
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O c t N o v D e c J a n F e b M a r A p r M a y J u n J u l A u g S e p

      A l t  1 5 . 3 6 . 0 7 . 2 8 . 1 9 . 0 8 . 2 7 . 0 6 . 8 7 . 0 7 . 7 6 . 8 4 . 9

O c t N o v D e c J a n F e b M a r A p r M a y J u n J u l A u g S e p

      A l t  2 0 . 5 1 . 7 0 . 0 - 0 . 6 0 . 6 0 . 9 0 . 1 - 1 . 1 6 . 5 - 2 . 7 - 4 . 2 0 . 1

      A l t  3 1 . 0 2 . 5 0 . 4 - 0 . 4 0 . 8 1 . 0 0 . 2 - 1 . 2 5 . 4 - 3 . 8 - 4 . 4 0 . 5

      A l t  4 1 . 0 2 . 5 0 . 4 - 0 . 4 0 . 8 0 . 9 0 . 2 - 1 . 2 5 . 5 - 3 . 7 - 4 . 4 0 . 4

      A l t  5 2 . 9 4 . 4 1 . 3 0 . 7 1 . 5 1 . 7 0 . 0 - 2 . 1 4 . 0 - 7 . 3 - 4 . 3 0 . 9

      A l t  6 0 . 8 0 . 0 - 1 . 1 - 1 . 1 - 0 . 5 0 . 2 0 . 2 - 1 . 6 9 . 2 - 2 . 3 - 2 . 9 3 . 1

      A l t  7 - 0 . 5 0 . 0 - 0 . 5 - 1 . 0 0 . 1 1 . 1 2 . 2 - 2 . 5 8 . 7 - 2 . 7 - 3 . 5 0 . 0

      A l t  8 0 . 7 1 . 3 0 . 0 - 0 . 6 1 . 2 0 . 8 - 0 . 5 - 1 . 4 6 . 8 - 2 . 5 - 4 . 3 0 . 6

O c t N o v D e c J a n F e b M a r A p r M a y J u n J u l A u g S e p

      A l t  1 5 . 1 5 . 4 5 . 5 5 . 8 6 . 6 6 . 1 5 . 8 6 . 1 6 . 7 7 . 5 6 . 7 4 . 4

O c t N o v D e c J a n F e b M a r A p r M a y J u n J u l A u g S e p

      A l t  2 0 . 0 2 . 5 - 0 . 4 - 0 . 9 2 . 1 2 . 3 - 0 . 8 - 2 . 0 9 . 9 - 0 . 9 - 6 . 6 - 1 . 8

      A l t  3 0 . 4 3 . 1 0 . 1 - 0 . 7 2 . 3 2 . 5 - 0 . 6 - 2 . 1 8 . 0 - 2 . 1 - 6 . 8 - 1 . 5

      A l t  4 0 . 4 3 . 0 0 . 1 - 0 . 7 2 . 3 2 . 5 - 0 . 6 - 2 . 1 8 . 1 - 1 . 9 - 6 . 9 - 1 . 6

      A l t  5 2 . 7 3 . 7 1 . 3 0 . 6 3 . 0 3 . 5 - 0 . 5 - 3 . 6 4 . 8 - 6 . 5 - 6 . 6 - 1 . 8

      A l t  6 0 . 6 1 . 9 - 1 . 1 - 1 . 5 0 . 3 0 . 8 - 0 . 6 - 3 . 2 1 4 . 0 - 0 . 6 - 5 . 9 3 . 0

      A l t  7 - 1 . 2 1 . 0 - 0 . 9 - 1 . 4 1 . 5 2 . 7 2 . 2 - 3 . 5 1 2 . 8 - 1 . 3 - 5 . 5 - 1 . 8

      A l t  8 0 . 0 2 . 1 - 0 . 3 - 0 . 9 2 . 9 2 . 1 - 1 . 3 - 2 . 8 1 1 . 0 - 0 . 7 - 6 . 7 - 1 . 1

O c t N o v D e c J a n F e b M a r A p r M a y J u n J u l A u g S e p

      A l t  1 5 . 7 6 . 8 9 . 5 1 1 . 2 1 2 . 3 1 0 . 9 8 . 6 7 . 8 7 . 3 8 . 0 6 . 9 5 . 6

O c t N o v D e c J a n F e b M a r A p r M a y J u n J u l A u g S e p

      A l t  2 1 . 2 0 . 8 0 . 3 - 0 . 4 - 0 . 4 - 0 . 2 0 . 9 - 0 . 2 2 . 3 - 5 . 0 - 1 . 0 2 . 1

      A l t  3 1 . 7 1 . 9 0 . 7 - 0 . 1 - 0 . 2 - 0 . 1 0 . 9 - 0 . 2 2 . 2 - 6 . 1 - 1 . 1 2 . 6

      A l t  4 1 . 7 1 . 9 0 . 6 - 0 . 1 - 0 . 2 - 0 . 2 0 . 9 - 0 . 2 2 . 2 - 6 . 0 - 1 . 1 2 . 6

      A l t  5 3 . 1 5 . 2 1 . 3 0 . 7 0 . 4 0 . 3 0 . 4 - 0 . 6 3 . 0 - 8 . 3 - 1 . 1 3 . 6

      A l t  6 1 . 1 - 1 . 9 - 1 . 1 - 0 . 9 - 1 . 0 - 0 . 2 0 . 8 0 . 2 3 . 2 - 4 . 5 1 . 2 3 . 3

      A l t  7 0 . 3 - 1 . 0 - 0 . 2 - 0 . 7 - 0 . 9 0 . 0 2 . 2 - 1 . 4 3 . 7 - 4 . 5 - 0 . 8 1 . 9

      A l t  8 1 . 6 0 . 5 0 . 3 - 0 . 4 0 . 0 - 0 . 1 0 . 3 0 . 1 1 . 5 - 4 . 8 - 1 . 0 2 . 4

A l t e r n a t i v e

A l t e r n a t i v e

A l t e r n a t i v e

A l t e r n a t i v e

A l t e r n a t i v e

A v e r a g e  M o n t h l y  D r y  Y e a r  R i v e r  S t a g e  ( f t )

P e r c e n t  C h a n g e  i n  D r y  Y e a r  M o n t h l y  R i v e r  S t a g e  C o m p a r e d  t o  t h e  B a s e  C a s e  ( p e r c e n t )

A v e r a g e  M o n t h l y  W e t  Y e a r  R i v e r  S t a g e  ( f t )

P e r c e n t  C h a n g e  i n  W e t  Y e a r  M o n t h l y  R i v e r  S t a g e  C o m p a r e d  t o  t h e  B a s e  C a s e  ( p e r c e n t )

Table VI-38

Sacramento River at  Red Bluff  Vegetation Impact Analysis

7 3 - Y e a r  A v e r a g e  M o n t h l y  R i v e r  S t a g e  ( f t )

P e r c e n t  C h a n g e  i n  A v e r a g e  M o n t h l y  R i v e r  S t a g e  C o m p a r e d  t o  t h e  B a s e  C a s e  ( p e r c e n t )

A l t e r n a t i v e



Environmental Effects of Implementing
State Water Resources Control Board Flow and Water Operation Alternatives

FEIR for Implementation of the VI-88 November 1999
1995 Bay/Delta Water Quality Control Plan

A l t e r n a t i v e O c t N o v D e c J a n F e b M a r A p r M a y Jun Jul A u g Sep

      A l t  1 9 . 1 9 . 8 1 2 . 2 1 5 . 5 1 7 . 4 1 6 . 9 1 2 . 2 1 0 . 7 9 . 5 9 . 7 8 . 5 7 . 9

A l t e r n a t i v e O c t N o v D e c J a n F e b M a r A p r M a y Jun Jul A u g Sep

      A l t  2 - 3 . 2 0 . 3 - 1 . 7 - 1 . 5 0 . 5 0 . 6 1 . 0 - 2 . 2 1 1 . 6 5 . 1 - 8 . 6 - 1 . 2

      A l t  3 - 2 . 4 1 . 2 - 1 . 2 - 1 . 2 0 . 7 0 . 7 1 . 2 - 2 . 3 9 . 3 3 . 7 - 8 . 5 - 1 . 2

      A l t  4 - 2 . 5 1 . 1 - 1 . 3 - 1 . 2 0 . 7 0 . 6 1 . 2 - 2 . 3 9 . 4 3 . 8 - 8 . 5 - 1 . 2

      A l t  5 - 0 . 4 4 . 4 0 . 9 0 . 1 2 . 1 2 . 2 2 . 2 - 0 . 6 1 1 . 1 0 . 0 - 6 . 8 1 . 1

      A l t  6 - 2 . 9 - 0 . 3 - 2 . 8 - 1 . 7 - 0 . 1 0 . 3 0 . 8 - 2 . 7 1 3 . 8 5 . 8 - 6 . 9 1 . 0

      A l t  7 - 3 . 8 - 1 . 0 - 2 . 6 - 2 . 0 - 0 . 1 0 . 8 4 . 1 - 4 . 5 1 3 . 6 5 . 9 - 7 . 6 - 1 . 2

      A l t  8 - 3 . 6 - 0 . 2 - 2 . 3 - 1 . 7 0 . 9 0 . 6 0 . 0 - 3 . 1 1 1 . 8 6 . 6 - 6 . 0 - 0 . 6

A l t e r n a t i v e O c t N o v D e c J a n F e b M a r A p r M a y Jun Jul A u g Sep

      A l t  1 8 . 7 8 . 6 9 . 5 1 1 . 5 1 3 . 2 1 2 . 5 8 . 6 5 . 0 7 . 9 9 . 2 8 . 5 7 . 0

A l t e r n a t i v e O c t N o v D e c J a n F e b M a r A p r M a y Jun Jul A u g Sep

      A l t  2 - 4 . 6 1 . 1 - 2 . 2 - 1 . 8 1 . 7 1 . 7 1 . 3 - 7 . 6 2 1 . 3 7 . 6 - 9 . 6 - 3 . 3

      A l t  3 - 3 . 9 1 . 7 - 1 . 8 - 1 . 6 2 . 0 1 . 7 1 . 7 - 7 . 9 1 7 . 4 6 . 0 - 9 . 5 - 3 . 7

      A l t  4 - 3 . 9 1 . 6 - 1 . 8 - 1 . 6 2 . 0 1 . 7 1 . 7 - 7 . 8 1 7 . 7 6 . 1 - 9 . 5 - 3 . 7

      A l t  5 0 . 7 9 . 4 2 3 . 6 2 6 . 8 3 3 . 2 2 9 . 7 3 9 . 4 3 7 . 0 3 2 . 4 5 . 4 - 8 . 0 7 . 8

      A l t  6 - 4 . 0 1 . 4 - 2 . 4 - 1 . 9 0 . 9 1 . 0 0 . 7 - 8 . 8 2 5 . 3 8 . 4 - 8 . 7 0 . 2

      A l t  7 - 5 . 3 - 0 . 2 - 3 . 1 - 2 . 3 1 . 2 2 . 1 6 . 9 - 1 0 . 8 2 3 . 7 6 . 6 - 9 . 4 - 3 . 1

      A l t  8 - 4 . 8 0 . 7 - 2 . 9 - 1 . 9 2 . 3 1 . 4 - 0 . 4 - 9 . 4 2 2 . 4 8 . 8 - 7 . 3 - 2 . 6

A l t e r n a t i v e O c t N o v D e c J a n F e b M a r A p r M a y Jun Jul A u g Sep

      A l t  1 9 . 6 1 1 . 5 1 5 . 9 2 0 . 9 1 3 . 3 2 2 . 7 1 6 . 8 1 4 . 4 1 1 . 6 1 0 . 5 8 . 5 9 . 0

A l t e r n a t i v e O c t N o v D e c J a n F e b M a r A p r M a y Jun Jul A u g Sep

      A l t  2 - 1 . 6 - 0 . 6 - 1 . 3 - 1 . 3 - 0 . 4 - 0 . 2 0 . 8 1 . 9 2 . 6 2 . 2 - 7 . 1 1 . 0

      A l t  3 - 0 . 7 0 . 7 - 0 . 8 - 0 . 9 - 0 . 3 - 0 . 2 0 . 8 1 . 9 1 . 8 0 . 9 - 7 . 1 1 . 4

      A l t  4 - 0 . 7 0 . 6 - 0 . 9 - 0 . 9 - 0 . 3 - 0 . 2 0 . 9 1 . 9 1 . 8 0 . 9 - 7 . 2 1 . 4

      A l t  5 - 1 . 6 - 0 . 6 - 1 7 . 5 - 1 9 . 8 - 2 1 . 7 - 1 8 . 3 - 2 4 . 2 - 2 8 . 9 - 8 . 4 - 6 . 5 - 5 . 1 - 5 . 9

      A l t  6 - 1 . 5 - 2 . 1 - 3 . 1 - 1 . 6 - 0 . 9 - 0 . 2 0 . 8 1 . 9 3 . 3 2 . 8 - 4 . 6 1 . 8

      A l t  7 - 2 . 0 - 1 . 9 - 2 . 2 - 1 . 7 - 1 . 0 - 0 . 1 2 . 1 0 . 3 4 . 3 5 . 0 - 5 . 1 0 . 9

      A l t  8 - 2 . 1 - 1 . 1 - 1 . 7 - 1 . 5 - 0 . 1 - 0 . 1 0 . 3 1 . 7 2 . 1 4 . 1 - 4 . 3 1 . 4

Table VI-39

Sacramento River at Verona Vegetation Impact Analysis

7 3 - Y e a r  A v e r a g e  M o n t h l y  R i v e r  S t a g e  ( f t )

P e r c e n t  C h a n g e  i n  A v e r a g e  M o n t h l y  R i v e r  S t a g e  C o m p a r e d  t o  t h e  B a s e  C a s e  ( p e r c e n t )

A v e r a g e  M o n t h l y  D r y  Y e a r  R i v e r  S t a g e  ( f t )

P e r c e n t  C h a n g e  i n  D r y  Y e a r  M o n t h l y  R i v e r  S t a g e  C o m p a r e d  t o  t h e  B a s e  C a s e  ( p e r c e n t )

A v e r a g e  M o n t h l y  W e t  Y e a r  R i v e r  S t a g e  ( f t )

P e r c e n t  C h a n g e  i n  W e t  Y e a r  M o n t h l y  R i v e r  S t a g e  C o m p a r e d  t o  t h e  B a s e  C a s e  ( p e r c e n t )



Environmental Effects of Implementing
State Water Resources Control Board Flow and Water Operation Alternatives

FEIR for Implementation of the VI-89 November 1999
1995 Bay/Delta Water Quality Control Plan

A l t e r n a t i v e O c t N o v D e c J a n F e b M a r A p r M a y Jun Jul A u g Sep

      A l t  1 2 . 9 2 . 6 3 . 4 3 . 8 4 . 1 4 . 1 2 . 7 3 . 1 3 . 1 3 . 7 3 . 2 2 . 1

A l t e r n a t i v e O c t N o v D e c J a n F e b M a r A p r M a y Jun Jul A u g Sep

      A l t  2 - 1 2 . 8 - 4 . 4 - 7 . 2 - 5 . 7 1 . 1 0 . 7 5 . 6 - 3 . 3 1 5 . 5 1 7 . 3 - 1 2 . 1 - 6 . 6

      A l t  3 - 1 0 . 9 - 3 . 1 - 6 . 6 - 5 . 2 1 . 4 0 . 4 6 . 1 - 3 . 7 1 1 . 9 1 6 . 5 - 1 1 . 6 - 7 . 5

      A l t  4 - 1 1 . 0 - 3 . 1 - 6 . 7 - 5 . 2 1 . 3 0 . 4 6 . 0 - 3 . 6 1 2 . 1 1 6 . 5 - 1 1 . 6 - 7 . 4

      A l t  5 - 7 . 5 1 . 2 - 2 . 6 - 1 . 9 3 . 1 3 . 1 2 . 4 - 7 . 7 4 . 3 7 . 1 - 1 2 . 8 - 1 . 4

      A l t  6 - 1 1 . 9 - 1 . 9 - 8 . 1 - 5 . 3 1 . 3 0 . 7 3 . 7 - 3 . 8 1 4 . 4 1 7 . 8 - 1 1 . 6 - 6 . 1

      A l t  7 - 1 2 . 4 - 4 . 9 - 9 . 0 - 7 . 0 - 0 . 1 1 . 2 1 4 . 3 - 7 . 5 1 5 . 1 1 9 . 0 - 1 1 . 2 - 6 . 1

      A l t  8 - 1 4 . 5 - 5 . 4 - 9 . 4 - 6 . 6 0 . 7 0 . 5 2 . 2 - 5 . 8 1 5 . 5 2 0 . 3 - 5 . 4 - 5 . 3

A l t e r n a t i v e O c t N o v D e c J a n F e b M a r A p r M a y Jun Jul A u g Sep

      A l t  1 2 . 8 2 . 4 2 . 8 2 . 6 2 . 7 2 . 6 1 . 9 2 . 6 2 . 7 3 . 8 3 . 4 2 . 1

A l t e r n a t i v e O c t N o v D e c J a n F e b M a r A p r M a y Jun Jul A u g Sep

      A l t  2 - 1 6 . 2 - 3 . 4 - 7 . 4 - 7 . 4 3 . 4 1 . 7 1 1 . 3 - 1 6 . 7 2 8 . 0 1 6 . 4 - 8 . 2 - 8 . 6

      A l t  3 - 1 4 . 4 - 2 . 7 - 7 . 1 - 7 . 3 4 . 4 1 . 4 1 2 . 7 - 1 7 . 7 2 3 . 3 1 5 . 6 - 7 . 4 - 1 0 . 4

      A l t  4 - 1 4 . 5 - 2 . 8 - 7 . 1 - 7 . 3 4 . 4 1 . 4 1 2 . 5 - 1 7 . 3 2 3 . 8 1 5 . 5 - 7 . 3 - 1 0 . 2

      A l t  5 - 9 . 6 1 . 9 - 5 . 4 - 5 . 7 7 . 4 6 . 3 4 . 8 - 2 3 . 6 1 6 . 1 1 2 . 7 - 6 . 0 - 7 . 6

      A l t  6 - 1 5 . 0 - 0 . 4 - 6 . 5 - 6 . 3 5 . 1 2 . 2 6 . 7 - 1 6 . 7 2 6 . 3 1 7 . 2 - 7 . 5 - 7 . 8

      A l t  7 - 1 5 . 9 - 3 . 9 - 9 . 3 - 8 . 5 1 . 9 3 . 7 2 9 . 1 - 2 2 . 3 2 5 . 5 1 5 . 1 - 9 . 9 - 7 . 7

      A l t  8 - 1 7 . 1 - 3 . 9 - 1 0 . 4 - 8 . 2 2 . 9 0 . 7 4 . 8 - 2 0 . 1 2 7 . 7 1 8 . 4 - 2 . 3 - 7 . 3

A l t e r n a t i v e O c t N o v D e c J a n F e b M a r A p r M a y Jun Jul A u g Sep

      A l t  1 2 . 9 2 . 9 4 . 3 5 . 4 6 . 1 6 . 1 3 . 8 3 . 9 3 . 5 3 . 4 3 . 0 2 . 2

A l t e r n a t i v e O c t N o v D e c J a n F e b M a r A p r M a y Jun Jul A u g Sep

      A l t  2 - 8 . 4 - 5 . 5 - 7 . 0 - 4 . 6 - 0 . 2 0 . 1 1 . 8 8 . 7 2 . 4 1 8 . 7 - 1 8 . 2 - 4 . 1

      A l t  3 - 6 . 4 - 3 . 6 - 6 . 2 - 3 . 8 - 0 . 3 - 0 . 2 1 . 7 8 . 6 - 0 . 2 1 7 . 9 - 1 8 . 1 - 3 . 9

      A l t  4 - 6 . 3 - 3 . 5 - 6 . 4 - 3 . 8 - 0 . 6 - 0 . 1 1 . 8 8 . 7 - 0 . 3 1 7 . 9 - 1 8 . 3 - 3 . 8

      A l t  5 - 4 . 7 0 . 5 - 0 . 1 0 . 5 0 . 6 1 . 3 0 . 8 6 . 5 - 8 . 3 - 1 . 3 - 2 3 . 4 6 . 4

      A l t  6 - 7 . 8 - 3 . 7 - 9 . 5 - 4 . 7 - 0 . 9 - 0 . 1 1 . 7 7 . 6 1 . 8 1 8 . 8 - 1 8 . 0 - 4 . 0

      A l t  7 - 7 . 9 - 6 . 1 - 8 . 8 - 6 . 1 - 1 . 3 - 0 . 3 4 . 4 5 . 6 4 . 1 2 4 . 8 - 1 3 . 2 - 4 . 1

      A l t  8 - 1 1 . 2 - 7 . 1 - 8 . 6 - 5 . 5 - 0 . 5 0 . 4 0 . 5 6 . 9 2 . 6 2 3 . 0 - 1 0 . 3 - 2 . 8

A v e r a g e  M o n t h l y  D r y  Y e a r  R i v e r  S t a g e  ( f t )

P e r c e n t  C h a n g e  i n  D r y  Y e a r  M o n t h l y  R i v e r  S t a g e  C o m p a r e d  t o  t h e  B a s e  C a s e  ( % )

A v e r a g e  M o n t h l y  W e t  Y e a r  R i v e r  S t a g e  ( f t )

P e r c e n t  C h a n g e  i n  W e t  Y e a r  M o n t h l y  R i v e r  S t a g e  C o m p a r e d  t o  t h e  B a s e  C a s e  ( % )

Table VI-40

Feather River at Gridley Vegetation Impact Analysis

7 3 - Y e a r  A v e r a g e  M o n t h l y  R i v e r  S t a g e  ( f t )

P e r c e n t  C h a n g e  i n  A v e r a g e  M o n t h l y  R i v e r  S t a g e  C o m p a r e d  t o  t h e  B a s e  C a s e  ( % )



Environmental Effects of Implementing
State Water Resources Control Board Flow and Water Operation Alternatives

FEIR for Implementation of the VI-90 November 1999
1995 Bay/Delta Water Quality Control Plan

Alternat ive Oct N o v D e c Jan Feb Mar A p r May Jun Jul A u g Sep

      A l t  1 3 .7 3 .9 4 .4 4 .7 5 .1 4 .7 4 .6 4 .3 4 .8 4 .6 4 .1 3 .3

Alternat ive Oct N o v D e c Jan Feb Mar A p r May Jun Jul A u g Sep

      A l t  2 -4 .5 -1 .1 -4 .6 -2 .9 -0 .5 1 .0 0 .3 2 .0 11 .3 -5 .3 -7 .9 7 .3

      A l t  3 -4 .2 -0 .7 -3 .8 -1 .8 0 .0 1 .3 0 .0 2 .3 10 .0 -5 .4 -8 .7 10 .6

      A l t  4 -4 .2 -0 .7 -4 .0 -1 .9 0 .0 1 .6 -0 .1 2 .1 10 .2 -5 .4 -8 .7 10 .4

      A l t  5 2 .3 1 .6 -1 .5 -0 .3 1 .0 1 .9 -2 .4 -0 .2 7 .4 -8 .6 -5 .4 13 .4

      A l t  6 2 .7 -3 .4 -7 .0 -4 .4 -2 .6 -0 .5 0 .3 3 .0 13 .0 -4 .3 -6 .4 13 .9

      A l t  7 4 .3 -2 .6 -4 .9 -3 .3 -0 .4 1 .5 2 .6 -0 .1 12 .7 -4 .2 -8 .6 8 .5

      A l t  8 3 .9 -1 .3 -4 .3 -2 .7 0 .1 1 .0 -0 .7 1 .6 11 .5 -4 .8 -7 .6 9 .6

Alternat ive Oct N o v D e c Jan Feb Mar A p r May Jun Jul A u g Sep

      A l t  1 3 .6 3 .6 3 .7 3 .6 4 3 .8 3 .8 3 .5 4 .1 4 .5 3 .9 2 .5

Alternat ive Oct N o v D e c Jan Feb Mar A p r May Jun Jul A u g Sep

      A l t  2 -2 .4 -0 .5 -6 .6 -5 .5 -1 .0 2 .2 0 .0 3 .6 2 0 . 8 -4 .7 -14 .7 2 1 . 0

      A l t  3 -2 .0 0 .0 -5 .0 -4 .2 -0 .1 2 .8 -0 .7 4 .2 18 .1 -3 .9 -16 .1 2 0 . 8

      A l t  4 -2 .0 -0 .3 -5 .4 -4 .6 -0 .1 3 .4 -1 .0 3 .7 18 .6 -4 .1 -16 .0 2 0 . 5

      A l t  5 -0 .6 2 .5 -2 .6 -0 .9 1 .9 3 .9 -5 .2 -0 .6 12 .5 -7 .2 -11 .0 2 5 . 5

      A l t  6 0 .5 -1 .2 -8 .5 -8 .1 -5 .8 -1 .0 -0 .2 5 .3 2 3 . 2 -3 .9 -14 .1 2 8 . 4

      A l t  7 0 .2 6 .7 4 .3 7 .4 5 .5 3 .6 -3 .9 -0 .7 4 .2 -16 .1 -18 .9 17 .8

      A l t  8 -1 .9 -0 .1 -6 .1 -4 .9 -0 .2 2 .1 -1 .7 2 .6 2 1 . 7 -4 .1 -14 .3 19 .5

Alternat ive Oct N o v D e c Jan Feb Mar A p r May Jun Jul A u g Sep

      A l t  1 3 .8 4 .3 5 .3 6 .2 6 .7 5 .9 5 .6 5 .4 5 .6 4 .8 4 .4 4 .4

Alternat ive Oct N o v D e c Jan Feb Mar A p r May Jun Jul A u g Sep

      A l t  2 -7 .2 -1 .8 -2 .7 -0 .9 0 .0 -0 .1 0 .7 0 .7 1 .9 -5 .9 0 .3 2 .1

      A l t  3 -7 .1 -1 .4 -2 .6 0 .1 0 .0 0 .0 0 .7 0 .7 1 .9 -7 .2 0 .2 2 .8

      A l t  4 -7 .1 -1 .3 -2 .7 0 .2 0 .0 -0 .1 0 .7 0 .7 1 .9 -7 .2 0 .2 2 .8

      A l t  5 -4 .5 0 .5 -0 .6 0 .2 0 .3 0 .0 0 .2 0 .2 2 .4 -10 .5 1 .4 4 .3

      A l t  6 -7 .0 -5 .9 -5 .6 -1 .5 -0 .1 -0 .1 0 .7 1 .0 2 .9 -4 .9 2 .9 2 .8

      A l t  7 -8 .2 -4 .2 -3 .2 -0 .8 0 .1 -0 .1 1 .7 0 .1 2 .8 -5 .1 -0 .2 1 .9

      A l t  8 -6 .5 -2 .7 -2 .5 -1 .0 0 .3 0 .0 0 .2 0 .8 1 .3 -5 .6 0 .4 2 .0

A v e r a g e  M o n t h l y  D r y  Y e a r  R i v e r  S t a g e  ( f t )

P e r c e n t  C h a n g e  i n  D r y  Y e a r  M o n t h l y  R i v e r  S t a g e  C o m p a r e d  t o  t h e  B a s e  C a s e  ( % )

A v e r a g e  M o n t h l y  W e t  Y e a r  R i v e r  S t a g e  ( f t )

P e r c e n t  C h a n g e  i n  W e t  Y e a r  M o n t h l y  R i v e r  S t a g e  C o m p a r e d  t o  t h e  B a s e  C a s e  ( % )

T a b l e  V I - 4 1
A m e r i c a n  R i v e r  a t  N a t o m a  V e g e t a t i o n  I m p a c t  A n a l y s i s

7 3 - Y e a r  A v e r a g e  M o n t h l y  R i v e r  S t a g e  ( f t )

P e r c e n t  C h a n g e  i n  A v e r a g e  M o n t h l y  R i v e r  S t a g e  C o m p a r e d  t o  t h e  B a s e  C a s e  ( % )



Environmental Effects of Implementing
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A l t e r n a t i v e O c t N o v D e c J a n F e b M a r A p r M a y Jun Jul A u g Sep

      A l t  1 7 . 3 5 . 7 6 . 2 7 . 0 8 . 6 7 . 6 6 . 4 7 . 0 6 . 4 5 . 1 4 . 9 5 . 8

A l t e r n a t i v e O c t N o v D e c J a n F e b M a r A p r M a y Jun Jul A u g Sep

      A l t  2 - 0 . 3 - 0 . 3 - 0 . 3 - 0 . 1 - 0 . 3 - 0 . 2 - 0 . 4 - 0 . 3 - 0 . 5 - 0 . 6 - 0 . 7 - 0 . 6

      A l t  3 - 1 . 9 - 1 . 6 - 1 . 5 - 1 . 9 - 3 . 2 - 1 . 0 9 . 0 1 1 . 8 9 . 9 1 0 . 8 3 . 3 - 0 . 8

      A l t  4 - 1 . 1 - 0 . 7 - 0 . 9 - 1 . 6 - 2 . 0 0 . 3 3 . 3 5 . 9 9 . 0 1 0 . 9 3 . 9 - 0 . 1

      A l t  5 1 1 . 9 3 . 6 2 . 0 2 . 2 1 0 . 5 1 9 . 6 5 7 . 5 4 5 . 6 2 7 . 1 6 2 . 0 2 6 . 8 5 . 9

      A l t  6 5 . 7 - 0 . 3 - 0 . 2 - 0 . 1 0 . 4 1 . 5 1 6 . 0 2 5 . 8 1 1 . 2 1 1 . 0 6 . 8 - 0 . 5

      A l t  7 - 1 . 0 - 0 . 7 - 0 . 6 - 1 . 2 - 1 . 8 - 0 . 2 4 . 6 4 . 2 - 0 . 9 - 0 . 7 - 0 . 8 - 0 . 7

      A l t  8 2 . 5 - 1 . 6 - 1 . 7 - 1 . 9 - 3 . 7 - 0 . 7 1 1 . 1 1 1 . 3 - 2 . 0 - 0 . 8 - 0 . 7 - 1 . 2

A l t e r n a t i v e O c t N o v D e c J a n F e b M a r A p r M a y Jun Jul A u g Sep

      A l t  1 7 . 2 5 . 4 5 5 . 1 6 . 1 5 . 8 4 . 8 4 . 7 4 . 6 4 . 8 4 . 9 5 . 5

A l t e r n a t i v e O c t N o v D e c J a n F e b M a r A p r M a y Jun Jul A u g Sep

      A l t  2 - 0 . 3 - 0 . 4 - 0 . 4 - 0 . 1 - 0 . 7 - 0 . 4 - 0 . 8 - 0 . 7 - 1 . 1 - 1 . 0 - 1 . 0 - 1 . 0

      A l t  3 - 2 . 5 - 0 . 8 - 0 . 4 - 1 . 1 - 3 . 2 0 . 0 1 5 . 9 2 9 . 0 2 1 . 4 1 4 . 4 3 . 7 - 0 . 7

      A l t  4 - 1 . 2 - 0 . 5 - 0 . 4 - 1 . 1 - 2 . 2 0 . 3 5 . 1 1 2 . 2 1 9 . 2 1 4 . 4 3 . 8 - 0 . 7

      A l t  5 1 0 . 8 5 . 5 7 . 7 8 . 9 1 8 . 0 2 5 . 2 6 4 . 3 6 5 . 6 3 7 . 9 5 5 . 8 2 3 . 7 8 . 5

      A l t  6 5 . 7 - 0 . 2 - 0 . 3 - 0 . 1 1 . 0 1 . 9 2 7 . 1 4 7 . 5 1 7 . 7 2 1 . 6 1 2 . 7 - 0 . 9

      A l t  7 - 1 . 5 - 0 . 3 - 0 . 5 - 1 . 0 - 2 . 1 - 0 . 4 9 . 6 - 1 . 3 - 1 . 1 - 1 . 2 - 1 . 1

      A l t  8 1 . 5 0 . 1 2 . 3 5 . 1 9 . 9 4 . 1 2 2 . 3 2 8 . 9 1 . 8 - 1 . 2 - 1 . 5 - 0 . 9

A l t e r n a t i v e O c t N o v D e c J a n F e b M a r A p r M a y Jun Jul A u g Sep

      A l t  1 7 . 3 6 . 1 7 . 5 9 . 3 1 1 . 4 9 . 7 8 . 2 9 . 5 8 . 5 5 . 4 4 . 9 6 . 2

A l t e r n a t i v e O c t N o v D e c J a n F e b M a r A p r M a y Jun Jul A u g Sep

      A l t  2 - 0 . 3 - 0 . 2 - 0 . 2 - 0 . 1 - 0 . 1 - 0 . 1 - 0 . 2 - 0 . 1 - 0 . 2 - 0 . 3 - 0 . 3 - 0 . 3

      A l t  3 - 1 . 2 - 2 . 3 - 2 . 4 - 2 . 5 - 3 . 2 - 1 . 6 4 . 4 2 . 1 2 . 6 7 . 1 2 . 9 - 0 . 9

      A l t  4 - 1 . 0 - 0 . 9 - 1 . 3 - 2 . 0 - 1 . 8 0 . 2 2 . 0 2 . 4 2 . 6 7 . 4 4 . 1 0 . 6

      A l t  5 1 3 . 1 1 . 7 - 2 . 4 - 2 . 0 5 . 8 1 5 . 7 5 2 . 9 3 4 . 3 2 0 . 4 6 8 . 3 3 0 . 4 3 . 3

      A l t  6 5 . 6 - 0 . 3 - 0 . 2 - 0 . 1 0 . 0 1 . 3 8 . 4 1 3 . 5 7 . 1 0 . 2 0 . 0 - 0 . 1

      A l t  7 - 0 . 5 - 1 . 1 - 0 . 8 - 1 . 2 - 1 . 6 - 0 . 1 1 . 1 1 . 0 - 0 . 6 - 0 . 3 - 0 . 4 - 0 . 4

      A l t  8 3 . 9 - 2 . 4 - 2 . 3 - 2 . 7 - 9 . 3 - 0 . 8 6 . 4 5 . 0 - 0 . 4 0 . 8 0 . 2 - 0 . 6

Table VI-42

San Joaquin River at Newman Vegetation Impact Analysis

7 3 - Y e a r  A v e r a g e  M o n t h l y  R i v e r  S t a g e  ( f t )

P e r c e n t  C h a n g e  i n  A v e r a g e  M o n t h l y  R i v e r  S t a g e  C o m p a r e d  t o  t h e  B a s e  C a s e  ( % )

A v e r a g e  M o n t h l y  D r y  Y e a r  R i v e r  S t a g e  ( f t )

P e r c e n t  C h a n g e  i n  D r y  Y e a r  M o n t h l y  R i v e r  S t a g e  C o m p a r e d  t o  t h e  B a s e  C a s e  ( % )

A v e r a g e  M o n t h l y  W e t  Y e a r  R i v e r  S t a g e  ( f t )

P e r c e n t  C h a n g e  i n  W e t  Y e a r  M o n t h l y  R i v e r  S t a g e  C o m p a r e d  t o  t h e  B a s e  C a s e  ( % )
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A l t e r n a t i v e O c t N o v D e c J a n F e b M a r A p r M a y Jun Jul A u g Sep

      A l t  1 6 . 9 5 . 7 6 . 4 7 . 7 9 . 7 9 . 2 8 . 9 8 . 0 6 . 9 5 . 2 4 . 8 5 . 6

A l t e r n a t i v e O c t N o v D e c J a n F e b M a r A p r M a y Jun Jul A u g Sep

      A l t  2 0 . 7 - 2 . 0 - 2 . 9 - 3 . 0 - 2 . 9 - 0 . 2 4 . 7 1 0 . 9 4 . 0 5 . 8 8 . 1 - 0 . 8

      A l t  3 1 . 4 - 2 . 3 - 3 . 2 - 4 . 1 - 3 . 9 - 0 . 6 5 . 0 1 1 . 7 1 6 . 6 1 7 . 1 1 4 . 5 - 0 . 8

      A l t  4 1 . 2 - 2 . 0 - 3 . 1 - 4 . 4 - 3 . 8 - 0 . 2 5 . 0 1 1 . 5 1 6 . 4 1 7 . 0 1 5 . 3 - 0 . 4

      A l t  5 9 . 1 0 . 1 - 1 . 7 - 3 . 9 5 . 0 8 . 3 2 2 . 8 2 5 . 9 1 7 . 2 4 3 . 8 1 7 . 7 2 . 8

      A l t  6 2 . 3 - 1 . 3 - 1 . 7 - 1 . 4 - 0 . 7 0 . 5 5 . 1 1 0 . 9 7 . 1 9 . 6 1 2 . 0 - 0 . 5

      A l t  7 4 . 8 0 . 6 2 . 4 1 . 3 0 . 7 0 . 9 0 . 1 4 . 1 4 . 9 7 . 2 - 2 . 0 - 6 . 0

      A l t  8 0 . 3 1 . 0 0 . 0 - 2 . 4 - 4 . 0 - 0 . 3 7 . 8 1 4 . 5 6 . 1 6 . 6 5 . 4 - 1 . 2

A l t e r n a t i v e O c t N o v D e c J a n F e b M a r A p r M a y Jun Jul A u g Sep

      A l t  1 6 . 8 5 . 4 5 . 4 5 . 5 6 . 4 6 . 2 6 . 5 5 . 5 4 . 6 4 . 4 4 . 5 5 . 1

A l t e r n a t i v e O c t N o v D e c J a n F e b M a r A p r M a y Jun Jul A u g Sep

      A l t  2 - 0 . 6 - 2 . 8 - 4 . 1 - 4 . 6 - 3 . 2 0 . 5 9 . 2 2 0 . 5 9 . 2 7 . 9 8 . 2 - 1 . 2

      A l t  3 1 . 0 - 2 . 2 - 3 . 2 - 4 . 1 - 3 . 2 - 0 . 6 9 . 6 2 2 . 2 3 4 . 2 2 5 . 5 1 8 . 3 - 0 . 8

      A l t  4 0 . 6 - 2 . 5 - 3 . 6 - 4 . 7 - 3 . 1 - 0 . 4 9 . 5 2 1 . 8 3 2 . 9 2 5 . 5 1 9 . 2 - 0 . 8

      A l t  5 8 . 4 0 . 4 - 0 . 1 0 . 1 1 0 . 6 1 4 . 1 2 7 . 1 3 4 . 8 2 7 . 5 4 8 . 1 1 9 . 6 4 . 8

      A l t  6 2 . 1 - 1 . 9 - 2 . 9 - 3 . 3 - 1 . 7 0 . 5 9 . 1 2 0 . 0 1 4 . 2 1 5 . 6 1 5 . 3 - 0 . 9

      A l t  7 4 . 4 - 0 . 3 1 . 1 0 . 4 1 . 1 1 . 7 2 . 9 9 . 0 1 0 . 9 1 0 . 8 - 1 1 . 1 - 8 . 0

      A l t  8 - 1 . 6 1 . 7 3 . 7 3 . 7 1 0 . 8 9 . 2 2 0 . 9 3 2 . 3 1 5 . 1 1 1 . 0 4 . 4 - 0 . 3

A l t e r n a t i v e O c t N o v D e c J a n F e b M a r A p r M a y Jun Jul A u g Sep

      A l t  1 7 . 0 6 . 1 7 . 7 1 0 . 3 1 3 . 3 1 2 . 6 1 1 . 7 1 0 . 9 9 . 5 6 . 2 5 . 1 6 . 1

A l t e r n a t i v e O c t N o v D e c J a n F e b M a r A p r M a y Jun Jul A u g Sep

      A l t  2 2 . 0 - 1 . 1 - 2 . 0 - 2 . 0 - 2 . 8 - 0 . 7 1 . 8 5 . 4 1 . 2 4 . 1 8 . 1 - 0 . 4

      A l t  3 1 . 9 - 2 . 4 - 3 . 3 - 4 . 1 - 4 . 3 - 0 . 6 2 . 1 5 . 6 6 . 8 1 0 . 1 1 0 . 6 - 0 . 8

      A l t  4 2 . 0 - 1 . 5 - 2 . 6 - 4 . 2 - 4 . 2 - 0 . 1 2 . 1 5 . 5 7 . 2 9 . 9 1 1 . 3 0 . 1

      A l t  5 9 . 9 - 0 . 3 - 3 . 1 - 6 . 3 1 . 9 5 . 0 2 0 . 1 2 0 . 7 1 1 . 4 4 0 . 2 1 5 . 8 1 . 0

      A l t  6 2 . 6 - 0 . 7 - 0 . 8 - 0 . 2 - 0 . 2 0 . 5 2 . 5 5 . 6 3 . 1 4 . 7 8 . 5 - 0 . 2

      A l t  7 5 . 3 1 . 5 3 . 4 1 . 8 0 . 5 0 . 5 - 1 . 6 1 . 2 1 . 5 4 . 2 7 . 3 - 4 . 1

      A l t  8 3 . 0 1 . 4 - 0 . 7 - 2 . 3 - 8 . 8 - 1 . 7 2 . 6 7 . 7 5 . 5 5 . 1 7 . 7 - 0 . 6

Table VI-43

San Joaquin River at Vernalis Vegetation Impact Analysis

7 3 - Y e a r  A v e r a g e  M o n t h l y  R i v e r  S t a g e  ( f t )

P e r c e n t  C h a n g e  i n  A v e r a g e  M o n t h l y  R i v e r  S t a g e  C o m p a r e d  t o  t h e  B a s e  C a s e  ( % )

A v e r a g e  M o n t h l y  D r y  Y e a r  R i v e r  S t a g e  ( f t )

P e r c e n t  C h a n g e  i n  D r y  Y e a r  M o n t h l y  R i v e r  S t a g e  C o m p a r e d  t o  t h e  B a s e  C a s e  ( % )

A v e r a g e  M o n t h l y  W e t  Y e a r  R i v e r  S t a g e  ( f t )

P e r c e n t  C h a n g e  i n  W e t  Y e a r  M o n t h l y  R i v e r  S t a g e  C o m p a r e d  t o  t h e  B a s e  C a s e  ( % )
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b. Impact on Vegetation in Reservoir Drawdown Zones.  Changes in the operations of
reservoirs controlled by the SWP, the CVP, and others to meet the flow objectives could
result in long term changes in reservoir water levels.  Lower average water elevations would
allow reemergence and long term survival of former riparian habitat along tributary streams.
Due to extensive loss of topsoil in the drawdown zone, establishment of new upland
terrestrial vegetation on the reservoir sidewall would not be expected.

Quantitative data on the abundance and distribution of riparian habitat is available only for
Folsom Lake, which supports about 65 acres of willow scrub between elevations 400 and
470.  The response of riparian vegetation in other reservoirs to changing operations is
assumed to follow a pattern similar to that observed at Folsom.  Willow is subject to
drowning if inundated for more than three consecutive months during the March-August
growing season (USBR 1997b).  Therefore, operating reservoirs at lower average elevations,
though it might adversely impact other resources or beneficial uses, could have a positive
impact on riparian vegetation within a reservoir.

An analysis of Folsom Lake elevations is presented in Table VI-44.  The data represents the
percent of years in which the reservoir water level exceeds the elevation specified in column
one of Table VI-44 for three consecutive months during the growing season.

Table VI-44
Folsom Lake Vegetation Inundation Assessment

(Percent of Years Reservoir Level Exceeds Column 1 Elevation)

Elevation (ft) Alt 1 Alt 2 Alt 3 Alt 4 Alt 5 Alt 6 Alt 7 Alt 8

440 41.1 39.7 41.1 41.1 50.7 37.0 38.4 39.7

430 68.5 60.3 58.9 58.9 64.4 53.4 54.8 60.3

420 74.0 65.8 68.5 69.9 72.6 64.4 65.8 65.8

410 82.2 79.5 80.8 78.1 80.8 75.3 74.0 80.8

400 87.7 80.8 82.2 82.2 80.8 80.8 82.2 80.8

In general, reservoir levels are higher for Alternative 1 than for the other alternatives, with
the exception of Alternative 5.  The percentage of years during which vegetation is exposed
to prolonged inundation at the 440-foot level, for example, varies between -4.1 percent and
+9.6 percent.  The differences among alternatives are not significant.

c. Waterfowl at Reservoirs .  Changes in reservoir operations can affect availability of
prey species, such as fish, as well as the amount of shallow and open water habitat utilized by
waterfowl.  The impact of altered reservoir operations on fishery resources is presented in
section C.2.  An analysis was performed on selected reservoirs to determine the acreage of
shallow water (0 to 1 foot deep), mid-water (1 to 15 feet deep), and open water habitat
(>15 feet deep) among alternatives for selected reservoirs.  The results of the analysis are
presented in Tables VI-45a through VI-45c.  Mallards, cinnamon teal and other dabbling
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ducks use shallow water habitat.  Mid-water habitat is utilized by lesser scaup and ring
necked ducks; open water is favored by species such as gulls and grebes.  The results for
Alternative 1 represent the absolute numbers of acres for a particular habitat; results for the
other alternatives represent the change in acreage compared to the base case.

Results of the shallow water analysis are highly variable.  There is considerable uncertainty
in the reservoir elevation/surface area relationship derived from the DWRSIM output.
Therefore, firm conclusions can not be drawn, though the differences are most likely
insignificant.

Mid-water habitat decreases by more than 20 percent when compared to the base case during
dry years at New Melones Reservoir under Alternatives 2.  Open water habitat is decreased
by more that 20 percent in dry years at Folsom Lake under Alternatives 2, 6, 7 and 8 when
compared to the base case.  In average years and dry years for Alternative 2, New Melones
Reservoir open water habitat is reduced by 23.3 percent and 27.7 percent respectively.
Alternative 5 produces 26.7 and 24.7 percent declines in open water habitat at New Don
Pedro Reservoir and Lake McClure respectively.  Reductions is gross habitat area could be
significant if gross habitat area was the factor limiting population size or growth.  As this is
unlikely to be the case, the gross habitat reductions would have an insignificant impact.

d. Wetland Habitat at Wildlife Refuges and Duck Clubs .  Wildlife refuges and
management areas and privately owned and managed duck clubs provide important wetland
habitat.  Surface water supplies are used at most of these locations to provide seasonal
flooding, maintain wetland habitat and to grow feed crops that attract waterfowl.
Implementation of the flow objective alternatives is not expected to have a significant impact
to the wetland habitat at wildlife refuges and management areas or privately owned and
managed duck clubs.

Most of the water needs for wetlands management occur from September through April.
This includes water used for winter rice field flooding that is generally diverted in the fall
months.  Under the 1995 Plan flow alternatives, water right holders would be required to
reduce diversions most frequently in June, July, and August and rarely in other months.
Therefore, most of the diversion for wetlands management occurs outside the period of
impact.

The majority of the privately owned and managed wetlands in the Sacramento Valley are
located in the Butte, Sutter, and Colusa basins.  Much of the surface water that is in these
basins is tailwater from irrigation districts with pre-1914 water rights.  The pre-1914 water
rights will not be curtailed under the flow alternatives; therefore, this water supply would not
be affected.  The private landowners that support wetlands and divert surface water under
appropriative rights generally have relatively small cumulative face value in their water
rights and, thus, most fall below the threshold included in this document.
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A l t e r n a t i v e Shasta Orov i l l e F o l s o m N e w  M o l o n e s M c C l u r e N .  D o n  P e d r o

       Alt 1 147 23 72 36 24 37

       Alt 2 -40 4 11 11 0 0

       Alt 3 -16 15 6 -7 15 -5

       Alt 4 -16 4 6 10 8 3

       Alt 5 -5 8 0 72 3 23

       Alt 6 -11 17 32 11 0 0

       Alt 7 -33 11 -9 2 4 15

       Alt 8 -40 11 5 -10 3 8

A l t e r n a t i v e Shasta Orov i l l e F o l s o m N e w  M o l o n e s M c C l u r e N .  D o n  P e d r o

       Alt 1 84 42 85 51 26 50

       Alt 2 8 -22 -26 12 0 0

       Alt 3 0 7 -36 -4 -3 -25

       Alt 4 0 -22 -36 -12 0 -15

       Alt 5 -39 -9 -13 -27 -7 9

       Alt 6 25 -35 -25 -11 0 0

       Alt 7 12 7 27 -6 0 -88

       Alt 8 19 7 -56 -27 -2 -6

A l t e r n a t i v e Shasta Orov i l l e F o l s o m N e w  M o l o n e s M c C l u r e N .  D o n  P e d r o

       Alt 1 140 60 79 33 26 55

       Alt 2 -22 -8 0 -8 0 0

       Alt 3 -22 -16 -15 0 -2 -10

       Alt 4 -22 -16 -15 15 15 -8

       Alt 5 -13 -13 -10 -1 0 -18

       Alt 6 20 -16 3 9 0 0

       Alt 7 0 -16 -9 8 7 -14

       Alt 8 -22 -19 -15 2 15 -31

Table VI-45a

Average Area of  Shal low Reservoir  Habitat ,  0-1 Foot  Depth 

Average of  All  Years (acres)

Difference Between Alternative and Base Case 

Difference Between Alternative and Base Case

Average of  Wet Years  (acres)

Difference Between Alternative and Base Case

Average of  Dry Years  (acres)
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A l t e r n a t i v e Shasta Orov i l l e F o l s o m N e w  M e l o n e s M c C l u r e N .  D o n  P e d r o

       Alt 1 1,667 516 1,039 576 383 659

       Alt 2 15 0 -6 91 0 0

       Alt 3 102 -16 215 108 -28 -29

       Alt 4 102 0 -14 89 -17 -18

       Alt 5 33 -1 0 -55 -44 -77

       Alt 6 -16 -9 -38 -55 0 0

       Alt 7 -33 81 -18 -77 -8 4

       Alt 8 15 -9 18 99 -19 -19

A l t e r n a t i v e Shasta Orov i l l e F o l s o m N e w  M e l o n e s M c C l u r e N .  D o n  P e d r o

       Alt 1 1,396 487 1,007 669 361 646

       Alt 2 69 -12 130 -427 0 0

       Alt 3 0 -20 91 12 -63 -79

       Alt 4 0 -12 91 -1 -25 -71

       Alt 5 88 34 33 23 -53 -131

       Alt 6 52 13 -34 6 0 0

       Alt 7 89 -14 76 1 6 71

       Alt 8 24 -14 81 23 -49 -25

A l t e r n a t i v e Shasta Orov i l l e F o l s o m N e w  M e l o n e s M c C l u r e N .  D o n  P e d r o

       Alt 1 1,710 682 1,048 503 433 688

       Alt 2 9 8 0 53 0 0

       Alt 3 9 9 6 -7 -11 8

       Alt 4 9 9 6 -6 -19 -1

       Alt 5 23 2 -8 5 -27 -3

       Alt 6 -33 9 0 -11 0 0

       Alt 7 0 21 15 38 -5 12

       Alt 8 9 8 6 6 -19 16

Table VI-45b

Average Area of  Mid-Water Reservoir  Habitat ,  1-15 Foot  Depth 

Average of  All  Years (acres)

Difference Between Alternative and Base Case

Average of  Dry Years (acres)

Difference Between Alternative and Base Case

Average of  Wet  Years  (acres)

Difference Between Alternative and Base Case
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A l t e r n a t i v e S h a s t a O r o v i l l e F o l s o m N e w  M e l o n e s M c C l u r e N .  D o n  P e d r o

       A l t  1 1 9 . 9 1 0 . 7 6 . 1 8 . 6 4 . 5 8 . 8

       A l t  2 - 0 . 1 - 0 . 4 - 0 . 6 - 2 . 0 0 . 0 0 . 0

       A l t  3  0 . 0 - 0 . 4 - 0 . 6 - 0 . 5 - 0 . 3 - 0 . 5

       A l t  4 0 . 0 - 0 . 4 - 0 . 4 - 1 . 2 - 0 . 2 - 0 . 4

       A l t  5 0 . 7 0 . 1 0 . 0 0 . 2 - 0 . 9 - 1 . 5

       A l t  6 - 0 . 6 - 0 . 5 - 0 . 9 0 . 2 0 . 0 0 . 0

       A l t  7 - 0 . 3 - 0 . 6 - 0 . 6 0 . 3 - 0 . 1 0 . 1

       A l t  8 - 0 . 1 - 0 . 5 - 0 . 5 - 0 . 9 - 0 . 3 - 0 . 1

A l t e r n a t i v e S h a s t a O r o v i l l e F o l s o m N e w  M e l o n e s M c C l u r e N .  D o n  P e d r o

       A l t  1 1 7 . 8 9 . 2 4 . 9 7 . 2 3 . 9 7 . 7

       A l t  2 - 0 . 5 - 0 . 4 - 1 . 1 - 2 . 0 0 . 0 0 . 0

       A l t  3  0 . 0 - 0 . 4 - 0 . 7 - 0 . 5 - 0 . 5 - 0 . 6

       A l t  4 0 . 0 - 0 . 4 - 0 . 7 - 1 . 4 - 0 . 2 - 0 . 5

       A l t  5 0 . 6 0 . 0 - 0 . 2 - 1 . 2 - 1 . 0 - 1 . 9

       A l t  6 - 1 . 0 - 0 . 6 - 1 . 5 0 . 3 0 . 0 0 . 0

       A l t  7 - 0 . 6 - 0 . 5 - 1 . 2 0 . 6 - 0 . 1 0 . 2

       A l t  8 - 0 . 3 - 0 . 5 - 1 . 1 - 1 . 2 - 0 . 4 - 0 . 1

A l t e r n a t i v e S h a s t a O r o v i l l e F o l s o m N e w  M e l o n e s M c C l u r e N .  D o n  P e d r o

       A l t  1 2 3 . 5 1 3 . 1 7 . 8 9 . 9 5 . 3 1 0 . 1

       A l t  2 0 . 2 - 0 . 4 0 . 0 - 1 . 2 0 . 0 0 . 0

       A l t  3  0 . 2 - 0 . 3 0 . 1 - 0 . 4 - 0 . 1 - 0 . 4

       A l t  4 0 . 2 - 0 . 3 0 . 1 - 0 . 7 - 0 . 1 - 0 . 4

       A l t  5 0 . 3 0 . 1 0 . 2 - 0 . 1 - 0 . 5 - 0 . 9

       A l t  6 - 0 . 1 - 0 . 3 - 0 . 2 0 . 0 0 . 0 0 . 0

       A l t  7 0 . 0 - 0 . 6 - 0 . 1 0 . 1 0 . 0 0 . 1

       A l t  8 0 . 2 - 0 . 5 0 . 1 - 0 . 5 - 0 . 1 - 0 . 1

T a b l e  V I - 4 5 c

A v e r a g e  A r e a  o f  O p e n  W a t e r  R e s e r v o i r  H a b i t a t ,  G r e a t e r  t h a n  1 5  F o o t  D e p t h  

A v e r a g e  o f  A l l  Y e a r s  ( a c r e s  x  1 0 0 0 )

D i f f e r e n c e  B e t w e e n  A l t e r n a t i v e  a n d  B a s e  C a s e

A v e r a g e  o f  D r y  Y e a r s  ( a c r e s  x  1 0 0 0 )

D i f f e r e n c e  B e t w e e n  A l t e r n a t i v e  a n d  B a s e  C a s e

A v e r a g e  o f  W e t  Y e a r s  ( a c r e s  x  1 0 0 0 )

D i f f e r e n c e  B e t w e e n  A l t e r n a t i v e  a n d  B a s e  C a s e
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Among the assumptions for analyzing the impacts of the flow alternatives was that the USBR
would continue to deliver water to most of the wildlife refuges and management areas under
contracts guaranteed by the CVPIA.  For the wildlife refuges and management areas that are
not included in the CVPIA and the privately owned and managed wetlands that may have
surface water diversions curtailed under some alternatives, it is likely that an alternate source
of water would be sought, either through contract or from groundwater.

5. Channel Erosion

Erosion is the wearing away of soil and rock by weathering, mass wasting, and the action of
streams, glaciers, waves, wind, and underground water.  Of these erosive agents, the only one
affected by implementation of the flow objectives is stream flow.  Stream or channel erosion
increases as the energy exerted by the stream increases.  Simply stated, the higher the stream
flow, the higher the potential for channel erosion.  Thus, the greatest potential for channel
erosion occurs during flood flows.

River flow stage data for the project area are shown in Table VI-46.  The table shows that the
maximum annual river stages associated with the seven flow alternatives generally do not
exceed those of the base case.  Thus, implementation of the flow objectives is not expected to
increase channel erosion in the project area.  The highest river stages are the result floods
caused by natural climatic extremes, rather than implementation of the flow objectives.

Table VI-46
Maximum Annual River Stage in Feet

Sacramento River Feather R. American R. San Joaquin River

Alternative Red Bluff Verona Gridley Nimbus Dam Newman Vernalis

Alt. 1 24.2 36.6 12.7 13.2 21.8 26.4

Alt. 2 24.2 36.6 12.7 13.2 21.8 26.4

Alt. 3 24.2 36.6 12.7 13.2 21.8 26.4

Alt. 4 24.2 36.6 12.7 13.2 21.8 26.4

Alt. 5 24.2 36.6 12.7 13.2 22.3 26.6

Alt. 6 24.2 36.6 12.7 13.2 21.8 26.4

Alt. 7 24.2 36.6 12.7 13.2 21.8 26.4

Alt. 8 24.2 36.6 12.7 13.2 21.8 26.7
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6. Land Use

Implementation of the 1995 Bay/Delta Plan outflow objectives will result in either no change
in upstream water deliveries or reduced water deliveries to upstream areas in Alternatives 3, 4,
5, 7 and 8 when compared to the base case (see Tables V-1 and V-2).  Reduced water supplies
can lead to regional changes in land use by shifting the types of crops grown, short-term
fallowing, or long-term retirement of agricultural land.  Land use changes that may occur as a
result of the 1995 Bay/Delta Plan cannot be accurately predicted, because such changes are the
result of numerous decisions made by individuals, water districts, and governmental agencies.

A study of the response of the agricultural community to reduced water supplies concluded that
agricultural producers will respond to decreased surface water supplies in one of three ways:
(1) obtaining alternative sources of supply to supplement reduced surface water allocations,
(2) increasing water use efficiency, and (3) matching land use and cropping patterns to
available water supplies through a combination of fallowing and shifts in crop type (Archibald
et al. 1992).  These responses can be further broken down into short-term and long-term
options.

In order to prepare the input files for the DWRSIM modeling of Alternatives 3 and 4,
simplifying assumptions were made regarding water user response to diversion curtailments.
These assumptions were:  (1) water right holders in the Sacramento basin would seek a
contract for an alternate surface water supply and (2) water right holders in the San Joaquin
basin would pump groundwater if their diversions were curtailed.  The fallowing of farmland
was assumed to be a less likely response under these alternatives, and therefore was not
considered in the modeling.  Water supply reductions under Alternative 5 are the most severe
and could result in widespread fallowing.  Under Alternatives 2 and 6, deliveries are reduced
only to areas that receive exports from the Delta.  In Alternatives 7 and 8, water is made
available by a group of agencies in the San Joaquin basin to meet minimum flows on the
San Joaquin River at Vernalis.  This water is assumed to result from release of excess storage
capacity, or improvements in irrigation efficiency.

In general, agricultural producers expect that, if shortages continue, marginal land will be taken
out of production.  The extent of reductions will depend on the costs and feasibility of
alternative water supplies.  The option of land retirement can be high for producers in districts
with high fixed costs as these costs must be spread over the remaining acres if land cannot be
sold or leased to other producers.

The case study approach used by Archibald et al. (1992) also indicated that cropping patterns
can change as a result of water shortages.  For example, 1989 and 1991 were drought years in
which water shortages occurred.  During this period, cotton, rice, alfalfa, and vegetable
(excluding tomatoes) acreage declined while tomato acreage increased and acreage in
permanent crops remained stable.  These shifts exceeded normal trends, but factors other than
water reductions could be responsible for these shifts.

While crop shifts are possible, there are a wide range of constraints that limit producers'
abilities to shift cropping patterns in response to water shortages.  These constraints include:
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(1) federal commodity program regulations that can encourage or discourage shifts away from
program commodities such as cotton and rice, (2) multi-year supply obligations to processors
of such crops as garlic, onions, processing tomatoes, and rice, (3) concern about maintaining
market share in a particular commodity; (4) producer ownership of processing operations,
(5) agroclimatic constraints, including soil type, temperature ranges, and pest conditions, and
(6) farm management expertise, and machinery and equipment complements, required to grow
a particular crop.

If the SWRCB were to require upstream water users to provide water toward the 1995
Bay/Delta Plan flow objectives, crop shifts and land retirement could occur.  Overall, shortages
are greatest under Alternative 5 in the Yuba, Bear, Tuolumne, and Mokelumne river
watersheds.  Due to the wide range of factors governing a water user’s response to reduced
supply, it is difficult to predict how such reductions would translate into changed land use
patterns.

7. Urban Development

Between 1930 and 1990, the area of land devoted to urban uses approximately quadrupled in
the upstream areas.  During the last decade, urban development in California shifted from
coastal regions to the interior as the availability of land decreased along the coast and the price
of remaining available land increased (USBR 1997e).  Urban development in the Sacramento
River and San Joaquin River regions occurred in conjunction with population increases of 32
percent and 41 percent respectively during this time period.

In the upstream areas, groundwater is the principal source of supply for urban uses (DWR
1994). Therefore, surface water supply reductions generally will not have a significant impact
on urban users.  The most notable exception is the Stockton East Water District, a major
supplier to the City of Stockton.  Thus, the analysis below is applicable mainly to the City of
Stockton; however, the analysis is also applicable to any urban areas that might experience
delivery reductions as a result of implementing the flow objectives.

a. Growth-Inducing Effects.  Implementation of any of the seven flow alternatives could
reduce water deliveries throughout the Delta watershed depending on the future decisions of
water managers (see Chapter V).  To the extent that historic patterns indicate future trends,
reduced water availability is unlikely to affect growth in urban areas.  Water is one of many
factors influencing growth in a region but does not, by itself, cause the growth of a region.
Water shortages have rarely done more than slow the progress of adequately financed
development proposals.  Reductions in municipal and industrial water supplies have typically
been replaced through groundwater, reclamation, more intensive management, and price-
induced conservation.  In addition, reductions in existing surface water supplies may be
replaced in many areas through long-term transfers of surface water supplies from other
sources.  Thus, implementation of any of the seven flow alternatives is not expected to have
growth-inducing or growth-restricting effects.

b. Urban Landscape .  The State Water Contractors have identified beneficial effects and
uses of urban landscapes (SWC 1992).  The effects and uses are described on page VIII-78 of
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the ER (SWRCB 1995; Appendix 1).  Because urban landscapes depend on an adequate
water supply for continuance, a reduction in supply could adversely affect some of the
beneficial effects and uses of an urban environment.  For example, during the 1987-1992
drought in Southern California, there was a well-documented loss of ornamental trees and
landscaping in Santa Barbara County.

The reduced supplies to upstream urban areas that could result from the flow alternatives are
likely to result in locally mandated, more efficient management of water resources.  Most of
the elements of such management are contained within the Memorandum of Understanding
Regarding Urban Water Conservation in California.  Most of the urban water exported from
the Delta is delivered by agencies that have signed the MOU.  Urban areas in the upstream
portions of the Bay/Delta watershed could implement similar elements.

c. Public Health and Safety.  Average reservoir levels could decline if stored water is
used to meet delivery reductions.  Water quality typically declines as reservoir levels drop
significantly.  The quality of drinking water supplied to urban areas could be compromised if
water is drawn from reservoirs with lower levels.  Sanitation and fire protection are not
expected to be affected as supply reductions are likely to be replaced through alternative
supplies, more intensive management of supplies and conservation as noted above.

d. Socioeconomic Effects.  If alternative water supplies are not secured to replace delivery
reductions, more intensive management and conservation of existing supplies is likely to
occur.  Depending on the measures implemented some local businesses could suffer,
especially water intensive businesses.  Although decreased water supplies may increase costs
to some businesses in some areas of the state, these increases will be small relative to other
factors affecting businesses.  Also, offsetting the negative impacts of the flow alternatives on
businesses is a quality of life improvement that will result from improved water quality in the
Bay-Delta Estuary (Sanders et al. 1990).

e. Need for Developing Housing.  Because the flow alternatives will have no growth
inducing effects, they will have no direct effects on housing demand.  The alternatives could
alter demand indirectly by affecting economic conditions.  One economic effect of the flow
objectives that could affect housing demand is job losses in agricultural areas where
irrigation water supplies are reduced.  Housing demand would decrease in the affected areas
and increase in the regions to which displaced workers migrate.  However, these effects
would be much smaller than other factors affecting migration between various parts of the
state.

8. Energy

The flow objectives in the 1995 Bay/Delta Plan will affect both energy production and
energy consumption.  This section discusses the impact of implementing the flow alternatives
on: (a) hydroelectric power availability, (b) groundwater pumping, and (c) fossil fuel
consumption.
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a. Hydroelectric Power Availability.  Hydroelectric power generation plants provide
approximately 24 percent of California's electrical generation capacity and produce in excess
of $1.3 billion of power, as measured by replacement costs, in a typical year (McCann 1994).
Electric utilities seek to maximize the value of their hydroelectric power production.  Power
produced during peak energy demand periods is more valuable than that produced during
lower demand periods.  Because hydropower is a low cost energy source that can be turned
on and off quickly, utilities generally employ it to meet peak loads.  In California, these peak
loads typically occur in the summer when maximum groundwater pumping, industrial, and
air conditioning demands occur.  When water is released in the spring to maintain river
flows, less water is available in the summer to provide peak hydropower generation.
Reductions in a hydroelectric plant’s ability to meet peak load requirements accelerate the
need for additional peaking resources and increases utility costs (McCann 1994).

The 1995 Bay/Delta Plan requires higher flows in the spring than were historically required.
Model results show that achieving these flows often requires a shift in reservoir releases from
the summer to the spring.  This shifting of releases affects the hydropower generation and
consumption of the SWP and CVP, particularly in regard to the alternatives in which they
have primary responsibility for meeting the Bay/Delta Plan objectives.  The SWP and CVP
are exclusively responsible for meeting the Bay/Delta Plan objectives under Alternatives 2
and 6.  Recirculation water is provided by the USBR from the Delta-Mendota Canal, if
necessary, to meet the Vernalis objectives under Alternative 6.  Bay/Delta Plan Alternatives
3, 4, 5, 7, and 8 partially shift the obligation of meeting the flow objectives to other parties,
and have varying effects on hydroelectric power generation and consumption.

Net CVP Hydropower Generation.  The CVP is both a producer and consumer of
hydroelectric power through its storage and conveyance of water for agricultural and
municipal water users.  This section discusses the impacts of the alternatives on CVP net
hydroelectric generation.  The information regarding energy generation and consumption are
standard output of DWRSIM.

Table VI-47 shows the average monthly difference in net energy generation for Flow
Alternatives 2 through 8 compared to Alternative 1 (the base case) for the 73-year period of
historic hydrology.  This information is graphically represented in Figure VI-76.  The net
CVP energy generation was calculated by subtracting CVP energy consumption from CVP
energy generation.

Table VI-47 shows a long-term average annual increase in net CVP generation for
Alternatives 2, 3, 4, 7, and 8 compared to the base case.  These results are consistent with the
conclusions of a 1994 report which found that slightly increased amounts of energy are
available to the CVP from implementation of the Bay/Delta Plan due to reduced export
pumping (Beck 1994).  Energy consumption increases under Alternative 6 due to the
increased pumping required to provide recirculation water on the San Joaquin River to meet
Vernalis requirements.  Alternatives 7 and 8 result in the highest net energy production.  This
is largely due to substantially reduced export pumping in April and May combined with
increased reservoir releases from CVP reservoirs during those months.



Alt Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

1 213.5 186.8 231.4 243.5 271.8 286.1 316.6 489.3 559.7 516.9 361.1 202.4

Alt Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Total

2 -17.8 3.1 -9.9 -18.7 3.3 12.7 66.8 3.9 -22.1 9.3 17.0 -11.7 35.9

3 -11.1 7.4 -6.9 -13.8 8.8 13.5 65.4 -2.0 -27.3 3.7 19.5 -5.7 51.5

4 -13.5 6.8 -7.6 -15.0 6.1 12.8 68.6 1.3 -29.4 1.9 16.5 -7.8 40.7

5 -11.0 14.0 -2.4 -8.6 10.3 17.2 34.2 -29.2 -31.5 -15.3 22.3 -0.4 -0.4

6 -36.1 -16.0 -37.8 -63.7 12.9 25.7 69.9 1.8 -5.8 10.8 12.1 -12.4 -38.6

7 -0.1 0.4 -4.8 -6.4 18.3 21.1 30.5 30.5 -13.3 8.6 13.9 -9.3 89.4

8 -20.6 6.4 -6.2 -18.3 5.8 15.9 90.2 19.8 -18.9 7.6 16.7 -8.7 89.7

     Note:  Negative numbers indicate less energy is produced (net) under the alternatives than the base case.

Base Case Average Monthly Net Generation (GWHrs)

Change in Net Generation from the Base Case (GWHrs)

Table VI-47
Net CVP Energy Generation

Figure VI-76
Net CVP Energy Generation

73-year monthly average compared to Alternative 1 (Base Case)

-80

-60

-40

-20

0

20

40

60

80

100

Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

D
if

fe
re

nc
e 

fr
om

 A
lt 

1 
in

 G
W

H
rs

Alt 2 Alt 3 Alt 4 Alt 5 Alt 6 Alt 7 Alt 8

Environmental Effects of Implementing
State Water Resources Control Board Flow and Water Operation Alternatives

FEIR for Implementation of the VI-103 November 1999
1995 Bay/Delta Water Quality Control Plan



Environmental Effects of Implementing
State Water Resources Control Board Flow and Water Operation Alternatives

FEIR for Implementation of the VI-104 November 1999
1995 Bay/Delta Water Quality Control Plan

Figure VI-76 illustrates the seasonal shift in net CVP energy generation.  The data points
represent the difference between the alternatives and the base case.  There is a significant
reduction in winter net generation under Alternative 6 (due to high CVP energy consumption
from pumping).  The increased spring net generation is a result of increased spring stream
flow and outflow requirements and restrictions in export pumping under the Bay/Delta Plan,
particularly illustrated in April under Alternative 8.  CVP power consumption rises in June as
spring export limits are relaxed and the CVP increases pumping rates.  CVP net generation
fluctuates above and below the base case in late-summer and fall months.  In general, net
CVP hydroelectric power production is higher under the alternatives than the base case due
to the reduction in energy consumption from implementation of the Bay/Delta Plan.

Net SWP Hydropower Generation.  The SWP includes 22 dams and reservoirs, eight
hydroelectric plants, and 17 pumping plants.  While the CVP is a net producer of electricity,
the SWP is a net electricity user due to the number of pumping lifts required along the length
of the California Aqueduct.

Table VI-48 shows the average monthly difference in net energy generation for
Alternatives 2 through 8 compared to Alternative 1 (the base case) for a 73-year period
(1922-1994).  This information is graphically represented in Figure VI-77.  The average
annual difference in SWP net energy generation is higher under all alternatives than the base
case.  Reductions in export pumping decrease SWP energy consumption thereby increasing
available SWP energy over the base case.  Alternative 5 results in the lowest net
hydroelectric generation due to increases in export pumping and decreases in hydroelectric
generation as the responsibility to meet the Bay/Delta objectives shifts to non-project
upstream reservoirs.   Alternative 7 results in the greatest increase in net energy generation
by the SWP.

Net combined SWP and CVP Hydropower Generation.  The difference in combined
net SWP and CVP energy generation between each alternative and the base case is provided
in Table VI-49.  This information is graphically represented in Figure VI-78.  Combined
SWP and CVP net energy generation is higher under all alternatives than under the base
case.  Alternative 7 yields the highest net combined SWP and CVP power generation. 
Figure VI-78 shows trends similar to Figure VI-76.

Impacts on other Facilities.  Effects are not limited to just SWP and CVP-related
facilities; the implementation of the 1995 Bay/Delta Plan will have effects on most
hydropower operations, but particularly those that depend upon use of hydropower's
inexpensive peak energy production.  The most significant impacts will likely be on
hydropower facilities associated with large reservoirs located on the tributaries to the
Sacramento and San Joaquin rivers (McCann 1994).  Water rights for reservoirs with power
as the main purpose of use will not be affected by the alternatives, while multi-use reservoirs
that generate hydropower, such as Lake McClure, Don Pedro, Pardee/Camanche, and
New Bullards Bar will have changes in their operations that will affect hydroelectric power
operations.  In general, requiring flow releases from these reservoirs will reduce their
flexibility to meet peak hydropower demands which will likely decrease their reserves for
hydropower generation.



Alt Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

1 -366.6 -442.7 -380.6 -280.2 -234.5 -234.2 -282.0 -213.6 -242.6 -269.4 -330.7 -436.0

Alt Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Total

2 -25.8 -3.1 -1.2 24.2 47.3 25.5 54.3 -8.1 14.3 50.5 8.1 18.7 204.7

3 -26.6 -3.6 -2.5 25.7 45.3 24.7 52.4 -11.5 2.7 44.9 4.9 15.0 171.4

4 -26.9 -3.7 -1.3 23.9 45.2 24.9 52.2 -11.3 3.7 44.8 4.3 14.9 170.7

5 -26.4 3.1 15.2 20.2 39.9 23.5 29.2 -39.0 -20.2 6.9 -2.9 15.5 65.0

6 -23.7 1.1 -10.3 14.1 49.3 24.5 54.0 -8.6 11.6 48.9 3.6 16.0 180.5

7 -23.7 -0.3 -16.9 16.6 45.6 24.6 47.2 9.2 16.9 59.3 17.6 21.9 218.0

8 -27.9 -7.3 -8.9 22.0 44.3 23.8 60.3 -7.0 12.0 53.8 13.4 16.8 195.3

     Note:  Negative numbers indicate less energy is produced (net) under the alternatives than the base case.

Base Case Average Monthly Net Generation (GWHrs)

Change in Net Generation from the Base Case (GWHrs)

Table VI-48
Net SWP Energy Generation

Figure VI-77
Net SWP Energy Generation

73-year monthly average compared to Alternative 1 (Base Case)
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Alt Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

1 -153.1 -256.0 -149.2 -36.6 37.3 51.9 34.6 275.8 317.1 247.5 30.4 -233.7

Alt Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Total

2 -43.6 0.1 -11.1 5.5 50.6 38.2 121.1 -4.1 -7.7 59.8 25.1 7.0 240.9

3 -37.6 3.9 -9.4 11.8 54.1 38.3 117.8 -13.5 -24.6 48.6 24.3 9.3 223.0

4 -40.4 3.1 -8.9 8.8 51.2 37.7 120.8 -10.1 -25.7 46.7 20.9 7.1 211.2

5 -37.4 17.1 12.8 11.6 50.2 40.7 63.4 -68.2 -51.7 -8.4 19.4 15.1 64.6

6 -59.8 -14.9 -48.1 -49.6 62.2 50.2 123.9 -6.8 5.7 59.7 15.7 3.6 141.8

7 -23.8 0.1 -21.7 10.3 63.9 45.7 77.8 39.7 3.7 67.9 31.5 12.6 307.7

8 -48.5 -0.9 -15.1 3.7 50.1 39.7 150.5 12.8 -6.9 61.4 30.1 8.1 285.0

     Note:  Negative numbers indicate less energy is produced (net) under the alternatives than the base case.

Base Case Average Monthly Net Generation (GWHrs)

Change in Net Generation from the Base Case (GWHrs)

Table VI-49
Net SWP and CVP Energy Generation

Figure VI-78
Net SWP & CVP Energy Generation

73-year monthly average compared to Alternative 1 (Base Case)
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Mitigation.  Reductions in summer hydroelectric power production reduce the amount
of energy available for meeting summer-time peak loads.  Increasing generation from fossil
fuel power plants or from other sources including nuclear, geothermal, biomass, solar
thermal, solar photovoltaic and wind generation may make up such reductions.  However
non- mitigable impacts would occur with increases in energy generation from fossil fuel
sources.

b. Groundwater Pumping.  The implementation of the 1995 Bay/Delta Plan may cause
reductions in surface water deliveries as shown on Tables V-1 and V-2.  Substitution of
groundwater for surface water generally increases energy consumption.  Increased
groundwater pumping may lower groundwater levels resulting in higher pumping lifts and,
thus, further increase energy consumption.

Surface delivery reductions may result in the affected water user purchasing water from
another source, fallowing land, or pumping additional groundwater.  Under worst case
conditions, all of the reductions shown on Tables V-1 and V-2 would be made up by
increased groundwater pumping.  In a recent study performed by PG&E, the average cost to
pump groundwater in the California Central Valley ranges between $25 and $30 per
acre-foot for flood irrigation and between $35 and $40 per acre-foot for pressure and drip
irrigation, based on a large sample of pump tests conducted in the California Central Valley
(Jeff Savage, personal communication).

Mitigation.  The increase in energy consumption due to groundwater pumping can be
partially mitigated through off-peak pumping operations.

c. Fossil Fuels.  The implementation of the 1995 Bay/Delta Plan will alter hydroelectric
power generation and consumption patterns and increase groundwater pumping in
substitution for surface water supplies.  These changes may result in increased use of fossil-
fuel generation, thereby increasing air pollution.  Common air pollutant emissions associated
with the generation of electricity by fossil fuels include oxides of nitrogen (NOx), particulate
matter of less than 10 microns in diameter (PM10), reactive organic gases (ROG), carbon
emissions (Cx), and oxides of sulfur (SOx).

Table VI-50 provides an estimate of the possible air emissions from implementation of the
Bay/Delta Plan.  The quantities in the table were developed for a slightly different set of
objectives than are contained in the Bay/Delta Plan.  The objectives used in this analysis had
a higher water supply impact than the objectives in the Bay/Delta Plan; therefore, the
analysis should be considered a worst-case scenario.  The quantities in the table account for
both the effect of hydropower availability problems in some seasons and the effects of
increased groundwater pumping.  The average increases of 131.6 tons of NOx, 52.9 tons of
SOx, 8.8 tons of PM10, and 5.5 tons of ROG are not large relative to emissions inventories in
the impacted air basins, however these emissions are large enough to trigger new source
review requirements or the purchase of emission reduction credits (McCann 1994).  The
effects may, therefore, be significant.
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Mitigation.  The effect of increasing fossil fuel generation is not entirely mitigable,
however other sources of energy generation are available including nuclear, geothermal,
biomass, solar thermal, solar photovoltaic and wind generation.

Year N O x S O x P M 1 0 R O G C x

1 9 9 5 232 8 1 7 . 8 5 . 6 42 ,427

1 9 9 6 208 5 9 8 . 0 6 . 0 46 ,984

1 9 9 7 119 6 5 9 . 3 6 . 8 50 ,543

1 9 9 8 8 6 6 0 8 . 5 5 . 5 57 ,037

1 9 9 9 104 4 0 8 . 8 6 . 7 52 ,048

2 0 0 0 120 5 7 9 . 0 5 . 8 55 ,491

2 0 0 1 7 4 3 5 8 . 7 6 . 4 59 ,981

2 0 0 2 117 5 0 8 . 6 5 . 5 60 ,619

2 0 0 3 9 0 4 7 9 . 5 6 . 3 65 ,080

2 0 0 4 7 4 1 0 8 . 9 7 . 0 70 ,245

2 0 0 5 121 4 9 7 . 8 4 . 5 64 ,361

2 0 0 6 135 4 4 8 . 7 5 . 3 64 ,640

2 0 0 7 235 6 3 1 1 . 1 4 . 4 57 ,399

2 0 0 8 113 5 9 8 . 7 4 . 9 65 ,113

2 0 0 9 126 5 8 9 . 2 5 . 0 66 ,984

2 0 1 0 156 7 0 9 . 3 5 . 0 67 ,790

2 0 1 1 130 5 3 8 . 1 4 . 0 66 ,504

Average : 132 5 2 . 9 8 . 8 5 . 6 59 ,603

  
1
  F rom Tab le  F -1  o f  " Impac t  o f  Bay /De l t a  Wate r  Qua l i ty  S tandards  on  Ca l i fo rn ia ' s  E lec t r i c  Ut i l i ty  Cos t s , "  

      p repa red  by  R icha rd  McCann ,  e t  a l . ,  fo r  t he  Assoc ia t ion  o f  Ca l i fo rn ia  Wate r  Agenc ies ,  Oc tobe r  7 ,  1994 .

  
2
  20  pe rcen t  d ry ,  55  pe rcen t  normal ,  and  25  percen t  we t  years .

Table  VI -50

Net  Increase  in  A ir  Emis s ions  under  Bay /De l ta  P lan
1

( tons  per  year ,  probabi l i ty  weighted
2
)
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9.  Recreation

This section presents the results of the assessment of impacts to recreation that would occur
with implementation of the flow objective alternatives.  Recreation impacts can be expected
in the Sacramento River and San Joaquin River regions at selected reservoirs and in the
rivers that provide flows to the Delta.  The assessment of recreation impacts analyzes how
changes in reservoir storage and river flows would affect opportunities for water-related
activities at key recreation facilities.

a. Reservoirs . Implementation of the 1995 Plan could result in adverse impacts to
recreation at some reservoirs.  Each alternative can have the effect of lowering water levels
earlier in the season, for longer periods, or below the levels than would otherwise occur in a
given year at certain reservoirs.  Lowered reservoir elevations can substantially decrease
opportunities for public recreational use by reducing water surface area and shoreline and by
making access to the water more difficult.  Extreme drawdowns can force the closure of
marinas and boat launch ramps, resulting in a loss of access for boating and fishing.  These
conditions can in turn reduce visitor use levels and attendant revenues.  The potential impacts
to recreation are similar to and generally within the range of those impacts typically
experienced at most reservoirs during drought periods.

Recreation impacts are assessed for the major rim reservoirs that are operated by the SWP,
the CVP, and by other agencies, and that could be affected by implementation of the
1995 Bay/Delta Plan.  The reservoirs include Shasta Lake, Lake Oroville, Folsom Lake,
Camanche Reservoir, Pardee Reservoir, New Melones Reservoir, New Don Pedro Reservoir,
Lake McClure, and Millerton Lake.

Projected reservoir operations under each alternative were obtained from DWRSIM and
EBMUDSIM output (EBMUDSIM was used for Camanche Reservoir and Pardee Reservoir).
Critical thresholds for recreation opportunity were then compared to the reservoir operations
to determine when recreation activities begin to significantly decline or cease.  Most of the
thresholds were developed for the CVPIA PEIS and were based on information provided by
operators of each of the major reservoirs (USBR 1997f).  EBMUD provided thresholds for
Camanche Reservoir and Pardee Reservoir (EBMUD 1997a).

Recreation opportunity thresholds were developed for important recreation activities during
both peak and off-seasons.  Peak seasons vary by reservoir, beginning in April or May and
running through September.  Typical peak-season activities include boating, beach use,
camping, and picnicking.  Assessment of off-season activities was limited to boating.
Changes in recreation opportunities were assessed for the full 73-year period as well as for
the 1928-1934 critical period.  Due to the size and configuration of Shasta Lake and the
number of recreation facilities located throughout the lake, separate analyses were performed
for the main body and for each of the tributary arms.

The recreation impact analysis considers the frequency of occurrence with which end-of-
month storage (converted to surface elevation) falls below or, in some cases, exceeds the
various threshold levels established for each reservoir.  Tables VI-51 through VI-59
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summarize the frequency of occurrence in absolute numbers and as a percentage of the total
number of months in the study period.  A frequency of occurrence that is lower than the base
case would indicate an increase in recreational opportunities (a beneficial impact).  A
frequency of occurrence that is higher than the base case would indicate a decrease in
recreational opportunities (a negative impact).

Due to the nature of the hydrologic input data and the use of average monthly operations,
modeled surface water results may be expected to have a margin of error of 10 to 20 percent.
Therefore, differences between the base case and the various alternatives are considered to be
significant only if greater than 10 percentage points, higher or lower, from the base case.
Significant differences were observed for each reservoir analyzed, with the exception of Lake
McClure.  The critical thresholds for Lake McClure are at extremely low surface elevations
that are never reached under any of the operation alternatives.

Tables VI-60 and VI-61 summarize which alternatives have significant recreation impacts
(beneficial or negative) at the major reservoirs.  Table VI-60 indicates that, for the 73-year
period average, significant negative impacts occur during the peak season at Camanche,
Pardee, New Don Pedro, and Millerton under Alternative 5 and at Folsom under Alternative 6;
significant negative impacts also occur during the off season at Camanche, Pardee, New
Don Pedro, and Millerton under Alternative 5.  Table VI-61 indicates that, for the critical
period average, significant negative impacts occur during the peak season and off season at
various reservoirs under each Alternative, and that significant beneficial impacts occur at
Shasta, Oroville, and Folsom under Alternative 5.

Mitigation. Recreational use at some reservoirs may be reduced as a result of
implementing the flow objective alternatives.  Some reservoirs could be lowered earlier in
the season, for longer periods, or below the levels than would otherwise occur.  This would
result in less water-related recreational opportunities and could be significant to those who
participate in activities such as boating and fishing and to recreation concessionaires that rely
on a certain amount of recreation use annually for their livelihood.  Generally, these impacts
are not mitigable.  Modification or relocation of facilities (such as boat ramps and marinas) to
accommodate lower water levels would help to reduce the impact to recreation at reservoirs
that are adversely affected.

b. Rivers .  Impacts to recreation were considered for the rivers below major reservoirs that
are operated by the SWP, the CVP, or by other agencies, and that could be affected by
implementation of the flow objective alternatives.  The analysis of recreation impacts on
these rivers is based on the changes in recreation opportunities that might result from
implementing the flow alternatives.

Impact thresholds that were used for the analysis were developed for the CVPIA PEIS.  The
thresholds were developed based on information provided by operators of recreation facilities
along the rivers, rafting guides, and fishing guides.  The thresholds indicate when recreation
activities begin to significantly decline or cease in response to changes in river flows.  The
frequency with which river flows drop below, rise above, or fall within these thresholds is
used to determine changes in recreation opportunities under each of the alternatives.



Table VI-51
Results of Recreation Impact Assessment for Shasta Lake 

Main Area

Peak Season (May - Sept.)

Frequency with which Reservoirs are below Critical Elevation Thresholds

Water Year Type/Alternative # of Months 844 ft. 947 ft. 987 ft.

73-YEAR PERIOD 365 total % total % total %

Alternative 1 (Base Case) 0 0% 17 5% 64 18%

Alternative 2 0 0% 24 7% 73 20%

Alternative 3 0 0% 19 5% 69 19%

Alternative 4 0 0% 17 5% 69 19%

Alternative 5 0 0% 9 2% 61 17%

Alternative 6 0 0% 27 7% 79 22%

Alternative 7 0 0% 20 5% 75 21%

Alternative 8 0 0% 22 6% 72 20%

CRITICAL PERIOD 35

Alternative 1 (Base Case) 0 0% 9 26% 22 63%

Alternative 2 0 0% 10 29% 24 69%

Alternative 3 0 0% 7 20% 21 60%

Alternative 4 0 0% 7 20% 21 60%

Alternative 5 0 0% 3 9% 18 51%

Alternative 6 0 0% 11 31% 25 71%

Alternative 7 0 0% 6 17% 23 66%

Alternative 8 0 0% 9 26% 23 66%

Main Area

Off-Season (Oct.- April)

Frequency with which Reservoirs are below Critical Elevation Thresholds

Water Year Type/Alternative # of Months 844 ft. 947 ft.

73-YEAR PERIOD 511 total % total %

Alternative 1 (Base Case) 0 0% 26 5%

Alternative 2 0 0% 37 7%

Alternative 3 0 0% 28 5%

Alternative 4 0 0% 30 6%

Alternative 5 0 0% 15 3%

Alternative 6 0 0% 42 8%

Alternative 7 0 0% 31 6%

Alternative 8 0 0% 35 7%

CRITICAL PERIOD 43

Alternative 1 (Base Case) 0 0% 14 33%

Alternative 2 0 0% 16 37%

Alternative 3 0 0% 12 28%

Alternative 4 0 0% 12 28%

Alternative 5 0 0% 4 9%

Alternative 6 0 0% 16 37%

Alternative 7 0 0% 11 26%

Alternative 8 0 0% 14 33%

NOTES:

  < 844 ft. msl - last boat ramp out of operation

  < 947 ft. msl - limited lake surface area (boating constrained)

  < 987 ft. msl - marina relocated
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Table VI-51 Continued

McCloud River Arm

Peak Season (May - Sept.)

Frequency with which Reservoirs are below Critical Elevation Thresholds

Water Year Type/Alternative # of Months 952 ft. 960 ft. 967 ft. 987 ft.

73-YEAR PERIOD 365 total % total % total % total %

Alternative 1 (Base Case) 18 5% 22 6% 29 8% 64 18%

Alternative 2 27 7% 38 10% 42 12% 73 20%

Alternative 3 24 7% 33 9% 40 11% 69 19%

Alternative 4 26 7% 33 9% 40 11% 69 19%

Alternative 5 13 4% 21 6% 32 9% 61 17%

Alternative 6 32 9% 45 12% 49 13% 79 22%

Alternative 7 26 7% 33 9% 47 13% 75 21%

Alternative 8 25 7% 36 10% 45 12% 72 20%

CRITICAL PERIOD 35

Alternative 1 (Base Case) 9 26% 11 31% 12 34% 22 63%

Alternative 2 11 31% 14 40% 15 43% 24 69%

Alternative 3 9 26% 12 34% 14 40% 21 60%

Alternative 4 9 26% 12 34% 14 40% 21 60%

Alternative 5 5 14% 9 26% 12 34% 18 51%

Alternative 6 13 37% 15 43% 16 46% 25 71%

Alternative 7 8 23% 11 31% 14 40% 23 66%

Alternative 8 10 29% 13 37% 15 43% 23 66%

McCloud River Arm

Off-Season (Oct.- April)

Frequency with which Reservoirs are below Critical Elevation Thresholds

Water Year Type/Alternative # of Months 952 ft. 967 ft.

73-YEAR PERIOD 511 total % total %

Alternative 1 (Base Case) 27 5% 45 9%

Alternative 2 44 9% 52 10%

Alternative 3 43 8% 47 9%

Alternative 4 39 8% 47 9%

Alternative 5 24 5% 43 8%

Alternative 6 46 9% 60 12%

Alternative 7 37 7% 51 10%

Alternative 8 39 8% 51 10%

CRITICAL PERIOD 43

Alternative 1 (Base Case) 14 33% 18 42%

Alternative 2 16 37% 18 42%

Alternative 3 16 37% 16 37%

Alternative 4 15 35% 16 37%

Alternative 5 9 21% 16 37%

Alternative 6 16 37% 20 47%

Alternative 7 15 35% 16 37%

Alternative 8 14 33% 18 42%

NOTES:

  < 952 ft. msl - last boat ramp out of operation

  < 960 ft. msl - decline in campground use

  < 967 ft. msl - limited lake surface area (boating constrained)

  < 987 ft. msl - marina movement
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Table VI-51 Continued

Pit River Arm

Peak Season (May - Sept.)

Frequency with which Reservoirs are below Critical Elevation Thresholds

Water Year Type/Alternative # of Months 907 ft. 942 ft. 987 ft. 1007 ft.

73-YEAR PERIOD 365 total % total % total % total %

Alternative 1 (Base Case) 5 1% 13 4% 64 18% 105 29%

Alternative 2 6 2% 16 4% 73 20% 110 30%

Alternative 3 4 1% 12 3% 69 19% 107 29%

Alternative 4 4 1% 12 3% 69 19% 108 30%

Alternative 5 1 0% 9 2% 61 17% 97 27%

Alternative 6 6 2% 22 6% 79 22% 125 34%

Alternative 7 5 1% 14 4% 75 21% 126 35%

Alternative 8 4 1% 17 5% 72 20% 111 30%

CRITICAL PERIOD 35

Alternative 1 (Base Case) 1 3% 6 17% 22 63% 29 83%

Alternative 2 1 3% 8 23% 24 69% 30 86%

Alternative 3 0 0% 4 11% 21 60% 30 86%

Alternative 4 0 0% 4 11% 21 60% 30 86%

Alternative 5 0 0% 3 9% 18 51% 29 83%

Alternative 6 1 3% 10 29% 25 71% 30 86%

Alternative 7 0 0% 5 14% 23 66% 30 86%

Alternative 8 0 0% 7 20% 23 66% 30 86%

Pit River Arm

Off-Season (Oct.- April)

Frequency with which Reservoirs are below Critical Elevation Thresholds

Water Year Type/Alternative # of Months 942 ft. 1007 ft.

73-YEAR PERIOD 511 total % total %

Alternative 1 (Base Case) 21 4% 148 29%

Alternative 2 29 6% 152 30%

Alternative 3 21 4% 143 28%

Alternative 4 21 4% 142 28%

Alternative 5 10 2% 137 27%

Alternative 6 34 7% 172 34%

Alternative 7 23 5% 155 30%

Alternative 8 29 6% 148 29%

CRITICAL PERIOD 43

Alternative 1 (Base Case) 12 28% 39 91%

Alternative 2 14 33% 41 95%

Alternative 3 8 19% 41 95%

Alternative 4 8 19% 41 95%

Alternative 5 3 7% 39 91%

Alternative 6 16 37% 41 95%

Alternative 7 8 19% 40 93%

Alternative 8 13 30% 39 91%

NOTES:

  < 907 ft. msl - decline in campground use

  < 942 ft. msl - last boat ramp out of operation

  < 987 ft. msl - marina movement

  < 1007 ft. msl - limited lake surface area (boating constrained)
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Table VI-51 Continued

Sacramento River Arm

Peak Season (May - Sept.)

Frequency with which Reservoirs are below Critical Elevation Thresholds

Water Year Type/Alternative # of Months 937 ft. 950 ft. 967 ft. 1007 ft. 1017 ft.

73-YEAR PERIOD 365 total % total % total % total % total %

Alternative 1 (Base Case) 11 3% 18 5% 29 8% 105 29% 138 38%

Alternative 2 13 4% 27 7% 42 12% 110 30% 144 39%

Alternative 3 11 3% 21 6% 40 11% 107 29% 136 37%

Alternative 4 11 3% 22 6% 40 11% 108 30% 137 38%

Alternative 5 7 2% 13 4% 32 9% 97 27% 122 33%

Alternative 6 17 5% 29 8% 49 13% 125 34% 153 42%

Alternative 7 12 3% 25 7% 47 13% 126 35% 153 42%

Alternative 8 12 3% 24 7% 45 12% 111 30% 145 40%

CRITICAL PERIOD 35

Alternative 1 (Base Case) 4 11% 9 26% 12 34% 29 83% 30 86%

Alternative 2 5 14% 11 31% 15 43% 30 86% 31 89%

Alternative 3 4 11% 7 20% 14 40% 30 86% 30 86%

Alternative 4 4 11% 8 23% 14 40% 30 86% 30 86%

Alternative 5 2 6% 5 14% 12 34% 29 83% 30 86%

Alternative 6 8 23% 11 31% 16 46% 30 86% 32 91%

Alternative 7 4 11% 8 23% 14 40% 30 86% 31 89%

Alternative 8 4 11% 10 29% 15 43% 30 86% 30 86%

Sacramento River Arm

Off-Season (Oct.- April)

Frequency with which Reservoirs are below Critical Elevation Thresholds

Water Year Type/Alternative # of Months 950 ft. 1017 ft.

73-YEAR PERIOD 511 total % total %

Alternative 1 (Base Case) 27 5% 182 36%

Alternative 2 44 9% 193 38%

Alternative 3 37 7% 185 36%

Alternative 4 38 7% 185 36%

Alternative 5 20 4% 175 34%

Alternative 6 46 9% 206 40%

Alternative 7 34 7% 197 39%

Alternative 8 37 7% 194 38%

CRITICAL PERIOD 43

Alternative 1 (Base Case) 14 33% 41 95%

Alternative 2 16 37% 41 95%

Alternative 3 14 33% 41 95%

Alternative 4 15 35% 41 95%

Alternative 5 6 14% 41 95%

Alternative 6 16 37% 41 95%

Alternative 7 13 30% 41 95%

Alternative 8 14 33% 41 95%

NOTES:

  < 937 ft. msl - marina closes

  < 950 ft. msl - last boat ramp out of operation

  < 967 ft. msl - decline in campground use

  < 1007 ft. msl - marina movement

  < 1017 ft. msl - limited lake surface area (boating constrained)
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Table VI-52
Results of Recreation Impact Assessment for Lake Oroville 

Peak Season (April - Sept.)
Frequency with which Reservoirs are below Critical Elevation Thresholds

Water Year Type
Alternative # of Months 700 ft. 710 ft. 750 ft. 819 ft. 840 ft.

73-YEAR PERIOD 438 total % total % total % total % total %
Alternative 1 (Base Case) 13 3% 24 5% 46 11% 133 30% 176 40%

Alternative 2 16 4% 27 6% 64 15% 157 36% 191 44%
Alternative 3 18 4% 26 6% 67 15% 152 35% 192 44%
Alternative 4 19 4% 27 6% 67 15% 153 35% 192 44%
Alternative 5 11 3% 12 3% 45 10% 140 32% 177 40%
Alternative 6 20 5% 29 7% 67 15% 158 36% 196 45%
Alternative 7 17 4% 29 7% 65 15% 164 37% 204 47%
Alternative 8 16 4% 27 6% 66 15% 162 37% 194 44%

CRITICAL PERIOD 41
Alternative 1 (Base Case) 2 5% 4 10% 12 29% 34 83% 36 88%

Alternative 2 1 2% 5 12% 21 51% 36 88% 36 88%
Alternative 3 5 12% 7 17% 24 59% 35 85% 36 88%
Alternative 4 5 12% 7 17% 24 59% 35 85% 36 88%
Alternative 5 0 0% 1 2% 11 27% 34 83% 35 85%
Alternative 6 4 10% 6 15% 23 56% 35 85% 36 88%
Alternative 7 2 5% 4 10% 19 46% 36 88% 36 88%
Alternative 8 3 7% 6 15% 23 56% 34 83% 36 88%

Off-Season (Oct.- March)
Frequency with which Reservoirs are below Critical Elevation Thresholds

Water Year Type
Alternative # of Months 710 ft. 750 ft.

73-YEAR PERIOD 438 total % total %
Alternative 1 (Base Case) 39 9% 77 18%

Alternative 2 42 10% 87 20%
Alternative 3 54 12% 88 20%
Alternative 4 54 12% 88 20%
Alternative 5 26 6% 69 16%
Alternative 6 49 11% 89 20%
Alternative 7 42 10% 88 20%
Alternative 8 47 11% 85 19%

CRITICAL PERIOD 37
Alternative 1 (Base Case) 9 24% 18 49%

Alternative 2 8 22% 25 68%
Alternative 3 16 43% 25 68%
Alternative 4 16 43% 25 68%
Alternative 5 4 11% 17 46%
Alternative 6 12 32% 24 65%
Alternative 7 7 19% 23 62%
Alternative 8 12 32% 24 65%

NOTES:
  <700 ft. msl - decline in campground/picnicking use
  <710 ft. msl - limited boat ramp availability/marina relocation
  <750 ft. msl - limited lake surface area (boating constrained)
  <819 ft. msl - beach area closed
  <840 ft. msl - decline in beach use
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Table VI-53
Results of Recreation Impact Assessment for Folsom Lake 

Peak Season (April - Sept.)

Frequency with which Reservoirs are below Critical Elevation Thresholds (or above 450 ft.) 

Water Year Type

Alternative # of Months 360 ft. 400 ft. 405 ft. 430 ft. > 450 ft.

73-YEAR PERIOD 438 total % total % total % total % total %

Alternative 1 (Base Case) 39 9% 76 17% 85 19% 167 38% 101 23%

Alternative 2 56 13% 105 24% 112 26% 180 41% 100 23%

Alternative 3 50 11% 102 23% 106 24% 176 40% 101 23%

Alternative 4 50 11% 102 23% 107 24% 176 40% 100 23%

Alternative 5 33 8% 85 19% 97 22% 158 36% 104 24%

Alternative 6 62 14% 114 26% 126 29% 201 46% 92 21%

Alternative 7 57 13% 109 25% 118 27% 191 44% 95 22%

Alternative 8 52 12% 102 23% 112 26% 178 41% 99 23%

CRITICAL PERIOD 41

Alternative 1 (Base Case) 13 32% 20 49% 22 54% 30 73% 3 7%

Alternative 2 18 44% 27 66% 28 68% 34 83% 2 5%

Alternative 3 16 39% 26 63% 26 63% 34 83% 1 2%

Alternative 4 16 39% 26 63% 26 63% 34 83% 1 2%

Alternative 5 9 22% 21 51% 24 59% 31 76% 3 7%

Alternative 6 19 46% 29 71% 30 73% 35 85% 2 5%

Alternative 7 14 34% 30 73% 30 73% 36 88% 1 2%

Alternative 8 13 32% 25 61% 28 68% 34 83% 2 5%

Off-Season (Oct.- March)

Frequency with which Reservoirs are below Critical Elevation Thresholds

Water Year Type

Alternative # of Months 360 ft. 400 ft.

73-YEAR PERIOD 438 total % total %

Alternative 1 (Base Case) 29 7% 128 29%

Alternative 2 39 9% 129 29%

Alternative 3 34 8% 121 28%

Alternative 4 36 8% 122 28%

Alternative 5 31 7% 114 26%

Alternative 6 61 14% 150 34%

Alternative 7 41 9% 135 31%

Alternative 8 37 8% 130 30%

CRITICAL PERIOD 37

Alternative 1 (Base Case) 4 11% 26 70%

Alternative 2 12 32% 27 73%

Alternative 3 10 27% 24 65%

Alternative 4 10 27% 24 65%

Alternative 5 9 24% 25 68%

Alternative 6 19 51% 28 76%

Alternative 7 10 27% 27 73%

Alternative 8 10 27% 26 70%

NOTES:

  <360 ft. msl - last boat ramp out of operation

  <400 ft. msl - limited lake surface area (boating constrained)

  <405 ft. msl - marina closes

  <430 ft. msl - decline in campground/picnicking use

  >450 ft. msl - beach area inundated
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Table VI-54
Results of Recreation Impact Assessment for Camanche Reservoir 

Peak Season (April - Sept.)
Frequency with which Reservoirs are below Critical Elevation Thresholds 

Water Year Type
Alternative # of Months 160 ft. 178 ft. 193 ft.

73-YEAR PERIOD 438 total % total % total %
Alternative 1 (Base Case) 14 3% 39 9% 68 16%

Alternative 2 14 3% 39 9% 68 16%
Alternative 3 34 8% 56 13% 104 24%
Alternative 4 45 10% 56 13% 104 24%
Alternative 5 109 25% 145 33% 196 45%
Alternative 6 14 3% 39 9% 68 16%
Alternative 7 14 3% 39 9% 68 16%
Alternative 8 14 3% 39 9% 68 16%

CRITICAL PERIOD 41
Alternative 1 (Base Case) 0 0% 3 7% 8 20%

Alternative 2 0 0% 3 7% 8 20%
Alternative 3 0 0% 4 10% 23 56%
Alternative 4 0 0% 4 10% 23 56%
Alternative 5 30 73% 34 83% 36 88%
Alternative 6 0 0% 3 7% 8 20%
Alternative 7 0 0% 3 7% 8 20%
Alternative 8 0 0% 3 7% 8 20%

Off-Season (Oct.- March)
Frequency with which Reservoirs are below Critical Elevation Thresholds 

Water Year Type/Alt.           # of Months 160 ft. 178 ft. 193 ft.

73-YEAR PERIOD 438 total % total % total %
Alternative 1 (Base Case) 13 3% 32 7% 85 19%

Alternative 2 13 3% 32 7% 85 19%
Alternative 3 34 8% 63 14% 116 26%
Alternative 4 40 9% 64 15% 116 26%
Alternative 5 111 25% 134 31% 185 42%
Alternative 6 13 3% 32 7% 85 19%
Alternative 7 13 3% 32 7% 85 19%
Alternative 8 13 3% 32 7% 85 19%

CRITICAL PERIOD 37
Alternative 1 (Base Case) 0 0% 3 8% 10 27%

Alternative 2 0 0% 3 8% 10 27%
Alternative 3 2 5% 5 14% 20 54%
Alternative 4 2 5% 5 14% 20 54%
Alternative 5 26 70% 30 81% 31 84%
Alternative 6 0 0% 3 8% 10 27%
Alternative 7 0 0% 3 8% 10 27%
Alternative 8 0 0% 3 8% 10 27%

NOTES:
  <160 ft. msl - marinas close/last boat ramp out of operation
  <178 ft. msl - relocation of main marina, limited lake surface area
  <193 ft. msl - limited boat ramp availability
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Table VI-55
Results of Recreation Impact Assessment for Pardee Reservoir 

Peak Season (Apr - Sept.)

Frequency with which Reservoirs are below Critical Elevation Thresholds

Water Year Type

Alternative # of Months 500 ft. 532 ft. 537 ft. 542 ft.

73-YEAR PERIOD 438 total % total % total % total %

Alternative 1 (Base Case) 12 3% 35 8% 41 9% 51 12%

Alternative 2 12 3% 35 8% 41 9% 51 12%

Alternative 3 14 3% 43 10% 47 11% 56 13%

Alternative 4 17 4% 46 11% 49 11% 56 13%

Alternative 5 77 18% 114 26% 124 28% 135 31%

Alternative 6 12 3% 35 8% 41 9% 51 12%

Alternative 7 12 3% 35 8% 41 9% 51 12%

Alternative 8 12 3% 35 8% 41 9% 51 12%

CRITICAL PERIOD 41

Alternative 1 (Base Case) 0 0% 3 7% 3 7% 5 12%

Alternative 2 0 0% 3 7% 3 7% 5 12%

Alternative 3 0 0% 8 20% 8 20% 9 22%

Alternative 4 0 0% 8 20% 8 20% 9 22%

Alternative 5 16 39% 25 61% 26 63% 29 71%

Alternative 6 0 0% 3 7% 3 7% 5 12%

Alternative 7 0 0% 3 7% 3 7% 5 12%

Alternative 8 0 0% 3 7% 3 7% 5 12%

Off-Season (Oct.- March)

Frequency with which Reservoirs are below Critical Elevation Thresholds

Water Year Type/Alt.             # of Months 500 ft. 532 ft. 537 ft. 542 ft.

73-YEAR PERIOD 438 total % total % total % total %

Alternative 1 (Base Case) 17 4% 58 13% 67 15% 70 16%

Alternative 2 17 4% 58 13% 67 15% 70 16%

Alternative 3 18 4% 61 14% 71 16% 76 17%

Alternative 4 20 5% 67 15% 73 17% 78 18%

Alternative 5 75 17% 139 32% 146 33% 153 35%

Alternative 6 17 4% 58 13% 67 15% 70 16%

Alternative 7 17 4% 58 13% 67 15% 70 16%

Alternative 8 17 4% 58 13% 67 15% 70 16%

CRITICAL PERIOD 37

Alternative 1 (Base Case) 0 0% 7 19% 7 19% 7 19%

Alternative 2 0 0% 7 19% 7 19% 7 19%

Alternative 3 0 0% 12 32% 13 35% 13 35%

Alternative 4 0 0% 12 32% 13 35% 13 35%

Alternative 5 10 27% 28 76% 29 78% 30 81%

Alternative 6 0 0% 7 19% 7 19% 7 19%

Alternative 7 0 0% 7 19% 7 19% 7 19%

Alternative 8 0 0% 7 19% 7 19% 7 19%

NOTES:

  <500 ft. msl - low water, ramp closes

  <532 ft. msl - closure and removal of marina

  <537 ft. msl - main boat ramp closes

  <542 ft. msl - relocation of marina, limited boat ramp availability
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Table VI-56
Results of Recreation Impact Assessment for New Melones Reservoir

Peak Season (April - Sept.)

Frequency with which Reservoirs are below Critical Elevation Thresholds

Water Year Type

Alternative # of Months 850 ft. 860 ft. 880 ft. 900 ft.

73-YEAR PERIOD 438 total % total % total % total %

Alternative 1 (Base Case) 8 2% 9 2% 11 3% 15 3%

Alternative 2 26 6% 31 7% 49 11% 59 13%

Alternative 3 3 1% 5 1% 9 2% 13 3%

Alternative 4 16 4% 21 5% 27 6% 39 9%

Alternative 5 0 0% 1 0% 3 1% 8 2%

Alternative 6 3 1% 3 1% 5 1% 9 2%

Alternative 7 4 1% 4 1% 10 2% 13 3%

Alternative 8 12 3% 14 3% 22 5% 32 7%

CRITICAL PERIOD 41

Alternative 1 (Base Case) 0 0% 0 0% 0 0% 1 2%

Alternative 2 13 32% 14 34% 21 51% 26 63%

Alternative 3 0 0% 1 2% 2 5% 3 7%

Alternative 4 7 17% 9 22% 12 29% 16 39%

Alternative 5 0 0% 0 0% 0 0% 0 0%

Alternative 6 0 0% 0 0% 0 0% 0 0%

Alternative 7 0 0% 0 0% 1 2% 3 7%

Alternative 8 4 10% 5 12% 8 20% 14 34%

Off-Season (Oct.- March)

Frequency with which Reservoirs are below Critical Elevation Thresholds

Water Year Type/Alt.        # of Months 850 ft. 860 ft.

73-YEAR PERIOD 438 total % total %

Alternative 1 (Base Case) 9 2% 10 2%

Alternative 2 31 7% 39 9%

Alternative 3 5 1% 7 2%

Alternative 4 20 5% 25 6%

Alternative 5 1 0% 3 1%

Alternative 6 3 1% 4 1%

Alternative 7 4 1% 4 1%

Alternative 8 16 4% 18 4%

CRITICAL PERIOD 37

Alternative 1 (Base Case) 0 0% 0 0%

Alternative 2 12 32% 13 35%

Alternative 3 1 3% 1 3%

Alternative 4 5 14% 8 22%

Alternative 5 0 0% 0 0%

Alternative 6 0 0% 0 0%

Alternative 7 0 0% 0 0%

Alternative 8 3 8% 3 8%

NOTES:

  <850 ft. msl - last boat ramp out of operation

  <860 ft. msl - limited lake surface area and decline in campground/picnicking use

  <880 ft. msl - marina closes

  <900 ft. msl - decline in beach use
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Table VI-57
Results of Recreation Impact Assessment for New Don Pedro Reservoir 

Peak Season (May - Sept.)

Frequency with which Reservoirs are below Critical Elevation Thresholds

Water Year Type

Alternative # of Months 600 ft. 720 ft. 780 ft.

73-YEAR PERIOD 365 total % total % total %

Alternative 1 (Base Case) 0 0% 34 9% 155 42%

Alternative 2 0 0% 34 9% 155 42%

Alternative 3 0 0% 54 15% 179 49%

Alternative 4 0 0% 51 14% 177 48%

Alternative 5 12 3% 105 29% 214 59%

Alternative 6 0 0% 34 9% 155 42%

Alternative 7 0 0% 29 8% 149 41%

Alternative 8 0 0% 38 10% 163 45%

CRITICAL PERIOD 35

Alternative 1 (Base Case) 0 0% 6 17% 27 77%

Alternative 2 0 0% 6 17% 27 77%

Alternative 3 0 0% 18 51% 32 91%

Alternative 4 0 0% 15 43% 32 91%

Alternative 5 11 31% 32 91% 35 100%

Alternative 6 0 0% 6 17% 27 77%

Alternative 7 0 0% 6 17% 27 77%

Alternative 8 0 0% 9 26% 30 86%

Off-Season (Oct.- April)

Frequency with which Reservoirs are below Critical Elevation Thresholds

Water Year Type

Alternative # of Months 600 ft. 720 ft.

73-YEAR PERIOD 511 total % total %

Alternative 1 (Base Case) 3 1% 65 13%

Alternative 2 3 1% 65 13%

Alternative 3 3 1% 114 22%

Alternative 4 3 1% 109 21%

Alternative 5 25 5% 175 34%

Alternative 6 3 1% 65 13%

Alternative 7 3 1% 62 12%

Alternative 8 3 1% 70 14%

CRITICAL PERIOD 43

Alternative 1 (Base Case) 0 0% 9 21%

Alternative 2 0 0% 9 21%

Alternative 3 0 0% 32 74%

Alternative 4 0 0% 27 63%

Alternative 5 12 28% 43 100%

Alternative 6 0 0% 9 21%

Alternative 7 0 0% 7 16%

Alternative 8 0 0% 10 23%

NOTES:

  <600 ft. msl - marinas close/last boat ramp out of operation

  <720 ft. msl - limited lake surface area and decline in campground/picnicking use

  <780 ft. msl - decline in beach use
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Table VI-58
Results of Recreation Impact Assessment for Lake McClure

Peak Season (April - Sept.)

Frequency with which Reservoirs are below Critical Elevation Thresholds

Water Year Type

Alternative # of Months 590 ft. 600 ft.

73-YEAR PERIOD 438 total % total %

Alternative 1 (Base Case) 0 0% 0 0%

Alternative 2 0 0% 0 0%

Alternative 3 0 0% 0 0%

Alternative 4 0 0% 0 0%

Alternative 5 0 0% 0 0%

Alternative 6 0 0% 0 0%

Alternative 7 0 0% 0 0%

Alternative 8 0 0% 0 0%

CRITICAL PERIOD 41

Alternative 1 (Base Case) 0 0% 0 0%

Alternative 2 0 0% 0 0%

Alternative 3 0 0% 0 0%

Alternative 4 0 0% 0 0%

Alternative 5 0 0% 0 0%

Alternative 6 0 0% 0 0%

Alternative 7 0 0% 0 0%

Alternative 8 0 0% 0 0%

Off-Season (Oct.- March)

Frequency with which Reservoirs are below Critical Elevation Thresholds

Water Year Type/Alt. # of Months 590 ft. 600 ft.

73-YEAR PERIOD 438 total % total %

Alternative 1 (Base Case) 0 0% 0 0%

Alternative 2 0 0% 0 0%

Alternative 3 0 0% 0 0%

Alternative 4 0 0% 0 0%

Alternative 5 0 0% 0 0%

Alternative 6 0 0% 0 0%

Alternative 7 0 0% 0 0%

Alternative 8 0 0% 0 0%

CRITICAL PERIOD 37

Alternative 1 (Base Case) 0 0% 0 0%

Alternative 2 0 0% 0 0%

Alternative 3 0 0% 0 0%

Alternative 4 0 0% 0 0%

Alternative 5 0 0% 0 0%

Alternative 6 0 0% 0 0%

Alternative 7 0 0% 0 0%

Alternative 8 0 0% 0 0%

NOTES:

  <590 ft. msl - last boat ramp out of operation

  <600 ft. msl - limited lake surface area and marina closes
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Table VI-59
Results of Recreation Impact Assessment for Millerton Lake 

Peak Season (May - Sept.)

Frequency with which Reservoirs are below Critical Elevation Thresholds

Water Year Type/Alt. # of Months 468 ft. 470 ft.

73-YEAR PERIOD 365 total % total %

Alternative 1 (Base Case) 24 7% 28 8%

Alternative 2 24 7% 28 8%

Alternative 3 24 7% 28 8%

Alternative 4 24 7% 28 8%

Alternative 5 56 15% 65 18%

Alternative 6 24 7% 28 8%

Alternative 7 24 7% 28 8%

Alternative 8 24 7% 28 8%

CRITICAL PERIOD 35

Alternative 1 (Base Case) 7 20% 7 20%

Alternative 2 7 20% 7 20%

Alternative 3 7 20% 7 20%

Alternative 4 7 20% 7 20%

Alternative 5 8 23% 9 26%

Alternative 6 7 20% 7 20%

Alternative 7 7 20% 7 20%

Alternative 8 7 20% 7 20%

Off-Season (Oct.- April)

Frequency with which Reservoirs are below Critical Elevation Thresholds

Water Year Type/Alternative# of Months 468 ft. 470 ft.

73-YEAR PERIOD 511 total % total %

Alternative 1 (Base Case) 10 2% 11 2%

Alternative 2 10 2% 11 2%

Alternative 3 10 2% 11 2%

Alternative 4 10 2% 11 2%

Alternative 5 17 3% 26 5%

Alternative 6 10 2% 11 2%

Alternative 7 10 2% 11 2%

Alternative 8 10 2% 11 2%

CRITICAL PERIOD 43

Alternative 1 (Base Case) 1 2% 1 2%

Alternative 2 1 2% 1 2%

Alternative 3 1 2% 1 2%

Alternative 4 1 2% 1 2%

Alternative 5 2 5% 3 7%

Alternative 6 1 2% 1 2%

Alternative 7 1 2% 1 2%

Alternative 8 1 2% 1 2%

NOTES:

  <468 ft. msl - last boat ramp out of operation

  <470 ft. msl - limited lake surface area/decline in beach use
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T a b l e  V I - 6 0

S u m m a r y  o f  R e c r e a t i o n  I m p a c t s  a t  M a j o r  R e s e r v o i r s ,   7 3 - Y e a r  P e r i o d

7 3 - y e a r  P e r i o d  A v e r a g e  - -  P e a k  S e a s o n

Reservo i r Al t  2 Al t  3 Al t  4 Al t  5 Al t  6 Al t  7 Al t  8

Shasta 0  0  0  0  0  0  0  

Orovi l le 0  0  0  0  0  0  0  

Folsom 0  0  0  0  - 0  0  

C a m a n c h e 0  0  0  - 0  0  0  

Pardee 0  0  0  - 0  0  0  

N e w  M e l o n e s - 0  0  0  0  0  0  

N e w  D o n  P e d r o 0  0  0  - 0  0  0  

M c C l u r e 0  0  0  0  0  0  0  

Mil le r ton 0  0  0  - 0  0  0  

7 3 - y e a r  P e r i o d  A v e r a g e  - -  O f f  S e a s o n

Reservo i r Al t  2 Al t  3 Al t  4 Al t  5 Al t  6 Al t  7 Al t  8

Shasta 0  0  0  0  0  0  0  

Orovi l le 0  0  0  0  0  0  0  

Folsom 0  0  0  0  0  0  0  

C a m a n c h e 0  0  0  - 0  0  0  

Pardee 0  0  0  - 0  0  0  

N e w  M e l o n e s 0  0  0  0  0  0  0  

N e w  D o n  P e d r o 0  0  0  - 0  0  0  

M c C l u r e 0  0  0  0  0  0  0  

Mil le r ton 0  0  0  - 0  0  0  

+   ind ica tes  a  s igni f icant  change  tha t  increases  recrea t iona l  oppor tuni t ies

 -    ind ica tes  a  s ign i f ican t  change  tha t  decreases  rec rea t iona l  oppor tun i t i es

0   ind ica tes  no  s ign i f ican t  change  in  recrea t iona l  oppor tun i t i es
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As with the reservoir impacts, the analysis is based on output from DWRSIM and
EBMUDSIM (EBMUDSIM was used for the Mokelumne River).  The projected changes in
average monthly flows reflect the estimated modifications in reservoir operations and can be
used to compare the effects of Alternatives 2 through 8 to the base case (Alternative 1).  An
impact analysis was conducted for each of the major rivers that could be affected by
implementation of the water right decision and for which hydrologic modeling results were
available.

Impact thresholds were developed for important peak-season (May-September) recreation
activities, including boating and swimming.  Impacts were not assessed for the off-season
because most water contact activities do not occur during this period.  Changes in recreation
opportunities were assessed for the upper Sacramento (Keswick to Red Bluff), American,
San Joaquin (above the confluence with the Merced), upper and lower Stanislaus (New
Melones to Oakdale and Oakdale to the San Joaquin), Tuolumne, Merced, and Mokelumne
rivers.  Changes in recreation opportunities were not assessed for the Feather, Yuba, lower
Sacramento, and lower San Joaquin rivers because recreation activities can be accommodated
within a wide range of flows on these rivers.  Changes in recreation opportunities were
assessed for the full 73-year period as well as for the 1928-1934 critical period.

The recreation impact analysis considers the frequency of occurrence with which average
monthly flows are above or below the various threshold levels or fall within an optimal range

T a b l e  V I - 6 1

S u m m a r y  o f  R e c r e a t i o n  I m p a c t s  a t  M a j o r  R e s e r v o i r s ,  C r i t i c a l  P e r i o d

Critical Period Average -- Peak and Off Season

R e s e r v o i r A l t  2 A l t  3 A l t  4 A l t  5 A l t  6 A l t  7 A l t  8

S h a s t a 0 0 0 +  - 0  0  

O r o v i l l e - - - +  - - - 

F o l s o m - - - + / - - - - 

C a m a n c h e 0 - - - 0  0  0  

P a r d e e 0 - - - 0  0  0  

N e w  M e l o n e s - 0  - 0  0  0  - 

N e w  D o n  P e d r o 0 - - - 0  0  0  

M c C l u r e 0 0 0 0 0 0 0 

Mi l l e r t on 0 0 0 - 0  0  0  

+   i n d i c a t e s  a  s i g n i f i c a n t  c h a n g e  t h a t  i n c r e a s e s  r e c r e a t i o n a l  o p p o r t u n i t i e s

-    i n d i c a t e s  a  s i g n i f i c a n t  c h a n g e  t h a t  d e c r e a s e s  r e c r e a t i o n a l  o p p o r t u n i t i e s

0   i n d i c a t e s  n o  s i g n i f i c a n t  c h a n g e  i n  r e c r e a t i o n a l  o p p o r t u n i t i e s

+ / -  ( i n c r e a s e d  o p p o r t u n i t i e s  i n  t h e  p e a k  s e a s o n  a n d  d e c r e a s e d  o p p o r t u n i t i e s  i n  t h e  o f f  s e a s o n )
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as defined for each river.  Table VI-62 summarizes the frequency of occurrence in absolute
numbers and as a percentage of the total number of months in the study period for the impact
assessment on the selected rivers.

When the critical threshold is a given flow, above or below which recreational activities are
impaired, a frequency of occurrence which is higher than the base case would indicate a
decrease in recreational opportunities (a negative impact) and a frequency of occurrence
which is lower than the base case would indicate an increase in recreational opportunities (a
beneficial impact).  When the critical threshold is an optimal range of flow, the reverse is
true.  A frequency of occurrence which is higher than the base case would indicate an
increase in recreational opportunities (a beneficial impact), and a frequency of occurrence
which is lower than the base case would indicate a decrease in recreational opportunities (a
negative impact).

The critical thresholds for some of the river recreation opportunities identified in this analysis
tend to overlap, yet a change in river flow may affect one activity and not another.  In
addition, it is possible for a change in river flow to have a negative impact to one activity and
a beneficial impact to another (e.g. flows may drop below the optimal range for boating and
into the optimal range for swimming).  Some of the flow alternatives result in sustained flows
that are higher than the optimal flow range identified for certain activities, such as some
kinds of boating.  While this results in a negative impact to those activities, there may be
other recreational opportunities associated with the higher flows.

Due to the nature of the hydrologic input data and the use of average monthly operations, the
modeled river flows may be expected to have a margin of error of 10 to 20 percent.
Therefore, differences between the base case and the various alternatives are considered to be
significant only if greater than 10 percentage points, higher or lower, from the base case.
Table VI-63 summarizes which alternatives have significant recreation impacts (beneficial or
negative) on the selected rivers.  Significant differences in recreational opportunities occur
on at least one river under each alternative but the majority of the significant impacts are
beneficial, resulting in increased recreational opportunities.

Mitigation.  Recreation in the rivers that could be affected would likely benefit by
implementing the flow objective alternatives.  In most cases, streamflow will be increased
over normal conditions and swimmers, boaters, and others may actually benefit.  For those
cases where changes in streamflow result in decreased recreational opportunities, it is
unlikely that the effects can be mitigated.

c. Wildlife Refuges and Wetlands .  Wildlife refuges, wildlife management areas, and
privately owned and managed wetlands (such as duck clubs) provide recreational opportunities,
primarily in the form of hunting and bird watching.  Surface water supplies are used at most of
these locations to provide seasonal flooding, maintain wetland habitat and to grow feed crops that
attract waterfowl.  However, as discussed earlier in the section on impacts to vegetation and
wildlife, implementation of the flow objective alternatives is not expected to have a significant
impact to wetland habitat at wildlife refuges, wildlife management areas or privately owned and
managed wetlands.  Therefore, no significant impact to the recreational use of these areas is
expected to occur.



Table VI-62
Results of Recreation Impact Assessment for Rivers 

in the Sacramento River Region

Sacramento River
Upper Reach

Peak Season (May - Sept.)
Frequency with which Rivers are between Flow Thresholds

Total
Water Year Type/Alt. Months Between 2,500 and 12,000 cfs

73-YEAR PERIOD 365 total %
Alternative 1 (Base Case) 264 72%

Alternative 2 251 69%
Alternative 3 264 72%
Alternative 4 262 72%
Alternative 5 277 76%
Alternative 6 243 67%
Alternative 7 245 67%
Alternative 8 250 68%

CRITICAL PERIOD 35
Alternative 1 (Base Case) 33 94%

Alternative 2 30 86%
Alternative 3 32 91%
Alternative 4 32 91%
Alternative 5 33 94%
Alternative 6 31 89%
Alternative 7 30 86%
Alternative 8 31 89%

NOTES:
  2,500 to 12,000 cfs - optimal flow range for all boating activities

American River

Peak Season (May - Sept.)
Frequency with which Rivers are between or below Flow Thresholds

Total

Water Year Type/Alt. Months Below 1,750 cfs Below 1,500 cfs                 

73-YEAR PERIOD 365 total % total % total %
Alternative 1 (Base Case) 110 30% 85 23% 74 20%

Alternative 2 236 65% 85 23% 73 20%
Alternative 3 234 64% 81 22% 68 19%
Alternative 4 233 64% 81 22% 70 19%
Alternative 5 115 32% 79 22% 59 16%
Alternative 6 244 67% 80 22% 64 18%
Alternative 7 89 24% 89 24% 77 21%
Alternative 8 93 25% 84 23% 66 18%

CRITICAL PERIOD 35
Alternative 1 (Base Case) 8 23% 17 49% 14 40%

Alternative 2 16 46% 16 46% 13 37%
Alternative 3 16 46% 17 49% 12 34%
Alternative 4 16 46% 16 46% 12 34%
Alternative 5 8 23% 15 43% 12 34%
Alternative 6 15 43% 14 40% 12 34%
Alternative 7 5 14% 19 54% 16 46%
Alternative 8 8 23% 15 43% 14 40%

NOTES:
  1,750 to 3,000 cfs - optimal flow range for all boating activities
  < 1,750 cfs - minimum flow range for all boating activities
  < 1,500 cfs - optimal flow for swimming

Between 1,750 and 3,000 cfs
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Table VI-62 (cont.)
Results of Recreation Impact Assessment for Rivers 

in the San Joaquin Valley Region

San Joaquin River

Upstream of Merced River

Peak Season (May - Sept.)

Frequency with which Rivers are above, between, or below Flow Thresholds

Total

Water Year Type/Alt. Months Above 500 cfs Between 300 and 500 cfs Between 200 and 300 cfs Below 300 cfs

73-YEAR PERIOD 365 total % total % total % total %

Alternative 1 (Base Case) 150 41% 209 57% 6 2% 6 2%

Alternative 2 144 39% 202 55% 19 5% 19 5%

Alternative 3 187 51% 170 47% 8 2% 8 2%

Alternative 4 188 52% 169 46% 8 2% 8 2%

Alternative 5 364 100% 1 0% 0 0% 0 0%

Alternative 6 146 40% 196 54% 23 6% 23 6%

Alternative 7 143 39% 202 55% 20 5% 20 5%

Alternative 8 145 40% 202 55% 17 5% 17 5%

CRITICAL PERIOD 35

Alternative 1 (Base Case) 7 20% 25 71% 3 9% 3 9%

Alternative 2 5 14% 23 66% 7 20% 7 20%

Alternative 3 6 17% 27 77% 2 6% 2 6%

Alternative 4 6 17% 27 77% 2 6% 2 6%

Alternative 5 35 100% 0 0% 0 0% 0 0%

Alternative 6 5 14% 19 54% 11 31% 11 31%

Alternative 7 5 14% 22 63% 8 23% 8 23%

Alternative 8 5 14% 23 66% 6 17% 6 17%

NOTES:

  >500 cfs - unknown recreational opportunities

  300 to 500 cfs - optimal flow range for all boating activities

  200 to 300 cfs - optimal range of canoeing flows

  <300 cfs - below optimal flows for swimming

Mokelumne River

Peak Season (May - Sept.)

Frequency with which Rivers are between or below Flow Thresholds

Total

Water Year Type/Alt. Months Between 400 and 700 cfs Below 200 cfs Below 100 cfs                 

73-YEAR PERIOD 365 total % total % total %

Alternative 1 (Base Case) 44 12% 54 15% 0 0%

Alternative 2 44 12% 54 15% 0 0%

Alternative 3 106 29% 44 12% 0 0%

Alternative 4 109 30% 43 12% 0 0%

Alternative 5 67 18% 18 5% 0 0%

Alternative 6 44 12% 54 15% 0 0%

Alternative 7 44 12% 54 15% 0 0%

Alternative 8 44 12% 54 15% 0 0%

CRITICAL PERIOD 35

Alternative 1 (Base Case) 3 9% 8 23% 0 0%

Alternative 2 3 9% 8 23% 0 0%

Alternative 3 14 40% 6 17% 0 0%

Alternative 4 14 40% 6 17% 0 0%

Alternative 5 10 29% 3 9% 0 0%

Alternative 6 3 9% 8 23% 0 0%

Alternative 7 3 9% 8 23% 0 0%

Alternative 8 3 9% 8 23% 0 0%

NOTES:

  400 to 700 cfs - optimal flow range for all boating activities

  <200 cfs - below minimum flows for all boating activities

  <100 cfs - below minimum flows for swimming
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Table VI-62 (cont.)
Results of Recreation Impact Assessment for Rivers 

in the San Joaquin Valley Region
Stanislaus River

Lower Reach
Peak Season (May - Sept.)

Frequency with which Rivers are between or below Flow Thresholds
Total

Water Year Type/Alt. Months Between 700 and 800 cfs  Below 300 cfs

73-YEAR PERIOD 365 total % total %

Alternative 1 (Base Case) 2 1% 0 0%
Alternative 2 17 5% 0 0%
Alternative 3 39 11% 0 0%
Alternative 4 40 11% 0 0%
Alternative 5 23 6% 0 0%
Alternative 6 47 13% 0 0%
Alternative 7 27 7% 1 0%
Alternative 8 18 5% 0 0%

CRITICAL PERIOD 35

Alternative 1 (Base Case) 0 0% 0 0%
Alternative 2 0 0% 0 0%
Alternative 3 6 17% 0 0%
Alternative 4 7 20% 0 0%
Alternative 5 1 3% 0 0%
Alternative 6 7 20% 0 0%
Alternative 7 2 6% 0 0%
Alternative 8 0 0% 0 0%

NOTES:
  700 to 800 cfs - optimal flow range for all boating activities
  <300 cfs - below minimum flows for all boating activities

Stanislaus River
Upper Reach

Peak Season (May - Sept.)
Frequency with which Rivers are between or below Flow Thresholds

Total
Water Year Type/Alt. Months Between 700 and 2000 cfs  Below 700 cfs

73-YEAR PERIOD 365 total % total %

Alternative 1 (Base Case) 256 70% 0 0%
Alternative 2 121 33% 0 0%
Alternative 3 178 49% 0 0%
Alternative 4 164 45% 0 0%
Alternative 5 232 64% 0 0%
Alternative 6 164 45% 0 0%
Alternative 7 156 43% 0 0%
Alternative 8 135 37% 0 0%

CRITICAL PERIOD 35

Alternative 1 (Base Case) 27 77% 0 0%
Alternative 2 24 69% 0 0%
Alternative 3 21 60% 0 0%
Alternative 4 18 51% 0 0%
Alternative 5 30 86% 0 0%
Alternative 6 22 63% 0 0%
Alternative 7 17 49% 0 0%
Alternative 8 19 54% 0 0%

NOTES:
  700 to 2,000 cfs - optimal flow range for all boating activities
  <700 cfs - below minimum flows for all boating activities
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Table VI-62 (cont.)
Results of Recreation Impact Assessment for Rivers 

in the San Joaquin Valley Region

Tuolumne River

Peak Season (May - Sept.)
Frequency with which Rivers are between or below Flow Thresholds

Total Between Between

Water Year Type/Alt. Months 400 and 700 cfs 200 and 600 cfs Below 500 cfs Below 150 cfs

73-YEAR PERIOD 365 total % total % total % total %
Alternative 1 (Base Case) 128 35% 174 48% 222 61% 47 13%

Alternative 2 128 35% 174 48% 222 61% 47 13%
Alternative 3 118 32% 156 43% 204 56% 43 12%
Alternative 4 120 33% 158 43% 205 56% 43 12%
Alternative 5 128 35% 170 47% 145 40% 12 3%
Alternative 6 128 35% 174 48% 222 61% 47 13%
Alternative 7 114 31% 177 48% 226 62% 45 12%
Alternative 8 119 33% 160 44% 228 62% 66 18%

CRITICAL PERIOD 35
Alternative 1 (Base Case) 8 23% 12 34% 30 86% 12 34%

Alternative 2 8 23% 12 34% 30 86% 12 34%
Alternative 3 8 23% 11 31% 28 80% 10 29%
Alternative 4 8 23% 12 34% 28 80% 10 29%
Alternative 5 14 40% 22 63% 23 66% 3 9%
Alternative 6 8 23% 12 34% 30 86% 12 34%
Alternative 7 5 14% 13 37% 32 91% 12 34%
Alternative 8 11 31% 10 29% 30 86% 16 46%

NOTES:
  400 to 700 cfs - optimal flow range for all boating activities
  200 to 600 cfs - optimal flow range for swimming
  <500 cfs - below minimum flows for power boating
  <150 cfs - below minimum flows for canoeing and kayaking

Merced River

Peak Season (May - Sept.)
Frequency with which Rivers are between or below Flow Thresholds

Total

Water Year Type/Alt. Months Below 500 cfs     Between 50 and 200 cfs

73-YEAR PERIOD 365 total % total %
Alternative 1 (Base Case) 316 87% 167 46%

Alternative 2 316 87% 167 46%
Alternative 3 290 79% 195 53%
Alternative 4 300 82% 214 59%
Alternative 5 132 36% 294 81%
Alternative 6 316 87% 167 46%
Alternative 7 317 87% 140 38%
Alternative 8 308 84% 115 32%

CRITICAL PERIOD 35
Alternative 1 (Base Case) 34 97% 15 43%

Alternative 2 34 97% 15 43%
Alternative 3 33 94% 18 51%
Alternative 4 33 94% 21 60%
Alternative 5 14 40% 33 94%
Alternative 6 34 97% 15 43%
Alternative 7 35 100% 12 34%
Alternative 8 32 91% 11 31%

NOTES:
  <500 cfs - below minimum flows for all boating activities
  50 to 200 cfs - optimal flow range for swimming
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10. Scenic Quality

The implementation of the 1995 Bay/Delta Plan flow alternatives will not result in the
obstruction of any scenic vista or view open to the public.  However, potentially significant
aesthetic effects, often referred to as “the bathtub ring,” may occur at multiple-use reservoirs.
The bathtub ring, which is the exposed shoreline below the maximum water surface elevation, is
a normal occurrence at multiple-use reservoirs as water levels decline.  The ring is usually devoid
of vegetation.  The flow alternatives will result in changes in the operation of upstream reservoirs
which may cause water levels to be lower for longer periods, reducing the aesthetic values of the
reservoirs.

T a b l e  V I - 6 3

S u m m a r y  o f  R e c r e a t i o n  I m p a c t s  o n  S e l e c t e d  R i v e r s

73-year Period Average -- Peak Season

River A l t  2 A l t  3 A l t  4 A l t  5 A l t  6 A l t  7 A l t  8

S a c r a m e n t o 0 0 0 0 0 0 0 

A m e r i c a n           +              +              +             0              +              0             0

M o k e l u m n e                              0             +              +             +              0             0              0

S tan i s laus  -  upper - - - 0  - - - 

S tan i s laus  -  lower 0 +  +  0 +  0 0 

T u o l u m n e 0 0 0 +  0 0 0 

M e r c e d 0 0 +  + / - 0 0 - 

S a n  J o a q u i n 0 - - - 0  0  0  

Critical Period Average -- Peak Season

River A l t  2 A l t  3 A l t  4 A l t  5 A l t  6 A l t  7 A l t  8

S a c r a m e n t o 0 0 0 0 0 0 0 

A m e r i c a n +  +  +  +  +  0 0 

M o k e l u m n e 0 +  +  +  0 0 0 

S tan i s laus  -  upper 0 - - 0  - - - 

S tan i s laus  -  lower 0 +  +  0 +  0 0 

T u o l u m n e 0 0 0 +  0 0 - 

M e r c e d 0 0 +  + / - 0 0 - 

S a n  J o a q u i n + / - 0 0 - + / - + / - 0 

+   i n d i c a t e s  a  s i g n i f i c a n t  c h a n g e  t h a t  i n c r e a s e s  r e c r e a t i o n a l  o p p o r t u n i t i e s

 -    i n d i c a t e s  a  s i g n i f i c a n t  c h a n g e  t h a t  d e c r e a s e s  r e c r e a t i o n a l  o p p o r t u n i t i e s

+ / -  i n d i c a t e s  s i g n i f i c a n t  c h a n g e s  t h a t  i n c r e a s e  a n d  d e c r e a s e  r e c r e a t i o n a l  o p p o r t u n i t i e s

 0   i n d i c a t e s  n o  s i g n i f i c a n t  c h a n g e  i n  r e c r e a t i o n a l  o p p o r t u n i t i e s
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To analyze the effects of implementing the flow alternatives on reservoir aesthetics, end-of-month
surface area at selected reservoirs, as modeled using DWRSIM, was compared to the base case
(Alternative 1).  Table VI-64 summarizes the average monthly difference (May - September)
in reservoir surface area for the 73-year period and dry-year average (average of below normal,
dry, and critically dry years).  The selected reservoirs include Lake Shasta, Lake Oroville,
Folsom Lake, New Melones Reservoir, New Don Pedro Reservoir, Lake McClure, and
Millerton Lake.  The significant changes in reservoir surface area under each alternative are
discussed below.

Under Alternative 2, reservoir surface area for the 73-year period is somewhat less than the base
case at Shasta, Oroville, and Folsom, and significantly less than the base case at New Melones.
For the dry-year average, reservoir surface area is significantly less than the base case at Folsom
and New Melones.  There are no changes in operations at New Don Pedro, McClure, or
Millerton under this alternative.

Under Alternative 3, the dry-year average reservoir surface area is significantly less than the base
case at McClure because of its relatively recent water right priority, but all of the reservoirs
(except Millerton) have reduced surface area, particularly at Folsom and New Don Pedro.

Under Alternative 4, reservoir surface area is significantly less than the base case at New
Melones for the 73-year period and the dry-year average and at Folsom during dry years.

Under Alternative 5, reservoir surface area for the 73-year period and the dry-year average is
significantly less than the base case at New Don Pedro, McClure, and Millerton.  This is the only
alternative that affects Millerton because it is the only alternative that requires releases from
Friant Dam.

May - September

A v e r a g e  o f  7 3 - Y e a r  P e r i o d  C o m p a r e d  t o  t h e  B a s e  C a s e  ( p e r c e n t )

  S h a s t a   O r o v i l l e F o l s o m N .  M e l o n e s N .  D o n  P e d r o M c C l u r e M i l l e r t o n

A l t  2 - 1 . 1 - 2 . 8 - 5 . 2 - 1 4 . 0 0 . 0 0 . 0 0 . 0

A l t  3 - 0 . 2 - 2 . 7 - 3 . 5 - 4 . 0 - 4 . 3 - 5 . 5 0 . 0

A l t  4 - 0 . 2 - 2 . 7 - 3 . 6 - 9 . 1 - 3 . 4 - 2 . 5 0 . 0

A l t  5 1 . 4 0 . 5 0 . 4 - 0 . 5 - 1 4 . 3 - 1 6 . 2 - 1 0 . 4

A l t  6 - 2 . 2 - 3 . 2 - 8 . 1 1 . 6 0 . 0 0 . 0 0 . 0

A l t  7 - 2 . 0 - 3 . 8 - 7 . 3 5 . 6 - 1 . 4 - 3 . 1 0 . 0

A l t  8 - 0 . 8 - 2 . 6 - 3 . 9 - 8 . 5 - 3 . 0 - 7 . 4 0 . 0

A v e r a g e  o f  D r y  Y e a r s  C o m p a r e d  t o  t h e  B a s e  C a s e  ( p e r c e n t )

  S h a s t a   O r o v i l l e F o l s o m N .  M e l o n e s N . D o n  P e d r o M c C l u r e M i l l e r t o n

A l t  2 - 2 . 3 - 3 . 6 - 1 0 . 8 - 1 8 . 5 0 . 0 0 . 0 0 . 0

A l t  3 - 0 . 8 - 3 . 6 - 7 . 4 - 4 . 6 - 6 . 0 - 1 0 . 0 0 . 0

A l t  4 - 0 . 8 - 3 . 7 - 7 . 6 - 1 1 . 5 - 4 . 7 - 4 . 1 0 . 0

A l t  5 2 . 0 0 . 7 - 0 . 1 0 . 9 - 2 0 . 2 - 2 2 . 8 - 9 . 2

A l t  6 - 4 . 1 - 4 . 5 - 1 5 . 7 2 . 5 0 . 0 0 . 0 0 . 0

A l t  7 - 3 . 7 - 4 . 9 - 1 4 . 2 8 . 3 - 1 . 0 - 4 . 1 0 . 0

A l t  8 - 1 . 8 - 3 . 8 - 1 0 . 0 - 1 1 . 9 - 3 . 4 - 1 1 . 5 0 . 0

Average Monthly Difference in Reservoir Surface Area

Table VI-64
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Under Alternative 6, reservoir surface area for the 73-year period and the dry-year average is
significantly less than the base case at Folsom.  There are no changes in operations at New
Don Pedro, McClure, or Millerton under this alternative.

Under Alternative 7, reservoir surface area for the 73-year period and the dry-year average is
significantly less than the base case at Folsom and is significantly greater at New Melones.

Under Alternative 8, reservoir surface area for the 73-year period is somewhat less than the
base case at Oroville, Folsom, and New Don Pedro, and significantly less than the base case
at New Melones and McClure.  For the dry-year average, reservoir surface area is somewhat
less than the base case at Oroville and New Don Pedro, and significantly less than the base
case at Folsom, New Melones and McClure.

In summary, Alternative 2 has the greatest negative impact to scenic quality at New Melones
and, to a lesser extent, Folsom because the USBR would use these reservoirs to meet the flow
objectives.  Alternative 3 has the greatest negative impact at McClure because of its
relatively low water right priority.  Alternative 4 has a significant negative impact at New
Melones because it would be used to meet Friant obligations that are significant during the
pulse flow period.  Alternative 5 has significant negative impacts at New Don Pedro,
McClure, and Millerton because some of the Delta flow objectives are met by the San
Joaquin River users.  Alternatives 6 and 7 have the greatest negative impact at Folsom, but
also affect Shasta and Oroville.  Under Alternative 6, the SWP and CVP reservoirs in the
Sacramento Valley would be used to meet the Vernalis flow objectives through releases from
the Delta-Mendota Canal.  Under Alternative 7, salinity control releases from New Melones
are capped at 70 TAF and additional releases to meet the minimum flows on the San Joaquin
River at Vernalis identified in the Letter of Intent would be made from New Don Pedro and
McClure.  SWP and CVP would meet the rest of the objectives through releases from Shasta,
Oroville, and Folsom.  Alternative 8 has the greatest impact at New Melones and McClure in
most years, although Folsom is significantly affected in dry years.

Mitigation.  The implementation of the flow alternatives will likely result in some
degradation of the scenic quality at one or more reservoirs as water levels may be lower for
longer periods.  This is a temporary, although recurring, impact that is similar to what
normally occurs under dry-year conditions.  The temporary effect is alleviated when water
levels rise during the wet season.  It is unlikely that the impacts to scenic quality can be
mitigated.

11.    Cultural Resources

For the purposes of this EIR, cultural resources are defined as prehistoric and historic
archeological sites, architectural properties (e.g., buildings, bridges, and structures), and
traditional properties with significance to Native Americans.  This definition is consistent
with the CEQA, the California Register of Historical Resources, California Historical
Landmarks and California Points of Interest.  Under federal law, historic properties are
defined by Section 106 of the National Historic Preservation Act (NHPA) of 1966, as
amended and its implementing regulations, 36 CFR Part 800.
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a. Regulatory Framework.  CEQA provides the principal state policy for the protection of
prehistoric and historic archeological resources. (See Pub. Resources Code § 21083.2)
Additionally, the CEQA Guidelines in Appendix K outline procedures for the protection,
preservation or mitigation of such resources.  If a project may cause a substantial adverse
change in the significance of an historical resource, the project may have a significant effect on
the environment. (Pub. Resources Code § 21084.1; CEQA Guidelines, Appendix K).

An impact is considered significant under CEQA, if there is a substantial adverse change in
the significance of an historical resource.  The primary guiding policy in assessing potential
impacts on cultural resources at both the state and federal levels is that impacts on sites
should be avoided whenever feasible, whether or not the resource is eligible for the NRHP or
is considered important.  If after identification and evaluation an archeological deposit is
determined not to be significant, the resource should be noted but should not be considered
further under CEQA.

b. Data Limitations .  Some parts of California have been inventoried more extensively
than others.  As a result, the number of known resources usually depends on the amount of
research that has been conducted in the region, rather than on actual site density.  The
database is also biased in terms of site types because historic sites were not commonly
recorded until the 1970's, resulting in an inaccurate ratio of historic to prehistoric sites.
Native American groups were often not consulted until even more recent times as to the
existence of traditional cultural properties (TCPs).  Additionally they are often reluctant to
reveal or publish the locations of TCPs. The available data on TCPs for various portions of
California ranges from incomplete to non-existent.

Many Information Centers of the Historical Resources Information System have incomplete
data bases due to backlogs in processing and the failure of individuals or agencies to submit
site records and reports.  Several of the reservoirs that could be impacted were completed
prior to the implementation of laws protecting cultural resources, and only their basin areas
were partially inventoried.  Those that were subject to inventories were largely assessed for
prehistoric resources and not for historic and TCPs.  Some basin areas of the reservoirs that
may be affected by the implementation of the 1995 Bay/Delta Plan have been partially
inventoried during dry-year surveys while others have not.  There are historic maps of
reservoir basin areas indicating that many historic sites existed prior to inundation, but these
resources have not been verified during field surveys.

Of all the reservoirs, New Melones has had the most extensive survey and mitigation
measures undertaken, as it was constructed later than the other reservoirs.  Currently,
627 sites have been recorded at New Melones.  These sites are distributed throughout the
project area.   In the permanent pool zone lower than 808 feet above mean sea level (msl),
there are 122 sites that have been recorded.  The permanent pool zone/fluctuation pool at
elevations from 808 feet to 1088 feet msl has 33 previously recorded sites.  There are 232 
sites located in the fluctuating pool zone only, while 24 other sites were located in the
fluctuating pool zone/above pool area.  The remainder of the sites are situated outside
of the reservoir basin area.
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Preliminary reoperation studies for Folsom Reservoir have documented some of the cultural
resources that are subject to continuing impacts from reservoir operations.  At least 123
prehistoric sites (including ethnographic sites) and 52 historic properties have been recorded
as a result of surveys at Folsom Reservoir.   Many of these sites have both prehistoric and
historic components.  Judging by field observations made since the 1970's, inundation has
had a serious detrimental effect on many, if not most, of the sites within the reservoir basin.
Studies at Folsom, and other reservoirs in northern California have suggested, however, that
important scientific and/or cultural data may still survive within some of these sites.
Previous surveys at Folsom, and surveys and excavations at other reservoirs in northern and
central California have suggested that viable and important research data may survive in
many of the reservoir sites.  There is reason to believe that future archeological study within
reservoirs  can contribute significant knowledge of the prehistory, history, and ethnohistory
of these areas. (Waechter et al 1994).

c. Impact Mechanisms .  The following impact mechanisms have been identified as
potentially affecting cultural resources.

Hydrology.  Changes in reservoir operations could affect cultural resources at reservoir
margins by changing historic patterns of reservoir filling and emptying and by changing flows
(and therefore stages) in rivers and streams downstream of the reservoir.  Sites in reservoirs are
affected by pool fluctuation.  They suffer effects of wavewash erosion, siltation, redeposition
of materials, mixing of artifacts, and chemical alteration of site deposits from changing water
levels, resultant water movement, and periodic inundation.  The resources then dry out when
exposed and get wet again when the water level comes up.  This disrupts stratigraphy and
increases the rate of decomposition of perishable materials.  Sites located lower in the
reservoir, within the deep pool (including those adjacent to old river flood plains), were more
likely to be covered with silt, which sometimes formed a protective cap.  Sites at or near the
high water line, and sites exposed during drawdown, suffer both erosion and vandalism.
(Waechter et al 1994).  Decreasing the amount of storage at a reservoir may expose existing
known and unknown cultural resources within the drawdown zone to more sustained and
frequent impacts and cover a more extensive area than under existing operating criteria.  When
resources are physically exposed they are also open to vandalism, theft, and vehicular
destruction.

Stream Channels.  Changes in stream flows can cause impacts on cultural resources by
exposing sites when river stages are below historic levels.  High flood stages may cause bank
erosion and relocation of river channels, both of which may expose cultural resource sites.
Changes in stream flows can also cause impacts by changing recreational use.  The types of
impacts by recreational use are discussed in the following section under "Recreational
Activities".

Reservoir Margins .  Cultural resources located in the drawdown zone of reservoirs are
most prone to damage from hydrologic changes.  The most damaging impacts would probably
be caused by erosion when lower reservoir levels expose a cultural resource site.  Erosion can
be caused by waves created by either wind or boat traffic.  Boat-caused waves can be very
destructive to cultural resources, especially on smaller reservoirs (Lenihan, et al., 1981).  This
is especially true if natural vegetation, which could help hold soil, is no longer present.  Some
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erosion occurs from rising and falling waters across the resources during times of reservoir
drawdown (Lenihan, et al., 1981).

Drawdowns can expose sites, many of which become visible to treasure seekers because
inundation has removed vegetative cover.  Drawdowns often leave a fine silt bench where the
water has receded.  The type of landform created when reservoirs are drawn down is a favorite
of off highway vehicle users, who may unknowingly destroy cultural resources by using these
areas (Lenihan, et al., 1981).  Lowering water levels could also require new construction to
extend boat ramps, create new beaches, or relocate marinas.

Less obvious, but also potentially destructive to resources, is wet/dry cycling.  The repeated
inundation and exposure of resources cause Wet/dry cycling, which causes perishable items
(e.g., bone, wood, shell, ceramics, pollen, and leather) to disintegrate rapidly.

Another impact tied to the exposure of resources during drawdowns is caused by animals.
For example, at Folsom Lake, site CA-Eld-204 had soils containing cultural remains
(referred to as middens); exposure of the site during a drought revealed that the burrowing
actions of the introduced clam Corbicula fluminea caused a major impact on this site.
Raccoons that dug into the exposed midden while hunting for the clams (Lenihan,
et. al., 1981), caused further damage.  Lenihan et al. (1981) also noted the destruction of
site features caused by cattle walking on sites still soft from having been recently exposed.

Water levels beyond historic conditions also pose a threat to cultural resources.  For example,
an historic site that was formerly reached by an arduous six-mile hike was exposed to greater
vandalism when it became a ten-minute hike from the new lake margin (Lenihan,
et. al., 1981).

Recreational Activities.  Vandalism, whether caused by organized treasure seekers or
by inadvertent disturbance, is a constant threat to the public's cultural resources.  As the
number of recreationists at facilities increases (because of better boating, swimming, or
fishing opportunities), cultural resources are at greater risk.  These risks occur not only at
sites that are exposed at water margins, but also in the zone above inundation.  Improved
fishing could bring more anglers who would walk through this area to reach the river, which
could lead to the discovery and possible looting of cultural resources.

Increased numbers of recreationists at river and reservoir facilities could require construction
of new recreational facilities that in turn, may affect cultural resources.  Impacts could occur
from construction of new roads, restrooms, parking lots, marinas, and boat ramps.

Off-highway vehicle traffic and other forms of vandalism occur when reservoir levels are
low.  Lower water levels at reservoirs can be expected to increase enforcement problems and
costs as vehicles can access areas previously inundated, causing damage to natural and
cultural resources.  The California Department of Parks and Recreation has documented the
human destruction of sites by vandals both above and below reservoir gross pool.
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Changes in Agricultural Practices and Land Use.  Agricultural practices associated
with various types of crops can lead to lesser or greater impacts on cultural resources.  For
instance, planting rice (where it is necessary to recontour the landscape) or planting orchards
and/or vineyards (where it is necessary to plow the land to a depth approximately 2 meters)
can be very destructive to cultural resources.  None of the alternatives are expected to
increase water diversions or deliveries to levels which would cause changes in agricultural
practices.  Therefore, there will be no impacts from changes in crops due to the alternatives.

d. Potential Impacts to the Cultural Resources Types.  This section describes how
different types of cultural resources may be affected by the impact mechanisms discussed
above.

Prehistoric Site Types.  Of the various types of prehistoric sites that may be affected
by the alternatives, habitation sites, especially those sites containing midden soils, are most
susceptible to damage.  Generally the scientific value of habitation sites lies in the
information on prehistoric life ways that can be extracted.  Any activity that moves, removes,
or destroys aspects of a site will compromise that information.  Soils containing middens
tend to be loose and easily eroded by wave action or the movement of water across a site.
Midden soils often retain identifiable remnants of faunal material (e.g., bone or shell),
possibly human burials, and occasionally perishable artifacts (e.g., basketry remains) that, if
exposed, would deteriorate due to wet/dry cycling.  Habitation sites are highly susceptible to
intentional vandalism by artifact collectors and unintentional damage by off highway vehicle
users.

Another site type commonly found are lithic scatters (strictly defined as those sites that
contain only material manufactured from stone).  The greatest danger to these sites is from
artifact collection.  If artifacts are moved from their original location by rising or falling
waters, information about the site will be lost.  Also erosional forces could remove artifacts
from a site. Further, the submersion of obsidian artifacts could prevent the accurate dating
using hydration-dating techniques.

Rock art sites containing petroglyphs, pictographs, and intaglios (artistic alignments of rocks)
can be extremely vulnerable to changes in water level.  Sites that may have been previously
submerged under reservoirs and are exposed during drawdowns may suffer from wet/dry
cycling, erosion due to wave action, and vandalism.

Bedrock mortars (used for grinding vegetal materials) are the prehistoric resource type least
susceptible to damage through hydrologic mechanisms.  However, midden, which is often
associated with bedrock mortars, would be vulnerable to hydrologic impacts.

Historic Site Types.  Historic resources (including archeological resources, structures,
and buildings) include sites associated with early historic settlement, mining (hardrock and
placer), agriculture (farming and ranching), transportation (railroads and roads), oil
exploration, and logging.
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Historic structures (including buildings, windmills, mining winches, and bridges) or their
remains are highly susceptible to water level changes.  The exposure of structures in
reservoirs previously covered by inundation could subject them to erosion (especially if they
are in a wave zone), wet/dry cycling, and vandalism.

Wooden portions of ditches and flumes (often associated with agriculture, mining, and
logging) are highly susceptible to wet/dry cycling and erosion.  Earthen ditches are affected
principally by water level changes, especially wave action.

Debris scatters, which can be found within any type of historic site, are extremely vulnerable
to water level changes.  Erosion can completely remove a debris scatter, and wet/dry cycling
can accelerate the decomposition of metal, wood, and leather artifacts.  Debris scatter
exposed by receding waters is very susceptible to vandalism.

Historic stone resources such as tailings piles (remnants from mining) and rock walls (often
associated with ranching) are less prone to water damage unless these resources are left in a
wave zone by changing water levels.

Traditional Cultural Properties.  TCPs are properties that are identified as significant
to an identifiable social group.  The properties can be important because of cultural practices
or beliefs, and are difficult to identify because often only members of the group are allowed
to know their locations.

Common TCPs include geographic features such as prominent boulders or springs (locations
where people traditionally gathered), harvesting locations (where plant food and medicinal
and basketry materials were traditionally gathered), and large geographic features.  Changes
in hydrology and recreational use associated with the alternatives could disrupt the use of
TCPs.  Hydrologic damage could occur through inundation or erosion.

e. Impacts Analysis.  This section describes the potential for impacts on cultural
resources due to implementation of the flow alternatives.  The description includes those
impacts that may be caused by changes in hydrology and recreational activities.

Changes in Hydrology.  Implementing the alternatives will result in changes to river
flows.  Table VI-65 shows the minimum and maximum river stage over the 73-year
hydrology in feet above zero gage reading for the base case.  It also shows the difference
between this value and the corresponding stages for Alternatives 2 through 8.  As shown on
the table, none of the alternatives cause river stage to drop significantly below the minimum
annual river stage for the base case.  Therefore, there will be no impacts to cultural resources
from fluctuating river levels due to the alternatives.

Implementing the alternatives will also result in changes to reservoir levels.  Table VI-66
lists the minimum and maximum reservoir levels over the 73-year period for the base case.
The table also lists the difference between reservoir levels for the base case and each of the
other flow alternatives.  Tables VI-51 through VI-59 describe the frequency of lower
reservoir elevations in comparison to the base case.
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The anticipated differences between the base case and the other seven alternatives in
minimum pool elevations for the eight modeled reservoirs vary significantly.  These range
from a projected lower minimum pool of 55 feet to a higher minimum pool of 90 feet, which
would occur at New Don Pedro Reservoir and New Melones Reservoir, respectively.  Most
of the changes would occur at the CVP and SWP reservoirs, except under Alternative 5,
which would result in a significantly lower minimum pool at New Don Pedro Reservoir.
Differences of only several feet will probably produce no measurable

impacts as they are likely to be within the present operating margins.  Sites within the
reservoir pool will continue to be subjected to the same types of impacts as they have been
historically (i.e., inundation and exposure during drawdowns under any of the alternatives),
but the frequency of such drawdowns may increase significantly for some reservoirs under
the various alternatives as compared to the base case.  The consensus among researchers is
that the nature and extent of the effects of reservoir inundation are dependent on several
factors, most notably the location of a cultural property within the reservoir basin.  Sites

A l t e r n a t i v e R e d  B l u f f F e a t h e r V e r o n a N a t o m a N e w m a n Vernal i s

      A l t  1 3 . 5 1 . 3 4 . 9 1 . 5 4 . 0 4 . 0

A l t e r n a t i v e R e d  B l u f f F e a t h e r V e r o n a N a t o m a N e w m a n Vernal i s

      A l t  2 0 . 0 0 . 0 0 . 3 - 0 . 1 0 . 0 - 0 . 4

      A l t  3 0 . 0 0 . 0 0 . 3 - 0 . 1 0 . 0 0 . 3

      A l t  4 0 . 0 0 . 0 0 . 3 - 0 . 1 0 . 0 0 . 3

      A l t  5 0 . 1 0 . 0 0 . 4 - 0 . 1 0 . 6 0 . 4

      A l t  6 0 . 0 0 . 0 0 . 3 - 0 . 1 0 . 0 0 . 3

      A l t  7 0 . 0 0 . 0 0 . 2 - 0 . 1 - 0 . 1 - 0 . 7

      A l t  8 0 . 0 0 . 0 0 . 2 - 0 . 1 - 0 . 1 - 0 . 3

A l t e r n a t i v e R e d  B l u f f F e a t h e r V e r o n a N a t o m a N e w m a n Vernal i s

      A l t  1 2 4 . 2 1 2 . 7 3 6 . 6 1 3 . 2 2 1 . 8 2 6 . 4

A l t e r n a t i v e R e d  B l u f f F e a t h e r V e r o n a N a t o m a N e w m a n Vernal i s

      A l t  2 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0

      A l t  3 0 . 0 0 . 0 - 0 . 2 0 . 0 0 . 0 0 . 0

      A l t  4 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0

      A l t  5 0 . 0 0 . 0 0 . 0 0 . 0 0 . 5 0 . 2

      A l t  6 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0

      A l t  7 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0

      A l t  8 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 3

73-Year Maximum Annual River Stage,  (ft)

Difference Between Maximum Annual River Stage and Base Case (ft)

Minimum and Maximum Annual  River  Stage

Table VI-65

73-Year Minimum Annual River Stage,  (ft)

Difference Between Minimum Annual River Stage and Base Case (ft)
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within the zone of seasonal fluctuation or drawdown suffer the greatest impacts, primarily in
the form of erosion/scouring, deflation, hydrologic sorting, and artifact displacement, caused
by waves and currents (Waechter et al 1994).

Changes in Recreational Activities.  Recreational activities at reservoir facilities are
influenced by changes in reservoir surface elevation.  None of the alternatives will involve
increasing the height of the reservoirs, therefore water elevation will not reach beyond
historic levels.  Recreational activities are not expected to increase as a result of any of the
alternatives.  Accordingly, there will be no impacts on cultural resources due to increased
recreational activities.  If reservoir elevation falls below minimum levels described in Table
VI-66 for a significant period of time, then there could be a possibility of impacts to cultural
resources due to increased opportunities for OHV traffic and other forms of vandalism to
occur when reservoir levels are low.

f. Potential Mitigation Measures.  CEQA provides the principal state policy for the
protection of prehistoric and historic archeological resources.  Public Resources Code section
21083.2(b), in CEQA, states that "If it can be demonstrated that a project will cause damage

A l t e r n a t i v e Shas ta Orovil le Fo l som N .  M e l o n e s N .  D o n  P e d r o M c C l u r e M i l l e r t o n

      A l t  1 879 589 286 759 579 626 461

A l t e r n a t i v e Shas ta Orovil le Fo l som N .  M e l o n e s N .  D o n  P e d r o M c C l u r e M i l l e r t o n

      A l t  2 - 1 2 3 0 - 4 4 0 0 0

      A l t  3 -7 - 1 0 1 57 0 0 0

      A l t  4 -6 -8 1 - 2 1 0 0 0

      A l t  5 32 11 4 90 - 5 5 -1 -2

      A l t  6 - 2 0 -7 - 1 0 62 0 0 0

      A l t  7 - 1 2 -8 0 46 1 0 0

      A l t  8 -6 15 1 13 0 0 0

A l t e r n a t i v e Shas ta Orovil le Fo l som N .  M e l o n e s N .  D o n  P e d r o M c C l u r e M i l l e r t o n

      A l t  1 1 , 0 6 7 900 466 1 , 0 8 8 832 867 576

A l t e r n a t i v e Shas ta Orovil le Fo l som N .  M e l o n e s N .  D o n  P e d r o M c C l u r e M i l l e r t o n

      A l t  2 0 0 0 0 0 0 0

      A l t  3 0 0 0 0 0 0 0

      A l t  4 0 0 0 0 0 0 0

      A l t  5 0 0 0 0 0 0 0

      A l t  6 0 0 0 0 0 0 0

      A l t  7 0 0 0 0 0 0 0

      A l t  8 0 0 0 0 0 0 0

7 3 - Y e a r  M a x i m u m  A n n u a l  R e s e r v i o r  E l e v a t i o n ,  ( f t )

D i f f e r e n c e  B e t w e e n  M a x i m u m  A n n u a l  R e s e r v o i r  E l e v a t i o n  a n d  B a s e  C a s e ,  ( f t )

Table VI-66

Minimum and Maximum Annual Reservoir Elevation

7 3 - Y e a r  M i n i m u m  A n n u a l  R e s e r v i o r  E l e v a t i o n ,  ( f t )

D i f f e r e n c e  B e t w e e n  M i n i m u m  A n n u a l  R e s e r v o i r  E l e v a t i o n  a n d  B a s e  C a s e ,  ( f t )
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to a unique archeological resource, the lead agency may require reasonable efforts to be
made to permit any or all of these resources to be preserved in place or left in an undisturbed
state."  The CEQA Guidelines, Appendix K, outline procedures for the protection,
preservation or mitigation or such resources.  They direct public agencies to avoid damaging
effects on an archeological resource whenever feasible.  In order to accomplish this, it will be
necessary to inventory areas to be impacted and evaluate any resources that are located.  If
avoidance of an important archeological site is not feasible, the agency operating the
reservoir should prepare an excavation plan for mitigating the effect of the project on the
qualities that make the resource important as outlined in Appendix K.

A public agency following the Federal clearance process under the National Historic
Preservation Act (NHPA) or NEPA may use the documentation prepared under the federal
guidelines in place of documentation necessary for CEQA.  For the CVP reservoirs, any
cultural resource research will need to meet federal standards, which will in turn satisfy the
CEQA Guidelines.  Separate cultural resource studies could become necessary for Lake
Oroville, New Don Pedro Reservoir, and Lake McClure if an alternative affecting those
reservoirs is selected.

Alternatives 2 through 8 could result in a federal undertaking.  If the project constitutes a
federal undertaking, then the federal agency must give full consideration to preservation
values.  Section 106 requires that federal agencies inventory and evaluate cultural resources
and mitigate impacts on significant cultural resources prior to initiating their undertakings.
At present it is not known which federal, state, and local agencies will be responsible for the
different undertakings required to implement each of the proposed flow alternatives, however
any impacts caused by an undertaking must be evaluated under Section 106 criteria.

The federal agency responsible for operation of the reservoir should ensure that resources
eligible for the National Register of Historic Places resources that may affected by
implementation of the project, will be treated.  Treatments of historic properties include a
variety of techniques to preserve or protect properties, or to document their historic values
and information.  In the case of unavoidable adverse effects on historic or prehistoric
archeological sites, data recovery programs are usually implemented. Preservation,
rehabilitation, restoration, and stabilization are common treatments for architectural
properties.

Mitigation measures will vary depending on ownership and the way in which the selected
alternative is operated.  Previous surveys at Folsom Lake, and surveys and excavations at
other reservoirs in northern and central California, have suggested that viable and important
research data may survive in many of the reservoir sites.  While distributional data and
artifact assemblages will probably be incomplete, there is reason to believe that future
archeological study within the project areas and the reservoir basins as a whole can add to
knowledge of the prehistory and ethnohistory. (Waechter et al 1994).

Any required mitigation measures, as outlined above, should be undertaken after the SWRCB
makes a water right decision.  If the alternative chosen affects reservoirs operated by the
federal government, then the federal agencies should complete the Section 106 process.  If
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the reservoirs affected by the chosen alternative are owned or operated by the state or a
public entity then the SWRCB will require the reservoir operators to implement mitigation
measures that will ensure compliance with the CEQA Guidelines, Appendix K.  Compliance
with CEQA requires that any significant project-generated impacts to important cultural
resources will be avoided or mitigated.  Required measures could include surveys of areas
newly exposed during minimum pool conditions, evaluation of any resources identified in
those areas and implementation of any CEQA mandated mitigation measures.

12. Groundwater Resources

In the upstream areas of the Delta watershed, groundwater is a readily available water supply
that can be used to replace surface water deliveries reduced as a result of implementing the
flow objectives.  In California, there is no permit procedure to regulate groundwater
appropriations unless the appropriation is from a subterranean stream flowing through a
known and defined channel.  Groundwater that is not part of a subterranean stream flowing
through a known and defined channel is called “percolating groundwater.”  Most of the
groundwater in California is presumed to be percolating groundwater.  Percolating
groundwater withdrawals in general are regulated only where;

1) basins have been adjudicated establishing the water rights of various parties;
2) the State Legislature has granted a local water district the power to levy a groundwater

  extraction charge, or “pump tax”;
3) groundwater management districts have been established with authority to regulate

  pumping by ordinance;
4) a local agency adopts a groundwater management plan pursuant to Water Code sections

  10753 et seq.;
5) counties have exercised their police power to limit groundwater extractions; or
6) water agencies in an area have agreed to self-regulation.

Existing problems caused by groundwater pumping could be magnified if pumping increases
as a result of surface water delivery reductions. These problems include surface land
subsidence and the associated loss of aquifer capacity, groundwater overdraft, groundwater
quality deterioration, increases in energy consumption, and decreases in agricultural
productivity.  Increases in energy consumption are discussed in section C.7 of this chapter.

In this analysis, surface water delivery reductions resulting from the flow alternatives are
assumed to be replaced by groundwater pumping in the Delta watershed.  For Alternatives 3
and 4, this assumption is different than the assumptions used in the development of the
hydrology, as described in Chapter V.  In that case, the Sacramento Basin water right holders
were assumed to seek contracts for an alternative water supply and the San Joaquin Basin
water right holders would pump groundwater.  The actual response of water right holders to
curtailed diversions is uncertain, but the groundwater pumping assumption is made in this
section to ensure that a worst case scenario is used for evaluating impacts to groundwater
resources.
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The description of impacts to groundwater resources is discussed in this section for the entire
Central Valley.  Additional groundwater impacts in the Friant Service Area are described in
section E of this chapter.

a. Land Subsidence.  Subsidence occurs in the Delta, western San Joaquin Valley, and a
portion of the central Sacramento Valley.  Subsidence in the Delta is due to the compaction
and erosion of the organic peat soils due to agricultural practices.  As the flow objectives will
not change land use practices in the Delta, subsidence there will not be affected by
implementation of the flow objectives.  Subsidence in the San Joaquin and Sacramento
valleys results from lowered groundwater elevations and the subsequent compaction of the
dewatered soil interstitial spaces.  Land subsidence can change canal gradients, damage
buildings, and require repair of other structures.  Another negative effect of subsidence is the
permanent loss of aquifer capacity.  This loss occurs when beds of clay and silt compress as
groundwater is extracted.  Once these fine-grained beds compress, they can never hold as
much water again and aquifer capacity is permanently lost.

In Chapter V, section A, the reductions in surface water deliveries resulting from
implementation of the flow objectives are quantified.  Assuming that these reductions are
made up through groundwater pumping, subsidence could occur from implementing the flow
objectives if groundwater elevations fall to critical thresholds.

The area of concern for subsidence in the Sacramento Valley is in Yolo County between the
towns of Davis and Zamora in the south central part of the valley.  Some localized
subsidence was documented in this area during the 1987-1992 drought (USBR 1997g).
Under Alternatives 2, 5, 6, 7 and 8, surface water delivery reductions are not anticipated for
this area and should not contribute to renewed subsidence.  Under Alternatives 3 and 4, the
direct diversions of some water rights holders will be curtailed in the vicinity of the
subsidence area,  which would contribute to subsidence problems in the Davis/Zamora area
during extended droughts.  However, contracts for surface supplies to replace the lost
supplies would mitigate the impacts.

Land subsidence is a significant problem in the western San Joaquin Valley in both the San
Joaquin River basin and the Tulare Basin.  The largest of the three land subsidence areas in
the San Joaquin Valley is the 2,600 square mile Los Banos-Kettleman City area which
extends from Merced County to Kings County and lies within both the San Joaquin River
basin and the Tulare Basin.  Prior to completion of the California Aqueduct in 1967,
groundwater was the only source of irrigation water for most of the western San Joaquin
Valley.  Several decades of groundwater pumping lowered water levels and caused land
subsidence of 1 foot regionally and up to 29 feet locally (Poland et al. 1975).  With the
completion of the aqueduct, surface water replaced groundwater as the principal source of
irrigation water and total irrigation increased in the area.  From 1967 to the present, the water
table has risen across the area, as much as 100 feet locally.  The increase in the altitude of the
water table increased the area underlain by shallow groundwater creating the need for
subsurface drainage of agricultural fields (Belitz et al. 1992).
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Land subsidence and agricultural drainage problems are at the opposite ends of the "too
little/too much groundwater" problem in the western San Joaquin Valley.   Since 1967,
subsidence has occurred only during the two extreme droughts of 1976-77 and 1987-92 when
groundwater was used extensively to replace surface water supplies.  In 1990, subsidence of
up to 2 feet was measured by the DWR along the California Aqueduct in western Fresno
County (USBR 1997g).  DWR (1994) reports that the highest amount of subsidence occurred
in 1992.  Thus, subsidence has been a significant drought-related problem.  There is also a
subsurface drainage problem in this area (discussed in Chapter VIII).  The San Joaquin
Valley Drainage Program (SJVDP 1990) proposed a groundwater management solution that
called for replacing surface water supplies with groundwater supplies to bring the system into
hydrologic balance and stabilize the water table at a lower depth.  The SJVDP's
recommended plan included pumping 56 TAF of groundwater annually from beneath
problem drainage areas in the Grasslands, Westlands and Tulare subareas to help manage
drainage problems.   Therefore,  increased groundwater pumping on the west side of the San
Joaquin Valley caused by implementation of the flow objectives may help meet the San
Joaquin Valley Drainage Program recommendations, but it could increase subsidence
problems in drought years.  Additional groundwater pumping to replace surface water can
also have the undesired effect of decreasing agricultural productivity due to the higher
salinity of groundwater.  This impact is discussed in section d.

Other areas of land subsidence in the Tulare Basin are the Tulare-Wasco area located
between Fresno and Bakersfield, and the Arvin-Maricopa area located 20 miles south of
Bakersfield in Kern County.  Land subsidence has exceeded 12 feet locally in the Tulare-
Wasco area and 9 feet locally in the Arvin-Maricopa area.  Oil and gas withdrawal is partly
responsible for subsidence in the Arvin-Maricopa area (USBR 1997g).

Table VI-67 shows the critical period changes in surface water deliveries for the alternatives
compared to the base case associated with the subsidence areas in the San Joaquin Valley.
Delivery reductions vary from 265 TAF under Alternative 4 to 401 under Alternative 5.
Since subsidence occurred during the last two droughts, subsidence problems are likely in
future droughts under existing conditions.  The reductions in surface deliveries associated
with flow objective implementation in subsidence areas likely will exacerbate the subsidence
problem.  Assuming that these delivery reductions are replaced with groundwater pumping,
then implementation of all of the alternatives could significantly exacerbate the subsidence
problems during drought periods.  Under Alternative 5, the impacts would be felt mostly in
the Friant Project area.  Increased subsidence over current levels during droughts is a
significant impact because the subsidence is likely to occur along important water
conveyance facilities including the Delta-Mendota Canal, Mendota Pool and California
Aqueduct as it did in the 1987-92 drought.  Water conveyance facilities are especially
susceptible to damage because subsidence can change the gradients of these facilities.
Additionally, subsidence permanently reduces the capacity of the aquifer.
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Possible mitigation for the subsidence problems in both the Sacramento and San Joaquin
valleys includes:

1. Limits on groundwater pumping.  The SWRCB has authority to prohibit water diversion
if the method of diversion is unreasonable pursuant to Article X, section 2 of the
California Constitution.  This authority could be used to limit groundwater pumping to
keep water levels above the threshold levels where subsidence begins.  Counties could
use their police power to limit groundwater pumping.

2. Land retirement to reduce demand.  This measure may improve the agricultural drainage
problems on the west side of the San Joaquin Valley.  Retirement of 43,000 acres in the
Grasslands, Westlands and Tulare subareas already has been recommended by the San
Joaquin Valley Drainage Program as a management option for agricultural drainage.

3. Conservation through a change in cropping patterns to reduce consumptive use.

4. Water Transfers.  Alternate surface water supplies could be secured through water
transfers.

b. Groundwater Overdraft.  Groundwater overdraft is defined by the DWR as the
condition of a groundwater basin where the amount of water extracted exceeds the amount of
groundwater recharging the basin “over a period of time” (DWR 1980).  To quantify
overdraft, the period of time must be long enough to produce a record that can be used to
approximate the long-term average hydrologic conditions in the basin.  In the California
Water Plan Update (DWR 1994), the DWR estimated the amount of groundwater overdraft
in the Central Valley.  In the Sacramento River Basin, groundwater overdraft is reported in
Sacramento County at a level of 33 TAF.  Groundwater overdraft in the San Joaquin River
Basin is estimated to be 224 TAF and in the Tulare Basin is estimated to be 630 TAF.  All
quantities were calculated at the 1990 development level.  Table VI-68 shows the overdraft
quantities in the Central Valley by basins or counties.

Because groundwater is used to replace much of the shortfall in surface water supplies, water
delivery reductions resulting from the flow alternatives would increase groundwater
overdraft in the Central Valley by increasing groundwater pumping and eliminating surface
water imports as a source of recharge.  Water delivery reductions for the major suppliers

A l t  2 A l t  3 A l t  4 A l t  5 A l t  6 A l t  7 A l t  8

      S W P  T u l a r e  B a s i n  S e r v i c e  A r e a - 1 5 2 - 1 4 9 - 1 4 9 - 4 7 - 1 4 5 - 1 6 0 - 1 4 6

      E x c h a n g e  C o n t r a c t o r s - 6 4 - 4 6 - 4 5 - 1 8 - 7 6 - 6 9 - 6 3

      C V P  S a n  L u i s  U n i t - 1 2 0 - 7 2 - 7 1 - 9 - 1 3 1 - 1 2 1 - 1 1 0

      C V P  F r i a n t  P r o j e c t 0 0 0 - 3 2 7 0 0 0

      T o t a l  D e l i v e r y  C h a n g e s - 3 3 6 - 2 6 7 - 2 6 5 - 4 0 1 - 3 5 2 - 3 5 0 - 3 1 9

Table  VI-67

Water Delivery Changes in Land Subsidence Areas of  the San Joaquin Valley Crit ical  Period 

Annual  Average  (TAF)
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resulting from the seven flow alternatives are reported in Table VI-69.  For this evaluation of
groundwater overdraft, the quantities shown in Table VI-69 are assumed to be the increases
in groundwater pumping that will result from the different alternatives.

Table VI-68
Average Annual Groundwater Overdraft in the
Central Valley at the1990 Level of Development

Basin Overdraft (TAF)
Sacramento River Basin
     Sacramento County 33
San Joaquin River Basin
     Sacramento County 19
     San Joaquin County 70
     Modesto Basin 15
     Turlock Basin 18
     Merced Basin 28
     Chowchilla Basin 13
     Madera Basin 45
     Delta-Mendota Basin 16
Tulare Basin
     Westside Basin 30
     Pleasant Valley Basin 30
     Kings Basin 245
     Tulare Lake Basin 85
     Kaweah Basin 45
     Tule Basin 65
     Kern County Basin 130

Data from DWR 1994a.

Sacramento River Basin.  The Sacramento County area is the only area in the
Sacramento River Basin with a groundwater overdraft problem.  The DWR expects the
amount of overdraft to more than double in Sacramento County and neighboring Placer and
El Dorado Counties by 2020 (Bulletin 160-98, v. 1, p. 3-51).  The Sacramento County area
meets most of its need for agricultural and urban water with groundwater.  Significant
surface water delivery reductions are not expected in this area as a result of implementing the
flow objectives, thus, the overdraft problem should not be affected by implementation of the
objectives.

San Joaquin River Basin.  Average annual overdraft in the San Joaquin River Basin is
estimated at 224 TAF (DWR 1994a).  Average annual reductions in surface water delivery in
the basin vary from 50 TAF to 163 TAF under the alternatives.  Thus, depending on the
alternative implemented, groundwater overdraft in the San Joaquin River Basin could
increase between 22 and 73 percent causing a significant impact to the overdraft problem.
On a local level, different areas in the San Joaquin Valley are impacted by different
alternatives.  The following discussion deals with the local basins of the valley listed in
Table VI-68 and shown in Figure VI-79.
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In the San Joaquin County area, delivery reductions occur under each of the seven
alternatives for both the 73-year and critical periods.  Assuming that groundwater pumping
will replace this source of supply, the flow alternatives will increase overdraft in San Joaquin
County by amounts varying from six percent under Alternative 6 to 120 percent under
Alternative 7.  The most serious problem associated with the overdraft in San Joaquin
County is the deterioration of groundwater quality from saline water drawn into the basin.
This problem is discussed in section c. below.

With the exception of San Joaquin County, the other overdrafted basins in the San Joaquin
River Valley are in areas that use very little surface water.  The areas that incur the surface
delivery reductions are generally adjacent to the overdrafted areas and function as recharge
areas to the overdrafted basins.  Lowering groundwater levels in these recharge areas will
have the negative effect of decreasing the rate at which groundwater migrates into and
recharges the overdrafted basins.  Assuming that all surface water delivery reductions are
made up through groundwater pumping, each of the seven alternatives will increase
groundwater overdraft in the San Joaquin River Valley.

The Modesto Basin lies between the Stanislaus and Tuolumne Rivers, from the San Joaquin
River on the west to the Sierra Nevada foothills on the east.  The Turlock Basin lies between
the Tuolumne and Merced Rivers and is bounded on the west by the San Joaquin River and
on the east by the Sierra Nevada foothills (DWR 1980).  The Modesto ID and Turlock ID
together incur average annual surface water delivery reductions in the amount of 6 TAF
under Alternative 5 for the 73-year period, about 13 percent of the annual average overdraft.
Reductions under the other alternatives are zero.  If this amount is made up through
groundwater pumping, declining water levels could impact recharge and worsen overdraft in
the Modesto and Turlock groundwater basins.

A l t  2 A l t  3 A l t  4 A l t  5 A l t  6 A l t  7 A l t  8

S a n  J o a q u i n  R i v e r  B a s i n

      S t o c k t o n  E a s t  W D /

            C e n t r a l  S a n  J o a q u i n  W C D  ( C V P ) - 3 7 - 2 2 - 2 4 - 9 - 4 - 8 4 - 4 7

      M o d e s t o  I D / T u r l o c k  I D 0 0 0 - 6 0 0 0

      M e r c e d  I D 0 0 0 0 0 0 0

      E a s t m a n  L a k e  ( C h o w c h i l l a  W D ) 0 - 1 4 - 1 3 - 1 0 0 0 0

      H e n s l e y  L a k e  ( M a d e r a  I D ) 0 0 0 - 7 0 0 0

      E x c h a n g e  C o n t r a c t o r s  ( C V P ) - 2 0 - 1 5 - 1 6 - 7 - 2 1 - 2 4 - 1 8

      O t h e r  C V P  a n d  D M C  A g  D i v e r s i o n s - 4 4 - 3 9 - 3 9 - 3 2 - 2 5 - 4 9 - 5 5

      S a n  J o a q u i n  R i v e r  S y s t e m  D i r e c t  D i v e r s i o n s 0 - 7 3 - 6 5 0 0 0 0

T o t a l - 1 0 1 - 1 6 3 - 1 5 7 - 7 1 - 5 0 - 1 5 7 - 1 2 0

T u l a r e  B a s i n

      T u l a r e  B a s i n  ( S W P ) - 4 5 - 3 6 - 3 6 - 5 - 4 4 - 5 3 - 4 5

      S a n  L u i s  U n i t  ( C V P ) - 9 8 - 8 6 - 8 6 - 7 1 - 5 5 - 1 0 7 - 1 2 5

      F r i a n t  P r o j e c t  ( C V P ) 0 0 0 - 4 2 3 0 0 0

T o t a l - 1 4 3 - 1 2 2 - 1 2 2 - 4 9 9 - 9 9 - 1 6 0 - 1 7 0

Table VI-69
Average Annual Surface Water Delivery Changes in Overdrafted Areas of the Central Valley                    

for the 73-Year Period (TAF)



SACRAMENTO CO.

AMADOR CO.

CALAVERAS CO.

SOLANO
CO.

CONTRA
COSTA CO.

SAN JOAQUIN CO.
TUOLUMNE CO.

STANISLAUS CO.

MARIPOSA CO.

MERCED CO. MADERA CO.

KINGS
CO.

FRESNO CO.

TULARE CO.

KERN CO.

Eastern San Joaquin County Basin

Modesto Basin

Tracy Basin

Turlock Basin

Merced Basin

Delta - Mendota

Basin

Chowchilla Basin

Madera Basin

Kings Basin

Westside Basin Kaweah Basin

Pleasant Valley Basin

Tulare Lake Basin Tule Basin

• Stockton

BASINS SUBJECT TO CRITICAL
CONDITIONS OF OVERDRAFT

Fresno •

• Visalia

SCALE IN MILES

0 20 40 mi

Figure VI-79
Groundwater Basins in the San Joaquin Valley

Kern County Basin

Bakersfield •

Location
Map

S
a

n
   J o

a
q

u
i n

   R
i v e r

N

VI-147

Environmental Effects of Implementing
Flow and Water Operation AlternativesState Water Resources Control Board

FEIR for Implementation of the
1995 Bay/Delta Water Quality Control Plan

November 1999



Environmental Effects of Implementing
State Water Resources Control Board Flow and Water Operation Alternatives

FEIR for Implementation of the VI-148 November 1999
1995 Bay/Delta Water Quality Control Plan

The Merced Basin includes lands south of the Merced River between the San Joaquin River
on the west and the Sierra Nevada foothills on the east (DWR 1980).  No surface water
delivery reductions were identified for the Merced Irrigation District, thus, the alternatives
are not expected to impact groundwater overdraft in this basin.

The Chowchilla Basin includes lands in Madera and Merced Counties and is bounded on the
west by the San Joaquin River (DWR 1980).  The Chowchilla Basin is impacted under
Alternatives 3, 4, and 5 due to delivery reductions from Eastman Lake and the Friant project.
Implementation of Alternatives 3 and 4 potentially could double the existing overdraft of
13 TAF.  Under Alternative 5, overdraft could increase by over 75 percent.  Additional surface
water reductions to the Chowchilla Irrigation District from the Friant Project will add to the
overdraft impact of Alternative 5.  The Chowchilla Irrigation District is a CVP contractor and
has the option of purchasing replacement water, if available, from the CVP rather than
pumping groundwater.  If replacement water is not available from the CVP, Alternatives
3, 4, and 5 will have a significant effect on groundwater overdraft in the Chowchilla Basin.

The Madera Basin consists of lands overlying the alluvium in Madera County (DWR 1980).
Delivery reductions under Alternative 5 from Lake Hensley and the Friant project will
impact groundwater overdraft in the Madera Basin.  Average annual reductions for Lake
Hensley average 7 TAF, approximately 16 percent of the annual overdraft of 45 TAF.  With
the additional reductions to the Madera Irrigation District from the Friant Project,
Alternative 5 most likely will have a significant impact on groundwater overdraft in the
Madera Basin.

The Delta-Mendota basin lies for the most part west of the San Joaquin River and south of
the Stanislaus County line.  Its southern boundary is generally the northern boundary of
Westlands Water District in Fresno County (DWR 1980).  Annual overdraft in this basin is
16 TAF.  Surface water delivery reductions for this area include those to the Exchange
Contractors and Delta Mendota agricultural diversions.  These reductions are incurred under
all six flow alternatives and range from a low of 39 TAF under Alternative 5 to a high of
73 TAF under Alternatives 7 and 8.  These reductions are equal to 244 percent to 456 percent
of the annual overdraft and would probably have a severe impact on groundwater overdraft
in this basin.

Under Alternatives 3 and 4, surface water delivery reductions are incurred throughout the San
Joaquin River system by water rights holders with direct diversion rights.  These reductions
could result in additional groundwater pumping in the amount of 87 TAF under Alternative 3,
or 78 TAF under Alternative 4.  The party incurring most of the delivery reductions, the West
Stanislaus Irrigation District, is a CVP contractor.  The district has the option of contracting
with the CVP for replacement water rather than pumping groundwater if water is available
from that source.  If CVP water is not available, then Alternative 3 and 4 would have a
significant impact on overdraft in the San Joaquin River Valley.

The existing groundwater overdraft problem in the San Joaquin River Basin will be
significantly impacted by implementation of any of the six flow alternatives.  Alternative 6 has
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the least impact because this alternative allows for use of combined SWP and CVP points of
diversion which reduces the water supply impact to the area.

Tulare Basin.  Average annual overdraft in the Tulare Basin is estimated at 630 TAF
(DWR 1994a).   Average annual surface water delivery reductions in the basin vary from
99 TAF to 499 TAF under the alternatives.  Thus, depending on the alternative implemented,
groundwater overdraft in the Tulare Basin could increase between 16 and 79 percent causing a
significant impact to the overdraft problem.  On a local level, different areas in the Tulure
Basin are impacted by different alternatives.  The following discussion deals with the local
basins listed in Table VI-68 and shown in Figure VI-79.

The Westside Basin and Pleasant Valley Basin are located within the CVP San Luis Unit in
western Fresno and northwestern Kings Counties.  The combined average annual overdraft in
these two basins is 60 TAF.  Surface water delivery reductions occur under all seven flow
alternatives and range from an annual average of 55 TAF to 125 TAF.  These reductions are
equal to 92 to 208 percent of the annual overdraft.  Implementation of any of the flow
alternatives is likely to have a significant impact on overdraft in the Westside and Pleasant
Valley basins.

The Kings, Tulare Lake, Kaweah, Tule and Kern County basins comprise the rest of the Tulare
Basin and are served by the CVP Friant Project and SWP Tulare Basin Unit.  The CVP Friant
Project generally serves the east side of the Tulare Basin although some water is delivered from
this project to the San Joaquin River Basin.  The SWP Tulare Basin Unit generally serves the
central and southern parts of the Tulare Basin.  In 1980, the DWR designated each of these five
groundwater basins as subject to critical conditions of overdraft because of declining water
levels and land subsidence (DWR 1980).  Average annual overdraft in these basins is estimated
to be 570 TAF although 43 percent of this overdraft is in the Kings Basin.  Surface water
delivery reductions occur under all seven flow alternatives, however, reductions are
significantly higher under Alternative 5 because this is the only alternative that results in
delivery reductions from the Friant Project.  Annual average delivery reductions range from
36 to 428 TAF for these basins.  These reductions equal 6 to 75 percent of the annual overdraft
and would have significant impacts on groundwater overdraft in these basins.  Groundwater
overdraft impacts would be highest under Alternative 5.

Groundwater Overdraft Mitigation. Mitigation measures for groundwater overdraft
impacts include:

1. Local agencies could adopt and implement local groundwater management plans in
accordance with Water Code section 10750 et seq. or other authority.  Section 10750 et
seq. provides authority and procedures for certain local agencies to produce and
implement groundwater management plans.  Coordination between agencies in the same
basin is encouraged.

2. Establish a groundwater management agency by statute.  The Legislature has enacted
several specific statutes establishing local groundwater management agencies that can
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enact ordinances to regulate the amount of groundwater that is extracted and limit its
place of use within the district’s boundaries.

3. Develop conjunctive use programs.  A conjunctive use program involves constructing
facilities to enable the use of surface water supplies during wet years and groundwater
supplies during drought years.  Additionally, surplus surface water can be stored
underground for extraction and use during droughts.

4.  Conservation of water supplies by planting crops with lower consumptive use
requirement and by providing financial incentives for crop rotation programs to the
farming community.

5. Water transfers.  Alternate surface water supplies could be secured through water
transfers.

c. Groundwater Quality Deterioration.  Groundwater quality deterioration reduces the
usable groundwater storage in basins and thus, the available supply.  Groundwater overdraft
can lead to water quality deterioration because it produces a gradient that induces movement
of water from adjacent areas.  If the adjacent areas contain poor quality water, degradation of
groundwater in the basin can occur.  Usable storage lost to groundwater quality deterioration
was included in DWR’s estimate of overdraft in the San Joaquin Valley (DWR 1994).

Overdraft in San Joaquin County area has caused the migration of saline water from the
Delta sediments eastward near the City of Stockton.  The DWR estimated annual overdraft to
be 70 TAF at the 1990 demand level (1994).  Wells have been abandoned and replacement
supplies have come from new wells drilled farther east, and from the Calaveras River
through the Stockton-East Water District Aqueduct.  Alternate water supplies are needed to
stop the degradation of water quality in the aquifer (DWR 1980).  A reduction in CVP
deliveries in San Joaquin County could cause a significant increase in the groundwater
overdraft and an increase in the deterioration of groundwater quality in the underlying
aquifer.  This problem is especially serious because it threatens a municipal water supply.

Another groundwater quality problem area in the San Joaquin Valley occurs in the valley
trough between Merced County and Kern County where a pumping induced west-to-east
gradient is causing the migration of poor quality water into the valley trough.  This problem
affects both agricultural and municipal beneficial uses of groundwater.  Water with total
dissolved solids of 2,000 to 7,000 milligrams per liter is displacing water with total dissolved
solids of 300 to 700 milligrams per liter (DWR 1994).  Groundwater overdraft in the Merced,
Chowchilla, and Madera Basins is causing the west-to-east gradient.  According to the San
Joaquin River Exchange Contractors' comment on page 292 of Volume 3 of the FEIR, a well-
developed cone of depression and overdrafting in the Raisin City area also contributes to this
problem.  This problem could worsen significantly under Alternatives 3, 4, and 5 because of
the magnitude of the surface water delivery reductions incurred in the Chowchilla and Madera
Basins.  The other alternatives would have no impact because they do not cause surface water
delivery reductions in these two basins.
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Mitigation for this impact includes those mitigations for groundwater overdraft listed in
section b.  In addition to these actions, the SWRCB has authority under Article X, section 2 of
the California Constitution to limit groundwater pumping if the method of diversion is
unreasonable.  Further, the SWRCB has authority under Water Code sections 2100 and 2101 to
file an action in Superior Court to restrict pumping, impose physical solutions, or both, to
prevent the destruction of or irreparable injury to the quality of groundwater.

d. Decreased Agricultural Productivity.  Scientists generally believe that plant growth is
inhibited as plants expend more energy under high salt conditions to acquire water from the
soil and to make biochemical adjustments necessary to survive (SWC 1992).  Reduced surface
water supplies may contribute to problems of salt buildup in agricultural soils because
substitute groundwater supplies have higher salinity levels than imported surface water.  This
problem is most likely to occur in the San Joaquin River Valley west of the San Joaquin River
where groundwater quality generally ranges from 500 to more than 1500 milligrams per liter in
totals dissolved solids concentrations (USBR 1997f).

Vegetables, fruits, and nuts are sensitive to salt damage; grains, cotton, and sugar beets are
more tolerant.  Water with less than 2,000 parts per million total dissolved solids can be used to
irrigate most salt-tolerant cops with limited reduction in yields.

Mitigation measures for this impact include:

1. Blending groundwater supplies with surface water supplies to reduce the salinity of
applied irrigation water.

2. Crop shifting to grow more salt tolerant crops.

3. Water transfers to secure alternate surface water supplies.

4. Conservation of water supplies through planting higher value crops requiring less
consumptive use and through higher irrigation efficiencies.

D. EXPORT AREAS

The export areas include all areas receiving water through the Delta-Mendota Canal, the
California Aqueduct, the Contra Costa Canal, the North Bay Aqueduct, the South Bay
Aqueduct, the Mokelumne Aqueduct, and the Hetch Hetchy Aqueduct.  The following
discussion of export area impacts is divided into two sections:  (1) SWP and CVP export
service area and (2) the EBMUD service area.  The area served by the Hetch Hetchy
Aqueduct is not discussed in this section because implementation of the alternatives should
not affect deliveries to this area.

1. SWP and CVP Export Service Area

A summary of the delivery reductions expected to occur in the export areas served by
the SWP and the CVP due to implementation of one of the alternatives is provided in
Table VI-70.  The allocation of these impacts between the SWP and the CVP is uncertain
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because the alternatives as formulated do not address this issue, and the SWP and the CVP
have not developed an up-to-date operating agreement.

Table VI-70
Summary of Average Annual Export Service Area Delivery Reductions

for the SWP and CVP (TAF)

Alt 2 Alt 3 Alt 4 Alt 5 Alt 6 Alt 7 Alt 8

73-year period -296 -256 -257 -155 -229 -333 -337

Critical period -768 -643 -643 -213 -778 -770 -727

The relative magnitude of the environmental impacts of the alternatives in the export areas is a
function of the delivery reductions - the larger the delivery reduction caused by an alternative
the greater the environmental effects in the export areas.  Based on this characterization, over
the 73-year period, Alternative 5 has the least effects in the export areas followed by
Alternative 6.  Alternatives 3 and 4 are indistinguishable, and Alternatives 2, 7, and 8 entail the
greatest delivery reductions among the alternatives in the export areas.

The ER, Appendix 1 to the 1995 Bay/Delta Plan, describes the environmental effects of
implementing the plan in the export areas served by the SWP and the CVP.  That analysis
assumes that the SWP and the CVP are solely responsible for meeting the plan objectives.  The
delivery reductions in the SWP and the CVP export areas caused by implementation of the
alternatives identified in this report are less than or similar to the delivery reductions in the
SWP and the CVP export areas identified in the ER.  Therefore, the description of the
environmental effects of implementation of the alternatives in the export areas served by the
SWP and the CVP are not repeated here.  However, the significant environmental effects that
may occur due to delivery reductions in these areas, as described in the ER, are summarized
below.

a. Groundwater.  The previous section of this report provides a detailed description of
impacts to groundwater in the Sacramento and San Joaquin valleys, excluding the Friant
Service Area.  This summary is applicable to the entire export area.  These two areas overlap.

The reduction in surface water deliveries caused by implementation of the plan could cause
increased pumping of groundwater because many water users will replace their reduced
surface water supplies with groundwater.  Groundwater pumping does not require prior
authorization in much of California.  Consequently, water users in most export areas can drill
new wells or increase the capacity of existing wells without needing government
authorization.  They could, however, be subject to challenges either in court or before the
SWRCB if their diversion and use of groundwater adversely affected other water uses or
environmental values.  The significant environmental effects that could occur due to
substitution of groundwater for surface water are: depletion of groundwater resources,
permanent loss of aquifer capacity, surface land subsidence, sea water intrusion, water
quality degradation, decreased agricultural productivity, and increased energy consumption.
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This draft EIR assumes that reductions in surface water supplies will be replaced by
groundwater.

b. Land Use Changes.  Land use changes that will occur as a result of the implementation
of the Bay/Delta Plan are uncertain because such changes are the result of numerous
decisions by individuals, water districts, and governmental agencies.  However, the most
likely land use changes are crop shifts and land fallowing.

c. Wildlife Habitat.  Exports from the Delta support wildlife habitat both through planned
deliveries to wildlife refuges and through incidental benefits associated with the transport,
use, and discharge of the water.  Table V-1, which provides a detailed description of the
delivery reductions, indicates that wildlife refuge deliveries are largely unaffected by the
alternatives; however, incidental benefits will be significantly affected.

d. Urban Landscape .  The State Water Contractors identified the following uses and
beneficial effects of urban landscapes (SWC 1992):  aesthetics and scenic design;
embellishment of private dwellings and surroundings; creation of private domestic space;
community involvement activities, as in community gardens; public amenities such as public
parks, greenways, and scenic reservations; wildlife habitat; reduction in use of fossil fuels for
air conditioning with a concomitant reduction in production of associated air pollutants;
reduction of water pollution in wetlands; and resistance to erosion, especially in areas with
steep slopes, unstable soils, and variable rainfall.

In the long-term, reduced water deliveries are likely to result in locally mandated, more
efficient management of water resources.  Most of the elements of such management are
contained within the Memorandum of Understanding Regarding Urban Water Conservation
in California.  Most of the urban water exported from the Delta is delivered by agencies that
have signed the MOU.

e. Recreation.  Recreational facilities that receive water from Delta exports could be
affected by the delivery reductions.  The San Luis Reservoir is the export facility most
vulnerable to recreational impacts caused by export reductions.

f. Water Reclamation.  Most uses of reclaimed water can be served when the TDS is no
greater than 800 mg/l.  Normal urban water use generally adds about 300 mg/l TDS to the
potable water supply.  Therefore, to achieve an acceptable TDS level of 800 mg/l in
reclaimed water, which will allow for a full range of beneficial uses that could be served with
reclaimed water, a source low in TDS (no more that 500 mg/l) is needed.  For the urban areas
of Southern California, where most water reclamation efforts in the State are taking place,
this means that a reliable source of imported water that is low in TDS is required.  Loss of
high quality exports from the Delta could be replaced in some years with imported Colorado
River water, which typically has TDS levels of 600-750 mg/l.  Replacement of imported
Delta water with imported Colorado River water could retard water reclamation efforts.

Export area delivery reductions could also have positive effects.  Reduced deliveries to the
San Joaquin Basin will reduce the salt loading to the river.  Additional groundwater pumping
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can be a beneficial effect in some problem drainage areas by lowering or stabilizing the water
table.

g. Growth Inducing Effects.  Implementation of any of the flow alternatives will reduce
water deliveries throughout the SWP and CVP export service areas (see Chapter V).  To the
extent that historic patterns indicate future trends, reduced surface water availability is
unlikely to affect growth in urban areas.  Water is one of many factors influencing growth in
a region but does not, by itself, cause the growth of a region (DWR 1996).  Water shortages
have rarely done more than slow the progress of adequately financed development proposals.
Reductions in municipal and industrial supplies have typically been replaced through
groundwater, reclamation, more intensive management, and price-induced conservation.
Thus, implementation of any of the flow alternatives is not expected to affect growth.

h. Mitigation.  There are several methods available to water districts in export areas to
minimize the effects of reduced water supplies.  These methods are described in section B. of
chapter XII.

2. EBMUD Service Area

EBMUD supplies water originating principally from the Mokelumne River watershed to
customers in 20 cities and 15 unincorporated communities in parts of Alameda and Contra
Costa counties.  Approximately 1.2 million people are served in a 325 square mile area
extending from Crockett in the north southward to San Lorenzo encompassing the major
cities of Oakland, Berkeley and Richmond, and eastward from San Francisco Bay to Walnut
Creek, Danville and San Ramon.  A map of the Mokelumne River watershed, the
Mokelumne Aqueduct, and the EBMUD service area is provided in Figure VI-80.

The following discussion is divided into three sections:  (a) summary of customer
deficiencies, (b) EBMUD's response to increased flow requirements, and (c) effects in the
EBMUD service area.

a. Summary of Customer Deficiencies.  EBMUD used an operations model,
EBMUDSIM, to assess impacts to its customers as the result of implementing the flow
alternatives.  The model was used to project customer deficiencies caused by implementation
of the base case (Alternative 1) and Alternatives 3, 4, and 5 at current (1995) levels of
development (EBMUD 1997b).  For the purpose of this study, customer deficiencies occur
when EBMUD deliveries are less than 248,640 acre-feet per year.  The customer deficiencies
for Alternatives 2, 6, 7, and 8 are assumed to be the same as those for Alternative 1 because
these alternatives do not require additional releases from EBMUD reservoirs.  A summary of
the results of the model studies is provided in Table VI-71.  The table identifies the number
of years that deficiencies would occur during the 75-year hydrologic simulation.
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Table VI-71
EBMUD Customer Deficiencies*

Total Number of
Deficiencies

15 Percent or
Greater Deficiencies

25 Percent or
Greater

Deficiencies

   1961 Agreement 15 7 2

   Alternative 1 (Base) 25 12 2

   Alternative 3 30 14 7

   Alternative 4 30 14 8

   Alternative 5 42 25 18

     * Number of years that deficiencies occur during the 75-year hydrologic simulation.

For reference purposes, the table also lists the deficiencies under the 1961 agreement between
EBMUD and DFG.  EBMUD's current requirements to release water from Camanche
Reservoir for fishery purposes are set forth in the 1961 agreement.  EBMUD entered into the
1961 agreement to comply with permit terms contained in EBMUD's water right (Permit
No. 10478) granted to EBMUD by the SWRCB's predecessor agency in 1956.  The 1961
agreement provides that 13 TAF of water above releases for all other purposes must be
released from Camanche Reservoir annually for fishery purposes.  The 1961 agreement is not
used as the base case flow requirements on the Mokelumne River in this report because
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EBMUD is currently operating to meet the flows in the 1997 Joint Settlement Agreement.
Thus, the 1997 agreement is used as the base case.

The 1997 Joint Settlement Agreement initiated by EBMUD, USFWS, and DFG sets forth flow
and non-flow measures to protect the fishery resources of the lower Mokelumne River.  The
agreement was developed as a settlement of the proceedings before the Federal Energy
Regulatory Commission to review EBMUD's fish flow release requirements from Camanche
Reservoir.  The flow requirements under the 1997 agreement constitute an increase from the
1961 agreement requirements.  In 1996, an SWP and CVP export group signed a Memorandum
of Understanding stipulating that the export group agreed that the flow requirements in the
1997 agreement are sufficient to meet EBMUD's responsibility for the objectives in the
SWRCB's 1995 Bay/Delta Plan.  This agreement was initiated as is being implemented through
the FERC licensing process; therefore, the effects of the agreement are not discussed in this
document.

The table shows that the deficiencies are lowest in the base case, excluding the 1961 agreement
deficiencies which are provided only for information.  Alternatives 3 and 4 have very similar
deficiencies and the deficiencies under Alternative 5 are significantly higher.  EBMUD
considers deficiencies between 15 and 25 percent to be severe.  Deficiencies in this range may
warrant a declaration of a water short emergency and institution of mandatory water use
reductions.  EBMUD considers deficiencies of 25 percent or more to be critical (EBMUD
1996).

The model studies also show that carryover storage levels in EBMUD's reservoirs would be
more severely depleted during droughts under the Alternatives 3, 4, and 5 than they would be
under Alternative 1.  Decreased carryover storage during drought periods indicates increased
risk of severe water shortages.  Combined storage levels in Pardee and Camanche reservoirs
during the modeled 1985 through 1993 hydrologic period under Alternatives 3 and 4 showed
depletions of as much as 160 TAF.  Under Alternative 5, storage levels would be almost
completely depleted during drought events.  Under this alternative, storage levels during the
modeled 1985 through 1993 hydrologic period decline to near dead storage amounts in mid-
1988, the second year of the 1987-92 drought, and stay near that level throughout the
remainder of the drought period.  In addition, the model shows that in 1991, EBMUD's
customers would have received only approximately 10 percent of their normal year water
supply.  This model result indicates that water supply may not be reliably maintained under
Alternative 5.

b. EBMUD's Response to Increased Flow Requirements (Mitigation).  EBMUD will
respond to water supply reductions by seeking new sources of water.  Reasonable options
available to EBMUD are contained in the 1993 programmatic EIR for its updated Water
Supply Management Program (EBMUD 1993).  The EIR describes the following five
measures, which are summarized below:  (1) conservation, (2) reclamation, (3) groundwater
storage/conjunctive use, (4) additional reservoir storage, and (5) supplemental supply.  The
programmatic level analysis of the impacts of these measures is contained in the 1993 EIR.
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Conservation.  EBMUD currently manages a conservation program that includes
education, incentives, regulation, and ongoing studies.  Conservation savings are achieved
primarily by introducing water-saving hardware and by persuading customers to use water
more efficiently.  Long-term changes that could achieve additional water savings for EBMUD
customers include the installation of ultra-low-flush toilets, low-flow showerheads and faucets,
water-efficient appliances, efficient outdoor irrigation systems, and enhanced commercial and
industrial water audits.  Alternative conservation programs studied include inspections to
assure that water-saving hardware will remain in use by customers, rebates, mandatory
landscaping measures, and programs that foster public awareness of water use.  Depending on
the level of effort expended on conservation measures, annual water savings in the year 2020
are estimated to range from 7.8 to 39.2 TAF above the savings from existing and adopted
conservation programs.

Reclamation.  The use of recycled water for selected exterior irrigation and industrial
processes is an ongoing EBMUD practice.  A number of reclamation programs have already
been implemented by EBMUD, and additional reclamation opportunities have been identified.
The alternatives analysis for the updated Water Supply Management Program examined a
broad range of techniques including expanding the existing use of non-potable water by major
irrigators (golf courses and parks), exporting treated wastewater to the Bay/Delta Estuary for
salinity control, and pursuing advanced treatment technology for potable use of recycled water.
The most feasible alternatives identified through this process include additional reclamation
projects that provide non-potable water for irrigation and industrial uses.  In the year 2020,
these projects could save EBMUD between 9 and 32.5 TAF above the savings already realized
from existing and adopted reclamation programs.

Groundwater Storage/Conjunctive Use Component.  The concept of groundwater
storage/conjunctive use is to store surface water in the ground in years when water is available
and to use this stored groundwater in conjunction with or in lieu of surface water supplies in
dry years.  Potential basins with the ability to provide storage were examined and the best
opportunities were found to exist in San Joaquin County near Lodi.  A broad range of recharge
methods and alternative withdrawal scenarios were evaluated.

Reservoir Storage.  Alternative surface storage opportunities were examined at a number
of locations throughout the Bay Area and the Sierra foothills.  The alternatives included the
development of new reservoirs, the expansion of existing reservoirs, and cooperative efforts
with other agencies for the development of reservoirs.  Three reservoir alternatives, Buckhorn
Reservoir, Los Vaqueros Reservoir, and the raising of Pardee Dam to expand Pardee Reservoir,
were studied in detail and the latter alternative was perceived to be feasible.  The project would
raise Pardee Dam by 57 feet, thereby increasing the capacity of the reservoir by 150 TAF.

Supplemental Supply.  Several sources of additional water for use by EBMUD
customers were evaluated in the 1993 programmatic EIR.  Two alternatives appeared feasible
and were studied in detail:  (1) diversions from the Delta and (2) construction of a pipeline to
allow EBMUD to utilize its existing American River contract with the USBR.
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The EBMUD and the USBR issued a DEIR/EIS on the Supplemental Water Supply Project in
November 1997, which addresses two primary project alternatives, both involving American
River diversions.  The first alternative is an EBMUD-only project that involves deliveries from
the American River near Nimbus Dam, via the Folsom South Canal to a new pipeline
connection between the FSC in southern Sacramento County and EBMUD's Mokelumne
Aqueducts in San Joaquin County. The second alternative is a joint project between EBMUD,
the City of Sacramento, and the County of Sacramento.  Under this alternative, water would be
diverted from the lower American River near the confluence with the Sacramento River and
conveyed to the City's water treatment plant.  Water for EBMUD would then be conveyed
through new pipelines from the treatment plant to the FSC and from the FSC to the
Mokelumne Aqueducts.

c. Effects of Reduced Water Supply.  The effects of reduced water supply in the EBMUD
service area are described in the 1993 EIR.  The effects include shortages for EBMUD
customers, significant public health and safety risks, and adverse socioeconomic consequences.

EBMUD claims that its customer demand at the 1995 level of development is approximately
249 TAF per year.  This demand is estimated by EBMUD to increase to 362 TAF by the year
2020.  Shortages under the alternatives at the 1995 level of development are described above,
and these shortages will increase at the 2020 level of development.  EBMUD is required to
serve customers within its service area with a water supply that is reliable and of sufficient
quantity and quality.  EBMUD intends to augment its water supply under the base case.  More
aggressive augmentation measures will be required if Alternatives 3, 4, or 5 are adopted.

Public Health and Safety.  Average reservoir levels under Alternatives 3, 4, or 5 would
probably decline in comparison to the base case.  Water quality typically declines as reservoir
levels drop significantly.  Therefore, the quality of drinking water supplied to customers could
be compromised as the water would be drawn from reservoirs with lower water levels.

At the very low delivery levels modeled under Alternative 5, public health could be severely
compromised as water deliveries are curtailed to the EBMUD service area.  Sanitation and
firefighting capabilities could be affected.

Socioeconomic Effects.  EBMUD would likely have to impose a new service connection
moratorium or significant amounts of rationing in response to projected shortages under all the
alternatives unless new water supplies can be secured.  These actions would have a significant,
negative effect on the economy and the quality of life in and around the EBMUD service area.
Depending on the measures implemented and the ability of individual firms to respond, some
local businesses would suffer, especially water intensive businesses such as food processing,
car washes, laundromats, and electronics firms.  Employment opportunities in the service area
could decrease, and total personal income might also decline.  Property values could be
adversely affected, which could adversely affect the services local government could afford to
provide.
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E. FRIANT SERVICE AREA

The Friant Unit of the CVP delivers water to over one million acres of irrigatable farmland on
the east side of the southern San Joaquin Valley from approximately Chowchilla on the north
to the Tehachapi Mountains on the south.  The principal features of the Friant Unit begin with
the San Joaquin River at Millerton Reservoir (Friant Dam), located northeast of Fresno.  Water
is distributed from Millerton Lake to contracting irrigation and water districts and local cities
through the Friant-Kern Canal to the south and through the Madera Canal to the north.  A map
with the principal features of the Friant Unit is provided in Figure VI-81.

Downstream riparian and pre-1914 water right holders originally held the majority of the water
rights to the San Joaquin River.  The USBR signed purchase and exchange agreements with
these water right holders at the time the Friant Project was developed.  The largest of these
agreements requires annual delivery of 800 TAF of water, excluding deficiency periods, to the
central San Joaquin Valley near Mendota.  These deliveries are usually made with water
exported from the Delta.  Therefore, the Friant Unit is dependent upon other features of the
CVP, including Shasta Dam, the Tracy Pumping Plant, and the Delta-Mendota Canal, to
facilitate the required exchange.  The following discussion is divided into two sections: 
(a) summary of delivery reductions, (b) effects in the Friant service area.

1. Summary of Delivery Reductions .  Alternative 5 is the only alternative that results in
direct reductions in deliveries to the Friant service area.  Alternatives 3 and 4 assign a
responsibility to the Friant Project to provide flows, but the water is released from New
Melones Reservoir under these alternatives.  A summary of the Friant service area deliveries
under the alternatives and the reductions under Alternative 5 in comparison to all of the other
alternatives is provided in Table VI-72.

Table VI-72
Summary of Average Friant Project Deliveries and Reductions

Alternative 73-year Period (TAF) Critical Period (TAF)

Base Case 1,343 959

Alternative 5 920 632

Reduction 423 327

The Friant service area employs a two-class system of water allocation.  Class 1 water is the
firm supply amounting to the first 800 TAF of yield from the San Joaquin River and
Millerton Reservoir.  Class 2 water is available only after the Class 1 allotment has been fully
met.  Class 1 water is typically under contract to districts that serve areas with limited or no
access to good quality groundwater.  Class 2 water is typically under contract to those
districts that have access to good quality groundwater supplies and can accept reoccurring
deficiencies by using their wells as their principal source of supply.  Many of the Class 2
areas also have substantial recharge capability - both natural and artificial.
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Table VI-73 lists the Friant Unit contractors and their Class 1 and Class 2 contract amounts.
The reductions imposed under Alternative 5 will severely curtail the availability of Class 2
water in most years and will reduce the availability of Class 1 water in some years.

2. Effects in the Friant Service Area.  Reductions in Friant Unit water deliveries, such as
those possible under Alternative 5, would have serious effects in the service area.  Reduced
water deliveries would initially cause shifts in cropping patterns, increased costs associated
with the adoption of more efficient irrigation systems, and idling of croplands.  Groundwater
would be used to replace a significant portion of the reduced water supplies, and over time
the increased pumping would draw down an already over-drafted groundwater basin and
cause subsidence.  The increased costs associated with pumping from increasingly greater
depths would cause more land to be removed from production.  Ultimately, water quality
problems associated with lower water tables and generally depleted aquifers would result in
the idling of even more acreage.

Contractor Class  1  (TAF) Class  2  (TAF)

       A r v i n - E d i s o n  W S D 4 0 3 1 2

       C h o w c h i l l a  W D 5 5 1 6 0

       C i t y  o f  F r e s n o 6 0 0

       C i t y  o f  O r a n g e  C o v e 1 . 4 0

       C i t y  o f  L i n d s a y 2 . 5 0

       D e l a n o - E a r l i m a r t  I D 1 0 9 7 5

       E x e t e r  I D 1 1 . 5 1 9

       F r e s n o  C o .  W a t e r  W o r k s  D i s t r i c t  N o .  1 8  0 . 2 0

       F r e s n o  I D 0 7 5

       G a r f i e l d  W D 3 . 5 0

       G r a v e l l y  F o r d  W D 0 1 4

       I n t e r n a t i o n a l  W D 1 . 2 0

       I v a n h o e  I D 7 . 7 7 3 9

       L e w i s  C r e e k  W D 1 . 5 0

       L i n d m o r e  I D 3 3 2 2

       L i n d s a y - S t r a t h m o r e  I D 2 7 . 5 0

       L o w e r  T u l e  R i v e r  I D 6 1 . 2 2 3 8

       M a d e r a  C o u n t y 0 . 2 0

       M a d e r a  I D 8 5 1 8 6

       O r a n g e  C o v e  I D 3 9 . 2 0

       P o r t e r v i l l e  I D 1 6 3 0

       S a u c e l i t o  I D 2 1 . 2 3 2 . 8

       S h a f t e r - W a s c o  I D 5 0 3 9 . 6

       S o u t h e r n  S a n  J o a q u i n  M U D 9 7 5 0

       S t o n e  C o r r a l  I D 1 0 0

       T e a  P o t  D o m e  W D 7 . 5 0

       T e r r a  B e l l a  I D 2 9 0

       T u l a r e  I D 3 0 1 4 1

T o t a l 8 0 0 . 3 1 , 4 0 2 . 3 0

Table  VI-73

Friant  Unit  Long-Term Contractors  and Contract  Amounts
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Groundwater traditionally has been used to buffer the effects of reduced surface water
supplies during droughts.  In a similar manner, groundwater pumping would temporarily
buffer irrigators from the effects of the reductions caused by implementation of Alternative 5.
Because of the continual pressure that would be put on groundwater supplies, in addition to
that experienced during natural droughts, the groundwater basin would likely not be
sufficiently recharged during wet years.  Consequently, in the long-run, acreage would be
removed from production not only because of reduced CVP supplies and increased pumping
costs but also because of the reduced ability of the groundwater aquifer to provide a buffer
against natural droughts.

The effects of a 500 TAF annual reduction in deliveries to the Friant service area were
recently studied by two different groups (Brown et al 1996, FWUA 1997).  This level of
reduction is similar to the 73-year average annual delivery reduction that would result from
adoption of Alternative 5 (423 TAF); therefore, these studies are used in this report to
characterize the effects of implementation of the alternative in the Friant service area.

The results cited in this report are obtained principally from the study conducted by
Northwest Economic Associates (NEA) for the Friant Water Users Authority (FWUA)
(FWUA 1997).  The FWUA retained NEA to review and validate a similar study completed
by the University of California (UC) (Brown et al 1996) and to extend the modeled forecasts
in the UC study, which were limited to a ten year period, for an additional ten years into the
future.  The core model used in both studies is the Central Valley Production Model
(CVPM).  The model is used to simulate and predict aggregate decision making by Central
Valley farmers.  Both the UC and the NEA groups modified the CVPM by adding a
groundwater hydrology component to the model, but the assumptions for the modifications
were different between the two groups.

The CVPM aggregates agricultural production in the Central Valley into 22 crop producing
regions.  Each region is intended to represent a group of water districts with similar growing
conditions.  These regions are assumed to operate as single, large farms with one decision
maker.  In the UC and NEA studies, the 22 regions were aggregated to ten regions, six of
which are located in the Friant service area.  These regions are shown in Figure VI-81.  All of
the regions are bounded on the east by the lower Sierra foothills.  The total land area covered
by the six regions is very large and includes substantial amounts of land that is not within the
Friant Unit.  The CVPM also simplifies the mix of crops found in the Central Valley into 26
representative crop categories.  In the UC and NEA studies, these categories were further
aggregated into 12 crop categories, including irrigated pasture, alfalfa, sugar beets, field
crops, rice, truck crops, tomatoes, orchards, grain, grapes, cotton, and citrus.

As with all models, the CVPM is only a representation of reality, and its usefulness is limited
by the assumptions around which it is built.  The model results are best used to understand
the general direction and implications of an action.  Specific acreage and groundwater
elevation effects should be interpreted cautiously.
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The impacts on groundwater levels and crop acreage of a 500 TAF annual reduction in water
deliveries to the Friant service area in the final year of a 20 year period are provided on
Tables VI-74 and VI-75, respectively.

Table VI-74 shows that adoption of Alternative 5 could have a significant effect on
groundwater levels throughout the Friant service area.  The smallest effect on groundwater is
seen in Region 2, which receives a comparatively small percentage of its water supply from
the Friant Project.  Very significant effects are seen in Regions 3 through 6.  The model
indicates that groundwater levels fall until they are constrained.  The NEA study included
assumptions regarding the levels at which the groundwater is depleted.  In regions 3 through
6, groundwater levels reached the depletion point.  There are sparse data regarding depth
limits; however, on the east side of the San Joaquin Valley, the aquifer is thin and underlain
with granite from the Sierra foothills, limiting access to groundwater to replace surface
water.  Even if groundwater were accessible, many farmers would need to drill deeper wells
and purchase more powerful pumps.  As the UC researchers report, wells drilled to depths of
800 to 1,000 feet cost roughly $85,000.  The financial feasibility of individual farmers to
construct and operate such wells is questionable.

Table VI-74
Impacts of a 500 TAF Reduction on

Groundwater Levels and Groundwater Costs

Region
Starting

GW Level
(ft)

Final
GW Level

(ft)

Change in
GW Level

(ft)

Starting
GW Cost

($/AF)

Final
GW Cost

($/AF)

Change in
GW Cost

($/AF)

1 160.1 244.7 -84.6 $48.76 $65.23 $16.47

2 138.7 148.8 -10.1 $41.74 $46.43 $4.69

3 138.7 451.3 -312.6 $43.42 $103.03 $59.61

4 192.1 499.4 -307.3 $54.48 $114.72 $60.24

5 352.2 713.9 -361.7 $86.08 $158.29 $72.21

6 350.0 650.7 -300.7 $88.98 $148.53 $59.55

Table VI-75 shows that adoption of Alternative 5 could have a significant effect on crop
acreages and land use.  Region 4 is the hardest hit with over 180,000 acres being taken out of
production with cotton and alfalfa accounting for the majority of this acreage.  There is very
little impact on Region 2 because Friant Unit water comprises a relatively small portion of its
water supply and it can take advantage of slightly higher crop prices caused by reduced
supplies from the other regions.  In general, lower value, water intensive crops dominate the
acreage being removed from production throughout the Friant service area.  For the six Friant
regions, slightly less than 232,000 acres of alfalfa and cotton are removed from production
while approximately 28,000 acres of high value citrus and orchards are taken out of
production.
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While the impacts on regional economic activity and employment would be substantial for
the entire region if Alternative 5 is adopted, they would be especially severe for many of the
small communities.  Of the roughly 373,000 acres of cropland estimated to be removed from
production, 261,000 acres, or 70 percent, are in Regions 4 and 5.  Consequently, the small
farm communities in these regions would be most affected.  Most of these towns are heavily
dependent upon agriculture, and the businesses in these towns are linked to agriculture for
most or all of their business - from firms supplying farm machinery, chemicals, and credit to
those processing cotton, fruits, and vegetables for consumer use.

Table VI-75
Change in Crop Acreages and Percentages

by Region for a 500 TAF Reduction

Region
Crop

1 2 3 4 5 6
Total

Irrigated
Pasture

-4,514
-8%

-68
0.4%

-5,597
-53.2%

-6,157
-64.3%

-678
-100%

-1,235
-54.5%

-18,249
-19.2%

Alfalfa -2,385
-3.8%

140
1.60%

-4,190
-46%

-49,814
-58.8%

-16,711
-91.5%

-19,085
-46.7%

-92,045
-41%

Sugar
Beets

-79
-1%

NA -38
-27.5

-1,183
-30.9

-528
-61.1

-608
-10.4

-2,436
-13.2%

Field
Crops

-1,507
-3.1%

-36
-0.4%

-1,990
-32.8%

-23,614
-43.1%

-2,545
--71.9%

-3,541
-10.3%

-33,233
-24.4%

Rice -350
-6%

NA NA NA NA -211
-41.9%

-561
-8.8%

Truck
Crops

-4
0.1%

3
0.03%

-1,505
-24.56%

-1,530
-23.8%

-6,510
-52.1%

-420
-0.7%

-9,966
-10%

Tomato -60
-0.8%

NA -200
-27%

-15
-28.9%

-167
-60.3%

-221
-7.7%

-663
-5.8%

Orchard -104
-0.1%

6
0.03%

-3,314
-5.4%

-3,713
-5.9%

-9,482
-18%

-230
-1.1%

-16,837
-5%

Grain -520
-1.33%

-9
-0.1%

-1,733
-28.1%

-19,277
-32.9%

-4,280
-65.2%

-3,912
-19%

-29,681
-21.6%

Grapes -12
-3.1%

160
0.2%

-6,375
-5.4%

-3,291
-6%

-7,173
-18.1%

-334
-0.9%

-17,025
-4%

Cotton -2,159
-3.1%

7
0.1%

-3,554
-31,7%

-67,726
-40.3%

-27,231
-73.5%

-39,272
-29%

-139,935
-32.2%

Citrus 9
0.1%

11
0.1%

-1,552
-5.1%

-4,380
-5.2%

5,316
-18.4%

-41
-0.2%

-11,269
-6.1%

Total
Acreage

-11,685
-2.2%

214
0.1%

-30,048
-11.5%

-180,650
-30.8%

-80,621
-40.1%

-69,110
-19.4%

-371,900
-17.6%
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The impacts of a scaled-down, less viable agricultural production sector would flow quickly
throughout the local and regional economy.

Mitigation.  The water supply reductions under Alternative 5 can only be partially
mitigated through increased conservation, conjunctive use, and groundwater management.
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CHAPTER VII.  ALTERNATIVES FOR IMPLEMENTING SUISUN MARSH
SALINITY OBJECTIVES

The 1995 Bay/Delta Plan contains salinity objectives for the channels of Suisun Marsh
(Figure VII-1) to protect the beneficial uses of the marsh.  This chapter describes the environmental
effects of the alternatives for implementing the Suisun Marsh objectives.  The chapter is divided into
the following sections:  (A) background, (B) physical description of existing facilities,
(C) alternatives for implementing the objectives, (D) environmental effects of the alternatives and
(E) summary.

A. BACKGROUND

The background discussion is divided into two sections:  (1) regulatory history and (2) historical
salinity conditions in Suisun Marsh.

1. Regulatory History

In 1963 the Suisun Resource Conservation District (SRCD) was formed by public and private
landowners in Suisun Marsh.  The conservation district undertakes administrative, regulatory, and
technical functions that include: representing landowner interests, both individually and collectively;
obtaining environmental permits for routine maintenance activities; preparing wetland management
plans for all private land within the district; enforcing implementation of the management plans; and
providing technical expertise on issues related to marsh management.  The district includes 52,000
acres of managed wetlands, 6,300 acres of unmanaged tidal wetlands, 30,000 acres of bays and
sloughs, and 27,700 acres of upland grasslands.  There are 153 privately owned duck clubs in the
marsh, and the DFG manages 15,000 acres of the managed and tidal wetlands (DWR 1993).

A review of the issues related to Suisun Marsh resulted in a memorandum of agreement signed by
the USBR, USFWS, DWR, and DFG on July 13, 1970.  A goal of this agreement was to select a
water supply and marsh management plan that would protect and enhance waterfowl habitat.

The California Legislature, recognizing the threat of urbanization to Suisun Marsh, enacted the
Nejedly-Bagley-Z'berg Suisun Marsh Preservation Act of 1974.  The act required the DFG and the
San Francisco Bay Conservation and Development Commission (BCDC) to develop a plan to
protect the marsh.  In December 1975, the DFG released the Fish and Wildlife Element of the
Suisun Marsh Protection Plan, which contains an inventory of fish and wildlife species found in and
around the marsh, an interpretation of how the marsh functions, and recommendations for protection
of the marsh.
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Figure VII-1
Suisun Marsh
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C-2 Sacramento River at Collinsville
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In 1976, the BCDC submitted the Suisun Marsh Protection Plan to the California Governor and
Legislature.  The Protection Plan divided the marsh into primary and secondary management zones
based on land use.  Tidal wetlands and diked lands managed as wetlands were placed in the
primary management zone; annual and perennial grasslands and vernal pools adjacent to the marsh
were classified as the secondary management zone.  The purpose of the secondary management
zone is to provide a buffer between urban development and wetland areas of the marsh.  Under the
Suisun Marsh Protection Plan, the BCDC serves as the permitting agency for all major projects
within the primary management zone and as an appellate body with limited functions in the
secondary management area.  The Suisun Marsh Protection Plan recommended that local agencies
develop a plan of compliance.  It recommended and prioritized the acquisition of properties,
proposed a tax assessment plan based on land use, and identified both state and federal sources of
funding to achieve its objectives.

In 1977, the California Legislature added the Suisun Marsh Preservation Act of 1977 to the Public
Resources Code and implemented the recommended protection measures outlined in the Suisun
Marsh Protection Plan.  This act emphasized the importance of the marsh as a unique and
irreplaceable resource, particularly because of the habitat available for wintering waterfowl.

Salinity objectives for the marsh were first adopted by the SWRCB in 1978.  The regulatory history
of these salinity objectives is discussed below, including:  (1) the 1978 Delta Plan, D-1485,
(2) 1985 amendments to D-1485, the Suisun Marsh Preservation Agreement (SMPA), the 1995
Bay/Delta Plan, and (3) Water Right Order 98-09 (WR 98-09).

a. 1978 Delta Plan, D-1485, and the 1985 Amendments.  The origin of the 1978 Delta Plan
Suisun Marsh salinity objectives can be traced to the DFG’s early studies on waterfowl food habits,
plant salinity tolerances, and soil salinities.  In 1969, the DFG conducted a study to determine
waterfowl plant food preferences and the soil and water conditions necessary to support the
preferred foods.  The study determined that the preferred waterfowl plant food was alkali bulrush
seed (Scirpus robustus)1  followed by brass buttons (Cotula coronopifolia).  The most important
factors influencing plant distribution were soil submergence time and soil salinity.  Soil salinities
during May were found to be critical to September alkali bulrush seed yield.  Optimal soil salinity
levels were between 7 and 14 parts per thousand (ppt).  No seed production resulted when May
soil salinity exceeded 24 ppt (Mall 1969).

In 1973, the DFG investigated the relationship between soil salinity and the salinity of applied water.
A significant correlation was found to exist between the salinity of applied water and the salinity in
the first two feet of the soil.  The leaching of marsh soils by alternate flooding and draining with low
salinity water was found to be an effective means of reducing soil salinity.  Methods of water
management were recommended for maintaining suitable soil salinity (Rollins 1973).

                    
  1.  The species is now determined to be Scirpus maritimus.
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The DFG and others submitted exhibits during Bay/Delta hearings in 1976 and 1977 which
recommended monthly channel water salinity objectives in Suisun Marsh.  The salinity objectives
adopted in the 1978 Delta Plan were similar to the recommendations of the California Waterfowl
Association, which were designed to achieve an average of 90 percent of maximum alkali bulrush
seed production and 60 percent seed germination (CWA 1976).

A report by the San Francisco Estuary Project summarizes the studies that have been conducted on
food habits of waterfowl in Suisun Marsh (SFEP 1992).  Although Mall concluded that alkali
bulrush seeds were the most important food item in the diets of dabbling ducks in the marsh (Mall
1969), Swanson and Bartonek demonstrated that analyses of gizzard content inflate the importance
of seeds in the diet of ducks (Swanson et al. 1970).  Analyses of esophageal contents soon after
birds have fed more accurately reflect the diet of waterfowl.  More recent studies of waterfowl food
habits in the San Joaquin and Sacramento valleys found animal matter constituted a much higher
percentage of the diet of wintering waterfowl than previously reported.  The percentage of animal
matter in the diet was highest in winter, whereas vegetative food items predominated in the fall
(SFEP 1992).  This finding was confirmed in the Suisun Marsh (Batzer 1993). The 1978 Delta Plan
set channel water salinity objectives for the Suisun Marsh from October through May.  D-1485
required the SWP and the CVP to develop and implement a plan, in cooperation with other
agencies, that would meet all of the salinity objectives by October 1, 1984.  Immediate compliance
with the objectives was not considered reasonable because such compliance could be achieved only
through large increases in outflow, then estimated at as much as two million acre feet annually.  The
DWR, in cooperation with the SRCD, USBR, DFG, and USFWS, developed the "Plan of
Protection for the Suisun Marsh including Environmental Impact Report" (Plan of Protection) in
1984 to meet the D-1485 requirements.  The Plan of Protection proposed staged implementation of
a combination of activities, including physical facilities, a wetlands management program for marsh
landowners, and supplemental releases from SWP and CVP reservoirs.  Staged implementation
allowed the effect of each action to be evaluated before deciding whether to implement a
subsequent action.

At the request of the DWR and the USBR, the SWRCB amended D-1485 in 1985 by changing
some of the Suisun Marsh compliance locations and compliance dates.  The amended compliance
monitoring locations and the effective dates of compliance are listed below in Table VII-1; the
compliance monitoring stations are illustrated in Figure VII-1.

b. The Suisun Marsh Preservation Agreement.  In 1987, the DWR, USBR, DFG, and
SRCD signed the SMPA which is the contractual framework for implementing the Plan of
Protection, including controlling channel water salinity.  The agreement included proposed normal
period and deficiency period2 salinity requirements that are different from the objectives in the 1978

                    
2.  A deficiency period is: (a) the second consecutive dry water year following a critical year; (b) a dry water year
following a year in which the Sacramento River Index was less than 11.35: or (c) a critical water year following a
dry or critical water year (1995 Bay/Delta Plan).
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Table VII-1
Suisun Marsh Compliance Stations and Effective Dates

Station ID Location Effective Date

C-2    Sacramento River at Collinsville October 1, 1988

 S-49    Montezuma Slough near Beldons Landing October 1, 1988

 S-64    Montezuma Slough at National Steel October 1, 1988

 S-21    Chadbourne Slough at Chadbourne Road October 1, 1995

 S-97    Cordelia Slough at Ibis Club October 1, 1997

 S-35    Goodyear Slough at Morrow Island Club October 1, 1997

 S-42    Suisun Slough at Volanti Club October 1, 1997

Delta Plan and D-1485, as amended.  A comparison between the SMPA-proposed requirements
and the 1978 Delta Plan objectives is provided in Table VII-2.

In 1987, the DWR requested that the SWRCB adopt the SMPA requirements as water quality
objectives.  The principal concern expressed by the DWR regarding the 1978 Delta Plan objectives
was that they are not adjusted during deficiency periods.  In response, the SWRCB requested, at
the recommendation of the DFG, that the DWR and the USBR prepare a Biological Assessment to
determine whether any flow and salinity changes that occur as a result of the actions taken pursuant
to the SMPA would jeopardize any rare, threatened, or endangered species.  The DWR and the
USBR planned to complete a Biological Assessment in 1996.  This task was never completed
because the 1995 Bay/Delta Plan adopted the SMPA concept of deficiency year objectives, but the
deficiency objectives were only applied to stations in the western marsh.

The SMPA called for staged construction of facilities in Suisun Marsh to provide the required
channel salinities at a capital cost of $120 million (1985 dollars).  The initial facilities (phase 1) were
constructed in 1980 including the Roaring River Distribution System, Morrow Island Distribution
System, and Goodyear Slough Outfall. The second phase, and most important facility, the Suisun
Marsh Salinity Control Gates (SMSCG), were constructed and went into operation in 1988.  The
gates are used to tidally pump lower salinity water through Montezuma Slough into the central marsh
to reduce channel salinities during periods of low to moderate Delta outflow.  Operation of the gates
restricts the upstream flow of more saline water from Suisun Bay during flood tides while allowing
the normal flow of freshwater from the Sacramento River during ebb tides.  During full operation,
the gates open and close twice each tidal day.  Flows past the gates vary from no flow when the
gates are closed to several thousand cfs with all three gates open; the net flow through the gates is
about 1,800 cfs when averaged over one tidal day.  Extended testing established that gate
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Table VII-2
1978 Delta Plan Objectives (with 1985 Amendments) and

SMPA Salinity Requirements

Mean Monthly High Tide Electrical Conductivity (mmhos/cm)

Month

1978 Delta
 Plan

SMPA
Normal Year

SMPA
 Deficiency Year

          October 19.0 19.0 19.0

          November 15.5 16.5 16.5

          December 15.5 15.5 15.6

          January 12.5 12.5 15.6

          February 8.0 8.0 15.6

          March 8.0 8.0 15.6

          April 11.0 11.0 14.0

          May 11.0 11.0 12.5

operation, in conjunction with reasonable outflow levels, results in compliance with the eastern
marsh objectives at stations C-2, S-49, and S-64 under most circumstances; however, gate
operation can not consistently achieve compliance at the remaining stations in the western marsh. 
After gate operation began, salinities at the eastern marsh stations were generally below the 1978
Delta Plan objectives and always below the SMPA deficiency standards.  Salinities at the western
marsh stations were generally below 1978 Delta Plan objectives and SMPA deficiency standards in
wetter years or water years following wet periods, such as 1985, 1986, 1987, and 1994. 
However, during prolonged dry or critically dry periods, salinities in the western marsh were often
above both 1978 Delta Plan objectives and SMPA deficiency standards.

In order to comply with the western marsh objectives, the DWR and the USBR began the planning
and environmental review process for the Western Suisun Marsh Salinity Control Project in June
1990 (DWR 1991a).  This review resulted in the identification of nine individual alternative actions
and eighteen combinations of actions that warranted further investigations (DWR 1993).  Field tests
for one of the more promising actions, flow augmentation in Green Valley Creek, were conducted in
1994 with North Bay Aqueduct water.  The DWR and the USBR suspended their planned
activities under the Western Suisun Marsh Salinity Control Project after the adoption of the 
1995 Bay/Delta Plan in order to reevaluate the needs of the western marsh under the new conditions
imposed by the plan.
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In August 1995, the parties to the SMPA began discussions to update the agreement (SMPA
Amendment III; SMPA 1998) to reflect anticipated future hydrologic and salinity conditions in the
Suisun Marsh under the conditions of the 1995 Bay/Delta Plan and Suisun Marsh Salinity Control
Gate operation.  Execution of Amendment III is pending completion of CEQA/NEPA
environmental documentation and the CESA/ESA consultation process.  The parties have
recommended that the SWRCB consider a series of management actions as the next step in
implementing the Bay/Delta Plan rather than focus on the channel water salinities in the western
marsh (DWR 1996).  The basis for the recommendation is that management actions may provide
more appropriate soil salinity conditions in all years on managed wetlands than would strict
adherence to the salinity objectives.  The Bay/Delta Plan states that the salinity objectives in the
channels do not have to be achieved if a demonstration of equivalent or better protection is
provided at the location.  The recommendation of the parties to the SMPA is considered in this EIR
(Chapter VII, section B, Alternative 5).

c. 1995 Bay/Delta Plan.  The 1978 Delta Plan Suisun Marsh objectives, as amended, included
salinity objectives at the seven compliance points listed above, and flow and salinity objectives at
Chipps Island from October through May.  During the proceeding leading to adoption of the 
1995 Bay/Delta Plan, the signatories to the SMPA (DWR, USBR, DFG, and SRCD) recommended 
that the SWRCB adopt the SMPA requirements as water quality objectives for the marsh 
(DWR 1994b, DFG 1994).  The following discussion describes the changes made to Suisun Marsh
objectives by the adoption of the Bay/Delta Plan and the rationale for the changes.

First, the Chipps Island standards for protection of Suisun Marsh were replaced with the year-
round outflow standards for general habitat protection.  The new outflow should provide equivalent
or better protection for the marsh.  Second, the eastern Suisun Marsh salinity objectives (stations
C-2, S-64, and S-49) were not changed.  These objectives have been met since 1989, with minor
exceptions, and operation of the Suisun Marsh Salinity Control Gates, in combination with outflow
conditions required by the 1995 Bay/Delta Plan, should be adequate to ensure continued
compliance under most circumstances.  Recent modeling over the 1987-1992 hydrologic sequence
indicates that the objectives at these stations will be met except for the month of February 1991,
assuming full-bore3 operation of the SMSCG and compliance with the Bay/Delta Plan outflow
objectives (DWR 1995).  Third, the western Suisun Marsh salinity objectives (stations S-21, S-42,
S-97, and S-35) were amended to include the SMPA deficiency standards, and the compliance
dates for S-97 and S-35 were extended to 19974.  The 1978 Delta Plan objectives had not been
implemented in the western marsh; therefore, the implementation of the combination of 1978 Delta
Plan objectives in average hydrologic conditions and SMPA deficiency standards in dry conditions

                    
3.  Full-bore operations consist of tidally pumping water for as long as tidal conditions permit (over the falling
tide and into the beginning of the next rising tide) (DWR 1995a).

4   The effective date for compliance at stations S-35 and S-97 was extended by the SWRCB, pursuant to Water
Code §1435, on October 30, 1997, August 14, 1998 and April 30, 1999.  The Water Code allows for additional 180
day extensions.
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should provide lower salinity habitat than existing conditions.  Also, there should be a natural
gradient of increasing salinity from east to west which is not reflected in the 1978 Delta Plan
objectives, but is included in the Bay/Delta Plan objectives when deficiency period objectives are in
effect.  Fourth, a narrative objective for protection of tidal marshlands was included.  This objective
is expected to be achieved through compliance with the year-round outflow objectives, but it is
added to ensure that the tidal marshlands receive adequate protection.  Lastly, the plan
recommended that the DWR form a multiagency Suisun Marsh Ecological Work Group (SEW). 
The principal charge of SEW is to evaluate the scientific basis for the objectives and to identify
specific measures to implement the narrative objective, if necessary.  The results of this review will
be used in the next triennial review of the Suisun Marsh water quality objectives.

d. SWRCB Order WR 98-09.  In 1995, the DWR and the USBR petitioned the SWRCB to
change some of the permit terms and conditions imposed by D-1485 so that they conform with the
objectives in the 1995 Bay/Delta Plan and the Principles for Agreement.  In D-1485, the SWRCB
found that the SWP and the CVP have a mitigation responsibility to protect Suisun Marsh because
their operations affect salinity conditions in the marsh.  The SWRCB received no new information in
the 1995 water quality proceeding relevant to this finding.  The SMPA deficiency objectives, as
applied in water short years, makes it even more likely that these objectives could have been met
absent the CVP and SWP.  Therefore, these new Suisun Marsh objectives were incorporated into
the water right permits of the SWP and the CVP with the adoption of SWRCB Order WR 95-6. 
WR 95-6 was a temporary order, expiring on December 31, 1998. On December 3, 1998, the
effective term of WR 95-6 was extended until December 31, 1999, when the SWRCB adopted
Order WR 98-09.  If at that time a new water right decision has not been adopted, D-1485 will
once again become effective.

2. Historical Salinity Conditions in Suisun Marsh

The controllable, and most easily measured, water quality parameter in Suisun Marsh is salinity. 
Salinity influences the types of vegetation that can grow on both managed and unmanaged portions
of the marsh, and the types of vegetation in turn influences the occurrence of animal life in the marsh.
The following factors affect salinity in the Suisun Marsh:

1. D-1485:  the regulatory framework
2. SMPA:  the contractual framework
3. Plan of Protection for the Suisun Marsh: facilities planning
4. Suisun Marsh Salinity Control Gate operation (beginning October 31, 1988)
5. Delta outflow
6. Creek inflows
7. Managed wetland operations
8. Fairfield-Suisun Wastewater Treatment Plant effluent inflows into Boynton Slough
9. Precipitation/evaporation conditions
10. Tidal variations, wind, and barometric pressure
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Of these factors, facilities planning, the operation of facilities in the marsh, and to an extent, Delta
outflows are controlled by the DWR and the USBR.  Operations of the private managed wetlands
in the marsh are controlled by 153 individual landowners, and the public areas are managed by the
DFG.  The ultimate destination and discharge of Fairfield-Suisun Sewer District (FSSD) wastewater
treatment plant effluent is controlled by the Fairfield-Suisun Sewer District and the Solano Irrigation
District (SID), under permits issued by the San Francisco Bay RWQCB.  Precipitation, runoff, tidal
variations, winds, barometric pressure, and evaporation are natural, uncontrollable factors.

The ER for the 1995 Bay/Delta Plan described the historical salinity conditions in Suisun Marsh for
water years 1984-1994 and compared them to D-1485 and SMPA objectives.  This description is
summarized below.  A more detailed description can be found in Chapter VIII of the ER and in a
report prepared by the DWR (DWR 1994c).

Mean monthly high tide salinity for water years 1984-1994 for eastern marsh compliance stations
C-2, S-64, and S-49 and western marsh compliance stations S-21, S-97, and S-35 are presented
in Figures VII-2 and VII-3, respectively (two pages each).  Station S-42 is not included in this
analysis, but the salinities at this station are very similar to the salinities at station S-21.  In some
cases, data are not shown for a station in a particular year because either the station was not
established or the data did not meet quality assurance/quality control criteria.  Mean monthly high
tide salinities are presented on each bar chart, one bar per station as indicated on the legend in the
upper left-hand corner of the figures.  The monthly 1978 Delta Plan (solid line, indicated as
D-1485) and SMPA deficiency (dashed line) objectives are also shown on each of the six bar
charts (per page) to facilitate comparison of the actual salinities with the 1978 Delta Plan and
SMPA deficiency objectives.  As described above, the 1995 Bay/Delta Plan objectives are the
same as the D-1485 objectives for the eastern marsh stations, and the plan objectives are the same
as the SMPA objectives for the western marsh stations in deficiency periods and the same as the
D-1485 objectives in other periods.  Deficiency periods occurred in 1988, 1989, 1990, 1991, and
1992.

The SMSCG began operating on October 31, 1988.  After gate operation began, salinity at the
eastern marsh stations was generally below the 1978 Delta Plan standards and always below
SMPA deficiency standards.  Salinity at the western marsh stations was generally below 
1978 Delta Plan standards and SMPA deficiency standards in wetter years or water years following 
wet periods, such as 1985, 1986, 1987, and 1994.  However, during prolonged dry or critically dry
periods, salinity in the western marsh is often above both 1978 Delta Plan standards and SMPA
deficiency standards.  Salinity in northwestern marsh sloughs (e.g., station S-97) is primarily affected
by surface water inflows from local creeks and drainage water from the managed wetlands, and is
relatively unaffected by SMSCG operations.



Figure VII-2
Suisun Marsh Mean Monthly High Tide Salinity
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Figure VII-2 (continued)
Suisun Marsh Mean Monthly High Tide Salinity
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Figure VII-3
Suisun Marsh Mean Monthly High Tide Salinity

Specific Conductance in mSiemens
Water Year = 1984-94
Western Marsh SitesS21

S33 for S97
S35

D -1495
SMPA-DEF

VII-12

OCT NOV DEC JAN FEB MAR APR MAY

8

6

4

2

0

20

18

16

14

12

10

W84

OCT NOV DEC JAN FEB MAR APR MAY

8

6

4

2

0

20

18

16

14

12

10

W85

OCT NOV DEC JAN FEB MAR APR MAY

8

6

4

2

0

20

18

16

14

12

10

W86

OCT NOV DEC JAN FEB MAR APR MAY

8

6

4

2

0

20

18

16

14

12

10

W87

OCT NOV DEC JAN FEB MAR APR MAY

8

6

4

2

0

20

18

16

14

12

10

W88

OCT NOV DEC JAN FEB MAR APR MAY

8

6

4

2

0

20

18

16

14

12

10

W89

Alternatives for Implementing
Suisun Marsh Salinity ObjectivesState Water Resources Control Board

FEIR for Implementation of the
1995 Bay/Delta Water Quality Control Plan

November 1999



Figure VII-3 (continued)
Suisun Marsh Mean Monthly High Tide Salinity
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B. PHYSICAL DESCRIPTION OF EXISTING FACILITIES

This section describes the physical features of the existing facilities that could be used in the
implementation of the alternatives.  The focus of the descriptions is on the potential role of these
facilities to control salinity in the western marsh, so aspects of certain facilities that may not pertain
to that specific role are not described.  Facilities in other parts of the marsh which are operated for
salinity control include the Roaring River Distribution System, Morrow Island Distribution System,
Goodyear Slough outfall, and the SMSCG. Operation of these facilities could be modified
depending on future actions.

The information on existing facilities was gathered from the DWR and local agencies.  Much of the
DWR information is contained in a report entitled "Screening Alternative Actions and Describing
Remaining Actions for the Proposed Western Suisun Marsh Salinity Control Project" (DWR 1993).

The facilities discussed in this section include: (1) Green Valley Creek and City of Vallejo
Reservoirs, (2) the North Bay Aqueduct, (3) the Fairfield-Suisun Sewer District Wastewater
Treatment Plant and (4) Lake Berryessa and the Putah South Canal.

1. Green Valley Creek and City of Vallejo Reservoirs 

The City of Vallejo owns and operates three reservoirs, two in the Green Valley Creek watershed,
Lake Madigan and Lake Frey, and one in the Suisun Creek watershed, Lake Curry (on Gordon
Valley Creek tributary to Suisun Creek).  The reservoir storage capacities of the three City of
Vallejo reservoirs are listed below in Table VII-3.

Table VII-3
Reservoirs that Drain to Suisun Marsh

Capacity Watershed
Reservoir (AF) Area (mi2)

Lake Madigan 1,744* 1.5

Lake Frey 1,075 3.1

Lake Curry 10,700 17

  *  Subject to change due to dam safety concerns
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Suisun Creek flows into Chadbourne Slough and can therefore influence salinities at the salinity
station S-21 in Chadbourne Slough in the northwestern marsh.  At present, no flow augmentation is
proposed for Suisun Creek.  Green Valley Creek becomes Cordelia Slough less than 0.5 mile
downstream (south) of the confluence with an unnamed ditch (the most downstream location
affected by tidal action).  Green Valley Creek can influence flows into Cordelia Slough, and to a
lesser extent Goodyear Slough, and can therefore influence the salinities at stations S-97 and S-35. 
Releases from the two reservoirs in the Green Valley Creek watershed are considered as a possible
way, at least in part, to meet the objectives at these two stations (see Figures VII-4 and VII-5b).

Lake Madigan and Lake Frey are located on Wild Horse Creek, tributary to Green Valley Creek,
and were built in 1894 and 1911, respectively.  The City of Vallejo claims a pre-1914 water right
to divert at Lake Madigan and Lake Frey and has filed a Statement of Diversion and Use with the
Division of Water Rights to document its claim.  Lake Frey has a capacity of 1,075 AF and Lake
Madigan, upstream of Lake Frey, has a capacity of 1,744 AF (see Table VII-3).  The operating
capacity of Lake Madigan may be reduced in the near future because of concerns regarding the
seismic safety of the dam (Exequiel Ganding, City of Vallejo, pers. comm., 11/96).  The two
reservoirs are operated in conjunction with one another because they are located in close proximity
to one another on the same creek.  Water from Lake Madigan is released into the stream channel to
flow down to Lake Frey, and water is released from Lake Frey to flow into the creek channel.  The
Green Valley Diversion Dam, downstream of both reservoirs, diverts water into a 14-inch diameter
pipeline that goes through the Green Valley Water Treatment Plant and is then distributed by the
City of Vallejo. The annual safe yield of the reservoirs is approximately 600 AF per year.  Water
use information from the City of Vallejo Lakes Water System Master Plan (City of Vallejo 1989,
1994) indicates that the average annual water production from this watershed from 1978 to 1987
was 358 AF.  Currently, there are no minimum required instream flow requirements downstream of
Lake Frey.  The system operates on demand; therefore, only flows in excess of demands and the
storage capacity of the reservoirs reach Suisun Marsh.

In 1924, Lake Curry was constructed on Suisun Creek in Napa County.  The City has a water right
to directly divert 7 cfs year round and to divert to storage 5,400 AF from November 1 to May 1. 
The total annual water use is not to exceed 5,058.9 AF, and the total amount of water in storage at
any one time in Lake Curry may not exceed 10,700 AF.  The firm yield of Lake Curry is
approximately 3,500 AF.  The average annual water production from this watershed from 1978 to
1987 was 705 AF.  The water right license does not require releases of water to maintain fish
below the dam.  The DFG believes that the habitat would be suitable below the dam to support a
fishery if water was provided, and releases from the dam for this purpose may be required under
Fish and Game Code section 5937 (DFG 1993). 

In addition to the three reservoirs, the City also has four additional sources of water:  Lake
Berryessa, groundwater, treated water from the City's Fleming Hill water treatment plant (sources
of water are from Putah-South Canal and the North Bay Aqueduct (NBA)), and treated water from
the City of Fairfield (from Putah-South Canal) (City of Vallejo 1994).
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2. North Bay Aqueduct

The NBA extends over 27 miles from Barker Slough to the Napa Turnout Reservoir in southern
Napa County (see Figure VII-5b).  The capacity of the NBA is 174 cfs between Barker Slough
Pumping Plant and the Cordelia Forebay.  The SWP uses the NBA to meet project entitlements in
Napa and Solano counties, including the City of Vallejo (DWR 1994a). Ultimate scheduled
allocations are expected to be about 67 TAF annually, with 42 TAF to Solano County Water
Agency (SCWA) and 25 TAF to the Napa County Flood Control and Water Conservation
District.  Pumping from Barker Slough through the NBA averaged 36 TAF in 1990 and 1991
(DWR 1993).  At present, deliveries through the NBA are not using the entire capacity of the canal
during the Suisun Marsh salinity control season (DWR 1993).  Although capacity is currently
available in the NBA that could be used for Green Valley Creek augmentation flows, long term
availability is not certain.

Supplementing flow in Green Valley Creek from the NBA for salinity control in western Suisun
Marsh would require the use of natural channels and the City of Fairfield storm drains.  Water
would be transported from the intake of the NBA at Barker Slough to the Cordelia Forebay.  The
water would then flow into an existing 72-inch diameter pipe that connects to a 72-inch City of
Fairfield storm drain along Mangles Road.  At the outlet of the storm drain, the additional water
would flow into an unlined ditch.  This ditch, FSSD Treatment Plant and North-Bay Aqueduct
constructed by the City of Fairfield, extends southwesterly for about 0.6 mile.  It passes under
Interstate 80 and adjacent frontage roads through a series of box culverts with cross-sectional
diameter of 8 feet wide by 4 feet high and discharges into Green Valley Creek about 50 yards south
of Interstate 80 (see Figure VII-4).  The ditch is designed to handle maximum flows of 300 cfs
(DWR 1993).  The City plans to construct a storm drainage retention pond where the ditch is
located.

3. Fairfield-Suisun Sewer District Wastewater Treatment Plant

The Fairfield-Suisun Sewer District (FSSD) wastewater treatment plant presently discharges to
Suisun Marsh.  The DWR investigated the use of effluent from the treatment plants serving the cities
of Vacaville, Vallejo, Benicia, and Sacramento to reduce salinity in Suisun Marsh (DWR 1991b). 
The DWR concluded that the treatment plants in these cities were not able to provide the level of
treatment necessary to allow discharge to the marsh.  The San Francisco Bay RWQCB requires
that any National Pollutant Discharge Elimination System (NPDES) permits issued for Suisun Marsh
must meet water quality requirements similar to those specified in the NPDES permit for the FSSD
treatment plant, which provides tertiary-level treatment.  The concentrations of critical water quality
parameters in the effluent from the treatment plants serving the cities of Vacaville, Vallejo, Benicia,
and Sacramento exceed the requirements for these parameters in the FSSD's NPDES permit.  The
discharge from the FSSD treatment plant is, therefore, the only treatment plant discharge considered
as a source for water to control salinity in the marsh.
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The FSSD is located in central Solano County near the southeast corner of the intersection of
Cordelia and Chadbourne Roads (see Figure VII-5a).  The service area, which includes the City of
Fairfield, Suisun City, and Travis Air Force Base, is adjacent to Suisun Marsh.  The San Francisco
Bay RWQCB Basin Plan prohibits discharge to Suisun Marsh from May 1 to September 21 unless
it can be shown that the discharge will provide a net environmental benefit. The FSSD received an
NPDES permit to discharge to the marsh through the Basin Plan exemption process.  The effluent
from the plant has been certified for use on food crops and for nonrestrictive recreational purposes.
 During the summer months, the treated effluent is reclaimed to the greatest degree possible and
used by SID for agricultural irrigation.  The remainder of the treated effluent not used for irrigation
purposes is discharged to Boynton Slough east of I-680 which is tributary to Suisun Slough and
Suisun Bay.  During the winter months, the permit allows discharge from the treatment plant to
Boynton Slough for management of duck club ponds (FSSD Publication).  The locations of the
discharge points are Boynton Slough Outfall and Duck Club Turnouts No. 1 and No. 2 (SWRCB
WQ Order No. 90-101).

The treatment plant has a dry weather design capacity of 17.5 million gallons per day (mgd).  The
plant presently has an average dry weather discharge of 11.6 mgd and an annual average discharge
of 12.8 mgd.  Approximately 40 percent of the annual average discharge is reclaimed and 
60 percent is released to Boynton Slough.  The reclaimed water is used by SID mainly to irrigate a
grass-sod farm because other uses are limited by the high boron content in the water (DWR
1991b).  The SID currently has a contract for the use of the first 12 mgd of effluent, except as
specified below.

1. From September 22 to December 1, up to one-half of the discharge is available for marsh
maintenance and enhancement.

2. From December 2 to March 1, the entire discharge is available for marsh maintenance and
enhancement.

3. From March 2 to April 1, two-thirds of the discharge is available for marsh maintenance and
enhancement; and

4. From April 2 to May 1, one tenth of the discharge is available for marsh maintenance and
enhancement.

In a letter dated January 24, 1997, the DWR and the USBR proposed a collaborative effort with
the FSSD to construct a pipeline from the FSSD treatment plant to Green Valley Creek (DWR
1997a).  The pipeline would provide the infrastructure needed to discharge surplus treated effluent
into the northwestern Suisun Marsh.  The letter defines surplus treated effluent as effluent from the
FSSD treatment plant that is not now, or in the future, beneficially used by the SID or any other
entity in Solano County and is not needed to maintain Boynton Slough salinity within water quality
objectives set by the SWRCB.  In a letter to the DWR dated April 23, 1997, the FSSD responded
that there are too many obstacles to proceed with the proposal at this time (DWR 1997c).
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4. Lake Berryessa and Putah-South Canal

Lake Berryessa, formed by Monticello Dam on Putah Creek, and Putah-South Canal are part of
the USBR's Solano Project.  The storage capacity of Lake Berryessa is 1.6 MAF and the average
annual runoff of Putah Creek at Monticello Dam was about 372 TAF between 1958 and 1977. 
The present long-term contract demand from the project is about 200 TAF (DWR 1993).  Water is
marketed through the SCWA, of which 73 percent of the supply is allocated to the SID for
agricultural purposes.  Other purposes of use are recreation, municipal, industrial, and military
facilities supply.

Flow augmentation into Green Valley Creek could be accomplished using water from Lake
Berryessa (Figure VII-5b).  Water dedicated for this purpose would be released from Lake
Berryessa into Putah Creek and would flow into Solano Lake about 6 miles below Monticello Dam.
 Solano Lake, with a capacity of 750 AF, was created by construction of the Putah Diversion Dam
on Putah Creek to divert water into Putah-South Canal.  The canal is concrete-lined and it has a
diversion capacity of 956 cfs, and a terminal capacity of 116 cfs.  Water can be released into Green
Valley Creek from the Putah-South Canal through the Green Valley Creek Wasteway.  The
wasteway consists of a concrete conduit, approximately 1.5 miles in length, with a capacity of
14 cfs.  The capacity of the wasteway would have to be increased in order to handle the quantity of
water required to meet northwestern Suisun Marsh salinity objectives.  Another option for
increasing the flow capacity into Green Valley Creek would be to divert water from the terminal
reservoir on Putah-South Canal to Green Valley Creek through a new pipeline (DWR 1993).

C. ALTERNATIVES FOR IMPLEMENTING THE SUISUN MARSH OBJECTIVES

The alternatives for meeting the Suisun Marsh numerical salinity objectives are based on two
principal assumptions:  (1) a flow alternative will be adopted that implements the outflow objectives
in the 1995 Bay/Delta Plan; and (2) the DWR and the USBR will operate the initial facilities and the
SMSCG when Delta outflow alone is not sufficient to achieve the eastern and two of the western
marsh objectives (Stations C-2, S-64, S-49, S-21, and S-42).  Modeling indicates that, under
these conditions, the objectives at these stations and the objectives at the water supply intakes at
Chipps and Van Sickle Islands will be met, with limited exceptions.  (The modeling results are
described in section D.)  Consequently, the DWR and the USBR will be held responsible for
meeting the numerical objectives at the above stations in all of the alternatives because they operate
the salinity control gates.  An exception to this responsibility could be made when hydrologic
conditions are such that even with gate operation, as described above, the objectives cannot be
achieved.

The 1995 Bay/Delta Plan also includes a narrative Suisun Marsh objective that requires conditions
sufficient to support a brackish marsh throughout all elevations of the tidal marshes bordering Suisun
Bay.  The conditions necessary to achieve this narrative objective are not adequately defined at this
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time.  Compliance with the other flow and water quality objectives in the 1995 Bay/Delta Plan may
be sufficient to achieve this objective.  The SEW is evaluating whether this objective is being
achieved, and if not, what actions are necessary for its implementation.  This issue will be
considered in the next triennial review of the Bay/Delta Plan.  This EIR will not, therefore, include
specific alternatives to achieve this objective.

Based on the rationale provided above, the alternatives considered in this draft EIR focus on
methods to meet the two remaining western marsh objectives (Stations S-35 and S-97).  The
alternatives include options such as increased flow in Green Valley Creek from various sources,
construction of facilities in the western marsh, and management actions to improve soil salinity and
habitat conditions without achieving the numerical salinity objectives.

One possible alternative, increased Delta outflow, is not included because available evidence
indicates that this alternative would require very substantial increases in Delta outflow.  For example,
DWR modeling indicates that, with D-1485 standards under 1990 conditions, salinity objectives at
S-97 would not have been met with an increase in the Delta Outflow Index from January through
May of 2.4 MAF.

The following six alternatives are considered in this EIR.

1. Suisun Marsh Alternative 1

This alternative is the base case and the first No Project alternative.  The SWP and the CVP are
responsible for meeting D-1485 Suisun Marsh objectives as modified.  D-1485 outflow objectives
are in effect and the initial facilities and SMSCG are in place and operated to meet objectives at all
of the stations, to the extent possible.  The DWR and the USBR take no further action to meet the
D-1485 western marsh objectives, and the objectives are sometimes not met.

At present, the DWR and the USBR have no firm plans to meet the western marsh objectives under
these base case hydrology conditions, and if the SWRCB does not take any action to implement the
new Suisun Marsh objectives, this alternative would be in effect as plans are developed and
implemented.

2. Suisun Marsh Alternative 2

This alternative is the second No Project alternative and is described in the Western Suisun Marsh
Salinity Control Project Screening Report (DWR 1993).  The SWP and the CVP are responsible
for meeting D-1485 Suisun Marsh objectives as modified.  As in Alternative 1, D-1485 objectives
are in effect and the initial facilities and the SMSCG are in place and operated to meet objectives to
the extent possible.  The objectives at the two stations in the western marsh are met, to the extent
feasible, through construction and operation of the Cordelia-Goodyear Ditch and an associated tide
gate structure, and through flow augmentation in Green Valley Creek with NBA water (DWR
1993).
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The modeling of this alternative assumes that the Cordelia-Goodyear Ditch and the Goodyear
Slough Tide Gate are operated to meet the objectives at S-35. The flows in Green Valley Creek
are supplemented by up to 80 cfs, as necessary, to meet the objectives at S-97.

A preliminary analysis of this action, along with seventeen other actions to meet D-1485 standards,
was undertaken by the DWR and the USBR and described in the Western Suisun Marsh Salinity
Control Project (DWR 1993).  In this EIR, Suisun Marsh Alternatives 2 and 4 assume construction
of the Cordelia-Goodyear Ditch, associated tidal gates, and Goodyear Slough Tide Gate (see
Figure VII-6).  Other methods of complying with the objectives are possible, but construction of
these, or similar facilities, are a reasonable assumption.  Additional environmental and engineering
analyses would be required before these facilities could be constructed; therefore, the analysis of
these structures is programmatic.

The Cordelia-Goodyear Ditch and associated tidal gates would move lower salinity water from
upper Cordelia Slough near the Ibis Club to Goodyear Slough about 0.5 miles north of the intake to
the Morrow Island Distribution System.  The ditch would be parallel to the eastern side of Interstate
Highway 680 (I-680).  A pond would be constructed on the Goodyear Slough end of the ditch to
increase its holding capacity and to provide public recreation facilities (DWR 1993).  The 40-acre
pond would be connected to the ditch south of Pierce Lane, between Interstate-680 and the
railroad.  The pond would be connected to Goodyear Slough about 0.2 miles upstream (south) of
Pierce Harbor, with buried pipes and open channel about 0.1 mile long.  The pipes would pass
beneath the railroad.

The inlet tide gate on Cordelia Slough would use tidal action to move lower salinity water from
Cordelia Slough southward through the Cordelia-Goodyear Ditch. The outlet tide gate on
Goodyear Slough, just south of Pierce Harbor, would use tidal action to move lower salinity water
from the Cordelia-Goodyear Ditch's peaking pond into Goodyear Slough.  The inlet and outlet
gates would be operated in conjunction.  The gates would be designed to move up to 225 cfs net
flow over a tidal cycle, with a maximum flow of 625 cfs. 

The Goodyear Slough Tide Gate would prevent higher salinity water from entering the upstream
(southern) end of Goodyear Slough during flood tide from Suisun Slough near Grizzly Bay.  The tide
gate would be on Goodyear Slough just downstream (north) of the proposed outlet of the Cordelia-
Goodyear Ditch.  This tide gate would only be considered in conjunction with the Cordelia-
Goodyear Ditch (DWR 1993).

The proposed site for the Goodyear Slough Tide Gate is shown on Figure VII-6.  The tide gate
would be designed to move up to 250 cfs net flow over a 25-hour tidal cycle, with a maximum flow
of 675 cfs.  The downstream (northern) end of Goodyear Slough is connected to Suisun Slough and
its upstream end is connected to Suisun Bay via the Goodyear Slough Outfall culvert pipes.  The
intake of the existing Morrow Island Distribution System is connected to Goodyear Slough and the
outlet for the proposed Cordelia-Goodyear Ditch would be on Goodyear Slough about 0.2 mile
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upstream (south) of Pierce Harbor.  Boat passage facilities would be required, should this facility be
constructed (DWR 1993).

The tide gate would be in place all year, but would probably only be operated from October
through May when necessary to meet the objectives.

3. Suisun Marsh Alternative 3

This alternative is the same as Alternative 1 except that the 1995 Bay/Delta Plan outflow objectives
are in effect.

4. Suisun Marsh Alternative 4

This alternative is the same as Alternative 2 except that the 1995 Bay/Delta Plan outflow objectives
are in effect.

5. Suisun Marsh Alternative 5

The 1995 Bay/Delta Plan outflow objectives are in effect and the SMSCG is operated to meet
objectives to the extent feasible.  Compliance stations S-35 and S-97 in the northwest corner of the
marsh will become monitoring stations.  The following management actions, as recommended by the
parties to the SMPA Amendment III, are implemented as described in the "Demonstration
Document" (DWR 1997c).

1. Water Manager Program - SRCD will institute a Water Manager Program and
employ support staff to coordinate and improve water management practices
throughout the marsh.

2. Joint-Use Facilities Program - A joint-use facility is a structure used by two or more
properties, and can include levees, ditches, and water control structures.  In
coordination with the Water Management Program, this program is to provide more
efficient and cooperative use of water delivery and leaching systems to managed
wetlands in order to produce better waterfowl habitat.

3. Portable Pumps for Diversions and Drainage Program - This program will be
coordinated with the Water Management Program.  The Water Manager, under the
SRCD's direction, will use twenty diesel-powered portable pumps to improve salinity
conditions in managed marshes.  The pumps are for the benefit of managed wetlands to
provide lower salinity water during low tide diversions and better removal of soil salts
during drainage.  The pumps will be moved throughout the marsh as appropriate to
maximize their effectiveness.  The Water Manager will be responsible for assuring that
any pumps for diverting water from the exterior sloughs have appropriate fish screens
attached.
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4. Updating of Existing Management Plans - The SRCD will prepare updated
Individual Ownership Management Plans to provide landowners with information
needed to improve salinity conditions on their property.

5. Operate the SMSCG in September to Meet October Salinity Objectives - The
DWR and the USBR will operate the SMSCG in September when the 7-day running
average mean daily high tide salinity in September at any compliance station, or at the
S-35 Monitoring Station is 17.0 mmhos/cm or greater.  The running averages for
September 1-6 will be determined using salinity data from the last six days of August. 
The purpose of September gate operation is to improve wetland habitat management in
the fall and improve leaching efficiency the following spring.

6. Managed Wetland Improvement Fund - This action provides for $2,000,000 (plus
any remaining funds from the original agreement) to be utilized between two cost share
programs for improvements on private managed wetlands.

7. Drought Response Fund - This fund would compensate landowners within the marsh,
including the Department of Fish and Game, that apply higher salinity channel water to
their managed wetlands because of prolonged drought conditions. Funds would be used
for activities to offset the effects of the higher salinity water.

Other provisions of the SMPA Amendment III address responsibilities of parties, funding,
coordination, criteria, and contingencies.  (SMPA 1998)

Not all of the actions in this alternative can be modeled, such as the water manager activities and
operation of the portable pumps.  Under this alternative, the numerical salinity objectives in the
western marsh will not always be met, but the intent is to provide equivalent protection to the
managed wetlands through management actions that achieve soil salinities necessary to produce
suitable vegetation for waterfowl.  The 1995 Bay/Delta Plan states that the salinity objectives in the
channels do not have to be achieved if "a demonstration of equivalent or better protection is
provided at the location."

6. Suisun Marsh Alternative 6

Multiple parties are responsible for full implementation of the 1995 Bay/Delta Plan western marsh
objectives through flow augmentation in Green Valley Creek.  The additional sources of water will
come from:  (1) the FSSD; (2) upstream reservoirs (Lake Madigan and Lake Frey); and (3) if
needed, water will be released from Lake Berryessa (see Figure VII-5b).

Lake Berryessa is part of the USBR's Solano Project, and it stores water from Putah Creek, a
tributary of the Sacramento River.  Lake Berryessa water can be released into the western marsh
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by diversion into the Putah-South Canal and then to Green Valley Creek.  Under this alternative,
Lake Berryessa water will be repaid to the Solano Project by the DWR and the USBR through the
NBA, unless the Solano Project has an obligation to the Delta under the outflow alternatives, in
which case that obligation will be met by releasing water into the western Suisun Marsh.  In the past,
the SCWA has agreed to provide water to agencies, including the DWR (SCWA Agreements
1992 and 1995); however, no water was actually transferred under these agreements.  In the future,
the NBA is expected to be operating closer to its full capacity for delivery of SWP supplies, so
repayment of water used for the Suisun Marsh will have to be made during times when excess
capacity exists.

Arrangements could probably be agreed upon among the involved parties, for sale or exchange of
Lake Berryessa water between November and March, including arrangements for the annual
cleaning of the canal.  A requirement for water from the Putah Creek basin would need to be
consistent with SWRCB Order WR 96-0025.  In addition, it would need to be consistent with the
Sacramento County Superior Court Judgment in the case of Putah Creek Council v. SID and
SCWA, filed August 23, 1996.  The court ruled, in part, that the SID and SCWA shall release,
monitor and record specific instream flows in Putah Creek downstream of the Putah Diversion Dam
(lower Putah Creek).  The Court’s decision is currently under appeal and has been stayed.

D. ENVIRONMENTAL IMPACTS OF THE ALTERNATIVES

This section describes the effects of implementation of the alternatives on:  (1) salinity,
(2) hydrology, (3) landscape (construction-related impacts), (4) aquatic resources, (5) terrestrial
resources, and (6) recreation.

1. Salinity

This section describes the results of the salinity modeling, and the conclusions reached as a result of
the modeling studies.  In general, the results indicate that Suisun Marsh salinity objectives are met in
most months under all alternatives in the eastern and the central marsh.  Discussion is therefore
focused on the western compliance stations, S-35 and S-97, where a significant number of
objective exceedences occur.  The hydrodynamic and water quality model DWRDSM (Suisun
Marsh Version) was used to analyze the six methods for implementing Suisun Marsh objectives
described in section C above.  The model simulates the average monthly high tide salinities,
expressed in mmhos/cm, for the 1922-1994 time period.  Results are reported for all alternatives at
compliance monitoring stations C2, S-64, S-49, S-42, S-21, S-35, and S-97 (DWR 1997b, DWR
1999).

                    
5  SWRCB Order WR 96-0025 amended appropriative water rights in the upper Putah Creek watershed filed
subsequent to October 29, 1945 which were subject to condition 12 of the USBR's permitted water right
Applications 11199, 12578, and 12716.
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The SMSCG is operated within the model as needed to meet objectives during the October-May
control season.  In order to determine when gate operations would be required, two preliminary
model runs, without gate operation, were made using D-1485 and 1995 Bay/Delta Plan hydrology.
The preliminary model runs are designated as Alternatives 1A and 3A.  Though these are not
alternatives being analyzed in this EIR, the data is included in the table of results to document the
effect that SMSCG operation has on marsh salinity.  SMSCG operation is triggered whenever
salinity at S-21, S-35, S-49, or S-64 is within 2 mmhos/cm of the applicable monthly objective
during the control season (October through May).  Based on field test data, SMSCG operation has
little or no effect on salinity at S-97, hence S-97 is not used as a trigger for gate operation.

The alternatives were modeled as follows:

Alternative 1 - D-1485 objectives are in effect with SMSCG operation as described above.

Alternative 2 - Same as Alternative 1 plus operation of the Goodyear Slough tide gate, the
Cordelia-Goodyear Ditch, and augmentation of Green Valley Creek with up to 80 cfs from the
NBA.

Alternative 3 - 1995 Bay/Delta Plan objectives are in effect with full SMSCG operation.

Alternative 4 - 1995 Bay/Delta Plan objectives are in effect with same facilities and SMSCG
operation as Alternative 2.

Alternative 5 - Implementation of the SMPA Amendment III (SMPA 1998) is most like modeling
of Alternative 3 with the addition of September SMSCG operation, which mostly affects October
salinities during dry years.  Modeling of Amendment III could not include many management
actions, and would understate the net benefit that may be expected from implementation of the
alternative.

Alternative 6 - Same as Alternative 3 plus incremental flow augmentation in Green Valley Creek
from the FSSD and other unidentified sources until marsh standards are met at both
S-35 and S-97.

a. Modeling Results.  Results of the salinity modeling are summarized in Table VII-4 and in
Figures VII-7 through VII-15.  Results of the preliminary runs, Alternatives 1A and 3A, are
presented in Table VII-5.  The tables list the percentage of time that Suisun Marsh salinity
objectives are exceeded at each compliance station for each month of the salinity control season
over the 73-year period.  As D-1485 does not provide for relaxation of objectives during
deficiency periods, (as defined in footnote 2) a straight comparison of exceedence frequencies
under the two hydrologies can be misleading. Table VII-6 compares Alternatives 1 and 3 with
deficiency years excluded, thus providing a true comparison of the effect that base hydrology has
upon marsh salinity.
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The figures convey similar information in a graphical "area-frequency" format.  The plots are
designed to answer two questions: (1) how frequently objectives are exceeded; and
(2) by how much objectives are exceeded.  Area-frequency plots are prepared by subtracting the
monthly salinity standard from the progressive daily mean high tide salinity for the month at each
compliance station.  The resulting differences are sorted for the entire 73-year period from the
largest positive difference (above the objective) to the largest negative difference (below the
objective).  The sorted differences are normalized from 0 to 100 percent and then plotted.  The
amount by which an objective is exceeded over the entire 73-year period is estimated by calculating
an "exceedence index."  The exceedence index is defined as the ratio of the area above the zero
difference line to the total area both above and below the same line, expressed as a percent
(see Figure VII-7).

Comparison of the exceedence frequencies for Alternative 1 to 1A and Alternative 3 to 3A (Tables
VII-4 and VII-5) demonstrates the crucial role that the SMSCG plays in maintaining Suisun Marsh
water quality objectives.  Without SMSCG operation, only C-2 consistently meets objectives under
D-1485 hydrology.  The higher outflows in the 1995 Bay/Delta Plan produce compliance in April
and May at S-42, S-21, and S-35; otherwise, all stations exceed standards in some months without
SMSCG operation.  With SMSCG operation, all eastern stations (C-2, S-64, and S-49) and
stations S-42 and S-21 in the western marsh either meet, or very nearly meet, objectives under both
hydrologies.  All stations that meet objectives under D-1485 when the salinity control gates are
operating, are marginally freshened with 1995 Bay/Delta Plan hydrology.

Due to the effectiveness in meeting objectives in the eastern marsh and at S-42 and S-21 in the
western marsh with SMSCG operation, and the fact that the DWR and the USBR alone have
operational control of the gates, there will be no further consideration given to implementation of
1995 Bay/Delta Plan objectives at these stations.  The remaining discussion will focus on alternative
methods for meeting objectives at S-35 and S-97.  The impact of removing treated wastewater
from Boynton Slough (Station S-40) under Alternative 6 will also be discussed.

b. Salinity Impacts at S-97.  Compliance station S-97 is located on Cordelia Slough at the Ibis
Club in the northwestern corner of the marsh.  It is located furthest from the SMSCG and therefore
is least affected, if at all, by SMSCG operation.  Salinities in the northwest marsh are influenced
strongly by freshwater inflow from tributary creeks.  Green Valley Creek flows have a direct effect
on salinity at S-97.

c. Salinity Impacts at S-35.  Station S-35 is located in the southwestern corner of the marsh
on Goodyear Slough at the Morrow Island Club.  Like S-97, S-35 benefits from the increased
outflow required by the 1995 Bay/Delta Plan.  The flow augmentation proposed in Alternatives 2
and 4 benefits S-35 considerably less than S-97.  Salinity control at S-35 is achieved primarily
through operation of the Cordelia-Goodyear Ditch and the associated tide gates. Exceedence
frequencies are reduced by 5.8 percentage points when Alternatives 2 and 4 are compared, but
remain significant at 12.7 percentage points under Alternative 4.  The exceedence index is reduced
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T a b l e  V I I - 4

P e r c e n t a g e  o f  T i m e  S u i s u n  M a r s h  S a l i n i t y  O b j e c t i v e s

W o u l d  b e  E x c e e d e d  b y  S t a t i o n  a n d  b y  M o n t h

A l t e r n a t i v e  1

E x c e e d e n c e

Station O c t N o v D e c J a n F e b M a r A p r M a y Index

East C-2 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 5 . 5 0 . 0 0 . 0 0 . 1

S64 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0

S49 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0

W e s t S42 0 . 0 0 . 0 0 . 0 0 . 0 9 . 6 2 . 7 0 . 0 0 . 0 0 . 2

S21 0 . 0 0 . 0 0 . 0 0 . 0 1 1 . 0 4 . 1 0 . 0 0 . 0 0 . 3

S35 5 3 . 4 3 8 . 4 2 3 . 3 1 2 . 3 1 5 . 1 8 . 2 6 . 8 9 . 6 6 . 1

S97 6 4 . 4 7 1 . 2 3 0 . 1 3 4 . 2 5 6 . 2 6 3 . 0 9 . 6 1 6 . 4 3 5 . 5

E x c e e d e n c e

Station O c t N o v D e c J a n F e b M a r A p r M a y Index

East C-2 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 4 . 1 0 . 0 0 . 0 0 . 0

S64 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0

S49 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0

W e s t S42 0 . 0 0 . 0 0 . 0 0 . 0 6 . 8 1 . 4 0 . 0 0 . 0 0 . 1

S21 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 1 . 4 0 . 0 0 . 0 0 . 0

S35 5 7 . 5 4 1 . 1 5 . 5 4 . 1 2 6 . 0 8 . 2 5 . 5 0 . 0 4 . 4

S97 2 4 . 7 4 . 1 0 . 0 0 . 0 1 5 . 1 8 . 2 0 . 0 0 . 0 0 . 6

E x c e e d e n c e

Station O c t N o v D e c J a n F e b M a r A p r M a y Index

East C-2 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0

S64 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0

S49 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0

W e s t S42 0 . 0 0 . 0 0 . 0 0 . 0 1 . 4 0 . 0 0 . 0 0 . 0 0 . 0

S21 0 . 0 0 . 0 0 . 0 0 . 0 5 . 5 0 . 0 0 . 0 0 . 0 0 . 0

S35 4 9 . 3 3 9 . 7 1 2 . 3 6 . 8 5 . 5 0 . 0 0 . 0 0 . 0 3 . 5

S97 5 6 . 2 5 7 . 5 2 8 . 8 2 0 . 5 3 8 . 4 4 2 . 5 0 . 0 5 . 5 1 8 . 6

E x c e e d e n c e

Station O c t N o v D e c J a n F e b M a r A p r M a y Index

East C-2 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0

S64 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0

S49 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0

W e s t S42 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0

S21 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0

S35 4 9 . 3 3 0 . 1 4 . 1 1 . 4 1 6 . 4 0 . 0 0 . 0 0 . 0 2 . 2

S97 2 0 . 5 2 . 7 0 . 0 0 . 0 1 2 . 3 0 . 0 0 . 0 0 . 0 0 . 2

E x c e e d e n c e

Station O c t N o v D e c J a n F e b M a r A p r M a y Index

East C-2 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0

S64 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0

S49 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0

W e s t S42 0 . 0 0 . 0 0 . 0 0 . 0 1 . 4 0 . 0 0 . 0 0 . 0 0 . 0

S21 0 . 0 0 . 0 0 . 0 0 . 0 5 . 5 0 . 0 0 . 0 0 . 0 0 . 0

S35 4 7 . 9 3 9 . 7 1 1 . 0 6 . 8 5 . 5 0 . 0 0 . 0 0 . 0 3 . 0

S97 5 0 . 7 4 7 . 9 1 5 . 1 1 5 . 1 3 7 . 0 3 8 . 4 0 . 0 5 . 5 1 2 . 4

Other S40 0 . 0 0 . 0 0 . 0 0 . 0 6 . 8 6 . 8 0 . 0 0 . 0 0 . 2

E x c e e d e n c e

Station O c t N o v D e c J a n F e b M a r A p r M a y Index

East C-2 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0

S64 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0

S49 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0

W e s t S42 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0

S21 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0

S35 8 . 2 2 . 7 4 . 1 0 . 0 1 . 4 0 . 0 0 . 0 0 . 0 0 . 1

S97 6 . 8 4 . 1 0 . 0 0 . 0 1 3 . 7 1 3 . 7 0 . 0 0 . 0 0 . 1

A l t e r n a t i v e  6

A l t e r n a t i v e  2

A l t e r n a t i v e  3

A l t e r n a t i v e  4

A l t e r n a t i v e  5
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T a b l e  V I I - 5

P e r c e n t a g e  o f  T i m e  S u i s u n  M a r s h  S a l i n i t y  O b j e c t i v e s

W o u l d  b e  E x c e e d e d  b y  S t a t i o n  a n d  b y  M o n t h

W i t h o u t  S u i s u n  M a r s h  S a l i n i t y  C o n t r o l  G a t e  O p e r a t i o n

A l t e r n a t i v e  1 A

E x c e e d e n c e

Stat ion O c t N o v D e c Jan F e b M a r A p r M a y Index

E a s t C - 2 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 1 . 4 0 . 0 0 . 0 0 . 0

S 6 4 2 1 . 9 5 7 . 5 4 5 . 2 3 7 . 0 2 4 . 7 1 9 . 2 1 3 . 7 1 3 . 7 2 2 . 8

S 4 9 6 5 . 8 6 9 . 9 4 7 . 9 4 3 . 8 4 2 . 5 3 1 . 5 9 . 6 1 3 . 7 3 2 . 8

W e s t S 4 2 6 5 . 8 7 1 . 2 4 7 . 9 4 1 . 1 4 7 . 9 3 2 . 9 8 . 2 1 3 . 7 3 2 . 3

S 2 1 6 5 . 8 7 1 . 2 4 5 . 2 4 1 . 1 4 6 . 6 3 4 . 2 8 . 2 1 3 . 7 3 1 . 4

S 3 5 6 5 . 8 5 4 . 8 3 9 . 7 2 6 . 0 2 6 . 0 1 2 . 3 8 . 2 1 5 . 1 1 6 . 3

S 9 7 6 8 . 5 7 6 . 7 4 9 . 3 4 6 . 6 5 8 . 9 6 5 . 8 1 9 . 2 3 5 . 6 5 0 . 9

A l t e r n a t i v e  3 A

E x c e e d e n c e

Stat ion O c t N o v D e c Jan F e b M a r A p r M a y Index

E a s t C - 2 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0

S 6 4 1 3 . 7 5 6 . 2 4 3 . 8 3 7 . 0 2 7 . 4 1 5 . 1 1 1 . 0 1 2 . 3 1 8 . 8

S 4 9 5 6 . 2 6 4 . 4 4 7 . 9 4 2 . 5 4 1 . 1 3 0 . 1 8 . 2 2 . 7 2 8 . 3

W e s t S 4 2 5 6 . 2 6 3 . 0 4 5 . 2 3 9 . 7 3 2 . 9 1 2 . 3 0 . 0 0 . 0 2 0 . 0

S 2 1 5 6 . 2 6 3 . 0 4 2 . 5 3 8 . 4 3 1 . 5 1 7 . 8 0 . 0 0 . 0 1 9 . 3

S 3 5 5 6 . 2 5 0 . 7 3 7 . 0 2 0 . 5 1 2 . 3 0 . 0 0 . 0 0 . 0 1 0 . 0

S 9 7 5 8 . 9 6 3 . 0 4 5 . 2 3 8 . 4 4 2 . 5 5 0 . 7 8 . 2 1 6 . 4 3 2 . 0

T a b l e  V I I - 6

P e r c e n t a g e  o f  T i m e  S u i s u n  M a r s h  S a l i n i t y  O b j e c t i v e s

W o u l d  b e  E x c e e d e d  b y  S t a t i o n  a n d  b y  M o n t h

W i t h  S M P A  D e f i c i e n c y  Y e a r s  E x c l u d e d

A l t e r n a t i v e  1

E x c e e d e n c e

Stat ion O c t N o v D e c Jan F e b M a r A p r M a y Index

E a s t C - 2 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0

S 6 4 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0

S 4 9 5 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0

W e s t S 4 2 5 . 0 0 . 0 0 . 0 0 . 0 1 . 7 0 . 0 0 . 0 0 . 0 0 . 1

S 2 1 5 . 0 0 . 0 0 . 0 0 . 0 3 . 3 0 . 0 0 . 0 0 . 0 0 . 1

S 3 5 4 3 . 3 2 5 . 0 1 3 . 3 1 . 7 5 . 0 1 . 7 1 . 7 3 . 3 3 . 4

S 9 7 5 1 . 7 6 1 . 7 1 8 . 3 2 1 . 7 4 6 . 7 5 8 . 3 1 . 7 8 . 3 2 4 . 3

A l t e r n a t i v e  3

E x c e e d e n c e

Stat ion O c t N o v D e c Jan F e b M a r A p r M a y Index

E a s t C - 2 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0

S 6 4 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0

S 4 9 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0

W e s t S 4 2 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0

S 2 1 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0

S 3 5 4 0 . 0 2 5 . 0 8 . 3 5 . 0 3 . 3 0 . 0 0 . 0 0 . 0 2 . 3

S 9 7 4 6 . 7 4 6 . 7 1 6 . 7 1 8 . 3 3 6 . 7 4 3 . 3 0 . 0 3 . 3 1 3 . 6

S M P A  d e f i c i e n c y  y e a r s  e x c l u d e d  a r e :   1 9 2 5 ,  1 9 2 6 ,  1 9 3 0 ,  1 9 3 1 ,  1 9 3 2 ,  1 9 3 3 ,  1 9 3 4 ,  1 9 7 7 ,  1 9 8 8 ,  1 9 8 9 ,  1 9 9 0 ,  1 9 9 1 ,  a n d  1 9 9 2 .
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Area-frequency plots are prepared to indicate how often and to what extent salinity at a particular location 
was either above or below standards or target salinity.

Objective of Area-Frequency Plots:

Definition of Frequency and Exceedence:

Frequency above standards: Defined to be where the area frequency plot crosses the zero line.

Exceedence Index: Defined to be the area above the zero line divided by the sum of the areas above and below the
the zero line, and multiplied by 100 to convert to a percentage. The equation and an example
calculation are shown below:

Area-Frequency Preparation:

To prepare the area-frequency plots, the standards (normal or deficiency) were subtracted fromthe respective mean
monthly high tide salinities for the control season. The differences were then assigned to each month and sorted from
the largest positive difference (above the target standard) to the greatest negative difference (below the target
standard). The sorted differences were then normalized from 1 to 100 percent and plotted.

area above = 888

area below = 1941

40.8

Example of Area-Frequency Analysis
Plot and Table for Site X

Ex c e e d e n c e  Index =[A r e  a A b o  v  e / (A r e  a A b o  v  e +A r e a B e l o w ) ] X 10 0
31.4%  = [8 8 8/(8 8 8+19 41)]x10 0

DWR, Suisun Marsh Planning
08/25/97

Figure VII-7

Site Frq. Above

Std. %

Exceedence

Index %

X 40.8 31.4
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Salinity Area-Frequency Analysis
Sacramento River at Collinsville (C-2) 

October Through May  of Water Years 1922-1994

DWRDSMSalinity Minus  D1485Standard 

DWRDSMSalinity Minus 1995WQCP Standard

Alternative 1 Alternative 2

Alternative 3 Alternative 4
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Figure VII-8
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Salinity Area Frequency Analysis
Montezuma Slough at National Steel (S64) 
October Through May  of Water Years 1922 -1994

DWRDSMSalinity Minus  D1485Standard 

DWRDSMSalinity Minus 1995WQCP Standard 

Alternative 1 Alternative 2

Alternative 3 Alternative 4

Frequency (%)
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Figure VII-9
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Salinity Area-Frequency Analysis
Montezuma Slough near Boldon Landing (S-49)

October Through May  of Water Years 1922 -1994

DWRDSMSalinity Minus  D1485Standard  

DWRDSMSalinity Minus 1995WQCP Standard 

Alternative 1 Alternative 2

Alternative 3 Alternative 4
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Figure VII-10
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Salinity Area Frequency Analysis
Suisun Slough South of Volanti Slough (S-42)

October Through May  of  WaterYears 1922 -1994

DWRDSMSalinity Minus  D1485Standard  

DWRDSMSalinity Minus  1995WQCP Standard  

Alternative 1 Alternative 2

Alternative 3 Alternative 4
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Figure VII-11
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Salinity Area-Frequency Analysis
Chadbourne Slough at Chadbourne Road (S-21)

October Through May  of WaterYears 1922-1994 

DWRDSMSalinity Minus  D1485Standard  

DWRDSMSalinity Minus  1995WQCP Standard  

Alternative 1 Alternative 2

Alternative 3 Alternative 4
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Figure VII-12
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Salinity Area-Frequency Analysis
Goodyear Slough at Morrow Island Clubhouse (S-35)

October Through May of  Water Years 1922 - 1994 

DWRDSMSalinity Minus  D1485Standard

DWRDSM Salinity Minus  1995WQCP Standard 

Alternative 1 Alternative 2

Alternative 3 Alternative 4
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Figure VII-13
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Salinity Area-Frequency Analysis
Cordelia Slough at Cordelia Goodyear Ditch (S-97)

October Through May  of Water Years 1922 -1994

DWRDSMSalinity Minus  D1485Standard 

DWRDSMSalinity Minus 1995WQCP Standard

Alternative 1 Alternative 2

Alternative 3 Alternative 4

Frequency (%)

D
iff

er
en

ce
 in

 S
pe

ci
fic

 C
on

du
ct

an
ce

 (m
S/

cm
)

Figure VII-14
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T a b l e  V I I - 7

E s t i m a t e d  M o n t h l y  F l o w  A u g m e n t a t i o n

R e q u i r e d  f o r  S u i s u n  M a r s h  A l t e r n a t i v e s

W a t e r  Y e a r s  1 9 2 2 - 1 9 9 4   ( T A F )

A l t e r n a t i v e O c t N o v D e c J a n F e b M a r A p r M a y T o t a l  

W e t  Y e a r s

A l t  2 1 . 7 0 . 1 0 0 0 0 0 0 1 . 8

A l t  4 0 . 9 0 0 0 0 0 0 0 0 . 9

A l t  6 1 1 . 2 0 . 6 0 0 0 . 6 0 . 4 0 0 1 2 . 8

A b o v e  N o r m a l  Y e a r s

A l t  2 2 . 2 0 . 5 0 0 0 0 0 0 2 . 7

A l t  4 0 . 8 0 . 2 0 0 0 0 0 0 1 . 0

A l t  6 7 . 1 1 . 3 0 0 0 . 3 0 . 2 0 0 8 . 8

B e l o w  N o r m a l  Y e a r s

A l t  2 0 . 7 0 . 1 0 0 0 . 1 0 0 0 1 . 0

A l t  4 0 . 3 0 . 0 0 0 0 . 2 0 0 0 0 . 5

A l t  6 4 . 8 0 . 5 0 0 . 3 1 . 4 0 . 6 0 0 7 . 7

D r y  Y e a r s

A l t  2 1 . 4 0 . 5 0 0 . 1 1 . 1 0 . 1 0 0 3 . 2

A l t  4 1 . 4 0 . 4 0 0 . 0 0 . 6 0 0 0 2 . 5

A l t  6 1 3 . 4 2 . 7 0 0 . 7 2 . 8 1 . 1 0 0 2 0 . 7

C r i t i c a l l y  D r y  Y e a r s

A l t  2 3 . 6 1 . 4 0 0 . 7 2 . 9 0 . 9 0 0 9 . 5

A l t  4 2 . 9 0 . 9 0 0 . 1 0 . 5 0 0 0 4 . 4

A l t  6 2 7 . 9 5 . 7 0 . 1 1 . 2 1 . 4 0 . 6 0 0 3 7 . 0

7 3 - Y e a r  A v e r a g e

A l t  2 1 . 8 0 . 5 0 0 . 1 0 . 7 0 . 2 0 0 3 . 4

A l t  4 1 . 2 0 . 3 0 0 0 . 3 0 0 0 1 . 8

A l t  6 1 2 . 8 2 . 0 0 0 . 4 1 . 3 0 . 6 0 0 1 7 . 2

1 9 2 8 - 1 9 3 4  C r i t i c a l  P e r i o d  A v e r a g e

A l t  2 3 . 7 1 . 5 0 0 . 3 3 . 4 0 . 9 0 0 1 0 . 0

A l t  4 2 . 6 0 . 9 0 0 0 . 4 0 0 0 3 . 9

A l t  6 2 3 . 6 5 . 7 0 0 . 3 1 . 1 0 . 5 0 0 3 1 . 2

A b s o l u t e  M a x i m u m

A l t  2 4 . 9 3 . 0 0 3 . 2 4 . 4 2 . 0 0 0 1 5 . 5

A l t  4 4 . 9 2 . 1 0 0 . 6 2 . 6 0 . 4 0 0 7 . 5

A l t  6 5 5 . 3 1 1 . 1 0 . 6 5 . 0 9 . 2 3 . 2 0 0 6 6 . 5
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T a b l e  V I I - 8

E s t i m a t e d  M o n t h l y  F l o w  A u g m e n t a t i o n

R e q u i r e d  f o r  S u i s u n  M a r s h  A l t e r n a t i v e s

W a t e r  Y e a r s  1 9 2 2 - 1 9 9 2   ( c f s )

A l t e r n a t i v e O c t N o v D e c J a n F e b M a r A p r M a y

W e t  Y e a r s

Al t  2 27 2 0 0 0 0 0 0

Al t  4 14 1 0 0 0 0 0 0

Al t  6 181 11 0 0 10 6 0 0

A b o v e  N o r m a l  Y e a r s

Al t  2 35 9 0 0 0 0 0 0

Al t  4 14 3 0 0 0 0 0 0

Al t  6 115 21 0 0 6 2 0 0

B e l o w  N o r m a l  Y e a r s

Al t  2 12 2 0 0 2 0 0 0

Al t  4 5 0 0 0 3 0 0 0

Al t  6 78 9 0 5 25 10 0 0

D r y  Y e a r s

Al t  2 23 9 0 1 19 1 0 0

Al t  4 23 6 0 0 11 0 0 0

Al t  6 218 45 0 11 50 17 0 0

C r i t i c a l l y  D r y  Y e a r s

Al t  2 59 24 0 11 51 14 0 0

Al t  4 48 15 0 1 9 1 0 0

Al t  6 454 96 2 19 25 10 0 0

7 3 - Y e a r  A v e r a g e

Al t  2 30 8 0 2 13 3 0 0

Al t  4 20 5 0 0 5 0 0 0

Al t  6 208 34 0 7 24 10 0 0

1 9 2 8 - 1 9 3 4  C r i t i c a l  P e r i o d  A v e r a g e

Al t  2 61 26 0 5 61 15 0 0

Al t  4 42 15 0 0 8 0 0 0

Al t  6 385 95 0 5 19 9 0 0

A b s o l u t e  M a x i m u m

Al t  2 80 50 0 52 79 33 0 0

Al t  4 80 35 0 10 47 7 0 0

Al t  6 899 187 10 81 160 52 0 0



Alternatives for Implementing
State Water Resources Control Board                                                                        Suisun Marsh Salinity Objectives

Final EIR for Implementation of the November 1999
1995 Bay/Delta Water Quality Control Plan

VII-42

by 2.2 percentage points for the same alternatives.  The exceedence frequency for Alternative 5 is
midway between Alternatives 3 and 4.  Alternative 6 has the lowest exceedence frequency and the
lowest exceedence index of the alternatives, but at a very high water cost.  The modeling predicts
that a peak October augmentation rate of 900 cfs would be needed to meet standards at S-35.
The73-year average augmentation rate in October is 205 cfs.  Data on augmentation water costs
are presented in Tables VII-7 and VII-8.  In general, the difference in water cost between
Alternative 6 and Alternative 4, 15,200 AF on average, is the additional water required to meet
objectives at S-35.

d. Salinity Impacts at Boynton Slough (S-40).  Alternative 6 augments Green Valley Creek
with effluent from the FSSD treatment plant and other sources.  To the extent that this water comes
from the treatment plant, there is a potential for impact to salinity in Boynton Slough. Though the
maximum rate of FSSD augmentation is 20 cfs, the limited availability of wastewater, and the
desirability of maintaining a net downstream flow of 3 cfs in Boynton Slough, results in augmentation
rates which are frequently less than 10 cfs. The modeling showed that a slight increase in salinity
would occur at the location under Alternative 6.  The average exceedence of the objectives on an
annual basis increased from no exceedence under Alternative 3 to 1.7 percentage exceedence.  This
is not considered a significant impact.

e. Suisun Marsh Salinity Control Gate Operation.  The SMSCG is operated as needed
under all alternatives to help meet salinity objectives.  There are three different modes of operation:
(1) operation using D-1485 hydrology (Alternatives 1 and 2); (2) operation using 1995 Bay/Delta
Plan hydrology (Alternatives 3, 4, and 6); and (3) operation using 1995 Bay/Delta Plan hydrology
plus September gate closure (Alternative 5).  The frequency with which the SMSCG is operated in
the DWRDSM model runs is presented in Table VII-9.

The SMSCG operates less frequently in all months of all water year classifications, especially in the
February through May period, under 1995 Bay/Delta Plan hydrology.  The western marsh stations
S-35 and S-21 are most often responsible for triggering gate operations under both hydrologies. 
Allowance for SMSCG operation in September reduces the frequency of gate operation in October
of Below Normal water years only, due to the fact that carryover of antecedent salinity is generally
less than one month.  The magnitude of exceedences are reduced with September gate operation. 
Stations meeting standards without September gate operation are marginally freshened.

2. Hydrology

This section describes changes in flows in natural and constructed channels and changes in reservoir
levels as a result of implementing the different alternatives.  A comparison of the hydrologic changes,
from existing conditions to the various alternatives, is made for the following water bodies and
facilities:  (a) Green Valley Creek, (b) Lake Madigan and Lake Frey, (c) Sacramento River,
(d) NBA, (e) FSSD, (f) Putah-South Canal, and (g) Lake Berryessa.  A description of the physical
facilities needed to implement the different alternatives precedes this discussion in section C.
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The modeling used to determine salinity impacts within the marsh also produced estimates of
monthly flow augmentation required by various alternatives.  Monthly estimates for different water
year classifications are presented in Tables VII-8 and VII-9.  The annual Green Valley Creek
augmentation frequency is presented in Table VII-10.

Table VII-9

Suisun Marsh Salinity Control  Gate Operation Frequency (%)

Alternatives  1  and 2  (without  September operation)

W a t e r  Y e a r

T y p e O c t N o v D e c J a n F e b M a r A p r M a y S e p t

C 8 5 . 7 8 5 . 7 8 5 . 7 8 5 . 7 8 5 . 7 8 5 . 7 8 5 . 7 9 2 . 9 0 . 0

D 7 1 . 4 8 5 . 7 8 5 . 7 7 8 . 6 9 2 . 9 9 2 . 9 6 4 . 3 6 4 . 3 0 . 0

B N 5 0 . 0 7 0 . 0 5 0 . 0 5 0 . 0 7 0 . 0 7 0 . 0 3 0 . 0 3 0 . 0 0 . 0

A N 5 4 . 5 8 1 . 8 7 2 . 7 6 3 . 6 5 4 . 5 5 4 . 5 2 7 . 3 2 7 . 3 0 . 0

W 6 8 . 0 6 8 . 0 3 6 . 0 2 1 . 0 2 8 . 0 1 0 . 0 1 6 . 0 1 6 . 0 0 . 0

A v g 6 8 . 5 7 8 . 1 6 3 . 0 5 6 . 2 6 1 . 6 6 5 . 8 4 2 . 5 4 3 . 8 0 . 0

Alternatives  3 ,  4  and 6  (without September operation)

W a t e r  Y e a r

T y p e O c t N o v D e c J a n F e b M a r A p r M a y S e p t

C 8 3 . 3 9 1 . 7 8 3 . 3 9 1 . 7 9 1 . 7 7 5 . 0 1 6 . 7 5 0 . 0 0 . 0

D 5 6 . 3 7 5 . 0 6 8 . 8 6 2 . 5 7 5 . 0 5 6 . 3 0 . 0 6 . 3 0 . 0

B N 5 0 . 0 5 7 . 1 5 0 . 0 5 0 . 0 4 2 . 9 2 1 . 4 0 . 0 0 . 0 0 . 0

A N 4 5 . 5 4 5 . 5 2 7 . 3 9 . 1 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0

W 4 7 . 6 5 2 . 4 9 . 5 9 . 5 4 . 8 0 . 0 0 . 0 0 . 0 0 . 0

A v g 5 6 . 2 6 4 . 4 4 5 . 2 4 2 . 5 4 1 . 1 2 8 . 8 2 . 7 9 . 6 0 . 0

Alternative 5  (with September operation)

W a t e r  Y e a r

T y p e O c t N o v D e c J a n F e b M a r A p r M a y S e p t

C 8 3 . 3 9 1 . 7 8 3 . 3 9 1 . 7 9 1 . 7 7 5 . 0 1 6 . 7 5 0 . 0 1 0 0 . 0

D 5 6 . 3 7 5 . 0 6 8 . 8 6 2 . 5 7 5 . 0 5 6 . 3 0 . 0 6 . 3 1 0 0 . 0

B N 5 0 . 0 5 7 . 1 5 0 . 0 5 0 . 0 4 2 . 9 2 1 . 4 0 . 0 0 . 0 0 . 0

A N 4 5 . 5 4 5 . 5 2 7 . 3 9 . 1 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0

W 4 7 . 6 5 2 . 4 9 . 5 9 . 5 4 . 8 0 . 0 0 . 0 0 . 0 0 . 0

A v g 5 3 . 4 6 4 . 4 4 5 . 2 4 2 . 5 4 1 . 1 2 8 . 8 2 . 7 9 . 6 3 8 . 4

Y e a r  T y p e s  a r e  b a s e d  o n  t h e  S a c r a m e n t o  4 0 - 3 0 - 3 0  I n d e x ,  a s  d e f i n e d  i n  t h e  1 9 9 5  B a y / D e l t a  P l a n
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a. Green Valley Creek.  Flow augmentation in Green Valley Creek could be accomplished in
four ways: (1) releasing water from the two City of Vallejo reservoirs in the upper watershed;
(2) pumping tertiary-treated effluent from the FSSD treatment plant into lower Green Valley Creek;
(3) transporting water from Barker Slough on the Sacramento River via the NBA; and (4) releasing
Lake Berryessa water into Putah-South Canal then into lower Green Valley Creek.

The source and method of transportation of the water would dictate where it was released into
Green Valley Creek and would influence the biota in the creek downstream of the release point. 
The release of water from the reservoirs would enhance the flows throughout the length of Green
Valley Creek, whereas the flow augmentation with water from either the FSSD, the NBA, or
Putah-South Canal would enhance the flows only in the lower portion of the creek.  The effect on
the marsh, downstream of Green Valley Creek, would be slightly different due to the differences in
water quality from the different sources; however, the major influence on the marsh would be the
amount of fresh water input rather than the source.

Table VII-10
Frequency of Green Valley Creek Flow Augmentation

Percentage of Months with Average Flow Greater than the Value (cfs)

Alternative >0 >5 >15 >40 >75 >150

Alt 2 17.3 17.0 13.7 7.2 3.8 0.0

Alt 4 12.5 11.0 8.0 3.4 0.7 0.0

Alt 6 26.2 25.2 21.6 13.7 10.3 6.0

To conduct the modeling studies, the hydrology of Green Valley and Suisun creeks was synthesized
from local rainfall data.  The calculated flows were calibrated against available historic data for the
creeks.  Knowledge of creek base flow is needed in order to calculate the additional flow needed to
meet objectives.  The information suggests that Green Valley Creek experiences peak flows of
about 200 cfs.

Alternatives 2, 4, and 6 require augmentation of Green Valley Creek flows (see Tables VII-8 and
VII-9).  The highest augmentation rates occur in October, followed by November, February and
March.  The modeling studies suggest that under Alternative 6, average monthly augmentations of
greater than 150 cfs would be required 6 percent of the time, up to a maximum of 900 cfs. 
Maximum annual water cost of the alternative would be 66.5 TAF.  Nearly full compliance with
salinity standards at S-97 can be achieved with a maximum release into Green Valley Creek from
the NBA of 80 cfs under Alternatives 2 and 4.  The difference between the Alternative 6 and
Alternative 4 augmentation rates represents the additional amount of freshwater inflow needed to
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meet objectives at S-35.  The general effect of Alternative 6 in the vicinity of S-97 would be to
produce salinities significantly lower than the historic condition.  Green Valley Creek flow would not
be augmented from June through September, nor during periods of high natural flow.

The resources potentially impacted by flow augmentation in Green Valley Creek are aquatic and
terrestrial habitats discussed in sections 4 and 5 below.  Unmanaged tidal wetlands downstream of
Green Valley Creek might also be affected.  The extent of the impact would be influenced by:
(1) the source of water used for flow augmentation; (2) when it is released; and (3) where the flow
is released into the creek.

b. Lake Madigan and Lake Frey.  Lake Madigan, Lake Frey, and Lake Curry together
constitute the City of Vallejo's Lakes Water System.  Over time the system has evolved from the
primary water source for the city to a source that provides less than 5 percent of the average City
demand.  As the city continues to grow, the Lakes System will supply even less.  It is, however, the
sole drinking water source for over 700 connections in unincorporated Solano County.

The production records for the Lakes Water System reveal that average annual raw water use
during the 1977-1988 period was 358 AF and 1,757 AF for the Green Valley Creek reservoirs
and Lake Curry, respectively (City of Vallejo 1989, 1994).  The capacities of the reservoirs exceed
the average annual use, as indicated in Table VII-3.  Releases from Lake Curry flow into Suisun
Creek and then Chadbourne Slough in the northwestern marsh, influencing salinity in the general
vicinity of S-21.  At present, no flow augmentation is proposed for Suisun Creek because the
objectives are generally met at S-21. Therefore, Lake Curry will receive no further consideration.

Lake Madigan and Lake Frey have a combined capacity of 2,819 AF.  If 700 AF were reserved
for municipal use, and the reservoirs had no minimum pool, then a maximum of 2,119 AF of water
might be available on an annual basis.  In Alternative 6, the average annual augmentation quantity is
17.2 TAF.  Hence, even under ideal circumstances, these lakes could supply no more than
8 percent of the average annual water requirement.  If a bypass flow of 1 cfs from October through
May was required pursuant to Fish and Game Code section 5937, about 480 AF per year would
be needed, representing nearly 80 percent of the safe yield of the system.  Such a bypass flow
would clearly have a beneficial impact on riparian habitat in the upper Green Valley Creek
watershed.  By itself, it would have little impact on salinity at S-97, and none at S-35.

c. Sacramento River.  Water is pumped from the Sacramento River at Barker Slough into the
NBA to supplement flows in Green Valley Creek under Alternatives 2, 4 and 6.  The DWR
modeling assumes that the NBA has 80 cfs of available capacity.  Thus, in any given month a
maximum of 4.9 TAF could be pumped.  This amount of water represents 0.6 percent of the
average October flow at Freeport on the Sacramento River, an insignificant reduction in
Sacramento River flow.  Increased pumping could have a significant impact on aquatic resources in
Barker Slough, particularly delta smelt.  This issue is discussed further in section D.5 of this chapter.
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d. North Bay Aqueduct.  The NBA has a capacity of 174 cfs from Barker Slough pumping
plant to Cordelia Forebay.  The modeling assumes that there is 80 cfs of available capacity in the
aqueduct during the October-May salinity control season.  Under Alternatives 2 and 4, the full
capacity would be utilized less than one percent of the time.  However, about six percent and three
percent of the time, respectively, additional pumping capacity would be needed to fill the pipeline.  If
the NBA were to be used to help augment Green Valley Creek flow under Alternative 6, there is
sufficient capacity to meet the requirement in 90 percent of months.  The maximum annual amount of
water conveyed for augmentation purposes would be 22 TAF.  The average annual amount would
be 6 TAF.

Environmental impacts of increased NBA conveyance take place at the point of diversion and
downstream of the point of discharge.

e. FSSD Wastewater Treatment Plant.  Alternative 6 assumes that up to 20 cfs of treated
wastewater from the FSSD could be available for dilution flow in Green Valley Creek during the
December to March period and lesser amounts in other months.  The modeling further assumes that
a minimum discharge of three cfs would be maintained in Boynton Slough to prevent stagnation. 
The maximum annual amount of water transferred from the FSSD to Green Valley Creek is
4.3 TAF; the 73-year average amount is 1.2 TAF.  A significant impact to the hydrology of
Boynton Slough or Green Valley Creek is unlikely.

f. Putah-South Canal.  The Putah-South Canal could be used in Alternative 6 to augment flow
in Green Valley Creek.  The canal is concrete lined and has a capacity of 116 cfs in the vicinity of
Green Valley Creek.  Water could be released through the Green Valley Wasteway, having at
present a capacity of 14 cfs, or it could be released from the terminal reservoir through a new
pipeline.  Water diverted into the canal is derived mainly from release of water stored in Lake
Berryessa.

Data supplied to the SWRCB by SCWA indicates that diversion into the Putah-South Canal in
October averages about 210 cfs and that October agricultural demand is about 150 cfs, leaving
about 50 cfs of available capacity in the terminal reach of the canal.  If augmentation flows in
Alternative 6 came from the Putah-South Canal alone, there would be sufficient capacity to meet the
augmentation requirement in 88 percent of months.  If augmentation flows in Alternative 6 came
from both the NBA and the Putah-South Canal, there would be sufficient combined capacity to
meet the augmentation requirement in 93 percent of months.  The maximum annual water cost of
using the Putah-South Canal alone to meet the Alternative 6 augmentation requirement would be
14.8 TAF.  The average annual cost would be 4.4 TAF.

Environmental impacts of increased Putah-South Canal conveyance would occur mainly at the point
of release into Green Valley Creek.  Commitments to provide instream flow below Putah Creek
diversion dam would remain unchanged.
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g. Lake Berryessa.  The water supply for Lake Berryessa is derived from the 568 square mile
drainage basin above the dam.  The elevation of the basin ranges from 182 feet at the dam to
4,772 feet at the upper end of Putah Creek, with most of the basin lying below 1,500 feet.  There
are four principal creeks that flow into Lake Berryessa: (1) Capell Creek; (2) Pope Creek;
(3) Eticuera Creek; and (4) Putah Creek, the main drainage in the basin.  Lake Berryessa has a
storage capacity of 1.6 MAF at an elevation of 440 feet.  The average annual inflow to the reservoir
is 369 TAF; the annual firm yield is 201 TAF.  A release of 22 TAF is required annually to meet
prior downstream water rights along Putah Creek.  An upstream reservation of 33 TAF was
established by the SWRCB to provide water for future development of the area above Monticello
Dam.  The USBR has appropriated 7.5 TAF of the reservation to provide for future development
around the lake. The reservoir water level may fluctuate from 455 feet to a minimum elevation of
253 feet.  A water level of 309 feet is considered dead storage elevation.  During the severe
drought of 1977 the level was lowered to 388 feet (USBR 1992).

The average annual amount of water that might be required from Lake Berryessa would be
4.4 TAF, or 2.2 percent of the average project safe yield, if this were the sole source of
augmentation flow.  The maximum annual water cost would be 14.6 AF.  Though the impact on
water surface elevation might appear small when compared to the maximum reservoir capacity, it
becomes potentially significant under dry conditions and could affect the yield of the Solano Project.

3. Landscape (Construction-Related) Impacts

Some of the alternatives for implementing the Suisun Marsh salinity objectives involve impacts due
to construction.  If an alternative is chosen that results in construction impacts, detailed site-specific
environmental documentation will need to be completed by the agencies charged with carrying out
the alternative.  The following discussion is programmatic in nature.  A detailed description of
specific construction actions is contained in the DWR/USBR publication "Screening Alternative
Actions and Describing Remaining Actions for the Proposed Western Suisun Marsh Salinity Control
Project" (DWR 1993).  The potential impacts to terrestrial resources (plants and animals) are
described in section 4 below.

a. Alternatives 1 and 3.  Alternatives 1 and 3 require no new facilities and therefore would not
result in construction-related impacts.  Any impacts to terrestrial resources would be a result of
changes in channel water salinity that could affect the unmanaged tidal marshes.  Any changes in
terrestrial resources on the managed marshes would primarily be a result of water management
practices on the private and state lands.

b. Alternatives 2 and 4.  Alternatives 2 and 4 require identical facility modification and new
construction.  Green Valley Creek flow augmentation would require minor reconstruction of the
NBA to accommodate sustained releases to the creek. The Cordelia-Goodyear Ditch and the
Goodyear Slough Tide Gate would require major amounts of construction in the vicinity of S-35. 
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Therefore, implementing either of these alternatives would result in potentially significant
construction-related impacts, depending on the projects ultimately approved.

North Bay Aqueduct.  Water transported in the NBA could be released from the Cordelia
Pumping Plant to an unlined ditch tributary to Green Valley Creek.  The ditch is owned by the
City of Fairfield and is not available on a long-term basis.  A long-term solution would require
minor modification of the emergency spillway at the Cordelia Forebay to accommodate
sustained releases.

Cordelia-Goodyear Ditch.  The approximately 6,300 foot-long ditch would be 100 feet
wide and require excavation of 225,100 cubic yards of material.  The sixteen foot wide levee
roads on either side would require the placement of 61,800 cubic yards of fill.  Construction
would be required for access/haul roads, pile-supported bridges, the inlet and outlet tide
gates, and placement of culverts.  Construction related impacts would be significant. 
Operation and routine maintenance of this facility could result in continuing impacts to
endangered species in the area.  Detailed site investigations and further environmental
documentation would have to be completed prior to construction.

Goodyear Slough Tide Gate.  The Goodyear Slough Tide Gate would be similar in
construction to the SMSCG, featuring two radial gates, a flashboard structure, and a boat
lock.  Modules would be constructed in a dry dock facility and floated to the site.  On-site
modifications include the construction of setback levees to accommodate the structure,
channel dredging, access and haul roads, and a control building.  Construction related impacts
would be significant.  Operation and routine maintenance of the tide gate could result in
continuing impacts to endangered species.  Detailed site investigations and further
environmental documentation would have to be completed prior to construction.

c. Alternative 5.  The actions in Alternative 5 are water management activities that would not
result in construction related land disturbance.  Environmental documentation for the SMPA
Amendment III actions has been prepared jointly by the DWR, USBR, DFG, and the SRCD.

d. Alternative 6.  Alternative 6, which emphasizes flow augmentation in Green Valley Creek,
would require moderate construction to accommodate additional flow through existing waterways. 
If the NBA were used to convey the water, the construction impacts would be the same as
described for Alternatives 2 and 4 above.  If the Putah-South Canal were used to convey Lake
Berryessa water into Green Valley Creek, then modification to the existing Green Valley Wasteway
would be needed to transport the water on a long-term basis.  Alternatively, a pipeline of about
0.3 mile in length could be constructed between the Putah-South Canal terminal reservoir and the
creek.  This work could be completed in about 15 working days and would have minor
construction related impacts (DWR 1993).  If Alternative 6 were chosen, detailed site investigations
and further environmental documentation would have to be completed prior to construction.
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This Alternative might also require modification of the FSSD facility to provide flow augmentation to
Green Valley Creek.  The FSSD could pump treated effluent, in reverse of the usual direction,
through an existing 27-inch force main.  This action would require a new pump, the replacement of
an existing pump, 1,200 feet of new pipeline, and a concrete energy dissipater adjacent to Green
Valley Creek.  Construction impacts would occur mainly within the existing FSSD treatment plant
boundary.

4. Potential Impacts to Terrestrial and Wetland Resources

The Suisun Marsh alternatives will result in channel water salinity slightly different from historic
conditions.  This may either indirectly affect terrestrial habitat or directly affect wetland habitat within
the marsh.  Some of the alternatives, if implemented, may significantly disturb limited areas of the
marsh habitat.  Others will cause minor disturbances to areas near the marsh.  In this section, the
general effects of changes in channel water salinity are discussed first, then the effects specific to an
alternative are considered.  The following discussion is programmatic with regard to construction
related impacts; detailed site-specific environmental documentation will be developed by the agency
responsible for the construction if an alternative is chosen that necessitates construction.

Hydrology is the most important factor for establishment and maintenance of specific types of
wetland habitat.  Hydrologic conditions affect many abiotic factors including, but not limited to,
channel water salinity.  These factors, in turn, determine the flora and fauna that develops in the
wetlands.  The three Suisun Marsh wetland types that may be influenced by salinity are: undiked
tidal wetlands, diked seasonal wetlands, and diked permanent wetlands (DWR 1994d).

When Europeans first arrived, the Suisun region was an expanse of continuous tidal marsh. Diking
of the historic marsh proceeded over time from the late 1870’s through the 1970’s, though by the
1930’s nearly 90 percent of the total area had been diked.  Now, less than eight percent of the
original area remains.  Tidal brackish marsh occurs where salt water from San Francisco Bay is
diluted by freshwater runoff from the interior rivers.  A delicate and highly fluctuating interaction
exists between saline and freshwater conditions on a diurnal, seasonal, and interannual cycle.  These
dynamic factors produce a mix of saline and freshwater species that varies locally due to soil salinity,
moisture, organic content, inundation, evaporation, and plant competition.  Biodiversity is high within
the brackish marshes as a result of this convergence (SEW 1997).  Many wetland experts believe
that retaining, to the extent possible, the full range of hydrologic conditions is essential for long term
maintenance of this diversity.

The primary wetland type in Suisun Marsh is diked seasonal wetland managed for wintering
waterfowl habitat.  Diked wetlands are areas of historic tidal marsh which have been isolated from
tidal influence.  Plant communities in the diked wetlands can vary widely from site to site.  The
diversity of species, and the overall quality of the habitat, is strongly influenced by land use and
water management practices.  Though the managed wetlands also support a wide variety of plants
and animals, they usually have fewer native species than natural tidal plant communities, and often a
larger component of exotic species.
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A small percentage of the managed waterfowl habitat is permanently flooded; the amount of this
habitat is limited due to mosquito abatement regulations.  A number of special status animal and
plant species occur in Suisun Marsh wetland habitats.  A listing of the sensitive terrestrial species
known from the area is included in Table VII-11.  Of the species listed in the table, about fifty
percent occur in habitat that may be influenced by changes in the channel water salinity resulting
from implementation of the Suisun Marsh water quality objectives (DWR 1994d). 

Under D-1485, the DWR and the USBR were responsible for meeting the salinity standards in the
marsh.  Compliance dates at various stations were met over time as the DWR and the USBR built
facilities to achieve the standards.  As part of the planning effort to determine how best to meet the
salinity objectives in the western marsh, the two agencies proposed the Western Suisun Marsh
Salinity Control Test (WSCT).  The test provided for augmentation of Green Valley Creek with
flow from the NBA and was to be conducted from September 1994 through May 1995.

The DWR, in compliance with the Endangered Species Act (ESA), requested informal consultation
with, and approval from, the USFWS to conduct the WSCT.  In October 1994, the USFWS
approved the September 1 to November 14 portion of the test; however, they expressed a concern
that continuation of the test for the remainder of the year would have an adverse affect on listed
endangered species.  The USFWS was also concerned that achieving the western marsh objectives
through flow augmentation might have a long-term negative impact on fish and wildlife habitat
(USFWS 1994).

The salinity objectives in D-1485 were designed to satisfy the water quality requirements of
waterfowl food plant species.  Alkali bulrush, fathen, and brass buttons were thought, when the
D-1485 objectives were established, to be the preferred food for migratory waterfowl using the
marsh.  The salinity objectives did not attempt to enhance the physical environment for pickleweed
and other more salt tolerant plant species used by the endangered California clapper rail, the salt
marsh harvest mouse, and other species as refuge and nesting habitat.  The objectives failed to
provide a salinity gradient from the eastern marsh to the western marsh reflective of the natural
gradient that would exist under natural conditions.  The USFWS concluded that as the D-1485
objectives sought to maintain an artificial regime, they do not enhance habitat appropriate for fish
and wildlife species currently residing in the area.  Furthermore, the objectives may cause conditions
that decrease or eliminate suitable tidal marsh habitat used by federally listed terrestrial species, thus
perpetuating their decline.

a. Alternatives 1 and 3.  The modeling of Alternative 1 assumes that the salinity objectives at
all stations would be complied with, to the extent possible, with SMSCG operation and Delta
outflow.  There would be slight changes from historical salinity conditions, and the western marsh
stations would be made as fresh as possible, given existing facilities.
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As stated above, the USFWS has concerns that meeting the D-1485 salinity standards would result
in too much freshwater in the northwestern marsh and therefore reduce brackish and salt-water
habitat.  Because implementation of this alternative would be achieved only with outflow and
operation of the SMSCG, standards are not met in all years.  No construction would be required to
meet the objectives in Alternative 1.

T a b l e  V I I - 1 1
S p e c i a l  S t a t u s  a n d  S e n s i t i v e  P l a n t  a n d  W i l d l i f e  S p e c i e s  K n o w n  f r o m  t h e  S u i s u n  M a r s h  A r e a

S p e c i e s  W h i c h  M a y  B e  I n f l u e n c e d  b y  C h a n g e s  i n  S a l i n i t y  G r a d i e n t s

O c c u r  i n O c c u r  i n O c c u r  i n Not  Present

F e d e r a l Cal i forn ia F r e s h w a t e r Brackish Sa l t i n  A f f e c t e d

C o m m o n  N a m e S c i e n t i f i c  n a m e S t a t u s S t a t u s M a r s h e s M a r s h e s M a r s h e s Habi tats

B i r d s

Cal i fo rn i a  b l ack  r a i l Laterallus jamaicensis 

coturniculus S C T X X X

Cal i fo rn ia  c l appe r  r a i l Rallus longirostrus 
obsoletus E E X X

S u i s u n  s o n g  s p a r r o w Melospiza melodia 

maxillaris S C S C X

M a m m a l s

S a l t  m a r s h  h a r v e s t  m o u s e Reithrodontomys 

raviventris E E X X

S u i s u n  o r n a t e  s h r e w Sorex ornatus sinuosus S C S C X X

Plants

Mason ' s  l i l a eops i s Lilaeopsis masonii S C R X X

S o f t - h a i r e d  b i r d ' s  b e a k Cordylanthus mollis spp. 

mollis E R X X

Suisun Slough th is t le Cirsium hydrophilum spp. 
hydrophilum E - X

D e l t a  t u l e  p e a Lathyrus jepsonii jepsonii S C - X X

Suisun  as te r Aster lentus S C - X X

S p e c i e s  W h i c h  A r e  N o t  L i k e l y  t o  b e  I n f l u e n c e d  b y  C h a n g e s  i n  S a l i n i t y  G r a d i e n t s

B i r d s

A m e r i c a n  p e r e g r i n e  f a l c o n Falco peregrinus anatum E - X X X

Bald  eag le Haliaeetus leucocephalus T E X

S a l t m a r s h  c o m m o n  Geothylpis trichos sinuosa S C S C X X X

R e p t i l e s  a n d  M a m m a l s

N o r t h w e s t e r n  p o n d  t u r t l e Clemmys marmorata 

marmorata S C S C X X X

Cal i fo rn ia  t i ge r  s a l amander Ambystoma californiense C S C X

Wes te rn  spade foo t  t oad Scaphiopus hammondi S C S C X

Plants

A n t i o c h  d u n e s  e v e n i n g  

p r i m r o s e

Oenothera deltoides ssp. 

howellii E E X

C o n t r a  C o s t a  w a l l f l o w e r Erysimum capitatum ssp. 
angustatum E E X

T i b u r o n  i n d i a n  p a i n t b r u s h Castilleja affinis ssp. 

neglecta E T X

Colusa  g ras s Neostapfia colusana P T E X

Cont ra  Cos ta  go ld f ie lds Lasthenia conjugens P E - X

Hisp id  b i rd ' s  beak Cordylanthus mollis spp. 

hispidis S C - X

Hear tsca le Atriplex cordulata S C - X

L e g e n e r e Legenere limosa S C - X

( D W R  1 9 9 4 d )

E   =  F e d e r a l  o r  S t a t e  E n d a n g e r e d      P E =  P r o p o s e d  E n d a n g e r e d R  =  C a l i f o r n i a  R a r e  P l a n t  S p e c i e s C  = F e d e r a l  C a n d i d a t e  S p e c i e s

S C =  F e d e r a l  o r  S t a t e  S p e c i e s  o f  C o n c e r n     P T =  P r o p o s e d  T h r e a t e n e d T  =   F e d e r a l  o r  S t a t e  T h r e a t e n e d  S p e c i e s -   =  N o  S t a t u s
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Alternative 3 assumes 1995 Bay/Delta Plan hydrology and is otherwise identical to Alternative 1. 
The differences between D-1485 and the 1995 Bay/Delta Plan objectives in the western marsh are
presented in Table VII-4.  Salinity throughout the marsh is lower under Alternative 3.  The DWR
has prepared a report on Sensitive Plant and Wildlife Resources in Suisun Marsh (DWR 1994d). 
The report states that there are several species of birds, mammals and plants that could be
influenced by changes in estuarine salinity gradients resulting from the Suisun Marsh salinity
objectives or higher outflows under the 1995 Bay/Delta Plan.  The degree to which the objectives
would influence terrestrial resources has not been determined with certainty.  It is important to note,
however, that salinity is only one factor influencing brackish marsh vegetation patterns.  Other
factors, such as depth and duration of flooding and plant competition, may be of equal or greater
importance.  The SEW is addressing this and related issues at the present time, and will submit a
report to the SWRCB prior to triennial review (SEW 1997).

b. Alternatives 2 and 4.  Implementation of Alternative 2 could have a number of different
significant impacts to terrestrial and wetland habitats within the marsh.  The alternative includes flow
augmentation in Green Valley Creek plus construction of the Goodyear-Cordelia Ditch and the
Goodyear Slough Tide Gate to meet the D-1485 salinity objectives.

Water for augmentation of Green Valley Creek would come from the NBA.  Modification of the
Cordelia Forebay spillway would be needed for long-term implementation.  The impact of this
action to terrestrial resources would be minor and transitory.  Flow augmentation would introduce
substantial quantities of low salinity water to northwestern marsh.  The impact to species requiring
brackish or salt marsh habitat is potentially significant.

Construction of the Goodyear-Cordelia Ditch and the Goodyear Slough Tide Gate would result in a
significant disturbance of marsh habitat.  The ditch and its associated inlet/outlet tide gates would
require construction on both private and state lands. The ditch inlet would be located on Cordelia
Slough at the Tule Belle Duck Club and run south through the DFG West Family Property.  A
40-acre pond on the south side of Pierce Lane would be connected to the system to increase the
holding capacity of the ditch.  There would be another ditch crossing private land from the pond to
the outlet tide gates.  Several years ago, the DFG trapped salt marsh harvest mice in the proposed
site.  At the point where the ditch would enter Cordelia Slough on the Tule Belle lands, there is
habitat suitable for sensitive plant species, such as the Delta tule pea and Suisun aster.  There is also
a possibility that soft haired bird's beak (Cordylanthus mollis ssp. mollis) may be present in the
area as well (Brenda Grewell, DWR, pers. comm. 12/96).  Prior to construction of these facilities, it
would be necessary to survey the affected habitats for plants and animals of concern, and to
complete a site-specific CEQA document.

c. Alternative 5.  Alternative 5 includes local water management actions on managed wetlands
in the marsh.  The water management actions are designed to use available channel water more
effectively, while maintaining soil salinity within limits acceptable for production of waterfowl food
plants.  Under this alternative, the 1995 Bay/Delta Plan the numeric salinity objectives at S-35 and
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S-97 need not be met.  The DWR and the USBR may demonstrate that equivalent or better
protection will be provided by actions in lieu of the numeric objectives.

The implementation of Alternative 5 will most likely improve the quality of the managed wetland
habitat.  The DFG recognizes that the lack of active water management by many landowners in the
marsh has resulted in the degradation of managed wetland habitat.  The parties negotiating SMPA
Amendment III have endorsed the concept of a water manager to oversee individual property
owner water management plans and to insure consistent and efficient water management practices
critical for the long term maintenance of seasonally flooded wetland.  Data generated from eight
years of monitoring in the seasonal wetlands of Suisun Marsh indicate that current waterfowl habitat
management objectives can be achieved with the implementation of the SMPA Amendment III
actions (DWR 1997b).  The DWR, USBR, DFG, and the SRCD are preparing the needed
environmental documentation.

Channel water salinity conditions under this alternative will fluctuate more widely than Alternatives 2
and 4 and be nearly indistinguishable from Alternative 3.  Species and habitats adapted to brackish
or variable salinity conditions will benefit accordingly.

d. Alternative 6.  In Alternative 6, multiple parties may be responsible for full implementation of
the Suisun Marsh objectives using flow augmentation in Green Valley Creek.  In this alternative,
alterations to the NBA and the Putah-South Canal at the point of discharge into Green Valley
Creek would be required.

If flow augmentation were derived, at least in part, by releases from the upstream reservoirs,
riparian habitat along Green Valley Creek stream corridor could benefit.  The largest quantity of
augmentation flow is needed in October and November.  A large pulse of water, followed by no
additional release from the upstream reservoirs would be of less value to Green Valley Creek
riparian habitat than a smaller release made over a longer period of time.  A small continuous
release, however, would have only a slight freshening effect at S-97, and no effect at S-35.

If FSSD effluent is used for flow augmentation, additional habitat surveys and environmental
documentation will need to be prepared.

5. Aquatic Resources

The Suisun Marsh alternatives result in slightly different channel water salinities which may directly
affect aquatic habitat in the marsh and possibly the distribution and abundance of resident and
migratory aquatic species.  The alternatives that involve construction would physically disrupt areas
of aquatic habitat.  Other potential sources of impact to aquatic resources include: (1) the
importation of water from the Sacramento River to Green Valley Creek through the NBA; (2) the
use of Lake Berryessa water and effluent from the FSSD; and (3) the operation of the SMSCG for
salinity control.  The following discussion is divided into three sections: (a) status and trends of
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aquatic resources in Suisun Marsh; (b) effects of SMSCG operation; (c) affects of Green Valley
Creek flow augmentation; and (d) effects of the alternatives.

a. Status and Trends of Aquatic Resources in Suisun Marsh.  Long term aquatic sampling
programs have been conducted in the marsh since the late 1970's.  Short term sampling programs to
evaluate the effect of SMSCG operation on aquatic resources have either been completed, or are
currently underway.  The following section describes the sampling that occurs in the marsh and the
trends in abundance and distribution of the various aquatic species.

Since 1979, the DWR has contracted with the University of California at Davis to monitor fish
populations in Suisun Marsh.  The study is designed to track trends in diversity, abundance and
habitat requirements of marsh fishes before and after installation of the SMSCG.  Monthly samples
are taken year-round with an otter trawl.  The study has 21 stations throughout Suisun Marsh,
including two in Montezuma Slough (Matern 1995).  Six of the stations are east of Cutoff Slough. 
Moyle et al (1986) analyzed data from 1979 to 1983 and concluded that declines in fish abundance
and species diversity were related to temporary perturbations.  The structure of the fish assemblage
was considered fairly consistent.  The decline in abundance was attributed to higher than average
outflows and weak year classes of striped bass, splittail, threespine stickleback, tule perch, prickly
sculpin, yellowfin goby, Sacramento sucker, and common carp (DWR 1995a).

An analysis from 1979 to January 1992 reached conclusions different from Moyle's five-year study
(Meng et al 1993).  With data from a 14-year period, Meng concluded that the declines in
abundance and species diversity are long-term rather than temporary conditions. The declines were
correlated with decreases in outflow and increases in salinity, with the exception of 1986, when
downward trends in abundance and species diversity were attributed to high outflows. 

The report states that since 1986, the decline in abundance has steadily continued.  The abundance
of native fish (prickly sculpin, Sacramento splittail, Sacramento sucker, three-spine stickleback, tule
perch) was consistently lower than the abundance of introduced species (shimofuri goby, common
carp, striped bass, and yellowfin goby) over the 14-year period in the marsh.  Abundance indices
for seasonal species (delta smelt, longfin smelt, staghorn sculpin, starry flounder, and threadfin shad)
fluctuated from 3 to 21 from 1979 to 1985, but remained at or below 4 from 1985 to 1992.  Fish
abundance, number of species, and the seasonal species index were negatively correlated with
salinity.  Fish abundance, number of species, introduced species, and native species were positively
correlated with Delta outflow, and outflow was negatively correlated with years.

The Meng report also states that the distribution of fish within the marsh has changed over time.  In
the 1986 study, introduced species were found throughout the marsh but were captured most often
in the larger sloughs.  In the 1993 analysis, introduced species had become less abundant in the
larger sloughs and more abundant in the dead-end sloughs.  As in the 1986 study, native species
were still found more often in dead-end sloughs, but over time, they were less abundant in those
sloughs (DWR 1995a). 
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The summary of sampling from January 1992 through December 1993 is reported by Matern et al
(1994).  The abundance of few species increased in response to the wet 1993 water year, but
overall, long-term declines in fish abundance were observed between 1983 and 1993.  The trend in
species in Suisun Marsh continued toward a less diverse assemblage of fish dominated by
introduced species.  A summary of the U.C. Davis fish sampling follows:

• Total catch of delta smelt has declined since 1983.  Of the 443 delta smelt captured since
1979, only 20 have been captured since 1983.

• Total catches of longfin smelt have declined since the late 1980's.  An increase in total catch in
1990 consisted of high number of longfin smelt fry.  Low numbers of adults and fry were
captured in subsequent years, and therefore, the prolific spawn in 1990 did not alter the
overall decline.

• Young-of-year striped bass was the most abundant species caught in all years except 1988,
1990 and 1993.  Overall, the catch of young-of-year striped bass declined since the early
1980's.  Catches of adult striped bass have declined and fluctuated at low levels since 1981. 
Otter trawling is not an efficient way to catch adult striped bass because the adults can avoid
the net, consequently these catch results may not be a good indication of the population
abundance in Suisun Marsh.

• Catches of adult and young splittail have declined since 1980.  High numbers of young-of-year
were caught between 1980 and 1982 and in 1986; young-of-year catches dropped off until
1991, when there was a slight increase in abundance.  The catch reached an all time low in
1993.

• Catches of yellowfin gobies have had two major peaks since 1980.  The first peak of an
average of 6 fish/trawl was in 1984.  After 1984, catch levels fluctuated from 1 to 4 fish/trawl.
The average catch per trawl of yellowfin gobies reached its highest ever in 1993 with a peak
of 16 fish per trawl.

• The population of shimofuri goby peaked in 1989 with 1,348 captured.  In 1993, only 118
were captured.  Sampling in the spring of 1994 revealed high numbers of juvenile gobies
which may result in another increase in the population.

• Prickly sculpin populations respond strongly to changes in Delta outflow.  High outflow years
produced peak numbers of 1,137, 362 and 242 in 1983, 1986 and 1993, respectively. 
From 1980 to 1983, catch levels were at their highest.  The lowest catch was in 1990 and
rose slightly from 1991 to 1993, however, overall, the population has declined since 1983.

• Tule perch is usually one of the most abundant fish in Suisun Marsh.  It is considered a year-
round resident of the marsh.  Tule perch are captured most often in smaller sloughs, possibly a
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result of the higher otter trawl efficiency in small sloughs.  Tule perch abundance peaked
between 1980 and 1982 and again in 1987 and 1988.  Since 1988, the catches have been
below the 1983 levels.  Total catch for 1993 was the lowest on record.

• Introduced species have moved from large sloughs to dead-end sloughs, mixing with the native
species.  Fish assemblages in the Sacramento-San Joaquin Estuary are shifting from an
assemblage dominated by striped bass and native fishes to one dominated by exotic species. 
These changes are likely tied to overall decreases in Delta outflow, increases in salinity and
introductions of exotic species (Meng et al 1993 in DWR 1995a).

The DFG conducts Neomysis mercedis and zooplankton field sampling twice a month from April
through October.  Due to naturally low winter abundance of N. mercedis, sampling is normally not
done from November to March.  Phytoplankton are the base of the aquatic food web in Suisun
Marsh.  Neomysis feed on phytoplankton and are, in turn, an important dietary component for
many marsh fishes.  Phytoplankton respond quickly to major alterations in their environment, and
alterations in phytoplankton abundance can affect the Neomysis population and consequently many
fish species.  (Field studies indicate Neomysis abundance decreases in salinity above 7.2 parts per
thousand (ppt) and are least abundant when salinity exceeds 18 ppt.)  Data from March 1974 to
November 1993 indicate Neomysis abundance and phytoplankton production, as measured by
chlorophyll a, are usually higher in Suisun Slough than in western Montezuma Slough.  No
phytoplankton bloom occurred in Montezuma Slough in 1992, a critical water year, which is
consistent with the lack of a phytoplankton bloom recorded during the 1977 drought.  By reducing
marsh salinity during periods of low Delta outflow, operation of the salinity control gates could help
create more favorable conditions for Neomysis.  Operation of the control gates produces a
saltwater/freshwater interface in the marsh, a preferred Neomysis habitat, probably similar to the
entrapment zone in the larger channels and bays of the estuary (DWR 1995a).

The DFG striped bass egg and larval survey provides an abundance index of developing striped
bass every fourth day through the spawning season.  In years prior to 1991, the survey was initiated
early enough to collect eggs and larvae from early spawning.  Spawning is triggered by water
temperatures, so survey dates varied from year to year within the months of April, May, June and
July.  The striped bass egg and larval survey was conducted in Montezuma Slough from 1984 to
1988 and then resumed in 1993.  The Montezuma Slough index comprises a small proportion of the
total 6-14 mm larval abundance estimated by the survey.  However, any area suitable for rearing
larval striped bass is important to the Estuary's low population.  A 1987 DFG study concluded that
the SMSCG would have a minimal effect on striped bass eggs and 3-6 mm larvae (Raquel 1988).

The DFG striped bass tow-net survey results are used to produce an abundance index of the year-
class strength for striped bass when their average size is 38.1 mm.  When the striped bass are this
size, the sampling gear is most efficient.  Due to variations in environmental conditions, survey dates
vary from year to year within the months of June, July and August.  Spring and summer conditions
affect spawning time and larval growth and therefore the time when the young become vulnerable to
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the sampling gear.  In 1993, three stations in Montezuma Slough downstream of the control
structure were sampled during three surveys.  Increased abundance during this wet year seems to
indicate that Montezuma Slough remains a relatively small but important habitat for juvenile striped
bass.  It is difficult to determine whether changes in abundance are caused by the installation and
operation of the SMSCG (DWR 1995a).

b. Effects of Suisun Marsh Salinity Control Gate Operation.  The use of the SMSCG
changes the net direction of flow in Montezuma Slough and could cause outmigrating juvenile
chinook salmon to use the slough more than normal as a migratory route.  This change in migratory
route could delay their migration and cause an increase in losses due to predation.  In low outflow
years, the net flow of water between Montezuma Slough and the Suisun Bay area tends to be from
west to east within the slough, from Grizzly Bay towards Collinsville.  However, operation of the
SMSCG in drier years changes the net circulation pattern, and flow moves from east to west, as in
wet years.

In 1987 and 1992, the USFWS sampled in Montezuma Slough to estimate the use of the slough by
outmigrating salmon, and losses of salmon as a result of predation upstream and downstream of the
salinity control gates.  The trawling surveys were conducted in April and May.  Concurrent sampling
in Montezuma Slough and Chipps Island in 1987 and 1992 showed that a small, yet equal
percentage of the outmigrant salmon leaving the western Delta were diverted into Montezuma
Slough both with (1992) and without (1987) the salinity control structure in place.  In both years,
between 0 and 2.72 percent of the fish leaving the western Delta passed through Montezuma
Slough.  These fish could have lower survival, since their migration would be delayed or the distance
to the ocean increased.  However, operation of the control structure did not change the percentage
of fish diverted into Montezuma Slough during those critically dry water years (DWR 1995a).
Little information is available on how conditions in the Suisun Bay area and the marsh may
specifically affect winter-run salmon.  The extent to which Montezuma Slough is used as a migration
route as opposed to Suisun Bay, is unknown.  There is no reason to assume that the use of
Montezuma Slough by the winter-run salmon would be different from the other outmigrating races.

Since April 1987, the DFG has conducted sampling to determine the presence of predators near the
salinity control gates.  There is concern that the structure will increase the predation rate for
migrating juvenile fishes such as Chinook salmon, striped bass and American shad.  From 1987 to
1992, adult fish were collected at about two-week intervals during May and June.  Stomach
contents of potential predators (striped bass and Sacramento squawfish) were examined for remains
of salmon, striped bass and other prey. Three sites were sampled, one upstream and one
downstream of the SMSCG and another reference station (added in 1993) two miles upstream of
the salinity control gates.

Before initial operation of the gates in October 1988, the primary prey species in stomach samples
were threespine stickleback, shimofuri goby, and sculpins.  Gobies, bigscale logperch, and striped
bass were also found.  With the structure in place, threespine stickleback was the primary fish
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species consumed by squawfish and striped bass from 1988-1990.  In 1991, shimofuri goby was
the primary prey species consumed by Sacramento squawfish.  There was some evidence of
predation on juvenile salmon in 1987, 1991, and 1992 but only one or two salmon were found each
year.  No salmon were found in 1993.  No striped bass prey were found in 1990-1993.  Predation
on American shad was evident in 1989, 1990 and 1992, but not in 1988, 1991 or 1993. 

During the U.S. Army Corps of Engineers (USCOE) permitting process, concerns were raised
about the potential effect of the control structure on adult salmon migration.  To determine impacts
on migrating adult Chinook salmon, a sonic tracking study was conducted in the fall of 1993 and
1994.  Fall-run adult salmon were captured, tagged and monitored during three SMSCG
operational phases:

• While the gates were open and the flashboards were not in place;
• While the gates were open and the flashboards were in place; and
• While the gates were operating.

The preliminary results in 1993 indicated that salmon passage times were significantly increased
when the flashboards were in place, regardless of control gate status.  The study also indicated that
85 percent of the fall-run chinook migrated through the gates on a flood or high tide.  When the
gates are operating, there is only a 20-minute period at the beginning of the flood tide when the
gates are open and salmon can migrate upstream.  However, fish did migrate through the gates on
low tide when the gates were operating (DWR 1995a).

Preliminary results from the study suggested that placement of the flashboards and operation of the
salinity control structure delayed and prolonged the upstream migration of fall-run salmon.  The
study was repeated in 1994 and no significant differences were found in passage times.  When data
for the two years were combined, the overall trends of decreasing passage numbers and increasing
passage time with installation of the flashboards were consistent between years.  Results from these
studies suggest that the SMSCG has the potential to delay the upstream migration of adult salmon. 
The biological significance of this delay, however, is uncertain and is the subject of ongoing study
(DWR 1997d).

All studies except the DFG predation sampling and the water quality profiling continued in 1994
(DWR 1995a).  The predation sampling was discontinued because of the remote possibility of
finding salmon in the stomachs of predators and the difficulty in determining when the increase in
striped bass numbers in Montezuma Slough was significantly different from other areas in the marsh,
or the Delta.  The 1994 USFWS delta smelt biological opinion requires development of a predation
rate on delta smelt at the salinity control structure.  Difficulties encountered in detecting predation on
salmon will likely be repeated when trying to assess effects on delta smelt.
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c. Effects of Green Valley Creek Flow Augmentation.  The DWR and USBR, in an effort
to implement the D-1485 salinity objectives in the western marsh conducted the WSCT
(see section 4).  The WSCT proposal was to augment flow in Green Valley Creek up to 50 cfs 
between September 1, 1995 and May 31, 1995.  This water would be diverted from Barker Slough 
via the NBA in the fall and spring, and from Lake Berryessa via Putah-South Canal between 
November 15 and the first week in March.

When the DWR proposed the WSCT in 1994, the USFWS expressed concerns about the adverse
effects on fish during the November 15 through May 30, 1994 portion of the test.  They also were
concerned about the long-term effect that Green Valley Creek flow augmentation would have on
marsh habitat.  They felt that implementation of the standards may lead to attraction flows and
diversions in environmentally sensitive areas, thus perpetuating the decline of federally-listed aquatic
species.  The USFWS stated that an analysis should be done to develop new quantifiable standards
that provide suitable habitat and appropriate flows to protect and sustain viable populations of
federally listed species (USFWS 1994). 

The USFWS was concerned that the delta smelt may be attracted by fresh water flow into Green
Valley Creek seeking potential spawning habitat.  Spawning in the creek may lead to spawning
failure and increased entrainment of the young from diversions along Cordelia Slough.  This effect
could take place regardless of the source of the augmenting flow.

The USFWS was also concerned that the augmentation flow coming from the NBA might entrain
delta smelt at the NBA Barker Slough intake.  Delta smelt adults migrate upstream from Suisun Bay
and spawn in Barker Slough on the Sacramento from February through May.  Larval delta smelt
have been sampled in Barker Slough from early March to early June.  Entrainment of larval delta
smelt at the Barker slough intake in 1993 and 1994 was estimated by DWR to be 8,289 and
22,489, respectively.  The effectiveness of the screened intake at Barker Slough for juvenile and
adult delta smelt is not known.

The USFWS concluded that diversion of water from Barker Sough for flow augmentation in Green
Valley Creek might decrease water available for transport and habitat maintenance flows in the
Sacramento River.  These flows move delta smelt larvae and juveniles to suitable rearing habitat in
Suisun Bay and maintain that habitat downstream of the "zone of influence" of the State and federal
pumping plants.  Any diversion that removes water from the Sacramento River drainage has an
incremental effect in these flows (USFWS 1994).

The NMFS also commented on the WSCT, focusing their attention on the January through May
period (NMFS 1994).  The NMFS concluded that the 1994 proposal would provide only minimal
attracting flows to upstream migrating adult winter-run chinook salmon.  However, they were
concerned that using Sacramento River water to augment flows on a long-term basis, particularly
during critically dry years, could adversely impact upstream reservoir cold water storage and the
ability to control upper Sacramento River water temperatures for winter-run chinook salmon
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spawning and egg incubation.  Modeling studies for critical water year 1990 indicate up to 80 cfs of
additional flow would be required in Green Valley Creek from January through May to effectively
lower channel water salinity.  Larger diversions and discharges of Sacramento River water in future
years will increase the risk of attracting winter-run chinook adults into the western Marsh. 

The NMFS also had concerns regarding the appropriateness of the D-1485 objectives.  They
suggested it would be prudent to evaluate the recent actions pertaining to the proposed 1995
Bay/Delta Plan and review management practices/objectives within Suisun Marsh prior to
implementing long-term actions that may adversely affect listed species such as the winter-run
chinook salmon.

As part of the WSCT, fishery monitoring was conducted.  Following release of NBA water into
Green Valley Creek, on November 14, 1994, DFG and DWR biologists conservatively estimated
that 80 adult fall-run chinook salmon migrated up Green Valley Creek into the City of Fairfield
unlined ditch toward the Cordelia Forebay (DWR-ESO 1996).  As a result of observing the fall-run
chinook salmon, and concern that NBA water released into the northwestern marsh would attract
endangered winter-run salmon, the DWR and the USBR reinitiated informal consultation with the
USFWS, NMFS and DFG for the remainder of 1994-1995 WSCT.  To continue the WSCT, the
regulatory agencies required the DWR and the USBR to develop and implement a fisheries
monitoring program to address concerns for winter-run chinook salmon, steelhead trout, splittail,
delta smelt, longfin smelt and tidewater goby.

The DWR monitored for winter-run chinook salmon, steelhead trout and splittail from February
through May, 1995.  A false weir, essentially a fence across the creek with a single opening leading
to a box with a one-way entrance, was installed on Green Valley Creek.  The DWR staff checked
the holding box for fish four days per week, eight hours per day.  Staff also checked for spawning
salmon and redds twice per week at four locations.

The DWR sampled for delta smelt and longfin smelt by electrofishing twice per month at three sites
within Green Valley Creek.  Electrofishing was conducted from December 1994 through May
1995.  Minnow traps were also tested as a method for capturing these species. The traps were set
once a week for eight hour periods.

A survey was conducted to determine if suitable tidewater goby habitat was present in Green Valley
Creek.  Because of the configuration of the creek bed and the extreme fluctuations in the tidal
elevation, no suitable habitat was found.  Consequently, no sampling for tidewater gobies was
required.

While no winter-run chinook salmon, splittail, Delta or longfin smelt were captured, the presence of
fall-run chinook salmon and rainbow trout, possibly steelhead, was documented.  An additional
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14 fish species were also found during the sampling.  Complete results and analysis from the
fisheries monitoring will be presented in a report detailing water quality, hydrodynamic and
biological effects of the 1994-1995 WSCT.

d. Effects of the Alternatives.  This section examines the general effect that the alternatives
may have on aquatic resources in Suisun marsh.  The alternatives could affect aquatic resources by:
(1) changing channel water salinity; (2) operation of the SMSCG; (3) augmentation of Green Valley
Creek flow; and (4) by construction of new facilities.  Impacts to aquatic resources that arise as
results of construction activities are programmatic with respect to this EIR, and would require
further analysis and CEQA documentation

Alternative 1.  In Alternative 1, the DWR and the USBR are responsible for meeting the D-
1485 salinity objectives.  The alternative assumes compliance at all monitoring stations, regardless of
effective compliance date.  The SMSCG is operated as needed to meet objectives and no new
facilities are constructed.  Under this alternative, objectives are frequently not met at S-35 and S-97
in the western marsh.  Impacts to aquatic resources would result from changing salinity and
SMSCG operation.

Alternative 2.  Alternative 2 seeks to meet D-1485 objectives by a combination of flow
augmentation and construction of new facilities.  SMSCG operation and salinity in the eastern and
central marsh are the same as Alternative 1; salinity in the western marsh would be lower than
Alternative 1.  Species that may have declined due to the increasingly saline conditions observed in
the marsh should benefit.

The introduction of Sacramento River water into Green Valley Creek via the NBA could
significantly impact chinook salmon, delta smelt, and other aquatic resources in Barker Slough and
in the western marsh.  Construction of the Goodyear-Cordelia Ditch and the Goodyear Slough Tide
Gate could impact aquatic resources through dredging and related activities.  Operation of the Tide
Gate could also impact the movement of delta smelt within the slough, increase the number of
predatory fish in the area, and thus increase predation near the gate.

Alternative 3.  The impact of Alternative 3 to aquatic resources would be similar to
Alternative 1.  Overall, channel water throughout the marsh is less saline under this alternative
due to the higher Delta outflow requirement in the 1995 Bay/Delta Plan.  When compared to
Alternative 1, species that may have declined due to the increasingly saline historic conditions should
benefit.  The SMSCG is operated less frequently under 1995 Bay/Delta Plan hydrology. Therefore,
impacts due to SMSCG closure should be reduced.

Alternative 4.  This alternative is similar to Alternative 2.  The hydrology associated with the
1995 Bay/Delta Plan creates less saline conditions throughout the marsh and less frequent SMSCG
operation.  Impacts due to construction and flow augmentation are identical to Alternative 2.

Alternative 5. Channel water salinity, and the corresponding impacts to aquatic resources
under Alternative 5 are similar to Alternative 3. 
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Some of the management actions proposed in the SMPA Amendment III negotiations may impact
aquatic resources.  September operation of the SMSCG may increase the impact to aquatic
resources over that in Alternatives 3, 4, and 6.  Portable pumps are to be used to facilitate the
movement of water onto and off of managed wetland areas.  Fish screens will be an integral part of
the pump design, thereby minimizing fish entrainment.  All management actions that are part of the
SMPA Amendment III are being analyzed in an environmental document prepared jointly by the
SMPA parties.

Alternative 6.  The highest Green Valley Creek augmentation rates and quantities are
required under Alternative 6.  If the NBA were used up to its full available capacity for flow
augmentation, the average annual amount of pumping would increase from 1.8 TAF to 6.1 TAF
when compared to Alternative 4.  The maximum NBA pumping would increase from 7.5 TAF to
22 TAF.  Impacts to delta smelt and chinook salmon associated with Alternatives 2 and 4 would be
magnified under this alternative.  If augmentation water were to come from local sources (Lake
Frey, Lake Madigan, or Lake Berryessa), impacts at Barker Slough could be avoided.

In an effort to meet objectives in all months, the modeling predicts that very high augmentation rates
would on occasion be needed.  The difference in the amount of water needed for augmentation
between Alternative 6 and Alternative 4 is the additional amount of water needed to meet objectives
at S-35.  This large input of freshwater would create conditions at S-97 far less saline than the
historic condition, or under any of the other alternatives.  Aquatic species in the western marsh
preferring brackish conditions would tend to be displaced in favor of freshwater species.

SMSCG operation under this alternative is the same as Alternatives 3 and 4.  Construction activities
would not impact aquatic resources.

6. Recreation

Diked seasonal wetlands occupy 88 percent of Suisun Marsh.  The DFG and a number of private
landowners manage this area primarily as waterfowl habitat.  Waterfowl hunting is presently the
major economic and recreational use of the marsh.  The Suisun Marsh channel water salinity
objectives adopted by the SWRCB in D-1485 were established to protect waterfowl food plants
growing in the managed wetlands.  Assuming that the salinity objectives provide the desired level of
protection to managed wetland areas, the alternatives that are most effective in achieving the
objectives would also be most protective of the major recreational uses in the marsh.

Alternative 6 fully meets the Suisun Marsh objectives.  Objectives are exceeded at stations
S-35 and S-97 under Alternatives 2 and 4, and with increasing frequency under Alternatives 5, 3,
and 1.  Among these alternatives, Alternative 6 is presumed to be most protective for marsh
waterfowl hunting interests.

Research by the DWR suggests that landowner water management practices are critical for
maintaining soil salinity suitable for the growth of desired plant species (DWR 1997c).   Carefully
timed flooding, drawdown, and leaching cycles have allowed some properties in the western marsh,
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where channel water salinity has historically been highest, to achieve lower soil salinity than
neighboring properties, or similar properties in the eastern marsh using higher quality irrigation water.
 Therefore, the management actions under Alternative 5 are thought to be equally protective of
recreational beneficial use.  Recreational pursuits such as bird watching, canoeing, hiking, and
wildlife observation are becoming increasingly popular in the tidal marsh areas.  Educational
programs are conducted in the tidal marshes at Rush Ranch and DFG's Peytonia Slough Ecological
Reserve.  The Napa-Solano Audubon Society volunteers conduct Christmas bird counts and
breeding season surveys in Suisun Marsh.  Recreational boating has increased within the marsh with
the improvements to the Suisun City waterfront and harbor facilities.

Although current land use in the marsh is predominantly diked seasonal wetland, three major
Estuary-wide resource agency planning efforts are calling for extensive tidal marsh restoration to
facilitate the recovery of endangered species and sensitive wetland habitat values6 (Goals Project
1999).  Therefore, the recreational use of the marsh may be expected to change over time.

a. Green Valley Creek.  Alternatives 2, 4, and 6 require varying degrees of flow augmentation
in Green Valley Creek.  The largest flows would occur in October and to a lesser extent in
November and February.  As the Suisun Marsh salinity control season occurs during a period of
generally lower recreational use, there would be little beneficial impact to recreation in the lower
section of the creek.

b. Lake Frey, Lake Madigan and Lake Berryessa. The City of Vallejo prohibits public
access to Lake Frey and Lake Madigan.  Therefore, there would be no impact to public recreation
at these facilities.

Water from Lake Berryessa could be used for Green Valley Creek flow augmentation under
Alternative 6.  As stated in section 2.g above, if there were 50 cfs of available capacity in the Putah-
South Canal and water from the Putah Creek watershed was the sole source of augmentation flow,
then the maximum annual demand placed on Lake Berryessa would be 14.8 TAF.  The average
annual demand would be 4.4 TAF.  Considering the large size of Lake Berryessa, reducing the
volume by the above amounts would have an insignificant impact on the lake's surface area, and its
potential for water based recreational activities.

E. SUMMARY

The 1995 Bay/Delta Plan establishes numeric salinity objectives at seven stations within the Suisun
Marsh from October through May and a narrative objective pertaining to brackish tidal marshes. 
These objectives replace those adopted in 1978 in Decision 1485 (D-1485), and later amended in
1985.  The purpose of these objectives is to make irrigation water available for the managed

                    
6  The San Francisco Bay Area Ecosystem Goals Project, the CALFED Ecosystem Restoration Program Plan, and
the USFWS Tidal Marsh Recovery Plan call for extensive tidal marsh restoration.
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wetlands that will bring soil salinity into a range capable of supporting plants characteristic of a
brackish marsh.

In 1977, the California legislature adopted the Suisun Marsh Preservation Act.  Recognizing the
unique nature of the resource, the act implemented the Suisun Marsh Protection Plan, developed
previously by the DFG and the San Francisco Bay Conservation and Development Commission. 
The SMPA was adopted in 1987, and continues to serve as a contractual framework between the
DWR, the USBR, the DFG, and the SRCD to carry out the Protection Plan.  The SMPA calls for
the staged construction of facilities to provide required channel water salinity.  The initial facilities
(phase 1) included the Roaring River distribution system, the Morrow Island distribution system,
and the Goodyear Slough outfall.  The SMSCG was constructed in 1988 as the second phase of
the SMPA.  The SMSCG began regular operation in October 1988; since that time, salinity in the
eastern marsh (see Figure VII-1) has been below current 1995 Bay/Delta Plan objectives, with
minor exceptions in water year 1991.  During prolonged dry or critically dry periods, however,
salinity in the western marsh often exceeds objectives.  Salinity in the northwestern and far western
marsh are affected primarily by surface water inflows from local creeks and drainage water from
managed wetlands, and are relatively unaffected by SMSCG operation.

In order to comply with the western marsh objectives, the DWR and the USBR began in 1990 the
planning and review of the Western Suisun Marsh Salinity Control Project.  Field testing for one of
the more promising alternatives, flow augmentation of Green Valley Creek, was conducted in the fall
of 1994.  The test was not carried out for the entire salinity control season as planned due, in part,
to concerns expressed by the USFWS and the NMFS regarding potential impacts to resident or
migratory endangered species, and because hydrologic conditions were such that augmentation was
not needed to meet standards.

In D-1485, the SWRCB found that the SWP and the CVP have a mitigation responsibility to
protect Suisun Marsh because their operations affect salinity conditions in the marsh.  In 1995, the
DWR and the USBR petitioned the SWRCB to change some of the permit terms and conditions
imposed by D-1485 so that they conform to the objectives in the 1995 Bay/Delta Plan.  In
response to the petition, the SWRCB incorporated the 1995 Bay/Delta Plan’s Suisun Marsh
objectives temporarily into the water right permits of the SWP and the CVP through SWRCB
Order WR 95-6.  The order expired December 31, 1998.

Upon adoption of Order WR 95-6, parties signatory to the SMPA began discussions to amend the
agreement.  The draft SMPA Amendment III reflects anticipated future hydrologic and salinity
conditions in the marsh under 1995 Bay/Delta Plan hydrology and SMSCG operation.  The parties
have recommended that the SWRCB consider a series of management actions as the next step in
implementing the 1995 Bay/Delta Plan rather than focus on the channel water salinity in the western
marsh.  Strict adherence to the numeric objectives is not required if it can be demonstrated that
other actions will provide equivalent or better protection to the managed wetlands.  The DWR and
the USBR petitioned the SWRCB to extend the compliance date for S-35 and S-97 to enable the
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SMPA parties to finalize Amendment III.  The SWRCB granted a 180 day extension on 
October 30, 1997, and renewals of the extension on August 14, 1998 and April 30, 1999.

In the water right proceeding to implement the 1995 Bay/Delta Plan, the SWRCB focused on
alternatives to meet water quality objectives at the two western stations, S-35 and S-97. Because
the DWR and the USBR control operation of the gates, the SWRCB will not consider at this time
assigning responsibility for meeting objectives at the eastern stations to other parties.

Six alternative methods for implementing the Suisun Marsh objectives are analyzed in this draft EIR.
The alternatives assume SMSCG operation as needed to meet objectives and Delta outflow
conditions based either on D-1485 hydrology or 1995 Bay/Delta Plan hydrology.  To meet
objectives at S-35 and S-97 different combinations of physical facilities and Green Valley Creek
flow augmentation are employed.  The alternatives are summarized in Table VII-12.

Table VII-12
Summary of Suisun Marsh Alternatives

Alternative
Regulatory
Condition New Facilities

Green Valley Creek
Flow Augmentation Other Actions

1 D-1485 None None None

2 D-1485

Cordelia-Goodyear
Ditch and Goodyear
Slough Tide Gate.
Minor construction on
NBA

Up to 80 cfs as
needed from NBA to
meet S-97 None

3 1995 Bay/Delta
Plan

None None None

4 1995 Bay/Delta
Plan

Cordelia-Goodyear
Ditch and Goodyear
Slough Tide Gate.
Minor construction on
NBA

Up to 80 cfs as
needed from NBA to
meet S-97 None

5 1995 Bay/Delta
Plan

None None

SMPA Amendment
III management
actions plus
September SMSCG
operation as needed

6 1995 Bay/Delta
Plan

Minor construction on
Putah-South Canal
and NBA

As needed from all
sources until
objectives are met at
S-97 and S-35

None
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The alternatives were modeled using the water quality and hydrodynamic model DWRDSM (Suisun
Marsh Version).  Average monthly salinities at the seven compliance stations were simulated for the
1922 to 1994 period.  Important observations and conclusions based on the modeling results are as
follows:

1. Preliminary model runs demonstrate the importance of the SMSCG in achieving the Suisun
marsh objectives.  Without gate operation, objectives are violated in all months at all
compliance stations under D-1485 hydrology.  The increased Delta outflow under the 1995
Bay/Delta Plan reduces the exceedence frequency significantly.  However, objectives are still
exceeded in most months at most stations, though by lesser amounts.

2. The SMSCG operates significantly less frequently under alternatives with 1995 Bay/Delta Plan
base hydrology.  Therefore, impacts to anadromous fish passage related to gate operation
should be reduced compared to Alternatives 1 and 2.

3. With SMSCG operation and 1995 Bay/Delta Plan outflow, objectives are very nearly met in
all months at stations C-2, S-64 and S-49 in the eastern marsh and stations S-21 and S-42 in
the western marsh.  Objectives can not be met with 1995 Bay/Delta Plan outflow and
SMSCG operation at stations S-35 and S-97.

4. Green Valley Creek flow augmentation is an effective means of controlling salinity in the
northwestern marsh in the vicinity of S-97 under Alternatives 2 and 4.  The Cordelia-
Goodyear Ditch and the Goodyear Slough Tide Gates provide marginal benefits in the vicinity
of S-35.

5. The frequency with which objectives are exceeded under Alternative 5 is midway between
Alternatives 2 and 4.  Many of the SMPA Amendment III management actions which are part
of the alternative can not be modeled.  Therefore, the modeling results understate the net
benefit that may be expected from the alternative.

6. Alternative 6 meets objectives at all stations using Green Valley Creek flow augmentation as
needed.  The October augmentation rates range from a 73-year average of 205 cfs to
maximum of 899 cfs.  Flows greater than 150 cfs would be required in 6 percent of months
during the simulated period.  The difference in augmentation rates between Alternative 6 and
Alternative 4 is the additional freshwater input required to dilute salinity at S-35.  If the entire
available capacity of the North Bay Aqueduct and the Putah-South Canal were used along
with water stored in the City of Vallejo lakes (lakes Frey and Madigan), the maximum flow
rates could not be achieved.

Significant environmental impacts may occur as a result of implementing certain of the above
alternatives.  Comments received from the USFWS and the NMFS on the DWR and USBR
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proposal to augment Green Valley Creek flow suggests that importing water from the Sacramento
River may attract spawning salmon and delta smelt into areas of unsuitable habitat.  Supplying
augmentation flows by releases from the North Bay Aqueduct would result in additional pumping at
Barker Slough and thereby potentially result in increased entrainment of delta smelt at the pump
intakes.  Introducing additional fresh water into the western marsh will reduce the salinity gradient
now present in the area.  The salt marsh harvest mouse and the California clapper rail, both
terrestrial endangered species requiring saline marsh conditions for their continued survival, could be
impacted by this additional freshwater input.  Alternative 6 would be particularly detrimental in this
regard.  Alternatives 2 and 4 would also potentially impact these species, though to a lesser extent. 
There is no flow augmentation from sources outside the marsh in Alternatives 1, 3 and 5.
Alternative 5, however, contains management actions proposed in SMPA Amendment III designed
to provide equivalent protection to managed wetland areas.  Therefore, Alternative 5 is the
environmentally preferred alternative.

No significant impacts of implementing Alternative 5 are identified in this document.  The final
determination on this matter must await completion of the CEQA/NEPA process by the SMPA
parties.
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CHAPTER VIII.  ALTERNATIVES FOR IMPLEMENTING SALINITY CONTROL
MEASURES IN THE SAN JOAQUIN RIVER BASIN

The 1995 Bay/Delta Plan contains salinity objectives for the San Joaquin River at Vernalis to
protect agricultural beneficial uses of water in the southern Delta.  The salinity objectives can be met
either through provision of high-quality dilution water or through salinity control measures in
agricultural lands and wetlands that drain to the San Joaquin River.  The environmental effects of
provision of dilution water are described in Chapter VI.

Salinity control measures can be used to achieve the Vernalis salinity objectives either alone or in
combination with dilution water releases.  The CVRWQCB is principally responsible for
implementing salinity control measures in the San Joaquin Valley.  The purpose of this chapter is to
review the existing salinity control actions in the San Joaquin Valley and to analyze any new salinity
control alternatives that are not presently being implemented or analyzed in some other forum.  The
information in this chapter will be used by the SWRCB to decide whether it should recommend
further evaluation and implementation of salinity control measures to the CVRWQCB.  A SWRCB
decision to recommend evaluation of an action by the CVRWQCB does not require CEQA
compliance.  Nonetheless, the alternatives in this chapter are analyzed at the programmatic level to
provide information to the SWRCB and to interested parties.

The chapter is divided into three sections:  (A) background, (B) alternatives for implementing the
objectives, and (C) environmental effects of the alternatives.

A. BACKGROUND

The background discussion is divided into three sections:  (1) problem description, (2) regulatory
history, and (3) existing salinity management programs.

1. Problem Description

The salinity problem in the San Joaquin River Basin is caused both by saline discharges, principally
from irrigated agriculture, and by low flows due to water development.  Detailed descriptions of the
salinity problems in the San Joaquin River Basin were prepared by the SWRCB in a report entitled
"Regulation of Agricultural Drainage to the San Joaquin River" (SWRCB 1987) and by the San
Joaquin Valley Drainage Program in a report entitled "A Management Plan for Agricultural
Subsurface Drainage and Related Problems on the Westside San Joaquin Valley" (SJVDP 1990). 
The following discussion summarizes parts of these reports.

The southern portion of California's Central Valley is comprised of two hydrologic basins, the San
Joaquin River Basin and the Tulare Lake Basin, which are separate except during extremely high
runoff events (Figure VIII-1).  This report focuses on agricultural drainage in the San Joaquin River
Basin.
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The approximately seven-million acre San Joaquin River Basin extends from the Delta, south to the
upper San Joaquin River, west to the Coast Range, and east to the Sierra Nevada. Three main
tributaries to the San Joaquin River, the Merced, Tuolumne, and Stanislaus rivers, drain the east
side of the basin.  On the west-side, ephemeral streams drain the Coast Range, rarely contributing
to the San Joaquin River flows.  Approximately two million acres in the San Joaquin River Basin are
devoted to irrigated agriculture.

Salinity and drainage problems are not new in the San Joaquin Basin.  They developed rapidly as
irrigated agriculture spread into arid lands, areas with naturally poor drainage and high water tables,
and low-lying flood overflow lands.  As early as 1886, elevated soil salinity and waterlogging related
to agricultural operations were observed.  By the turn of the century, these conditions reduced
productivity and forced abandonment of some areas on the east-side of the basin.  In an attempt to
solve this problem, the U.S. Department of Agriculture demonstrated the use of subsurface tile
drainage systems in 1909.

During the 1920s, the demand for reliable irrigation supplies resulted in the first comprehensive,
statewide water analysis and plan.  In 1929, the DWR published the California Water Plan in its
Bulletin Number 3.  The elements of the 1929 California Water Plan were known as the CVP
(see Water Code §11100 et seq.).  The primary objective of the plan was to store water from the
northern Sacramento Valley where there was a water surplus and transport this water to irrigate
lands in the San Joaquin Valley where there was a water shortage.  The CVP included Shasta Dam,
the Contra Costa Canal, the Delta Cross Channel, Tracy Pumping Plant, the Delta-Mendota Canal,
Friant Dam, the Madera Canal, and the Friant-Kern Canal (see Figure VIII-2).  The State
approved the CVP in 1933 and issued bonds to finance its construction, but due to the Great
Depression the bonds were not sold.  Federal financing was eventually obtained, and the USBR
was given responsibility for construction and operation of the above elements of the CVP.  The
federal CVP facilities serving the San Joaquin Valley were constructed between 1944 and 1951. 

The CVP diverted high-quality San Joaquin River water into the Tulare Lake Basin and substituted
the San Joaquin River supply with poorer quality water from the Delta.  The CVP also facilitated
expansion of irrigated agriculture into the arid uplands of the west-side of the San Joaquin Valley. 
Formerly, irrigated agriculture in these areas was limited due to poor quality or inaccessible ground
water supplies.  The availability of CVP water contributed to a new set of drainage and water
quality problems.

With a reliable supply of surface water, groundwater pumping for irrigation was reduced and the
groundwater basin began to refill.  The semiconfined aquifer above the Corcoran Clay is now fully
saturated in much of the west side of the San Joaquin Valley.  Most of the soils in this area are
derived from marine sediments of the Coast Ranges that contain salts and potentially toxic trace
elements such as arsenic, boron, molybdenum and selenium.  When these soils are irrigated, the
substances are dissolved and leached into the shallow groundwater.  Irrigation-induced leaching of
the soil and accumulation of salts from imported water have concentrated dissolved salts in the
upper portion of the semiconfined aquifer.
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In order to alleviate salt buildup in the soil and high water table conditions, growers in the west-side
of the San Joaquin Basin began installing subsurface drainage systems in the 1950s to dispose of
accumulated drain water to the San Joaquin River.  The location of drainage problem areas and
existing tile drained areas in the San Joaquin River Basin are shown in Figure VIII-3 (SWRCB
1987).

In the 1950s, state and federal agencies realized that planned water importation projects would
worsen these problems.  The authorization for the SWP and the San Luis Unit of the CVP included
plans for a master drain to remove subsurface drainage from the San Joaquin Valley.  During the
1960s, the USBR and the DWR collaborated on plans for staged construction of a San Joaquin
Valley drain that would discharge in the Delta.  The DWR eventually withdrew from the planning
process because it was unable to develop a method for repayment of reimbursable costs that was
acceptable to the future drain users.  The USBR continued with plans to build a 188 mile San Luis
Interceptor Drain.  From 1968 to 1975, an 85 mile segment was built between the town of Five
Points and Kesterson Reservoir.  San Luis Drain construction was halted in 1975 because of
federal funding problems, environmental impact concerns, and uncertainty about a final location for
drain discharges.  Consequently, the Interagency Drainage Program was formed to develop an
economically, environmentally, and politically acceptable plan to handle these issues.

The Interagency Drainage Program's recommendations were published in 1979 (IDP 1979).  The
preferred plan was a 290 mile long drain extending from the Tulare Basin to the discharge point near
Chipps Island in Suisun Bay.  In 1981, the USBR requested the SWRCB to issue a permit for
discharge of San Luis Drain effluent to Suisun Bay.  The SWRCB then specified the information that
the USBR would have to submit to support its application.  Federal drainage studies began shortly
thereafter.

By 1978, subsurface agricultural drainage blended with irrigation water began flowing in the San
Luis Drain.  This water was discharged into Kesterson Reservoir, which operated as a terminal
evaporation facility.  By 1981, the entire flow of the drain was subsurface drainage originating from
approximately 8,000 acres in the Westlands Water District (5,000 acres with tile drains plus
3,000 acres influenced by the 42,000 acre collector system).  Shortly thereafter, waterfowl deaths and
embryonic deformities were observed at Kesterson Reservoir.  These observations were traced to
the presence of selenium at an average concentration of approximately 300 ppb in the drainage
water.  In response to a complaint from a landowner near Kesterson Reservoir, the SWRCB held a
series of evidentiary hearings and, in 1985, adopted Order No. WQ 85-1.  Among other
provisions, this order established conditions for continued discharge to the reservoir.  The USBR,
however, announced that it would no longer accept subsurface drainage from Westlands Water
District into the San Luis Drain, and Kesterson Reservoir was closed.  Since then, the district has
not discharged subsurface collector drain water beyond its boundaries. 

There has not been substantial progress on construction of a drainage facility since this period. The
existing status of the drainage facility is discussed in section A.3 of this chapter.
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The drainage problem in the San Joaquin Basin is exacerbated by extensive water development,
which has reduced the assimilative capacity of the San Joaquin River.  The level of water
development in the basin is illustrated in Table VIII-1, which lists the major reservoirs in the basin
and their capacities.  In 1980, the USBR and the South Delta Water Agency jointly prepared a
report entitled "Report on the Effects of the CVP upon the Southern Delta Water Supply
Sacramento-San Joaquin River Delta, California" (USBR 1980).  The report states that
construction of the CVP alone reduced the average annual flow in the San Joaquin River at Vernalis
by somewhere in the range of 544 TAF to 943 TAF, which is as much as 29 percent of the average
annual post-1947 flow at this location.

Table VIII-1
Major Reservoirs in the San Joaquin River Basin

Name River Date of Completion Capacity (acre-feet)

   Millerton     San Joaquin 1947  520,500

   New Exchequer     Merced 1967 1,025,000

   Hetch Hetchy     Tuolumne 1923   360,000

   Cherry Valley     Tuolumne 1956   268,000

   New Don Pedro     Tuolumne 1971 2,030,000

   New Melones     Stanislaus 1979 2,400,000

a. Salinity Sources.  The SJRIO model was used to estimate flow and TDS loading in the
lower San Joaquin River (Lander Avenue to Vernalis).  The magnitudes of flows and TDS loads
from different sources in each year from 1985 through 1994 are shown in Figures VIII-4 and
VIII-5.  The average annual flow and TDS load contribution from these sources for the same period
are shown in Figures VIII-6 and VIII-7.  The east- side tributaries and the upstream segment of the
San Joaquin River account for 69 percent of the flow but only 16 percent of the TDS load to the
lower San Joaquin River.  The Mud and Salt sloughs contribute only 11 percent of the flow but 44
percent of the TDS load to the San Joaquin River.  Mud and Salt sloughs are composed of
discharge from surface and subsurface return flows, wetland releases, ground water accretions, and
flood flows.  Additional sources of the TDS load are groundwater accretions (21%), surface return
flows (16%), and subsurface return flows (3%) along the main stem of the San Joaquin River,
downstream of Mud Slough.  Recent studies show that March and April wetland releases from the
southern half of Grassland Water District can account for ten percent of the TDS load in Salt Slough
during these months (Grober et al, 1995).  This represents approximately four percent of the total
salt load in the San Joaquin River near Vernalis during these months just from a portion of the
Grasslands Water District.

Salt Slough originates at Sand Dam near the confluence of Salt Slough Ditch and West Delta Drain
and flows northwestward until it reaches the San Joaquin River approximately 3.5 miles



Figure VIII-4
Sources and Magnitude of Flow in the Lower
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Sources and Magnitude of TDS Load in the Lower
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Figure VIII-6
Lower San Joaquin River Flow
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Figure VIII-7
Lower San Joaquin River TDS Loads
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downstream of Fremont Ford State Park.  Salt Slough is a typical valley floor slough.  It has a very
small slope; it meanders and is generally shallow and slow moving except during periods of
exceptionally high flow.  The majority of the flow in Salt Slough originates in the San Luis Canal
Company Water District; however, major inputs are received from the Central California Irrigation
District, the Poso Canal Company, and the Grassland Water District.  During the winter and early
spring, its flows are a mixture of subsurface agricultural drainage, precipitation runoff, and
discharges from local duck clubs and wildlife refuges.  During the summer and fall months, its flows
are made up of agricultural tailwater, irrigation spill water, and subsurface agricultural drainage.  An
inventory of discharges to Salt Slough has been prepared by the CVRWQCB (CVRWQCB
1989a), and 71 discharges are identified in this inventory.  The majority of discharges enter Salt
Slough prior to the south entrance of the San Luis National Wildlife Refuge, in the first 9.9 miles of
the 20.7 miles length of Salt Slough.  Most of these discharges carry tailwater drainage from areas
planted in field crops.  The discharges to Salt Slough north of this point are either from pasture land
or duck ponds.

Mud Slough (North) flows in a northerly direction from Kesterson Ditch to the San Joaquin River,
which it intersects approximately two miles upstream of the Merced River confluence.  Like Salt
Slough, during the winter and early spring, its flows are a mixture of subsurface agricultural drainage,
precipitation runoff, and drainage from local duck clubs and wildlife refuges.  During the summer
and fall, its flows are made up of agricultural tail water, irrigation spill water, and subsurface
agricultural drainage.  There are 42 discharges into Mud Slough (North) (CVRWQCB 1989b). 
Numerous discharges are from wetland areas, either private duck clubs or federal refuges, and are
seasonal discharges of low volume.  The major discharges are from the tributaries:  Kesterson
Ditch, Fremont Canal, Santa Fe Canal, and Los Banos Creek.  All four tributaries carry agricultural
subsurface drainage and irrigation spill water at one time or another.  The majority of the subsurface
agricultural drainage reaches Mud Slough (North) via the Santa Fe Canal; the majority of the flows
in Los Banos Creek are irrigation spill water.

Starting in October, 1996, all subsurface drainage that previously discharged to Mud or Salt sloughs
through a series of wetland channels was routed via the Grassland Bypass Project into the
northernmost portion of the San Luis Drain.  The San Luis Drain discharges into Mud Slough
(North) approximately nine miles upstream of the confluence with the San Joaquin River.

Table VIII-2
Average TDS Load at Vernalis* (Tons)  

Period 1960-69 1970-79 1980-89

April-August 288,000 316,000 466,000

Annual 846,000 897,000 1,166,000

* Calculated using monthly average of daily EC or TDS and monthly average of daily flow at Vernalis
from 1960 to 1989 (Grober 1996).
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b. Historical Salinity Conditions and Future Trends.  The increase in the salt load and
concentration at Vernalis from the 1930s through the 1960s are documented in a 1980 report
prepared jointly by the USBR and South Delta Water Agency (USBR 1980).  More recent
increases in the salt load at Vernalis are illustrated in Table VIII-2.  This table shows that the April
through August salt load in the 1980s was 62 percent higher than the load in the 1960s, and the
corresponding annual load increase was 38 percent.  This load increase, coupled with reduced
flows due to water development, has reduced the quality of water available to water users diverting
water from the lower San Joaquin River and the southern Delta.  Salinity conditions at Vernalis for
water years 1986 through 1995 are illustrated in Figure VIII-8.  During this period, the USBR
made releases of dilution water from New Melones Reservoir to meet a year-round water quality
objective of 500 ppm TDS (approximately 800 mmhos/cm), as required by D-1422.  This
objective was often exceeded because of insufficient water in New Melones Reservoir to provide
adequate dilution flows.  The objectives adopted in the 1995 Bay/Delta Plan are also plotted in
Figure VIII-8, and the percent of days these objectives would have been exceeded if they had been
in effect in water years 1986 through 1995 is illustrated in Figure VIII-9.  These plots show that
additional control measures will be needed to ensure compliance with Vernalis water quality
objectives, especially during the irrigation season.

The problem of increasing salt loads and concentration at Vernalis will worsen in the future unless
some action is taken because the rate of accretion of salt in the basin exceeds the rate of excretion. 
The difference in these rates between 1950 and 1989 averaged approximately 446,000 tons per
year and totaled 18,621,000 tons (Orlob 1991).

2. Regulatory History

This section describes the history of the SWRCB's and the CVRWQCB's regulation of salinity at
Vernalis.  Relevant plans and decisions include:  (a) D-1275, (b) D-1422, (c) 1978 Delta Plan
and D-1485, (d) 1991 Bay/Delta Plan, (e) 1995 Bay/Delta Plan and Order WR 95-6, and
(f) CVRWQCB Basin Plans.

a. D-1275.  In 1967, the SWRCB adopted D-1275, which approved the DWR's water right
applications for the development and operation of the SWP.  The decision requires that the permits
are subject to the water quality criteria included in an agreement, dated November 19, 1965,
among the Sacramento River and Delta Water Association, the San Joaquin Water Rights
Committee, the DWR, and the USBR (SRDWA 1965) in so far as the criteria do not conflict with
other terms included in the permits.  The agreement states that, in the event New Melones Reservoir
is operated to provide water quality control, the average TDS at Vernalis will be maintained at
500 ppm or less, provided that not more than 70 TAF shall be released in any calendar year for this
purpose.



Figure VIII-9
San Joaquin River Near Vernalis

Percent of days that the 30-day running average electrical conductivity objective was
exceeded for Water Years 1986 - 1995

Figure VIII-8
San Joaquin River Near Vernalis

30 Day Running Average Electrical Conductivity for Water Years 1986 - 1995

Irrigation Season: Apr - Aug            Non-irrigation Season: Sep - Mar
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b. D-1422.  In 1973, the SWRCB adopted D-1422, which approved the USBR's water right
applications to appropriate water from the Stanislaus River at New Melones Reservoir for power
generation, preservation and enhancement of fish and wildlife, recreation, and water quality control.
D-1422 requires the USBR to release water to maintain a mean monthly TDS of 500 ppm or less
in the San Joaquin River at Vernalis.  The decision notes that the USBR plans to release up to
70 TAF per year for this purpose, but it does not limit releases to this quantity. 

c. 1978 Delta Plan/D-1485.  In 1978, the SWRCB adopted both the 1978 Delta plan, which
revised the water quality objectives for the Delta, and D-1485, which implemented the objectives. 
The 1978 Delta Plan established a two-phase approach regarding Vernalis salinity objectives.  In
the first phase, the existing objective of 500 ppm maximum 30-day running average of mean daily
TDS would become effective after New Melones Reservoir is operational.  The phase two
objectives are 0.7 mmhos/cm and 1.0 mmhos/cm maximum 30-day running average of mean daily
EC from April 1 through August 31 and from September 1 through March 31, respectively.  The
phase two objectives would become effective only upon completion of suitable circulation and
water supply facilities.  The plan stated that if contracts to ensure such facilities were not executed
by January 1, 1980, the SWRCB would take appropriate enforcement actions to prevent
encroachment on riparian rights in the southern Delta.  The phase two objectives were based on the
water quality needs of crops grown in the southern Delta.  During the irrigation season of April 1
through August 31, the representative crop used to develop the objective was beans, and alfalfa
was used as the representative crop for the rest of the year. 

D-1485 conditioned the DWR and the USBR water right permits to implement most of the water
quality objectives of the 1978 Delta Plan, but the Vernalis salinity objectives were not included in
the decision.  Therefore, the requirements of D-1422 remained in effect.

d. 1991 Bay/Delta Plan.  The 1991 Bay/Delta Plan revised the water quality objectives in the
1978 Delta Plan.  The magnitude of the Vernalis salinity objectives was not changed in the 1991
Bay/Delta Plan, but the implementation schedule was changed.  The plan called for the year-round
Vernalis salinity objective of 500 ppm TDS to be replaced by the seasonal objectives of
0.7 mmhos/cm and 1.0 mmhos/cm EC from April 1 through August 31 and from September 1
through March 31, respectively, no later than 1994.  The plan also stated that, if a three-party
contract is implemented among the DWR, the USBR, and the South Delta Water Agency, that
contract would be reviewed prior to implementation of the objective and, after also considering the
needs of other beneficial uses, revisions would be made to the objectives, as appropriate.

The 1991 Bay/Delta Plan included a program of implementation for the Vernalis salinity objective. 
This program included direction to the CVRWQCB to develop and adopt a salt load reduction
program.  The 1991 Bay/Delta Plan states that the salt load reduction program should include a plan
to reduce annual salt loads by at least ten percent and to adjust the timing of salt discharges from
low flow to high flow periods.
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In 1991, the SWRCB did not adopt a water right decision implementing the provisions of the 1991
Bay/Delta Plan; therefore, the USBR continued to be responsible to meet the water quality
objective of 500 ppm contained in D-1422.

e. 1995 Bay/Delta Plan and Order WR 95-6.  The 1995 Bay/Delta Plan revised the water
quality objectives in the 1991 Bay/Delta Plan.  The seasonal objectives at Vernalis of
0.7 mmhos/cm and 1.0 mmhos/cm EC from April 1 through August 31 and from September 1
through March 31, respectively, were however retained, and these objectives were effective 
immediately.  The program of implementation of the 1995 Bay/Delta Plan includes several provisions
related to the Vernalis salinity objectives.  In the short-term, the plan recommends implementation of
the recommendations from the San Joaquin Valley Drainage Program and coordination of drainage
water releases with higher flows in the river to maximize the use of the assimilative capacity of the
river.  In the long-term, the plan states that the in-basin management of salts must be supplemented
by the disposal of salts outside of the valley, and the USBR should reevaluate alternatives for
completing a drain to discharge salts out of the basin. 

On June 8, 1995, the SWRCB adopted Order WR 95-6, which makes the water rights of the
SWP and the CVP consistent with their implementation of the 1995 Bay/Delta Plan.  This action
allows the SWP and the CVP to operate their facilities in accordance with the 1995 Bay/Delta Plan
while the SWRCB prepares a long-term water right decision to implement the plan.  Among other
provisions, Order WR 95-6 requires the USBR to release conserved water from New Melones
Reservoir to comply with 1995 Bay/Delta Plan salinity objectives at Vernalis.  The order was to
expire on December 31, 1998 or upon adoption by the SWRCB of a long-term water right
decision implementing the 1995 Bay/Delta Plan, whichever occurred first.  On December 3, 1998,
the effective term of WR 95-6 was extended until December 31, 1999, when the SWRCB adopted
Order WR 98-09.

f. CVRWQCB Basin Plans .  The CVRWQCB adopted a number of basin plans in the period
described above (CVRWQCB 1994).  In general, the regional basin plans included the same
salinity objectives at Vernalis that were in effect pursuant to SWRCB plans.  In the event of any
conflicts, the SWRCB-adopted salinity objectives superseded the Regional Board-adopted salinity
objectives.

The existing CVRWQCB basin plan includes a program of implementation for objectives.  Among
other provisions related to salinity control, the plan states that there are two major options for the
disposal of salts produced by irrigated agriculture:  out-of-valley export and discharge to the San
Joaquin River.  The plan states that a valley-wide drain remains the best technical solution to the
water quality problems of the San Joaquin River and the Tulare Lake Basins caused by agricultural
drainage.
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3. Existing Salinity Management Programs

Salinity objectives at Vernalis can be met either by release of fresh water to dilute the salinity loads,
by reducing the salinity load entering the river, or by changing the timing of salt load releases to the
river to maximize the use of the assimilative capacity of the river.  In the past the principal method
used to reduce salt levels has been dilution with fresh water from New Melones Reservoir. 
Recently, state, federal, and local public and private agencies began taking actions to reduce and
control salt loads entering the San Joaquin River.  This section summarizes the following principal
programs and actions to reduce and control salt loads entering the river:  (a) out-of-valley disposal,
(b) water conservation, (c) drainage reuse, (d) evaporation ponds, (e) subsurface storage,
(f) change in point of diversion in the Delta, (g) land retirement, and (h) regulated releases to the San
Joaquin River.

a. Out-of-Valley Disposal.  Implementation of in-basin measures, if the only means used to
reduce salt loading to the San Joaquin River, will be effective only for the short-term.  A long-term
solution must include disposal of salts outside the valley, along with continuation of in-basin
measures as an ongoing means of reducing drainage volumes and salt and trace element loads.  At
present, the San Joaquin River is being used to convey a substantial portion of the salt load out of
the valley, but this disposal option is affecting the beneficial uses of the river.

The construction of an out-of-valley facility has a lengthy history, as described earlier in this chapter.
The USBR recently began discussions with the SWRCB regarding actions needed to secure a
permit from the SWRCB for the construction of an out-of-valley facility.  These discussions led to
the adoption of Resolution No. 96-029 by the SWRCB, which directed the USBR to use the
CEQA and the NEPA process to evaluate alternatives for out-of-valley disposal.

b. Water Conservation.  Water conservation can improve salinity conditions in the San Joaquin
River both by leaving more water in the river for dilution flows and by decreasing the salt load
imported into the basin through the CVP.  Four principal legislative actions have been passed
recently that encourage water conservation, three for agricultural water conservation and one for
urban water conservation.  These actions are discussed below: 

1. The California Agricultural Water Management Planning Act (California Water Code Sections
10800 through 10855) requires all agricultural water suppliers delivering over 50 TAF of
water per year to prepare an Information Report and identify whether the district has a
significant opportunity either to conserve water or to reduce the quantity of drainage water
through improved irrigation water management.  The legislation affected the 80 largest
agricultural water purveyors in California.  The districts that have a significant opportunity to
conserve water or to reduce drainage are required to prepare water management plans.

2. The Agricultural Water Suppliers Efficient Water Management Practices (EWMP) Act of
1990 (California Water Code Sections 10900 through 10904) requires the DWR to establish



Alternatives for Implementing Salinity Control
State Water Resources Control Board  Measures in the San Joaquin River Basin

FEIR for Implementation of the                             VIII-16 November 1999
1995 Bay/Delta Water Quality Control Plan

an advisory committee consisting of members of the agricultural community, University of
California, DFG, environmental and public interest groups, and other interested parties to
develop a list of EWMPs for agricultural water users.  On November 13, 1996, the
committee completed a six year effort by releasing a "Memorandum of Understanding (MOU)
regarding EWMP by Agricultural Water Suppliers in California" (AWSC 1996).  The MOU,
which is to be voluntarily signed by agricultural and environmental communities and by other
interested parties, provides a mechanism for planning and implementing cost-effective
EWMPs that benefit water suppliers.  The MOU requires implementation of some EWMPs,
and it sets out an evaluation process for other EWMPs that must have net benefits to the
water supplier before they are implemented.  The MOU also (a) requires preparation of water
management plans by water suppliers, (b) establishes the Agricultural Water Management
Council to oversee implementation of the MOU, and (c) provides a mechanism for evaluation
and endorsement of the water management plans.  The MOU was signed in May 1997
authorizing the Agricultural Water Management Council to implement the process. 

3. The Reclamation Reform Act of 1982 (Section 210) and the CVPIA (PL 102-575, Section
3405e) require federal water contractors to prepare water conservation plans.  In California,
the USBR's Mid-Pacific Region developed a criteria and a set of guidelines to prepare water
conservation/management plans and required all agencies (districts) that contract with the
USBR for M&I water in excess of 2,000 acre-feet and/or for agricultural (irrigation) water to
serve over 2,000 irrigable acres to submit water conservation plans.  The CVPIA required
the USBR's Mid-Pacific Region to revise its existing guidelines for reviewing conservation
plans to include, but not be limited to, BMPs and EWMPs developed in California. 

4. The Urban Water Management Planning Act (California Water Code sections 10610 through
10656) requires urban water suppliers that provide water to more than 3,000 customers or
that supply more than 3,000 acre-feet of water annually (a) to prepare urban water
management plans, (b) to submit the plans to the DWR for review, and (c) to implement the
plans.  These code sections also specify the minimum requirements for an acceptable plan. 
Many of these requirements are incorporated from the "Memorandum of Understanding
Regarding Urban Water Conservation in California," dated September 1991.  Most of the
major urban water agencies in the state are signatories to this MOU.  The primary purpose of
the 1991 MOU is to expedite implementation of reasonable water conservation
measures/best water management practices in urban areas and to establish assumptions for
use in calculating estimates of reliable future water conservation savings resulting from proven
and reasonable water conservation measures.

In addition to the legislative programs discussed above, agricultural water conservation is also
encouraged through the SJVDP and through the actions of the CVRWQCB.  The SJVDP Report
(SJVDP 1990) recommends agricultural water conservation as one of the inbasin management
methods for reducing the load of salt and other pollutants discharged to the water bodies in the San
Joaquin Valley.  In December 1991, eight State and Federal agencies, including the SWRCB,
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signed a Memorandum of Understanding to coordinate activities implementing the recommended
plan. 

On December 8, 1988, the CVRWQCB adopted Resolution 88-195 approving amendments to the
water quality control plan for the San Joaquin River Basin.  The amendments require that parties
discharging or contributing to the generation of agricultural subsurface drainage submit drainage
operation plans.  The amendment further states that the principal best management practice for the
control of subsurface drainage is water conservation.  On September 21, 1989, the SWRCB
approved the basin plan amendments by adoption of SWRCB Resolution No. 89-88.  The
SWRCB at that time directed the CVRWQCB to issue waste discharge requirements if the
drainage operation plans are not implemented in a timely fashion.  The CVRWQCB has continued
to pursue the drainage operation plan approach, and the main element of the plans has been water
conservation efforts.

c. Drainage Reuse.  The SJVDP recognized that, if drainage water could be economically
reused, it would be a resource.  The reuse of drainage water for power plant cooling, energy
producing solar ponds, salts and mineral recovery, fish and wildlife habitat, and aquaculture has
limited potential in the San Joaquin Valley.  Reuse of drainage water by irrigating salt-tolerant crops
or by blending with normal irrigation supplies are the only reuse options that appear promising at this
time.  Consequently the SJVDP emphasized reuse of drainage water on progressively more salt-
tolerant crops to reduce the drainage volume for easy containment and/or disposal.  Volume
reduction through reuse would also substantially reduce disposal costs and treatment costs, if
treatment became necessary.  Several studies are being done to explore the potential of drainage
reuse.  Studies have been done by Ayars and others (Ayars 1994, 1996) on the west-side of the
San Joaquin Valley to demonstrate that, rather than discharge tile drainage, some of the tile drainage
can be retained in the soil profile to meet crop water requirements by subirrigation.  Application of
this technique reduces drainage volume, salt loading of surface waters, and irrigation water
requirements.  When the ground water is saline, the potential of its reuse will be limited by the crop
tolerance for salinity.

The Department of Food and Agriculture, in cooperation with University of California and several
other agencies, has studied the feasibility of drainage reduction by using tile drain effluent to irrigate
eucalyptus trees and halophytes (Tanji 1991).  The strategy is currently being practiced by at least
two farmers on the west-side of the San Joaquin Valley and additional farmers may adopt this
practice in the future (Cal Poly 1994).

Researchers at Cal Poly (Cal Poly 1994) report that the districts in the west-side of the San Joaquin
Valley can promote reuse of drainage water by not accepting any tailwater from its members and
accepting tile water only when the electrical conductivity of the tile water is greater than five
mmhos/cm.  District recycling facilities should be in place to allow recycling of tail water, tile only if
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water quality allows.  Recycling pipelines or ditches must terminate at irrigation water inlets to the
districts so that drainage water will be reused in all areas. 

d. Evaporation Ponds .  Evaporation ponds are discussed as an agricultural drainage in-basin
management option in the SJVDP report.  These ponds can be used independently or in conjunction
with eucalyptus trees/halophyte plants.

Evaporation ponds are not common in the San Joaquin River Basin.  However, evaporation ponds
are the only means available for storage and disposal of drainage water in the Tulare Lake Basin. 
Evaporation ponds can generate several possible problems depending on the quality of water
discharged to the ponds and the management of the ponds (CVRWQCB 1996):  (1) they can pose
a threat to wildlife; (2) they can contribute to the impairment of ground water; and (3) they take
lands out of production.

e. Subsurface Storage.  Subsurface storage refers to holding of tile drainage water in the tile
laterals, subsurface submains (if any), and soil profile above tile lines but below rootzone when
assimilative capacity of the San Joaquin River is low and discharging it when the assimilative
capacity of the San Joaquin River is high.  Subsurface storage may promote compliance with water
quality objectives at Vernalis and save water by reducing water quality releases from New Melones
Reservoir.  If salinity levels in tile drainage water are below crop salt tolerance levels, some of the
stored water may be used through capillary rise (upflux) to meet a part of crop irrigation
requirements thereby leading to a reduction of drainage volumes.  A recent USBR report (USBR
1991) discusses methods of retrofitting existing systems with valves and/or weirs or designing new
systems that include these valves/weirs to create temporary storage above tile lines and below the
rootzone.  Subsurface storage has no adverse effects on wildlife; its effect on salt build up in the
rootzone and crops may have to be closely monitored.

There are several limitations that may be encountered for subsurface storage.  First, the leaching
process is slow and consequently salts cannot be moved quickly to take advantage of assimilative
capacity in the San Joaquin River.  Second, stored salts may impact crop production.  Third,
additional water supplies may be needed to leach salts, especially over a series of dry years.  Last,
lateral seepage from upslope areas may interfere with the project.

f. Change in Point of Diversion in the Delta.  Water exported from the Delta has a higher
salt concentration than water diverted from the Sacramento River.  Therefore, changing the point of
diversion for exports to the San Joaquin Valley from the Delta to the Sacramento River can
substantially reduce the load of salt imported to the basin.  This reduction will in turn reduce the salt
load discharged to the San Joaquin River. 

The CALFED Bay/Delta Program’s strategy is to develop a through-Delta conveyance alternative
based on the existing Delta configuration with some modifications, evaluate its effectiveness and add
additional conveyance and/or other water management actions if necessary to achieve CALFED
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goals and objectives.  For example, inability to meet CALFED program goals for drinking water
quality or fishery recovery using this strategy could lead to a decision to move forward with
modifications to this strategy including a change in point of diversion to the Sacramento River
(CALFED 1998).  The environmental review process for this program is scheduled for completion
in late 1999.   

g. Land Retirement.  The recommended drainage management actions in the SJVDP Report
(1990) included the selective retirement of irrigated lands that are characterized by low productivity,
poor drainage, and high selenium concentrations in shallow groundwater.  Based on these
recommendations, Section 3408(h) of the CVPIA authorized a federal land retirement program. 
Land retirement, or taking lands out of irrigated agricultural production, may reduce irrigation
drainage problems, depending on how the freed up irrigation water is reallocated.  Other associated
benefits would be lowering of the water table, and opportunities to use the CVP water, which was
previously used on the retired lands, for other beneficial uses including protection of fish and wildlife
resources in the San Joaquin River.  The Water Quality Common Program of CALFED also
describes land retirement as a possible method available to address drainage problems.

The federal program is expected to retire a total of 100,000 acres of irrigated farm land.  The actual
amount of land retired and the duration of the program will be dependent upon the number of willing
sellers and budget constraints.  All lands that receive CVP water are eligible to participate, but lands
selected for retirement will probably be located south of the Delta.  Also in 1992, California Water
Code section 14900 was adopted authorizing the DWR to implement the State land retirement
program.  As currently envisioned, the land retirement will be accomplished cooperatively by the
DOI and DWR through a process in which willing sellers volunteer to remove their lands from
irrigation production in return for monetary compensation.  The State land retirement program is not
currently funded; however, the federal government is moving forward with implementing its land
retirement program.  The USBR, in consultation with DWR, developed and released ‘Interim
Guidelines – Land Retirement Program’ in 1997 (USBR 1997).  The Guidelines address
procedures for soliciting lands eligible for retirement, criteria for selecting lands for retirement, the
role of the local water districts in setting priorities for retirement, control of land and water resources
that may be acquired, and post-retirement management of land and water resources.  The USBR is
currently implementing a demonstration project to evaluate the environmental benefits and
constraints of land retirement.

h. Controlled Discharges to the San Joaquin River.  SWRCB Order WQ 85-1 (SWRCB
1985), which was adopted principally for the purpose of directing cleanup of Kesterson Reservoir,
required the CVRWQCB to adopt and implement basin plan amendments to evaluate wetland
releases and drain discharges to the San Joaquin River.  In addition, the SWRCB's 1991 Bay/Delta
Plan and 1995 Bay/Delta Plan directed the CVRWQCB to implement a program to reduce the
annual salt load discharged to the San Joaquin River by at least 10 percent and to adjust the timing
of salt discharges from low flow to high flow periods.
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In response to these directives, the CVRWQCB intensified monitoring of drainage discharges,
completed hydrological investigations of discharges to the San Joaquin River, Mud Slough, and Salt
Slough, and required the preparation of drainage operation plans.  The CVRWQCB is also
beginning a basin planning process to adopt and implement salinity objectives at upstream locations
on the San Joaquin River.

The control and regulation of wetland releases and drain discharges to the San Joaquin River is also
recommended in the San Joaquin River Management Program (SJRMP) plan (SJRMP 1995).  This
program was established by Assembly Bill 3603 (California Water Code sections 12260 through
12273) and its focus is to establish a consensus based plan to improve conditions in the San Joaquin
River.

Controlled timing of agricultural drainage and wetland releases to the San Joaquin River can
maximize the assimilative capacity of the river.  From September 1 through March 30, the salinity
objectives at Vernalis are higher (1.0 mmhos/cm instead of 0.7 mmhos/cm) and flows are often
higher.  In addition, a pulse flow objective from April 15 through May 15 often results in high flows
during this period.  Moving agricultural drainage and wetland releases to these periods should help
meet the salinity objectives.  Adequate coordination may require formation of regional drainage
bodies, execution of agreements with dischargers, issuance of waste discharge requirements that
restrict the discharge of drainage water to the river, or adoption of time specific waste discharge
prohibitions.  Many tile drain systems will require modification in order to control the timing of
discharges from the systems.

The successful regulation and control of drain water discharge to the San Joaquin River would be
aided by a real-time monitoring program being developed by the DWR, the USBR and the
CVRWQCB.

B. SALINITY CONTROL ALTERNATIVES UNDER CONSIDERATION

There are several salinity control actions that the SWRCB could undertake in the San Joaquin River
basin to improve salinity conditions in the San Joaquin River.  The previous section described eight
methods that are presently being used or analyzed to manage salt loads in the San Joaquin Basin: 
(1) out-of-valley disposal, (2) water conservation, (3) change in point of diversion in the Delta,
(4) land retirement, (5) controlled releases to the San Joaquin River, (6) drainage reuse,
(7) evaporation ponds, and (8) subsurface storage. 

The first four methods (out-of-valley disposal, water conservation, change in point of diversion in
the Delta, and land retirement) are either under consideration in another forum or are already being
implemented.  On April 18, 1996, the SWRCB adopted Resolution No. 96-029, which directed
staff of the SWRCB and the USBR to complete a workplan for a CEQA/NEPA document that
analyzes alternatives for out-of-valley disposal.  Water conservation efforts are ongoing through
implementation of the recent legislation discussed in the previous section of this report.  Change in
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point of diversion may eventually be a part of the CALFED Bay/Delta Program, depending on the
outcome of the initial phase of the program.  The DWR and the USBR are working together to fund
and manage the land retirement program.  Further consideration in this process would be
duplicative.

The fifth method, controlled releases to the San Joaquin River, is under the direct regulatory
authority of the SWRCB and the CVRWQCB and is not being evaluated or implemented by other
agencies.  Therefore, alternatives to control the timing of releases from wetlands and tile drains are
analyzed in this report.  Water Code section 13243 authorizes the SWRCB or the CVRWQCB, in
a water quality control plan or in waste discharge requirements, to specify certain conditions or
areas where the discharge of waste, or certain types of waste, will not be permitted.  The
CVRWQCB also has authority, under Water Code section 13260, et seq., to require persons
discharging waste that could affect the quality of the state's water to report on the discharges and to
obtain waste discharge requirements before continuing the discharges.

The last three methods (drainage reuse, evaporation ponds, and subsurface storage) are
implementation methods for controlled releases to the San Joaquin River or, in the case of drainage
use, also a water conservation measure.  In this programmatic analysis only one of these methods to
implement the controlled releases to the San Joaquin River, subsurface storage, will be evaluated.  If
the SWRCB elects to direct the CVRWQCB to evaluate controlled releases in more detail, the
CVRWQCB will prepare a CEQA document that considers all reasonable implementation
methods. 

The hydrology used in the analysis of all the alternatives, including the reference case, assumes full
implementation of the 1995 Bay/Delta Plan.  This reference case hydrology is different than the base
case hydrology used in the rest of this report, which assumes D-1485 regulatory conditions.  The
reason for the difference is that the principal focus of this analysis is to determine whether, after
implementation of the Bay/Delta Plan, dilution water requirements from New Melones Reservoir
could be reduced through implementation of salinity control actions.
The four salinity control alternatives described below are:  (1) Salinity Control Alternative 1 -
reference case, (2) Salinity Control Alternative 2 - controlled timing of wetland releases, (3) Salinity
Control Alternative 3 - controlled timing of tile drain releases; and (4) Salinity Control Alternative 4
- combination of Alternatives 2 and 3.

1. Salinity Control Alternative One - Reference Case

In the reference case, no water quality action is taken.  The wetland releases and agricultural
subsurface drain discharges continue to flow into the San Joaquin River in accordance with present
practices.  A summary of the present practices is provided below.

a. Grassland Area Wetlands .  Grassland Resource Conservation District (GRCD) comprises
more than 74,700 acres within the Grassland area.  Located within the GRCD is the Grassland
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Water District (GWD), a CVP contractor that delivers water to private lands and to the three public
wildlife areas within its boundaries:  San Luis National Wildlife Refuge, Los Banos Wildlife
Management Area, and the North Grassland Wildlife Management Area.  Land within the GWD is
used primarily for duck hunting clubs and seasonal grazing of livestock.  Although the properties
within GWD are managed separately, the overall management objective is to enhance natural food
plant production and to protect wetland habitat for migratory and resident waterfowl.  Historically,
about 70 to 80 percent of GRCD lands were flooded from mid-September to mid-January to
provide waterfowl habitat.  Water was released from the seasonally flooded areas from mid-
January through April to the San Joaquin River via Mud and Salt sloughs.  Prior to discharge, salt
concentrations in the wetlands rise due to evaporation and to leaching from the naturally saline soils.
Consequently, the spring releases from wetlands add to the overall San Joaquin River salt load.

The GWD's water supplies come from several sources.  A 1953 settlement over disputed San
Joaquin River water rights in the Grassland area makes 50 TAF annually of CVP water available to
the GWD from the Delta-Mendota Canal.  Delivery of this water is limited by contract to the
September 15 to November 30 period.  Until 1985, agricultural drainage and operational spills from
upslope irrigators provided up to 148 TAF annually of additional water for the Grassland wetlands.
Concerns regarding the quality of the drainage water caused the GWD to cease accepting drainage
water in 1985.  Interim supplies were then obtained through a series of temporary contracts with the
CVP.  The passage of the CVPIA in 1992 provided the GWD with firm water supplies.  The
CVPIA requires the Secretary of the Interior to immediately provide firm water supplies of suitable
quality to specified wetland habitat areas.  The GWD, the state's wildlife management areas, and the
federal wildlife refuges presently receive approximately 168 TAF under the CVPIA, and deliveries
are to be increased to 250 TAF by the year 2002.

With the advent of CVPIA water, Grassland wetland managers adopted new management
practices.  Fall flooding begins in mid-September, timed to coincide with early arriving waterfowl
and is complete by late October.  Typical application rates range from 1.5 to 3 acre-feet per acre
per year.  Water levels averaging 8 inches are maintained throughout the winter in the ponded areas.
In the past, many duck clubs released their water in mid-January at the end of hunting season. 
Now, managers prefer to hold water longer and release it more gradually. 

Actual timing of releases depends on weather conditions and which plant species are being
encouraged.  The average monthly release schedule, as modeled for the reference condition, is
summarized in Table VIII-3.  These reference conditions represent moderate to worst case wetland
discharges and are not necessarily representative of all years.

The average TDS of the historic wetland releases (prior to implementation of the CVPIA) is
assumed to be 1900 mg/l based on limited information for the southern subarea of GWD.  The
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Table VIII-3
Average Monthly Wetland Releases (acre-feet)

Month Historic CVPIA* Total

      October  1,000  1,000  2,000

      November  1,000  2,000  3,000

      December  2,000  5,000  7,000

      January  3,000  5,000  8,000

      February  3,000  7,000 10,000

      March  7,000 10,000 17,000

      April  6,000 10,000 16,000

      May  2,000  7,000  9,000

      June  1,000  4,000  5,000

      July  1,000  2,000  3,000

      August  1,000  1,000  2,000

      September  1,000  1,000  2,000
Total 29,000 55,000 84,000

 
* This term represents the additional wetland releases caused by the recent introduction of CVPIA
   water.

average TDS attributed to the discharge of CVPIA wetland supplies is set at roughly half that of the
historical wetland release (960 mg/l) to account for reduced evapoconcentration and salt
mobilization that would be likely with these additional supplies.

b. Agricultural Drainage.  Subsurface tile drainage systems have been installed in many areas
on the west-side of the San Joaquin River basin to lower the water table and allow needed periodic
leaching of the soils.  Figure VIII-10 shows areas with tile drains on the west-side of the San
Joaquin River Valley (SWRCB 1987).  Many more acres will need tile drainage to remain
productive in the future.

Approximately 50,000 acres of the tile drained area discharge to Salt and Mud sloughs.  The
quantity of the average discharge is estimated to be 19,145 AF per year.  The districts discharging
this water are Broadview Water District, Central California Irrigation District, Firebaugh Canal
District, Wildern Water District, Charleston Drainage District, Pacheco Drainage District, and
Panoche Water District.  Prior to 1985, much of this water was applied to wetlands within the
GWD.  Provision of CVP water for the wetlands has eliminated this use of the drainage water. 
Since October 1996, all tile drainage from this area is conveyed via a portion of the San Luis Drain
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to Mud Slough where it then flows into the San Joaquin River.  This routing of drainage water is
referred to as the Grassland Bypass Project.  No tile drainage water is commingled with wetlands
water supplies.

In addition to the sources of tile drainage water described above, 10,010 acres discharge directly to
the San Joaquin River.  The quantity of the average discharge is estimated to be 7,806 AF per year.
The districts/areas discharging directly to the river are Newman Drainage District, Spanish Grant
Drainage District, Reclamation Districts 1602, 2099, and 2100, Patterson Water District, West
Stanislaus Irrigation District, El Soyo Water District, and the McCracken Road Drain (Grober
1997).

The average monthly tile discharge to the San Joaquin River from all of the sources named above,
as modeled in this chapter, is shown in Table VIII-4.

Table VIII-4
Tile Drain Discharges (acre-feet)

Reference Conditions                

Month Via Mud & Salt
Sloughs

Directly to San
Joaquin River

Total

Reoperation
Conditions if
Implemented

       January 1,687 241 1,928      0

       February 2,262 484 2,746      0

       March 2,471 699 3,170      0

       April 2,269 933 3,202 7,013

       May 2,047 933 2,980 7,013

       June 1,935 933 2,868      0

       July 1,717 933 2,650      0

       August 1,490 853 2,343      0

       September  879 699 1,578 5,342

       October 699 545 1,244 5,342

       November 644 312 956 956

       December 1,045 241 1,286 1,286

      Total 19,145 7,806 26,951 26,952
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2. Salinity Control Alternative 2 - Controlled Timing of Wetland Releases

Under this alternative, the CVRWQCB implements a regulatory program or coordinates a
cooperative program in which wetland operators within GWD shift all of their historical and recent
CVPIA releases during the months of March and April to the month of February.  This program is
implemented whenever the salinity objectives at Vernalis during the month of March are likely to be
exceeded.  This reoperation requires one month of foresight because a February release is being
made based on forecasted March water quality.  Such foresight may be possible because the
availability of reservoir dilution flows may be reasonably estimated based on forecasted watershed
runoff. 

The shift of all releases from the months of March and April to February can adversely affect the
diversity of waterfowl food in the managed wetlands because different plants are favored depending
on when the land is drained.  In order to avoid this effect, 10 TAF of additional CVPIA water is
provided in both March and April to maintain a flow through system in the wetlands.  This additional
20 TAF of CVPIA water is the difference between CVPIA Level 2 and Level 4 supplies to the
Grassland Area Refuges in the spring and consequently is available for the management of wetlands.

The wetlands reoperation affects releases during the months of February, March, and April only; the
releases during other months are unchanged.  Table VIII-5 shows modeled wetland releases for the
three relevant months for the reference (Alternative 1) and the reoperated (Alternative 2) conditions.

The average TDS concentration of the discharge of each of these sources of water can differ.  For
modeling purposes, the assumption is made that the average concentration of historical wetland
releases, CVPIA water and additional CVPIA water is 1,900 mg/l, 960 mg/l, and 600 mg/l,
respectively (Grober 1997). 

Table VIII-5
Wetland Releases for Reference and Reoperation Conditions (acre-feet)

Reference Conditions Reoperation Conditions

Month Historic CVPIA
Add -

CVPIA Total Historic CVPIA
Add -

CVPIA Total

Feb 3,000 7,000 - 10,000 16,000 27,000 - 43,000

March 7,000 10,000 - 17,000 0 0 10,000 10,000

April 6,000 10,000 - 16,000 0 0 10,000 10,000



Alternatives for Implementing Salinity Control
State Water Resources Control Board  Measures in the San Joaquin River Basin

FEIR for Implementation of the                             VIII-27 November 1999
1995 Bay/Delta Water Quality Control Plan

3. Salinity Control Alternative 3 - Controlled Timing of Tile Drain Discharges

Under this alternative, the CVRWQCB implements a regulatory program or coordinates a
cooperative program in which parties with tile drainage systems hold the drainage for limited periods
when assimilative capacity is not available in the San Joaquin River.  The parties would have
flexibility in deciding how to temporarily cease their discharge.  For illustrative purposes, the
assumption in this programmatic analysis is that the parties store their drainage in laterals, submains,
sumps, and the soil column for up to three months.  Under this alternative, tile drainage is stored in
January, February, and March and released in April and May when the Vernalis salinity objective is
exceeded in January.  The pulse flows required by the Bay/Delta Plan in April and May will dilute
the release in these months.  Tile drainage may be unnecessarily stored in February and March at
times when objectives are not actually exceeded in these months under these operations criteria. 
Similarly, tile drainage may not be stored in February and March when objectives are exceeded. 
Tile drainage is also held in June, July, and August and released in September and October when
the Vernalis salinity objective is exceeded in June, July, or August.  Tile drainage may be
unnecessarily stored in June, July, or August under these operating rules because exceedance of the
salinity objective in any month results in storage of tile drainage for all three months.  These modeling
criteria are used to simplify the analysis.  Actual implementation of this alternative would probably
be based on real-time data and somewhat greater benefits could be obtained.

Table VIII-4 shows the discharges that occur under the reference conditions and the discharges that
would occur if the tile drainage was being released according to the reoperation criteria above.  For
purposes of the modeling analysis, the assumption is made that the average TDS concentration of
drain discharges through Mud and Salt sloughs and directly to the river are 4,754 mg/l and
1,812 mg/l, respectively.  These figures are based on a flow weighted average of tile drainage TDS
concentrations from the areas (Grober 1997).

4. Salinity Control Alternative 4 - Combination of Alternatives 2 and 3

This alternative combines the operational measures in both Alternative 2 and Alternative 3.
The CVRWQCB implements a regulatory program or coordinates a cooperative program in which
(1) wetland operators within GWD shift all of their historical and recent CVPIA releases during the
months of March and April to the month of February, and (2) parties discharging subsurface
agricultural drainage hold the drainage when assimilative capacity is not available in the San Joaquin
River.

C. ENVIRONMENTAL IMPACTS OF IMPLEMENTING SALINITY CONTROL 
ALTERNATIVES

As described above, the USBR is responsible, pursuant to D-1422, for meeting the Vernalis salinity
objectives by releasing dilution water from New Melones Reservoir.  The focus of this analysis is to
determine whether the need for dilution water releases can be significantly reduced by implementing
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the salinity control alternatives.  The description of the environmental impacts of implementing the
salinity control alternatives is divided into the following five sections:  (1) description of modeling
process, (2) reduction in required releases from New Melones Reservoir, (3) San Joaquin River
EC, (4) construction-related effects, and (5) crop production.

1. Description of Modeling Process

SJRIO is the principal model used in this analysis (Grober 1997).  However, the derivation of the
simulated hydrology for the major eastside tributaries to the San Joaquin River for the reference
case begins with a DWRSIM study in which all Bay/Delta Plan flow objectives are met
(see Chapter IV for a description of the SJRIO and DWRSIM models).  In this DWRSIM study,
New Melones Reservoir is operated to meet instream flow and contractual obligations, as described
in Chapter IV, and additional releases are made to meet Vernalis flow and salinity objectives.
When insufficient water is available from this reservoir to meet all of these obligations, releases are
made from New Don Pedro Reservoir and Lake McClure in equal amounts.

The resulting DWRSIM hydrology (DWRSIM 1997) for eastside streams is used as input to
SJRIO, and the Vernalis flow is calculated using SJRIO.  Adjustments are made to eastside stream
flows in SJRIO, excluding the Stanislaus River, until the DWRSIM and SJRIO calculated flows at
Vernalis are identical over the entire 73 year hydrologic sequence.  Stanislaus River flows are next
adjusted in SJRIO by removing releases called for in DWRSIM for salinity control.  The final
SJRIO hydrology for the reference case is then obtained by increasing the Stanislaus River flows as
necessary to meet the salinity objectives at Vernalis using the SJRIO algorithm to calculate dilution
water requirements to meet the Vernalis salinity objectives.  For a detailed description of other
assumptions used to develop the hydrology, see Grober 1997.

It is not possible to calibrate SJRIO salinity results at Vernalis with DWRSIM salinity results at
Vernalis.  The algorithms used to calculate salinity in the two models are significantly different. 
Table VIII-6 provides a comparison of the dilution release requirements calculated under SJRIO
and DWRSIM.  The table shows that the 73 year average annual difference in dilution water release
requirements is approximately 20 TAF.  Other relevant observations from Table VIII-6 include:
(1) the maximum release in many months is much greater in SJRIO than in DWRSIM; (2) the
percentage of time that dilution releases are required in July and August is much less in SJRIO than
in DWRSIM; (3) SJRIO indicates that dilution water for salinity control is needed from January
through August, but  DWRSIM indicates that with limited exceptions dilution water for salinity
control is needed only from May through August with very little water required in May.

2. Reduction in Required Releases from New Melones Reservoir

The first step in the analysis is to determine whether discharges from wetlands and tile drains have a
significant effect on the quantity of dilution water required to meet the Vernalis salinity objectives. 
This issue was examined by using SJRIO to model the effect on releases at New Melones Reservoir
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of completely eliminating:  (1) the wetland discharges, (2) tile drain discharges, and (3) both wetland
and tile drain discharges.  These three studies are limiting cases used to analyze the maximum
expected effect of the drainage.  The results of this analysis are provided in Table VIII-7, which
shows that New Melones Reservoir release are reduced by an average of 23 TAF when wetland
discharges are eliminated, 35 TAF when tile drain discharges are eliminated, and 46 TAF when
both sources of drainage are eliminated.  These reductions in dilution releases are calculated on an
annual average basis over the 73 years of modeled hydrology.  These model results are sufficiently
large to warrant modeling of the reoperation alternatives described in section B of this chapter.

Table VIII-6
Comparison of SJRIO and DWRSIM Dilution Release Requirements (TAF)

Descriptio
n

Oct No
v

Dec Jan Feb M a
r

Apr May Ju
n

Jul Au
g

Sep Tot

avg 0 0 0 3 3 2 7 3 19 17 14 0 68

max 0 1 13 34 35 34 78 67 102 84 60 0 -

SJRIO
Reference Case

% 0% 1% 3% 22% 15% 11% 19% 14% 49% 56% 53% 0% -

avg 0 0 0 0 0 0 0 1 9 18 20 0 48

max 0 0 3 6 10 0 0 7 27 27 26 0 -

DWRSIM
Releases

% 0% 0% 9% 14% 8% 0% 0% 14% 50% 86% 97% 0% -

Difference avg 0 0 0 3 3 2 7 2 10 -1 -6 0 20

Notes: (1) % refers to the percent of months in which dilution water is required to meet the Vernalis objectives.
(2) The row labeled "difference" provides the average change between the two models.

The effect of the reoperation alternatives, Salinity Control Alternatives 2, 3, and 4, on dilution
release requirements from New Melones Reservoir are also provided in Table VIII-7.  This table
shows that, with respect to dilution water release requirements, there is no demonstrable long-term
benefit to Alternative 2, the wetlands reoperation alternative, as formulated.  Small benefits may be
possible with other reoperation alternatives, but the need to drain the wetlands in the spring in order
to encourage appropriate plant growth (discussed in section B.1.a of this chapter) limits the range of
possible alternatives.

Table VIII-7 shows that reoperation of tile drains pursuant to Alternative 3 could generate average
annual savings of 21 TAF from New Melones Reservoir.  Average water savings occur during the
months of January, February, March, June, July, and August while additional releases would be
required during the months of April and May.  The modeled observation that additional average
releases are required in April and May is questionable for two reasons.  First, the model operates
on a monthly average basis; therefore, the effect of the April 15 through May 15 pulse flow is
attenuated.  The need for dilution water releases during a pulse flow period is unlikely.  Second,
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reoperation of tile drains moves the discharges into the pulse flow period, reducing the quantity of
reservoir releases required to achieve the pulse flow.  The model indicates that an average of 2 TAF
and a maximum of 9 TAF of tile drain discharges are moved into the April/May period as a result of
reoperation, but the resulting reduction in reservoir release requirements is not included in Table
VIII-7.

Table VIII-7 also shows that Alternative 4, combined wetlands and tile drain reoperation, generates
the same water savings from New Melones Reservoir as Alternative 3, reoperation of tile drains
alone.  Consequently, there is no water savings benefit for combined reoperation.

The results cited above indicate that Alternatives 2 and 4 do not achieve the objective of the project
- reduction of releases from New Melones Reservoir for salinity control at Vernalis. Therefore,
these alternatives are not analyzed further in this report.  The remaining analysis is limited to
Alternative 3.

3. San Joaquin River Water Quality

The SJRIO-modeled EC conditions at Vernalis and Crows Landing under Alternatives 1 and 3 are
provided in Figures VIII-11 through VIII-14.  (See Figure VIII-1 for the location of Crows
Landing.)  Figures VIII-11 and VIII-12 provide the 73 year average monthly EC, and Figures
VIII-13 and VIII-14 provide the average EC of each month in water years 1984 through 1994.
Figures VIII-11 and VIII-13 show the effect of implementation of Alternatives 1 and 3 on the EC
conditions at Vernalis.  As expected, relative to Alternative 1, Alternative 3 results in reduced EC in
months when the drainage is retained and increased EC when the drainage is released.  The EC is
unchanged in November and December.  Sufficient dilution water from the Stanislaus River is
assumed to be available at all times in this analysis; therefore, the EC objectives are always achieved
at Vernalis.

Figures VIII-12 and VIII-14 show the effect of implementation of Alternative 3 on the EC
conditions at Crows Landing in comparison to Alternative 1.  These figures show the same EC
pattern as FiguresVIII-11 and VIII-13.  However, the EC at Crows Landing is significantly higher
than the EC at Vernalis.  There are no EC objectives on the San Joaquin River upstream of
Vernalis, and there are no requirements to provide dilution water on the San Joaquin River upstream
of its confluence with the Stanislaus River.  Comparison of the EC at Crows Landing with the EC
objectives at Vernalis indicates that, if the Vernalis objectives were adopted at Crows Landing, they
would seldom be achieved.  The CVRWQCB staff is presently evaluating the issue of appropriate
EC objectives in the San Joaquin River.
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Table VIII-7
Comparison of Reference Case Dilution Release Requirements with Limiting Cases of

Elimination of Wetland and Tile Discharges, and with the Alternatives (TAF)

Description Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Tot

avg 0 0 0 3 3 2 7 3 19 17 14 0 68

max 0 1 13 34 35 34 78 67 102 84 60 0 -

Alternative 1
(Reference)

% 0% 1% 3% 22% 15% 11% 19% 14% 49% 56% 53% 0% -

avg 0 0 0 1 1 0 1 1 15 14 12 0 45

max 0 0 4 20 22 12 32 48 93 79 56 0 -

Elimination of
Wetland
Releases

% 0% 0% 1% 11% 11% 5% 10% 7% 41% 44% 52% 0% -

Difference avg 0 0 0 2 2 2 6 2 4 3 2 0 23

avg 0 0 0 1 1 1 2 1 11 10 6 0 33

max 0 0 3 17 15 15 47 39 85 69 40 0 -

Elimination of
Tile

Discharges

% 0% 0% 1% 10% 10% 7% 11% 5% 36% 38% 36% 0% -

Difference Avg 0 0 0 2 2 1 5 2 8 7 8 0 35

Avg 0 0 0 0 0 0 0 1 8 8 5 0 22

max 0 0 0 4 5 0 7 29 77 65 36 0 -

Elimination of
Wetlands and

Tiles

% 0% 0% 0% 4% 3% 0% 1% 4% 30% 34% 32% 0% -

Difference avg 0 0 0 3 3 2 7 2 11 9 9 0 46

avg 0 0 0 3 7 0 5 3 19 17 14 0 68

max 0 1 13 34 66 13 60 67 102 84 60 0 -

Alternative 2
(Wetlands

Reoperation)

% 0% 1% 3% 22% 16% 5% 15% 14% 49% 56% 53% 0% -

Difference avg 0 0 0 0 -4 2 2 0 0 0 0 0 0

avg 0 0 0 1 1 1 10 7 11 10 6 0 47

max 19 1 13 17 23 33 86 111 85 69 40 1 -

Alternative 3
(Tile

Reoperation)

% 5% 1% 3% 10% 11% 8% 23% 19% 36% 38% 36% 1% -

Difference avg 0 0 0 2 2 1 -3 -4 8 7 8 0 21

avg 0 0 0 1 2 1 9 7 11 10 6 0 47

max 19 1 13 17 61 15 86 111 85 69 40 1 -

Alternative 4
(Wetlands and

Tile)

% 5% 1% 3% 10% 12% 7% 22% 19% 36% 38% 36% 1% -

Difference avg 0 0 0 2 1 1 -2 -4 8 7 8 0 21

Notes:      (1) % refers to the percent of months in which dilution water is required to meet the Vernalis objectives.
(2) The row labeled "difference" provides the average change from Alternative 1 (reference case) in TAF. 
Positive values denote improved conditions and negative values denote degraded conditions.
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The effect of the implementation of Alternative 3 on selenium levels was not modeled, but the
monthly average concentration and the load of selenium and other trace elements in the San Joaquin
River will decrease in months with restrictions on discharges and they will increase in months with
allowed discharge.  This effect is problematic because the CVRWQCB has adopted waste
discharge requirements for the Grassland Bypass Project that set monthly load limits for selenium
discharges.  The CVRWQCB may have to reexamine this approach if it implements a program like
Alternative 3.

4. Construction Related Effects

The specific tile drain reoperation proposed in Alternative 3 is not presently practiced in the San
Joaquin Valley.  Therefore, pilot studies would have to be completed before full implementation of
the alternative.  However, controlled drainage systems, constructed for the purpose of reducing the
volume of tile drainage that leaves an irrigated area have been studied (USBR 1987, USBR 1989).
The type of reoperation proposed in this report has many similarities to the controlled drainage
systems evaluated by the USBR, and the analysis in this section is based on the USBR evaluations.

Controlled drainage can be accomplished by including control points in the tile line of a new system
or retrofitting an existing system.  Each control point in the tile laterals and submains contains a weir
to control the level of water stored in the soil profile above the tile lines.  A conceptual diagram of a
controlled drainage system is shown in Figure VIII-15.  Terminal sumps may also need to be
expanded to provide short-term additional storage.

Retrofitting an existing drainage system will require construction activities.  Installing a new
controlled drainage system will also require construction activities; however, the type of construction
activities required for a new controlled drainage system is the same as for a drainage system without
any water level control features.  Alternative 3 does not affect the decision of any particular
individual to install a drainage system.  Such a decision would be based on the water table
conditions of the irrigated land.  Therefore, with respect to construction-related effects, Alternative
3 could affect only existing tile drained areas.

Retrofitting tile drainage systems will take place in areas presently under cultivation.  The retrofitting
activities are compatible with and will have environmental effects similar to those caused by existing
farming operations.  Consequently, these activities will have no significant construction-related
environmental effects.

The cost of retrofitting a tile drain system has also been evaluated by the USBR (USBR 1987,
USBR 1989).  The cost depends on site conditions and the layout of the existing system; areas with
steep slopes and narrow tile spacings will have higher costs.  In 1987, the estimated costs were $25
to $50 per acre for design, $12 to $90 per acre for installation of drainage control measures, and
$24 to $40 per acre per year for management consulting during the first year of operation with cost
reduction in succeeding years.  Some indirect benefits, such as reduced water and fertilizer use due
to the potential for subsurface irrigation, may offset some of the retrofitting costs.
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Figure VIII-11
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Figure VIII-12

Comparison of Average EC at Crows Landing
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The USBR reported in 1991 that the total construction cost for a new controlled drainage system
over 320 acres ranged from $476 to $697 per acre, depending primarily on soil texture and tile
drain spacing (USBR 1991).  Generally fine-textured soils require closer drain spacing and
consequently higher costs for drainage systems than do coarse textured soils.  The annual operation
and maintenance cost for the drainage systems was $24 per acre.

5. Crop Production

The storage of tile drainage for three months in the soil profile above tile lines and subsurface mains
can affect crop production through two mechanisms:  (1) the water table can rise into the root zone;
and (2) salt can accumulate in the root zone. 

Under most circumstances, the rising water table conditions can be controlled through monitoring
and management-the costs of which are identified in the previous section.  Control is more difficult
on sloping lands.  The rising water table can also be a resource under some conditions.  The USBR
studies showed controlled drainage provided 15 percent of tomato crop water requirements and
35 percent of cotton water requirements through upflux.  Ground water quality, crop salt tolerance,
and ground water depth limit crop water use from a shallow water table.  However, for a substantial
portion of this water savings to be realized, irrigation must be applied uniformly.  Similar findings
have been reported by Ayars (Ayars 1994, Ayars 1996).  He found that irrigation depths could be
reduced to make better use of the high water table created by controlled drainage.  Most irrigation
practices do not account for ground water contributions to crop water use.  Neglecting such a
contribution will result in waterlogging due to over-irrigation.  Nonetheless, in order to mitigate for
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problems caused by a rising water table, Alternative 3 may have to allow some drainage to occur if
water tables rise too high.  The CVRWQCB will examine this issue if the SWRCB directs further
evaluation of this alternative.

Under some circumstances, the potential salt accumulation problems can also be controlled through
monitoring and management.  Controlled drainage can limit the leaching process and may contribute
to soil salinity build up and reduced crop productivity.  However, Alternative 3, as formulated,
allows drainage to be discharged for at least six months of the year, and this level of drainage can
help maintain a salt balance.  This issue will have to be evaluated further by the CVRWQCB if the
SWRCB directs further evaluation of this alternative.

In summary, a controlled drainage system requires careful monitoring and management to be
successful.  The costs of this effort are identified in the previous section and will have to be
considered as part of any decision to implement this alternative.
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 CHAPTER IX.  ENVIRONMENTAL EFFECTS OF IMPLEMENTING SOUTHERN
DELTA SALINITY ALTERNATIVES (OTHER THAN VERNALIS)

The 1995 Bay/Delta Plan (SWRCB 1995a) contains salinity objectives for the protection of
agricultural beneficial uses of water in the channels of the southern Delta.  This chapter
describes three alternatives for achieving the southern Delta salinity objectives and discusses
the environmental effects of implementing the alternatives.  The chapter is divided into the
following sections:  (A) background, (B) alternatives for implementing the objectives, and
(C) environmental impacts of the alternatives.

A. BACKGROUND

The southern Delta area generally encompasses the lands and channels of the Delta
southwest of Stockton (Figure IX-1).  Of its 150,000 acres, 120,000 acres are used for
irrigated agriculture.  The remainder consists of waterways, berms, channel islands, levees,
and lands devoted to homes and industries.  About 450,000 acre-feet of water are diverted
from the 75 miles of southern Delta channels each year to irrigate the fully developed and
highly productive agricultural land.  In addition to the local agricultural diversions, the area
includes the SWP and CVP pumping facilities and the intake to Contra Costa Water District's
Los Vaqueros Project.  For more detail, see the discussion in Chapter III - Environmental
Setting.

Water conditions in the southern Delta are influenced by San Joaquin River inflow; tidal
action; SWP, CVP, and local pump diversions; agricultural return flows; channel capacity;
and upstream development.  Tidal action and Delta outflow work to create a long and gradual
salinity gradient from the Pacific Ocean into the Delta (DWR 1995A).  Salinity control is
necessary because the Delta is contiguous with the ocean, and its channels are at sea level.
Unless repelled by continuous seaward flow of fresh water, seawater will advance up the
Estuary into the Delta and degrade water quality (SWRCB 1995b).

The extent of salinity intrusion into the Delta is determined by the relative magnitude of the
opposing forces of tidal action and Delta outflow (SWRCB 1978b).  During the winter and
early spring, flows through the Delta are usually above the minimum required to control
salinity.  When Delta inflow is low, however, salt water tends to move inland from the ocean,
which can cause problems for agricultural diverters within the southern Delta.  Agricultural
crops are sensitive to salt, and increases in salinity of applied water can be detrimental to
crop production.

The southern Delta has a long history of water quality problems.  By 1905, streamflow,
always low during the summer, was significantly depleted by the diversion of water for
irrigation.  Water was first applied to the land along the Merced River in 1852, and by 1870,
so much water was being taken from the San Joaquin River and its tributaries that streamflow
was noticeably reduced.  Because it had less rainfall than the Sacramento Valley, agricultural
development in the San Joaquin Valley depended heavily on irrigation.  As a result, virtually
the entire summer flow of the San Joaquin River was appropriated, and had it not been for
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the return of some water applied to but not used by crops, the river might have been entirely
dry (Jackson and Paterson 1977).

At present, salinity problems occur mainly during years of below normal runoff.  In the
southeastern Delta, these problems are largely associated with the high concentrations of
salts carried by the San Joaquin River into the Delta.  Operation of the SWP and CVP
pumping plants near Tracy draws higher quality Sacramento River water across the Delta and
restricts the low quality area in the southern Delta to the southeast corner (SWRCB 1995b).

Land-derived salts and local agricultural return flows further impact water quality.  Irrigation
practices concentrate the salts of the applied water, and the irrigation drainage in the channels
degrades the channel water accordingly.  In major channels that carry large flows, local
diversions and discharges generally exert only moderate influences on flow and quality, but
in the shallow, low capacity channels common in the southern Delta, diversions from the
channel can begin to equal or exceed the flows entering the channel at the upstream end.  At
times, local saline discharges do not move downstream and out of the area but instead
become trapped and concentrated in "null zones" of zero flow.  This, in turn, can result in
water quality degradation irrespective of how fresh the water flowing into the Delta may be.
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During heavy irrigation periods, the agricultural drainage can be reapplied to the land several
times, further concentrating the salts and degrading water quality.

1. Regulatory History

The SWRCB established water quality objectives for the protection of beneficial uses
through a series of water quality control plans and water right decisions.  The following is a
brief summary of the plans and decisions as they pertain to southern Delta objectives.

a. D-1275.  D-1275 approved permits for operation of the SWP.  D-1275 conditioned the
permits with water quality criteria contained in Exhibit A of Exhibit 17 submitted by the
Sacramento River and Delta Water Association insofar as the criteria did not conflict with
other terms in the permits.  Exhibit 17 is an agreement dated November 19, 1965 between the
State of California and Sacramento River and Delta Water Association, Delta Water Users
Association, San Joaquin County Flood Control and Water Users Conservation District, and
John A. Wilson.  Among other provisions, the agreement established water quality criteria at
several locations in the Delta, including Old River at Clifton Court in the southern Delta.
The criteria called for a mean daily total dissolved solids (TDS) of 700 ppm or less for any
10 consecutive days, a mean monthly TDS of   500 ppm or less for any calendar month, and
a mean annual TDS of 450 ppm or less for any calendar year.  However, under dry water-
year conditions, TDS criteria were increased to 800, 600, and 500 ppm, respectively.  Upon
construction and operation of the Peripheral Canal, the same criteria were to apply at the
bifurcation of Old and Middle rivers.

b. D-1422.  In 1973, the SWRCB adopted D-1422, which approved the USBR's water
right applications to appropriate water from the Stanislaus River at New Melones Reservoir
for power generation, preservation and enhancement of fish and wildlife, recreation, and
water quality control.  D-1422 requires the USBR to release water to maintain a mean
monthly TDS of 500 ppm or less in the San Joaquin River at Vernalis.

c. The 1978 Bay/Delta Plan and D-1485.  The 1978 Bay/Delta Plan included salinity
objectives at four southern Delta stations (San Joaquin River at Vernalis; Old River near
Middle River; Old River at Tracy Road Bridge; and San Joaquin River at Brandt Bridge) for
the protection of agricultural beneficial uses.  With the adoption of the 1978 Bay/Delta Plan,
objectives were expressed in terms of electrical conductivity (EC).  While total dissolved
solids and chloride ion concentration had been employed traditionally as measures of Delta
water quality, electrical conductivity is more closely related to osmotic pressure (to which the
plant  responds) than other measures of salinity.

The approach used in developing the agricultural standards involved a determination of the
water quality needs of significant crops.  The University of California Guidelines provide
equations for determining the maximum salinity of the applied water that provides a
100 percent yield of specific crops.  Beans and alfalfa, the two most widely grown salt-
sensitive crops in the southern Delta, were chosen as target crops for the purpose of setting
the southern Delta objectives.  Meeting the objectives for bean and alfalfa crops would also
protect the less salt-sensitive crops.  An applied water quality of 0.7 mmhos EC at the
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monitoring stations in the southern Delta protected beans during the summer irrigation
season (April through August), and the objective of 1.0 mmhos/cm EC protected alfalfa
during the winter irrigation season (September through March) (SWRCB 1978a).

The SWRCB was of the opinion that the most practical solution for long-term protection of
southern Delta agriculture was the construction of physical facilities to provide adequate
circulation and substitute supplies, but negotiations concerning these facilities were
underway at the time D-1485 was under consideration, and the facilities had not been
constructed.  Therefore, D-1485 did not allocate responsibility for the EC objectives
contained in the 1978 Bay/Delta Plan.  The Plan included the note: "If contracts to ensure
such facilities and water supplies are not executed by January 1, 1980, the Board will take
appropriate enforcement actions to prevent encroachment on riparian rights in the southern
Delta."  D-1485 contains a similar statement.  Contracts were not executed, but the South
Delta Water Agency (SDWA) asked the SWRCB to delay taking action.

d. 1991 Bay/Delta Plan.  The SWRCB did not change the southern Delta objectives for
the protection of agricultural beneficial uses when it adopted the 1991 Bay/Delta Plan.
However, because of on-going negotiations among the DWR, USBR, and SDWA, the
SWRCB established a staged implementation plan for the objectives, which included two
interim stages and a final stage.

Interim Stage 1. (to be implemented upon adoption of the 1991 Bay/Delta Plan)  The mean
monthly TDS was limited to 500 ppm at Vernalis.

Interim Stage 2. (to be implemented no later than 1994)  The 30-day average EC objectives
of 0.7 mmhos/cm between April 1 and August 31 and 1.0 mmhos/cm EC between September 1
and March 31 were to apply at two locations (Vernalis and Brandt Bridge stations) for all
year types.

Final Stage. (to be implemented no later than 1996)  The 30-day average EC objectives of
0.7 mmhos/cm between April 1 and August 31 and 1.0 mmhos/cm EC between September 1
and March 31 were to apply at four locations (Vernalis, Brandt Bridge, Old River near
Middle River, and Old River at Tracy Road Bridge) for all year-types.

The 1991 Bay/Delta Plan also stated that "if a three-party contract has been implemented
among the DWR, USBR, and SDWA, that contract will be reviewed prior to implementation
of the above and, after also considering the needs of other beneficial uses, revisions will be
made to the objectives and compliance/monitoring locations noted, as appropriate."

e. 1995 Bay/Delta Plan.   The 1995 Bay/Delta Plan objectives in the southern Delta for
agricultural beneficial uses were unchanged from the 1991 Plan except that the effective date
of the objectives on Old River was extended from January 1, 1996 to December 31, 1997.
The 1995 Bay/Delta Plan includes the same condition as the 1991 Bay/Delta Plan regarding
review of the objectives upon execution of a three-party agreement.
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f. Order WR 95-6.  On June 8, 1995, the SWRCB adopted Order WR 95-6, which
temporarily makes the existing water rights of the SWP and the CVP consistent with their
meeting the 1995 Bay/Delta Plan.  This action allows the SWP and the CVP to operate their
facilities in accordance with the 1995 Bay/Delta Plan while the SWRCB prepares a long-
term water right decision to implement the plan.  Among other provisions, Order WR 95-6
requires the USBR to release conserved water from New Melones Reservoir to comply with
1995 Bay/Delta Plan salinity objectives at Vernalis.  The order was to expire on
December 31, 1998 or upon adoption by the SWRCB of a long-term water right decision
implementing the 1995 Bay/Delta Plan.

g. Order WR 98-9.On December 3, 1998, the SWRCB adopted Order WR 98-9 which
continued the temporary terms and conditions set forth in Order WR 95-6.  Order 98-9 added
new temporary conditions to the water rights of the SWP and the CVP.  The order expires on
December 31, 1999 or upon adoption by the SWRCB of a long-term water right decision
implementing the 1995 Bay/Delta Plan.

h. Regional Water Quality Control Board (RWQCB) Basin Plans .  Each of the
RWQCBs has adopted regional water quality control plans.  The southern Delta is included
in the basin plan for the Sacramento-San Joaquin Delta Basin (Basin 5B Plan), adopted by
the Central Valley RWQCB.  The 1995 revision of the Basin 5B Plan incorporates the
southern Delta salinity objectives found in the 1991 Bay/Delta Plan.  Further revisions of the
Basin 5B Plan regarding San Joaquin River salinity are being evaluated and this process is
expected to be completed in December 1999.  In the event of any conflict, the objectives
adopted by the SWRCB supersede objectives adopted by the RWQCBs.

2. Historical Salinity Conditions in the Southern Delta

Figures IX-2 through IX-4 depict recent salinity conditions for each of the three southern
Delta stations listed in the 1995 Bay/Delta Plan (see Figure IX-1 for locations of EC
monitoring stations).  The EC limit, first introduced in the 1978 Plan and retained in the 1995
Bay/Delta Plan, is also shown on each plot--700 µmhos/cm during April through August and
1000 µmhos/cm during September through March.  The plots show that the objectives are
frequently exceeded at all three of the stations listed in the 1991 and 1995 plans.

Water quality patterns appear to follow the same trends from one location to another, but in
general, EC data at Tracy Road Bridge are higher than data recorded at Old River near Middle
River, which are in turn higher than Brandt Bridge data, for any given year.  That is, the limits
are exceeded more severely the further the station is from San Joaquin River inflows.  Not
surprisingly, years with more precipitation (1986 and 1993) correspond with lower EC levels at
all three stations.
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3. Existing Salinity Management Programs in the Southern Delta

Salinity management programs have been initiated to improve salinity conditions in the
San Joaquin River and the southern Delta.  A discussion of the programs that could affect
salinity at Vernalis can be found in Chapter VIII; salinity management programs within the
southern Delta are discussed below.

The SDWA represents the agricultural diverters within the southern Delta.  In July 1982, the
SDWA filed a lawsuit concerning the effects of SWP and CVP operations on the southern
Delta.  The suit sought a declaration of the rights of the parties, a preliminary injunction, and a
permanent injunction requiring that the projects be operated to protect the southern Delta.
Since 1985, there has been an on-going effort, via temporary measures, to resolve water level
and circulation problems in the southern Delta.

In October 1986, a framework agreement among the DWR, USBR, and SDWA committed the
parties to work together to develop a mutually acceptable, long-term solution to the water
supply problems of SDWA water users.  In 1990, the parties agreed to a draft settlement which
contained short-term and long-term actions to resolve the water supply problems in the
southern Delta.  The settlement provided for interim releases by the USBR from New Melones
Reservoir to resolve the portion of the litigation relating to San Joaquin River flows, and it set
forth the framework for the USBR and SDWA to negotiate an amendment to the agreement.  A
more recent draft contract has been proposed to resolve the portion of the SDWA's lawsuit
relating to the effects of CVP and SWP export pumps and operations on water levels within
SDWA channels.  The SDWA has approved the contract, the DWR expects to obtain authority
to sign, and the USBR is currently seeking authorization from Congress to sign.

As a result of the litigation and framework agreement, the DWR took the following steps to
partially relieve the problem in certain channels:  (1) Tom Paine Slough was dredged and
siphons were installed to improve the water level in the slough; (2) the Temporary Barriers
Project was initiated to test and construct barrier facilities in southern Delta channels for the
purpose of improving channel water levels and water quality within SDWA boundaries; and
(3) the South Delta Water Management Program (SDWMP) was initiated to bring permanent
improvements to the area.  In June 1990, a draft EIR/EIS for the SDWMP was released for
public review; however, the draft was not finalized due to the controversy surrounding a
variety of unresolved Delta issues.

a. Temporary Barriers Project.  The purpose of the draft contract among the DWR,
USBR, and SDWA was, in part, to provide for the design, construction, operation, testing,
and evaluation of barrier facilities to afford the SDWA an adequate agricultural water supply.
The barriers testing program, referred to as the South Delta Temporary Barriers Project, was
initiated in 1991.  Its objectives are the short-term improvement of water conditions for the
southern Delta and the development of data for the design of permanent barriers.  The project
involves the seasonal installation of four barriers: one in Middle River, two in Old River, and
one in Grant Line Canal.  Three of the barriers are designed to improve water levels and
circulation for agricultural diversions, and they are to be in place during the growing season.



Figure IX-2
Actual average monthly water quality for San Joaquin

River at Brandt Bridge Station for WY 1985-1993
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Figure IX-3
Actual average monthly water quality for Old River at Tracy

Road Bridge Station for WY 1984-1992
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Of those, the temporary barrier on Middle River was installed every year beginning in 1987;
and the temporary barrier in Old River near Tracy, east of the Delta-Mendota Canal, was
installed for various periods every year since 1991.  The barrier in Grant Line Canal was
installed for the first time in 1996.  The fourth barrier, at the head of Old River at San
Joaquin River, is designed to assist fish migration on the San Joaquin River.  This barrier has
been installed intermittently during the fall since 1963 to improve flow and dissolved oxygen
conditions in the lower San Joaquin River, principally for the benefit of adult fall-run
chinook salmon migrating to upstream spawning locations.  As part of the Temporary
Barriers Project, it was also installed during the spring in 1992, 1994, and 1997 to assist
outmigrating salmon smolts, but it was not installed in 1993, 1995, or 1999 and only briefly
in 1996, due to high San Joaquin River flows and/or concerns regarding Delta smelt.

The DWR and USBR proposed the installation of permanent barriers through the Interim
South Delta Program (ISDP) to improve water levels and circulation in the southern Delta.
The barriers were to be designed and operated based on information developed by the
Temporary Barriers Project.  In May 1999 the ISDP was rolled into the CALFED South
Delta Improvements Program (SDIP).  A revised CALFED Draft EIS/EIR was issued in June
1999, and a Final EIS/EIR is expected by summer, 2000.  The CALFED document contains a
programmatic discussion of the SDIP.  A project-specific EIS/EIR for the SDIP will follow
release of the CALFED's Final EIS/EIR and prior to implementation of the ISDP/SDIP.
Consequently discussion in this chapter regarding southern delta salinity improvements is
subject to change.

b. ISDP.  The purpose of the ISDP was to: (1) improve water levels and circulation in the
southern Delta for local agricultural diversions; and (2) improve southern Delta hydraulic
conditions to increase diversions into Clifton Court Forebay to maximize the frequency of
full pumping capability at DWR's Banks Pumping Plant.  The program is consistent with a
number of recent State and federal policies and laws.  In l992, Governor Pete Wilson issued a
water policy statement, declaring that "the Delta is broken" and that "we need to take
immediate interim actions in the southern Delta that will help restore the environment and
improve the water supply."  Also in 1992, the CVPIA was approved.  Section 3406(b)(15) of
this law directs the Secretary of Interior to "construct...a barrier at the head of Old River...to
increase the survival of young out-migrating salmon...in a manner that does not significantly
impair the ability of local entities to divert water" (CVPIA 1992).  More recently, on
December 15, 1994, officials of several State and federal agencies, and some stakeholders,
signed the Principles Agreement, a plan for the protection of the Bay Delta Estuary.  One of
the elements in the Principles Agreement is to install a barrier at the head of Old River to
protect San Joaquin River salmon during April and May of all water year types.  The DWR
and the USBR released a draft EIR/EIS for the ISDP on August 19, 1996.  The draft EIR/EIS
analyzes the effects of eight alternatives.  The ISDP preferred alternative is comprised of
channel dredging, the construction of a new intake to Clifton Court Forebay, a fish barrier,
and three agricultural flow control structures, as discussed below (see Figure IX-1 for
locations of ISDP project components).

The ISDP preferred alternative would result in approximately 1.25 million cubic yards of
material being dredged from a 4.9-mile reach of Old River to increase the channel capacity
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north of the new intake.  The proposed intake would be operated either in conjunction with,
or independent of, the existing intake, depending on water quality, specific tidal conditions,
the amount of water to be diverted into the forebay, and other factors.  Together, the channel
dredging and the new intake would facilitate diversions from the Delta in amounts that would
support the full pumping capacity of 10,300 cfs at Banks Pumping Plant.  Channel
modification would require a permit from the U.S. Army Corps of Engineers (USCOE).

A permanent barrier would be constructed at the head of Old River near its confluence with
the San Joaquin River, and would be operated only during the spring and fall each year.
During the rest of the year, the gates would remain fully raised.  The barrier would improve
dissolved oxygen levels in the fall along the portion of the San Joaquin River from its
confluence with Old River downstream to the Port of Stockton, and it would enhance the
survival of migrating San Joaquin River salmon smolts by lessening the chances of exposure
to the influences of project and local diversions during the spring.

Agricultural flow control structures would improve water levels and circulation in the
southern Delta by "tidal pumping."  The radial gates would be raised to allow uni-directional
flow into the channels upstream of the barriers during incoming tides (flood tide) and
lowered to impede water movement out of these areas during outgoing tides (ebb tide).
These operations would retain flood tide flows in southern Delta channels for a longer period
of time to raise water levels.

Permanent flow control structures were originally proposed for three locations.  The Middle
River structure would be located on Middle River, near the confluence of Middle River,
North Canal, Victoria Canal and Trapper Slough, approximately 13 miles east of Stockton.
This barrier would consist of two radial gates housed in a reinforced concrete gate bay
structure and a boat ramp. The boat ramp would be used to transfer boats and people across
the structure.  The Grant Line Canal and Old River flow control structures are very similar in
design.  However, the ISDP/SDIP is presently evaluating the option of not including a barrier
on Grant Line canal.  The Old River structure, east of the Delta Mendota Canal, is
approximately 4,000 feet southeast of the intersection of the Alameda, Contra Costa, and San
Joaquin county lines.  The two barriers would consist of concrete control structures with
radial gates.  A 50-foot-wide by 105-foot-long boat lock would also be included in each
structure.  All of the flow control structures would be operated only during the agricultural
irrigation season (April to September) to increase flows from the northwest direction to the
southeast direction (DWR and USBR 1996).

B. ALTERNATIVES FOR IMPLEMENTING SOUTHERN DELTA SALINITY 
OBJECTIVES IN THE 1995 BAY/DELTA PLAN

There are two general categories of alternatives for implementing the southern Delta salinity
objectives: (1) actions to improve the salinity of water entering the Delta at Vernalis and
(2) water management actions within the Delta.  The first category of alternatives is analyzed
in Chapter VI (provision of dilution water) and Chapter VIII (salinity control actions) of this
report.  The second category of alternatives is analyzed in the draft EIR for the ISDP.
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This chapter will analyze the effect on southern Delta salinity of both meeting the flow
objectives and constructing and operating the barriers proposed in the ISDP.  The analysis for
construction of the barriers will be programmatic only.  CALFED will need to complete an
EIS/EIR on the project prior to its implementation.

As described above, shallow, low capacity channels are common in the southern Delta, and
local diversions from the channels can exert a major influence on flow and quality.  At times,
local saline discharges do not move downstream and out of the area but instead become
trapped and concentrated in "null zones" of zero flow.  Facilities designed to improve
southern Delta circulation can alleviate high-salinity problems associated with agricultural
return flows.  The flow control structures proposed in the ISDP are such facilities, and much
study has gone into their development; therefore, it is reasonable to assume they represent a
likely facility.

The three alternatives currently being considered to implement the southern Delta
agricultural objectives in the 1995 Bay/Delta Plan are listed below.

1. Southern Delta Salinity Control Alternative 1 - Base Case

The SWP and the CVP are responsible for meeting D-1485 requirements.  The CVP is
responsible for meeting the D-1422 salinity objective at Vernalis.  Existing temporary
barriers in the southern Delta are installed and operated to improve salinity conditions in the
southern Delta.  No further action is taken to implement the southern Delta salinity
objectives.

2.  Southern Delta Salinity Control Alternative 2 - 1995 Bay/Delta Plan

The 1995 Bay/Delta Plan flow objectives are met by implementation of one of the flow
objective alternatives.  Existing temporary barriers in the southern Delta are installed and
operated by the SWP and the CVP to improve salinity conditions in the southern Delta.  No
further action is taken to implement the southern Delta salinity objectives.

3.  Southern Delta Salinity Control Alternative 3 - Permanent Barrier Construction

The 1995 Bay/Delta Plan flow objectives are met by implementation of one of the flow
objective alternatives.  The barriers proposed in the ISDP preferred alternative are
constructed and operated by the SWP and CVP to achieve the southern Delta salinity
objectives to the extent feasible.  Other elements of the ISDP not necessary to support barrier
operation are not constructed.

These three alternatives were modeled for the entire 73-year period of record.  Alternatives
2 and 3 assume that the Bay/Delta Plan flow objectives are fully met.  To model these two
alternatives, the SWRCB used an operations study in which the objectives are being met to
the extent possible by the DWR and the USBR.  When necessary to meet Vernalis flow
objectives, additional water is acquired from tributary sources on the San Joaquin River.
This study is intended to be representative of the Delta hydrology that would result from full



Environmental Effects of Implementing Southern Delta
State Water Resources Control Board Salinity Alternatives (Other than Vernalis)

FEIR for Implementation of the IX-12 November 1999
1995 Bay/Delta Water Quality Control Board

implementation of the objectives.  In order to fully analyze the effect of different flow
alternatives on Delta salinity, however, Flow Alternatives 3 through 7 are modeled for the
period 1976-1992, and the results are discussed in Chapter VI of this EIR.

C. ENVIRONMENTAL IMPACTS OF THE ALTERNATIVES

This section describes the environmental impacts of the alternatives being considered to meet
southern Delta salinity objectives.  Implementation of the southern Delta salinity objectives
is analyzed at the project level for Alternatives 1 and 2 and at the programmatic level for
Alternative 3.  The findings of the Draft EIR/EIS for the ISDP (DWR and USBR 1996)
determined that there would be both substantial benefits and significant adverse impacts
associated with implementing the ISDP, including constructing the barriers called for under
Alternative 3.  That document contains detailed analyses of all the ISDP's environmental
impacts and lists mitigation measures to reduce the significant impacts to less than significant
levels where possible.  Fifteen areas of potential impact are listed and discussed in the Draft
EIR/EIS for the ISDP, including:

• Aesthetics, Light, and Glare • Navigation and Transportation
• Air Quality • Noise
• Aquatic Resources • Public Services and Utilities
• Cultural Resources • Recreation
• Energy • Socioeconomic Impacts
• Geological Conditions • Terrestrial Biological Resources
• Hazards • Water Quality
• Land Use Planning

For this report, the discussion is divided into the following topics:  (1) impacts caused by
construction; (2) impacts to water levels and water quality; (3) impacts to aquatic resources;
(4) impacts to recreation; and (5) impacts to navigation.  Chapter III of this draft EIR
describes the existing conditions for each of these topics.  Impacts under Alternative 3 are
summarized from the ISDP Draft EIR/EIS, but only those impacts pertaining to the
construction and operation of the fish and flow control structures are included.  The impact of
the barriers on dissolved oxygen levels is discussed in Chapter X of this draft EIR.

1. Impacts Caused By Construction

Under Alternatives 1 and 2, impacts will be limited to those associated with seasonal
construction of temporary barriers.   The DWR Division of Planning prepared an Initial
Study for the Temporary Barriers Project in 1995 (DWR 1995b).  As part of the ongoing
environmental analysis for the Temporary Barriers Project, a USCOE jurisdictional wetland
delineation survey was prepared for DWR by a consultant.  DWR prepared a biological
assessment required as part of the endangered species process, which discussed potential
impacts of the project on listed species and species proposed for listing.  At the same time,
DFG staff prepared an assessment of non-endangered species including assessments of
impacts of fish, wildlife, and plant community resources.  The studies did not specifically
identify any other significant adverse impacts due to the proposed Temporary Barrier
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installations.  They did, however, identify some possible adverse impacts and concluded that
it could not be determined that there were no significant impacts based on available data.
(DWR 1995b)

Following is an evaluation of the potential consequences of barrier construction under
Alternative 3.  The discussion is divided into five parts:  (a) water quality; (b) aquatic
resources; (c) terrestrial biological resources; (d) recreation; (e) navigation; and
(f) transportation.

a. Water Quality.  This section summarizes the potential water quality consequences of
constructing the permanent barriers under Alternative 3, as disclosed in the Draft EIR/EIS for
the ISDP.

Two regulatory controls are intended to limit the consequences of the construction activities
on water quality.  The first is the USCOE, which implements the Rivers and Harbors Act,
section 10 and the Clean Water Act, section 404.  The second is the SWRCB General
Construction Activity Storm Water Permit, which is required for construction activities and
associated storm water discharges which occur outside USCOE jurisdiction on upland sites.
Sites that are regulated by the USCOE are excluded from the Storm Water Permit process but
are subject to the water quality certification requirements of the Clean Water Act,
section 401.  Construction of the fish and flow control structures in the southern Delta will
temporarily affect water quality in southern Delta channels, increasing turbidity and flow
velocities.

"Turbidity" refers to the amount of light that is scattered or absorbed by a fluid and is related
to the concentration of suspended particulate matter and the amount of dissolved organic
matter.  Turbidity is a difficult parameter to evaluate because, in nature, it is often highly
dynamic, changing rapidly in space and time.  In the Delta, turbidity is highly variable,
especially when produced by construction activities, and is usually due to the presence of
suspended particles of silt and clay, although other materials such as finely divided organic
matter, colored organic compounds, plankton, and microorganisms can contribute to
turbidity.

Furthermore, turbidity measurements are often reported using a variety of
noninterchangeable units.  The concentration of suspended particulate matter is typically
measured in milligrams per liter (mg/L), whereas light scattering or absorption is measured in
Nephelometric Turbidity Units (NTU) or, to a lesser extent, in Jackson Turbidity Units
(JTU).  Unfortunately, different measures are used in different reports of turbidity levels
injurious to fish or of turbidity levels caused by construction activities in the Delta.
Turbidities expressed using one of these measures cannot be converted to turbidities using
another of the measures.  Because of the difficulties associated with evaluating turbidity
effects, only a very approximate analysis could be made of the turbidity impacts of the
project and alternatives.

The placement and removal of cofferdams to facilitate construction of the control structures,
along with construction of the new levee at the Old River site, are expected to result in short-
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term elevated levels of turbidity.  The duration and concentration of the turbidity would
depend, in part, on the length of time required to place and remove the cellular cofferdams
and the area of sediment disturbed.  Minor sediment may also be suspended by barge
activities.  There would also be a brief introduction of sediment into the channels during
breaching of the levees at the Old River control structure during existing levee removal; this
is expected to be a short-term event.  No substantial increase in suspended sediment is
expected during removal of the cofferdams, particularly at the Middle River control structure
where construction specifies that cofferdams be cut off at the selected invert depth.  Also, the
area affected would be minimized using silt curtains.

Based on turbidity increases observed during the Temporary Barriers Program, construction
of the permanent structure should not produce significant turbidity.  The method of installing
the present temporary barriers causes a relatively small increase of 20 to 40 NTU which is
considered to be a less-than-significant adverse impact.

Since construction would block half the channel with sheet-pile coffer dams, velocities
would increase in the vicinity of the construction area.  Since the channel restriction will lead
to some flow being routed down the San Joaquin River, water velocities may increase by
approximately 50 percent.  Velocities are not anticipated to reach values of concern for
scouring.  These are considered to be less-than-significant adverse impacts.

No significant water quality impacts from the construction of the southern Delta barriers are
identified.  Therefore, no mitigation is required.

b. Aquatic Resources.  Construction of the barriers would likely have short-term effects
upon aquatic resources.  This section summarizes the impacts to aquatic resources caused by
constructing the barriers, as disclosed in the Draft EIR/EIS for the ISDP.

The assessment of construction impacts focuses mostly on qualitatively identifying impacts,
because useful quantitative data for the affected area are limited.  Ecological literature
concerning the effects of turbidity, burial, direct removal of organisms and habitat, and
alteration of aquatic habitat on aquatic organisms was reviewed and compared to expected
background turbidity levels in the Delta, expected turbidity levels associated with
construction activities, and estimated amount of aquatic habitat losses resulting from the
proposed construction activities.

Potential construction impacts include effects of turbidity, burial, direct removal and
alteration of aquatic habitat, and removal of organisms, and would potentially result in loss of
aquatic organisms and their habitat.  This section summarizes the effects of the proposed
construction of the control structures by impact type as disclosed in the ISDP Draft EIR/EIS,
and discusses their significance based on criteria from CEQA Guidelines, the Clean Water
Act, and NEPA regulations.

Turbidity.  Depending upon season, suspended sediment concentrations in Delta
channels range up to 1,000 mg.  Placement and removal of cellular cofferdams at the fish
barrier located at the Head of Old River and at the flow control structures located at Middle
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River, Grant Line Canal, and Old River would cause an increase in light attenuation and
reduction of water clarity, and would affect plankton, benthic invertebrates, and fish.

Phytoplankton and zooplankton are important food sources for many organisms, including
the early life stages of most fish species.  Phytoplankton growth is dependent on light; where
light has been limiting, growth and production by phytoplankton may be reduced locally.
Low levels of turbidity, however, may improve phytoplankton production in areas where
nutrients are limiting if suspended material contains and releases the limiting nutrients.

Prolonged periods of relatively high turbidity levels (primarily suspended particulate matter)
can lead to a measurable reduction in the number of species of benthic invertebrates that
settle and develop in affected communities.  Eggs and larvae of some bivalve species develop
abnormally when silt levels are high.  Organisms that can protect themselves from turbid
flows may survive temporarily.  For example, bivalve mollusks can close organs that
circulate water through their system, and polychaetes and some crustaceans can burrow into
the sediment to avoid turbidity temporarily.  Delta invertebrates that would be affected
include amphipods and isopods, which provide food for fish.

High concentrations of suspended sediment may adversely affect fish and their eggs.  The
most important factors determining the lethal concentration of suspended solids to fish
include the species and age of the fish, the type of particulate matter, the time of exposure,
and the size distribution of the particles.  A high concentration of smaller-sized particles is
more likely to cause gill clogging and asphyxia than a similar concentration of larger
particles.

The expected turbidity levels caused by dredging and construction activities would affect fish
that are in areas near the proposed dredging operations.  Potential effects of high
concentrations of suspended particulate matter on fish include unsuccessful development of
fish eggs and larvae; reduced availability of food; reduced feeding efficiency; reduced
growth rate and resistance to disease; alteration of fish migrations; exposure to toxic
sediments released into the water column; and direct mortality.

Turbidities as low as 1,000 mg/l may negatively affect fish eggs of some species.  Although
fish eggs and larvae may be adversely affected by turbidity increases, embryos of some fish
species are tolerant of relatively high-suspended particle concentrations.  No detectable effect
on hatching success was found for embryos of yellow perch, white perch, striped bass, and
alewife exposed to concentrations of suspended material up to 500 mg/l.  Eggs and embryos
of Delta fish species may be affected differently because actual turbidity levels resulting
from construction activities in the Delta may be higher than 500 mg/l.

Turbidity can affect feeding efficiency.  According to studies, several fish species appear to
prefer turbid over clear water during early life, so increased turbidity resulting from increased
suspended sediments may attract some fish species to construction areas where elevated
turbidity levels are expected.  Other fish species, however, avoid cloudy water.  Striped bass
larvae feeding on natural prey consumed similar quantities of zooplankton at turbidity levels
between 0 and 75 mg/l, but 40 percent fewer prey were consumed in suspended solids
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concentrations of 200 and 500 mg/l.  Juvenile chinook salmon foraging rates (for surface and
benthic prey) were low in clear water and higher at intermediate turbidity levels (35 to
150 NTU).  In contrast, turbidity levels influenced the reactive distance at which largemouth
bass noticed prey and caused reduced activity (at turbidity of 14 to 16 JTU) of juvenile
largemouth bass and green sunfish.  The actual turbidity (suspended particulate matter and
water cloudiness) observed during construction activities in the Delta may be higher than the
turbidity measurements and values reported by these investigators.

Extremely high turbidity concentrations could cause direct mortality to adult fish species.
Fish species found in the Delta, such as largemouth bass, sunfish, and catfish, experienced
direct mortality when exposed to turbidities exceeding 69,000 mg/l.  Other Delta fish species
that would be affected by increased turbidity levels include Sacramento splittail and Delta
smelt.  Turbidity levels observed in the Delta during construction activities may be higher
than the reported turbidity values affecting fish.

As noted earlier, the impacts of turbidity on aquatic resources in the affected area are difficult
to evaluate, but turbidity would be caused mostly by dredging, and dredging would be
conducted when sensitive species are unlikely to inhabit the affected area.  The effects would
be temporary because the suspended material would settle out.  Therefore, the proposed
construction activities are expected to have a less-than-significant impact with respect to
turbidity effects on aquatic resources.

Burial.  Placement and removal of the cofferdams and construction of the new levee at
the proposed Old River Flow Control Structure will also increase sedimentation; however,
expected sedimentation rates have not been estimated.  Increased sedimentation results in the
burial of aquatic vegetation, less mobile invertebrates, and benthic fish eggs and larvae in the
vicinity of construction activities.  Benthic fish eggs and larvae are those found near the
bottom of the water column.  The extent of the area affected would depend on a variety of
factors such as the concentration of suspended sediment, water temperature, flow direction
and strength, length of operations causing sedimentation, and tidal influences.

The rapid settling of suspended material on channel bottoms may result in smothering of
benthic invertebrates and may influence invertebrate distribution.  Burial may result in the
complete loss of some benthic species within the affected area, followed by their
recolonization of the new bottom materials.  Benthic organisms, such as bacteria, protozoans,
mollusks, and arthropods, represent a food source for many animals.  This temporary
reduction in benthic prey and degradation of habitat quality can be adverse to species that
reside in or migrate through the southern Delta such as striped bass, San Joaquin River fall-
run chinook salmon, and delta smelt.

Sedimentation may affect embryos of some fish species.  Burial would not affect those
species with no habitat in the affected area and is unlikely to affect planktonic fish embryos.
Eggs and larvae of species in the southern Delta that spawn on bottom substrates such as
largemouth bass, sunfish species, and catfish species, however, may be buried by rapid
sedimentation and suffocated.  Sacramento splittail, which attach eggs on submersed aquatic
vegetation, would also be susceptible to sedimentation.
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Burial effects would generally be temporary because plants and invertebrates would rapidly
recolonize most of the disturbed sediments.  However, the CEQA Guidelines indicate that an
action is significant if “in regard to threatened or endangered species, smothering,
impairment or destruction of the habitat to which the species is limited” occurs.  This
criterion applies directly to Delta smelt because burial would cause smothering of habitat
within the federally designated limits of critical habitat for Delta smelt.  Therefore, the
proposed construction activities are considered to have a significant adverse impact with
respect to burial of habitat and food web organisms.

Direct Removal and Habitat Alteration.  Direct removal and alteration of habitat and
removal of the organisms occupying the habitat would result from the removal of streambank
and levees at the construction sites and the installation of riprap to protect new levees.  The
direct removal and alteration of habitat and removal of food web organisms in the area of the
proposed construction activities would affect those fish species that reside in the southern
Delta or pass through the area during migrations.  These species include striped bass,
splittail, and fall-run chinook salmon.  Other resident fish that would be affected are
largemouth bass and species of sunfish and catfish.

The construction of the fish and flow control structures would permanently alter near-shore
shallow-water habitat.  The near-shore vegetation and woody debris would be permanently
lost, since existing levees would be removed and the new levee sections would be protected
by riprap.  Riprap produces lower-quality habitat for most Delta species, compared with
shorelines supporting vegetation.  The nearshore, shallow-water habitats are especially
important because they are used by fish and invertebrates as foraging sites and as shelter and
rearing habitats.  This alteration of habitat could cause local reductions in the survival of
those life stages of species that depend upon shoreline habitats.

The construction of the proposed Old River Fish Control Structure would result in permanent
loss of about 450 feet of nearshore habitat on each side of the channel.  The construction of
the Middle River Flow Control Structure would result in the permanent loss of approximately
150 feet of shoreline habitat on one side of Middle River and little loss on the other side of
the channel.  If constructed, the Grant Line Canal Flow Control Structure would result in the
loss of approximately 500 feet of shoreline habitat on each side of the canal.  The
construction of the Old River Flow Control Structure east of the Delta-Mendota Canal would
result in the loss of about 400 feet of nearshore aquatic habitat on each side of the channel.
Thus, the permanent loss of nearshore habitat resulting from construction of the fish and flow
control structures would total about 2,850 feet.

Removal of aquatic organisms would occur in the same areas described for loss of aquatic
habitat.  Aquatic organisms, particularly benthic invertebrates and some lifestages of some
fish species, will be lost when they are removed along with streambank habitat, or when they
are stranded in dewatered areas behind the cofferdams.  The impact of benthic invertebrate
removal may be temporary, since rapid recolonization of the substrate by benthic
invertebrates is expected.  Some reported rates of recolonization range from about one month
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to 45 days in the freshwater environment, and 28 days for recolonization of dredged areas
within a bay.

The quantities of habitat and organisms lost as a result of direct removal would be small
relative to their total quantities in the Delta.  However, despite the relatively small amount of
habitat loss expected from direct removal and habitat alteration, the loss would be permanent.
Furthermore, direct removal and habitat alteration would result in a permanent loss of
designated critical habitat of Delta smelt.  Therefore, the direct removal and alteration of
habitat and the associated removal of organisms is considered to be a significant adverse
impact.

 Mitigation.  Elimination of habitat for Delta smelt, splittail, and striped bass as a result
of levee removal and installation of riprap would be reduced to less-than-significant levels by
the adoption of the following mitigation measures.  Agricultural and other lands in the western,
central or northern portion of the Delta would be purchased by the DWR and restored to
produce spawning and rearing habitat for Delta smelt, splittail, and striped bass.  Acreages
restored would equal or exceed the acreages of habitats adversely affected by the project.
Habitats in the area affected by the proposed construction activities are now marginally suited,
at best, for these species.

c. Terrestrial Biological Resources.  This section summarizes the impacts to terrestrial
biological resources caused by construction of the barriers under Alternative 3, as disclosed in
the Draft EIR/EIS for the ISDP.

Construction of the barriers is expected to disturb the habitats adjacent to the construction sites.
Expected disturbances include noise associated with grading and operation of other heavy
equipment, increased truck and barge traffic, erosion and sedimentation associated with
grading, and human intrusion.  During the summer months, dust from grading and truck traffic
on dirt roads would be expected to drift and coat adjacent vegetation and reduce the quality of
these habitats for resident wildlife.  Due to local farming activities, these sites currently
experience noise associated with heavy equipment on a periodic basis.  However, the
construction activities at these sites would be expected to continue daily for prolonged periods
of time.  Impacts to plant and wildlife habitat could occur from the exposure of construction-
related solvents, fuels, and other toxic materials including diesel, oil, gasoline, and raw
concrete.

Potential adverse impacts to the following species or habitat types are considered significant:

Active Raptor Nests. Construction of the barriers could affect nesting raptors.  Specific areas of
concern include the following barrier sites:  (1) Grant Line Canal: disturbance of two nesting
Swainson's hawks and one great horned owl nest; (2) Old River: disturbance of a nesting
Swainson's hawk; and (3) Middle River: disturbance of a nesting Swainson's hawk and a red-
tailed hawk.  Because of changes in raptor populations, nesting sites may change from year to
year.  The current nests could be unused in future years in favor of other locations.  Exact
nesting sites could change prior to proposed project construction.
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Swainson's Hawk.  Project implementation has the potential to reduce the number of
Swainson's hawks within the area.  The potential significant adverse impacts that may occur at
the flow barrier sites include disturbance to active nest sites and the loss of 5.8 acres of
cropland habitat that provide suitable foraging habitat for nesting pairs.

Mason's Lilaeopsis.  The construction of the proposed Old River flow control structure is
expected to remove most of a 1,000-foot colony of Mason's lilaeopsis.

Western Pond Turtle.  The construction of the proposed barriers could result in the inadvertent
destruction of turtles and nest sites.

San Joaquin Kit Fox.  Potential kit fox occurrences are limited to the Old River flow barrier
site.  While surveys of this area have not confirmed the presence of kit fox at or near the barrier
site, resource agencies have indicated that the kit fox may sporadically occur within this area.
Construction efforts within kit fox territories may result in the loss of individuals due to den
entrapment, vehicular conflict, and other construction site hazards.

Riparian (Willow) Scrub Habitat.  The ISDP proposed construction of a Grant Line barrier.  If
constructed, the Grant Line barrier would result in the loss of 1.36 acres of riparian scrub
habitat.  Construction of the Old River flow control structure would result in the loss of
0.61 acres of blackberry scrub, for a total loss 1.97 acres of habitat.

Mitigation.  Detailed mitigation for all of these impacts is proposed in the draft EIR/EIS
for the ISDP.  Much of the mitigation entails close coordination with DFG and USFWS, and
the use of standard protocols developed by these agencies to avoid significant impacts.

d. Recreation.  This section summarizes the impacts to recreation caused by constructing
the barriers under Alternative 3, as disclosed in the Draft EIR/EIS for the ISDP.

Construction of the Head of Old River, Grant Line Canal, and Old River Tracy barriers will
conflict with San Joaquin County's recreation-oriented goals and policies, which generally
encourage the protection of the natural resources that support the area’s recreational uses,
including the Delta waterways.  The goals and policies also encourage adequate public access
to, and the navigability of, the waterways.  The construction and operation of the control
structures would not be consistent with these goals and policies of the San Joaquin County’s
General Plan.  This is considered a significant adverse impact.

At the Middle River location, there are natural constraints to public access and navigability.
Accordingly, the construction and operation of the proposed control structure would not
conflict with the goals and policies of the General Plan.  This is considered a
less-than-significant adverse impact.

Mitigation.  According to the Draft EIR/EIS for the ISDP, the DWR should take the
following actions to mitigate for the impacts discussed above:  (1) avoid construction work on
the Old River fish control structure and the Grant Line flow control structure during major
summer holiday periods; (2) post warning signs and buoys in the channels of the San Joaquin
River and Old River (for the fish control structure) and within Grant Line Canal near all
construction equipment and operations during construction of the barrier; (3) set up an
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information telephone hotline and a homepage on the internet to provide updates on the
construction activities and operation of the barriers; and (4) provide adequate warning about
activities and equipment to minimize disruption of boating movement during the barrier
construction process.

e. Navigation.  Review of the proposed facilities determined that the construction of the
ISDP facilities would likely have short-term effects upon navigation in the immediate project
area.  Navigation conditions are typically related to the absence or presence of obstacles to
travel on area waterways.  Therefore, the proposed barriers will affect navigation.  The
following discussion provides an evaluation of the construction-related potential consequences
of the ISDP upon navigation as disclosed in the ISDP Draft EIR/EIS.

Middle River Control Structure.  Navigation along the 10-mile stretch of the Middle River
(from about the Borden Highway Bridge at Victoria Canal and Trapper Slough to the
confluence of Middle River with Old River) would be affected by the construction of the
Middle River barrier.  Construction would likely severely limit navigation, and once
construction is complete, the barrier would prevent navigation.  Boat ramps are to be
constructed and used to transfer small craft from one side of the barrier to the other to allow
access to Middle River.  This portion of Middle River is little used by small craft due to the
occurrence of shallows and abundant snags.  The barrier is not considered to have a significant
adverse impact upon navigation because of the infrequent use of the river in this location.

Old River Fish Control Structure.  The construction of a barrier at the head of Old River would
be expected to severely limit or prevent navigation for the 30-month construction period.  The
barrier would use radial gates, similar to other agricultural flow control structures.  The barrier
would prevent navigation during its operational period, from April 16 through May, and
October through November, but would allow navigation the rest of the year.  The creation of a
seasonal barrier to navigation is considered to be an unavoidable significant adverse impact.

Old River Flow Control Structure East of the Delta-Mendota Canal.  The construction period
for the control structure and associated boat lock would last approximately 30 months.
Navigation is expected to be severely limited or prevented during the 30-month construction
period.  This is considered to result in a significant adverse impact upon navigation.  Once
constructed, the barrier would allow passage through a boat lock.  Notwithstanding the
availability of a boat lock, the creation of a barrier to navigation is considered to be an
unavoidable significant adverse impact.

Grant Line Canal Flow Control Structure.  The Grant Line barrier would be located at the
western end of an 8-mile stretch of Grant Line Canal.  The proposed boat lock would be
constructed first, followed by the construction of the radial gate structure and the other
components of the barrier, in several phases over the 36-month construction period.  The boat
lock would be available early in the construction period, and then would be available during
the operation of the structure to allow boat passage.  Notwithstanding the availability of a boat
lock, the creation of a barrier to navigation is considered an unavoidable significant adverse
impact.
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Mitigation.  All the fish and flow control structures would severely limit navigation
during the 30 to 36 month construction periods.  Thereafter, the structures would have facilities
available to transport most watercraft around the barriers.  Notwithstanding the availability of
these facilities, the creation of barriers to navigation is considered an unavoidable significant
impact, with the exception of the Middle River Flow Control Structure, due to the low volume
of use by small craft.  These impacts cannot be mitigated to a level below significance.

f. Transportation.  Construction of the barriers facilities would also likely have short-term
effects upon transportation in the immediate project area.  The following discussion provides
an evaluation of the construction-related potential consequences of the ISDP upon
transportation as disclosed in the ISDP Draft EIR/EIS (DWR and USBR 1996).

Implementation of the proposed project would add a maximum of 288 vehicles per day
(256 commute trips plus 32 truck trips) to area roadways.  Construction traffic would add a
maximum of about 72 vehicles per day (vpd) to Highway 4, 25 vpd to Byron Highway, 82 vpd
to I-205 and I-5, and 99 vpd to Tracy Boulevard.  (Chapter 16 of the ISDP Draft EIR/EIS
includes tables showing the duration of construction activity for each project element, and the
amount of truck and employee traffic on a typical weekday.)  The maximum level of
construction traffic would occur over an 18-month period, when all of the facilities are
simultaneously under construction.

All southern Delta roadways studied are currently operating at acceptable or better levels of
service.  The addition of construction traffic associated with the proposed barrier facilities
would cause a less-than-significant adverse impact on the level of service on affected roads.
The presence of numerous slow-moving trucks would, however, present a safety hazard.  This
hazard would be apparent on Tracy Boulevard and Clifton Court Road.  This is considered a
significant adverse impact.

The construction-related truck traffic on Byron Highway has the potential to inadvertently
leave debris in the Class II bike lane.  The debris, which could include spilled construction
materials such as aggregate or sand, or dirt tracked up from private access roads, would create
a potential hazard to cyclists.  This is considered a significant adverse impact.

Mitigation.  To minimize safety hazards to motorists in the ISDP construction traffic
routes, the contractor should install “Truck Crossing” warning signs in advance of each access
point to alert drivers to the presence of slow-moving trucks.  These signs should be maintained
for the duration of construction activity.  Implementation of this mitigation measure would
reduce this adverse impact to a less-than-significant level.

To minimize bicycle safety hazards within the Byron Highway bike lane, the contractor should
regularly inspect the bike path and traveled way throughout the duration of construction
activity.  The contractor should maintain the bike path and traveled way in a clear condition
with a scraper, street sweeper, or equivalent method, as necessary to assure safety.
Implementation of this mitigation measure would reduce this adverse impact to a
less-than-significant level.
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2. Impacts to Water Levels and Salinity

This section discusses the effects of implementing the alternatives on water conditions in the
southern Delta.  Output from the DWRSIM and DWRDSM models, described in Chapter IV,
together with results from the Temporary Barriers Project, are the basis for evaluating the
environmental impacts of each alternative on water levels and water quality.  DWRDSM is a
mathematical simulation model used to evaluate flow, salinity, and water levels in the Delta.
The model is not intended to provide absolute predictions of future Delta hydrodynamic and
water quality conditions; rather the modeling is meant to be used as a tool to compare Delta
conditions under various alternative actions.

For the purposes of analyzing the effects of barrier operations on water levels and salinity,
barrier operations were modeled according to the schedule shown in Table IX-1.  Operation of
the barriers for the full duration of the spring and fall periods may not always occur due to
Endangered Species Act and other requirements.

Table IX-1
Schedule of Temporary Barrier Installation and Permanent Barrier Operation

Time
Period Temporary Barriers Permanent Barriers

October Head of Old River Old River, Middle River, Head of Old River

November Head of Old River Head of Old River

December No Barriers None Operating

January No Barriers None Operating

February No Barriers None Operating

March No Barriers None Operating

April 1 - 15 No Barriers Old River, Middle River

April 16 - 30 No Barriers Old River, Middle River, Head of Old River

May Old River near Tracy, Middle River,
Head Old River

Old River, Middle River, Head of Old River

June Old River near Tracy, Middle River Old River, Middle River, Grant Line Canal

July Old River near Tracy, Middle River Old River, Middle River, Grant Line Canal

August Old River near Tracy, Middle River Old River, Middle River, Grant Line Canal

September Old River near Tracy, Middle River,
Head of Old River

Old River, Middle River, Head of Old River

The following section is organized in three parts:  (a) impacts to water levels; (b) impacts to
salinity; and (c) mitigation for impacts.
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a. Minimum Water Levels .  Figures IX-6 through IX-16 depict water levels under the three
alternatives at eleven locations in the southern Delta.  Locations were selected upstream and
downstream of temporary and permanent barrier sites (see Figure IX-5 for locations) in
addition to other sites in the southern Delta.  Each time period along the x-axis represents a
constant condition during which the barrier combination does not change.  The heights of the
bars show minimum water levels averaged over the period.  When a temporary barrier is
installed or removed, or a permanent barrier is opened or closed, the change creates a new
condition and a new time period begins.

Middle River Barrier Site  Model output shown in Figure IX-6 shows predicted water levels
downstream of the Middle River barrier site.  Outputs indicate that installation of the
temporary barrier and operation of the permanent barrier have very little effect on minimum
water levels downstream of the barrier site.

Immediately upstream of the Middle River barrier site, minimum water levels change
dramatically with the operation of the permanent barrier under Alternative 3 in October and
again in April, as shown in Figure IX-7.  Beginning May 1, minimum water levels at this
location rise under all three alternatives, due to the barriers.
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Old River Barrier Site. Figure IX-8 shows water levels downstream of the Old River barrier
site.  As at the Middle River site, the barrier has very little effect on downstream water
levels.  Immediately upstream of the Old River barrier site, the installation of a temporary
barrier from May through September under Alternative 2 causes another significant
increase in minimum water levels upstream of the barrier site, particularly during May and
June, as shown in Figure IX-9.  Minimum water levels change dramatically in April (and to
a lesser degree through October) with the operation of the permanent barrier under
Alternative 3.

Grant Line Canal Barrier Site.  Figure IX-10 shows output for a site downstream of the
Grant Line Canal barrier site.  The DWRDSM model assumptions include a permanent
barrier on the East end of Grant Line Canal.  The operation of the permanent barrier under
Alternative 3 would reduce minimum water levels by approximately one foot, which may
have a potentially significant adverse impact on diverters downstream of the site from June
through August.  Moving the barrier further west on Grant Line Canal could eliminate this
water level reduction.

Figure IX-11 (upstream of the Grant Line Canal barrier site) shows water levels very
similar to those in Figure IX-10; however, there is a dramatic increase in Alternative 3
minimum water levels June through August, corresponding to the operation of the
permanent Grant Line barrier.

Other Locations.  Figure IX-12, shows predicted minimum water levels at a site further
downstream of the Grant Line Canal barrier site.  Model output indicates that the barrier
has very little effect on minimum water levels at this location downstream of Grant Line
Canal barrier.

Figure IX-13 shows minimum water levels for a location further upstream from the Tracy
barrier site.  Overall minimum water levels on Old River East of Tracy Road Bridge appear
to be higher under Alternative 3 than under either Alternative 1 or 2, particularly in the first
part of April and in June through August.

Minimum water levels for a location further upstream of the Middle River barrier site are
shown in Figure IX-14.  Alternative 3 provides the highest minimum water levels from
April through October.

Figure IX-15 shows that minimum water levels at the confluence of Middle and Old rivers
are very similar under all three alternatives from September through March.  Relative to the
other alternatives, Alternative 3 water levels are lowest in late April through May, then
highest for June through August.

Figure IX-16 shows that minimum water levels drop on the Old River downstream of its
confluence with the San Joaquin River when the head of Old River barrier is closed.  In the
summer months water levels rise under Alternative 3 in comparison to the other
alternatives because of increased tidal pumping from the downstream permanent barriers.
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In conclusion, according to the model output depicted in Figures IX-6 through IX-16, the
installation of permanent barriers under Alternative 3 reduces minimum water levels in
some cases, but in general minimum water levels rise during the irrigation season at most
locations.

b. Salinity.  Figures IX-17 through IX-26 show the probability of exceedance of the EC
or chloride objectives of each of the three alternatives by comparing modeled values under
the alternatives to the objectives.  The figures use model output from 73-year DWRDSM
runs (water years 1922 through 1994).  Figures IX-17 and IX-18 show percent-of-time
exceedence of year-round chloride objectives at Contra Costa Water District's Pumping
Plant # 1/Rock Slough intake and Pumping Plant # 2/Los Vaqueros intake on Old River.
Figures IX-19 through IX-26 show exceedance of the EC objectives for the April through
August period (objective of 0.7 mmhos/cm) and the September through March period
(objective of 1.0 mmhos/cm) for the following four locations identified in the 1995
Bay/Delta Plan: San Joaquin River at Airport Way Bridge (Vernalis); Old River near
Middle River (Union Island); San Joaquin River at Brandt Bridge site; and Old River at
Tracy Road Bridge.

Contra Costa Water District.  Figures IX-17 and IX-18 show frequencies of exceedence for
modeled chlorides at Contra Costa Water District's Rock Slough and Los Vaqueros
Reservoir intakes (depicted as Pumping Plants # 1 and # 2, respectively).  At pumping
plant # 1, the modeling indicates that the municipal and industrial (M&I) water quality
objective of 250 mg/l chlorides would be exceeded under the base case about 13 percent of
the time over the 72 year hydrology.  This contrasts with Alternatives 2 and 3, which are
nearly identical and would exceed the M&I water quality objective about eight percent of
the time.  At Pumping Plant 2, the M&I objective would be exceeded about ten percent of
the time under the base case while Alternatives 2 and 3 would exceed the M&I objective
about seven percent of the time.  In the worst two percent of months (i.e., those 18 discreet
months over the 72-year hydrology when chlorides are highest), Alternatives 2 and 3
chlorides are somewhat higher than the base case.  As described in Chapter VI, in actual
operation the chloride objectives are not expected to be exceeded because the SWP and the
CVP will operate to meet them.  The operations model, DWRSIM, was operated to meet
the chloride objective at Rock Slough at all times.  The salinity transport model,
DWRDSM, however, provides different salinity estimates at Rock Slough.  Consequently,
the value of the model output is in its comparison of salinity or chloride concentrations
among the alternatives rather than comparison of the predicted salinity or chloride
concentrations in comparison to the objectives.

Overall, Figures IX-17 and IX-18 indicate that implementation of southern Delta salinity
alternatives would not adversely affect chloride levels at the Contra Costa Water District
and may improve water quality up to half the time.

Vernalis.  Figures IX-19 and IX-20 show frequencies of exceedance for modeled EC at
Vernalis on the San Joaquin River during the irrigation and non-irrigation seasons,
respectively.  Under Alternative 1, the CVP makes releases from New Melones Reservoir
to meet an objective of 500 ppm TDS on a year-round basis, which corresponds to an EC
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of approximately 0.86 mmhos/cm.  Consequently, as depicted in Figure IX-19, the EC at
Vernalis often exceeds the Bay/Delta Plan objectives of 0.7 mmhos/cm in April through
August, as well as the modeled salinity for the other two alternatives during the period.  For
the September through March period, the salinity objective under Alternative 1 is less than
the objective for the other alternatives (1.0 mmhos/cm), and this situation is reflected on
Figure IX-20 when the salinity under Alternative 1 is lower at the upper range of salinity
conditions.

Modeled EC levels for Alternatives 2 and 3 are identical during both seasons because the
Vernalis hydrology for both alternatives comes from the same model study.

Other Southern Delta Locations. Figures IX-21 through IX-26 show the effect of the
alternatives on compliance locations downstream of Vernalis.  The following observations
apply to the figures:

1. The higher upper range salinity at Vernalis under Alternative 1, which is caused by
the difference in the objectives, results in higher upper range salinities at the
downstream locations as well.

2. Salinity conditions in the three interior stations are worse than salinity conditions at
Vernalis.  Because the salinity objective at Vernalis is just met about half the time
during the summer, substantial noncompliance with the objective at the interior
southern Delta are expected even with barrier operation.

3. Overall, Alternative 3 provides the best salinity conditions in the southern Delta.

Salinity conditions in the southern Delta are also portrayed in Figures IX-27 through IX-33.
The figures show, by month and year-type, how often EC levels under one of the
alternatives will be greater than or less than the base case.  For example, Figure IX-27
shows the frequency of change in salinity of Alternatives 2 and 3 compared with
Alternative 1 at Vernalis (San Joaquin River at Airport Way Bridge).  That is, EC predicted
by the model under Alternative 1 (base condition) is used as the baseline salinity,
represented by a horizontal 'zero' line, for each month of each year type.  The vertical lines
show the frequency of any increase or decrease in EC under Alternative 2 compared to EC
for Alternative 1.  A line above 'zero' represents an increase in EC as a result of
implementing Alternative 2, and a line below represents a decrease in EC as a result of
implementing Alternative 2.  The bars above and below the 'zero' line represent the times
when EC under Alternative 2 differs from that of Alternative 1 by more than ten percent.



1 Minimum number of days that mean daily chlorides <= 150 mg/l must be provided in intervals
of not less than two weeks duration.  Standard applies at Contra Costa Canal Intake

Year Above Below
Type Wet Normal Normal Dry Critical

# Days 240 190 175 165 155

0

100

200

300

400

500

600

0 10 20 30 40 50 60 70 80 90 100

Percent of Time

C
hl

or
id

e 
(m

g/
l)   Alt. 1

  Alt. 2
  Alt. 3

Figure IX-17
Percent Probability of Exceedence of Water Quality Objectives at 

Contra Costa Canal Pumping Plant # 1
(72-year model hydrology)

Municipal and Industrial Water Quality Objective

Municipal and Industrial Water Quality Objective for 

Specified # of Days1

Figure IX-18
Percent Probability of Exceedence of Water Quality Objectives at 

Contra Costa Water District Pumping Plant # 2 
(72-year  model hydrology)

0

100

200

300

400

500

600

0 10 20 30 40 50 60 70 80 90 100

Percent of Time

C
hl

or
id

e 
(m

g/
l)

Alt.1
Alt 2
Alt. 3

Municipal and Industrial Water Quality Objective 

IX-31

State Water Resources Control Boarrd                                                               Salinity Alternatives (Other than Vernalis)
Environmental Effects of Implementing Southern Delta

__________________________________________________________________________________________

November 1999FEIR for Implementation of the
1995 Bay/Delta Water Quality Control Plan

___________________________________________________________________________________________________________________________________________________________________________________



Percent Probability of Exceedance
of Plan Salinity Objectives at SJR at Airport Way Bridge (Vernalis)

For April - August

Alt. 1
Alt. 2 & 3

Note:  Used DWRSIM output data at Vernalis.

Percent Probability of Exceedance
of Plan Salinity Objectives at SJR at Airport Way Bridge (Vernalis)

For September - March

Figure IX-19

Percent of Time

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

1.2

1.1

0 10 20 30 40 50 60 70 80 90 100

Figure IX-20

Water Quality Salinity Objective

Percent of Time

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

1.2

1.1

0 10 20 30 40 50 60 70 80 90 100

Alt. 1
Alt. 2 & 3

Water Quality Salinity Objective

Note:  Used DWRSIM output data at Vernalis.

State Water Resources Control Board

FEIR for Implementation of the
1995 Bay/Delta Water Quality Control Plan

November 1999

Environmental Effects of Implementing Southern Delta
Salinity Alternatives (Other than Vernalis)

IX-32



Percent Probability of Exceedance
of Plan Salinity Objectives at Union Island

For April - August

Percent of Time

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

1.2

1.1

0 10 20 30 40 50 60 70 80 90 100

Percent Probability of Exceedance
of Plan Salinity Objectives at Union Island

For September - March

Water Quality Salinity Objective

Water Quality Salinity Objective

Figure IX-21

Figure IX-22

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

1.2

1.1

0 10 20 30 40 50 60 70 80 90 100

Percent of Time

Alt. 1
Alt. 2
Alt. 3

Alt. 1
Alt. 2
Alt. 3

State Water Resources Control Board

FEIR for Implementation of the
1995 Bay/Delta Water Quality Control Plan

November 1999

Environmental Effects of Implementing Southern Delta
Salinity Alternatives (Other than Vernalis)

IX-33



Percent Probability of Exceedance
of Plan Salinity Objectives at Brandt Bridge on SJR

For April - August

Water Quality Salinity Objective

Percent Probability of Exceedance
of Plan Salinity Objectives at Brandt Bridge on SJR

For September - March

Note:  Alternatives 2&3 have the same values.

Water Quality Salinity Objective

Figure IX-23

Figure IX-24

Percent of Time

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

1.2

1.1

0 10 20 30 40 50 60 70 80 90 100

Percent of Time

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

1.2

1.1

0 10 20 30 40 50 60 70 80 90 100

Alt. 1
Alt. 2
Alt. 3

Alt. 1
Alt. 2
Alt. 3

State Water Resources Control Board

FEIR for Implementation of the
1995 Bay/Delta Water Quality Control Plan

November 1999

Environmental Effects of Implementing Southern Delta
Salinity Alternatives (Other than Vernalis)

IX-34



0 10 20 30 40 50 60 70 80 90 100

Percent Probability of Exceedance
of Plan Salinity Objectives at Old River at Tracy Road Bridge

For April - August

Percent of Time

Percent Probability of Exceedance
of Plan Salinity Objectives at Old River at Tracy Road Bridge

For September - March

Percent of Time

Water Quality Salinity Objective

Figure IX-25

Figure IX-26

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

1.2

1.1

0 10 20 30 40 50 60 70 80 90 100

Water Quality Salinity Objective

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

1.2

1.1 Alt. 1
Alt. 2
Alt. 3

Alt. 1
Alt. 2
Alt. 3

State Water Resources Control Board

FEIR for Implementation of the
1995 Bay/Delta Water Quality Control Plan

November 1999

Environmental Effects of Implementing Southern Delta
Salinity Alternatives (Other than Vernalis)

IX-35



Environmental Effects of Implementing Southern Delta
State Water Resources Control Board Salinity Alternatives (Other than Vernalis)

FEIR for Implementation of the IX-36 November 1999
1995 Bay/Delta Water Quality Control Board

Vernalis.  Figure IX-27 shows the relative EC at Vernalis for each year-type for Alternatives
2 and 3 compared with Alternative 1 by month for all the years on record.  Alternatives 2 and
3 have exactly the same EC at Vernalis because they use the same DWRSIM input study.
During October of wet years, the figure shows that EC for Alternatives 2 and 3 exceeds EC
for Alternative 1 approximately 48 percent of the time--the vertical line above 'zero' for wet
years ends at 48 percent along the y-axis.  That is, the model predicted an increase in EC
under Alternatives 2 and 3 in 48 percent of all the wet-year Octobers on record.
Figure IX-25 also shows that October EC levels in wet years under Alternatives 2 and 3 are
at least ten percent greater than EC levels for Alternative 1 approximately six percent of all
the wet-year Octobers on record (solid bar above 'zero').  On the other hand, the model
predicts that October EC levels will be lower under Alternatives 2 and 3 than under
Alternative 1 in about 52 percent of the wet-year Octobers on record, and will be at least ten
percent lower than for Alternative 1 in about 38 percent of those Octobers.  This suggests
that overall, in wet years, October EC levels can be expected to decrease under Alternatives 2
and 3 (vs. Alternative 1).  All of Figure IX-25 can be interpreted in this manner.   In general,
Alternative 1 provides lower salinity conditions than Alternatives 2 and 3 during the
November through March period at Vernalis, since EC levels under Alternatives 2 and 3 fall
almost completely above the line representing EC under Alternative 1.  The difference in
salinity between Alternative 1 compared to Alternatives 2 and 3 is caused by the difference
in flow and EC objectives at Vernalis, not by implementation of temporary or permanent
barriers.  The most dramatic differences occur during critically dry years.  However,
beginning in April, Alternatives 2 and 3 provide better salinity conditions than Alternative 1,
again because of the difference in objectives.

Union Island.  Figure IX-28 shows the frequency of change in salinity for Union Island
station between Alternatives 1 and 2.  As at Vernalis, Alternative 1 EC is lower than that of
Alternative 2 during the November through March period, and Alternative 2 is better overall
than Alternative 1 between April and October.  In fact, the frequencies of change shown in
Figure IX-28 are almost identical to those for Vernalis (Figure IX-27), with the exception of
May.  According to model results, May salinity under Alternative 2 is likely to be higher than
that of Alternative 1 salinity in dry and critically dry years.  The difference in salinity
between Alternative 1 compared to Alternative 2 is driven principally by the difference in
flow and EC objectives at Vernalis.

Figure IX-29 shows a substantial improvement in EC conditions in October, November,
April and September under Alternative 3 in comparison to Alternatives 1 and 2.  This
improvement is caused by the permanent barrier operation.

San Joaquin River at Brandt Bridge site.  Figures IX-30 and IX-31 provide a comparison of
EC conditions at Brandt Bridge under Alternatives 2 and 3 compared to Alternative 1.  These
two figures show very little difference between Alternatives 2 and 3 relative to Alternative 1.
Alternatives 2 and 3 cause improved EC conditions in April through June, worse EC
conditions from November through February, and mixed conditions in March and from July
through October.



Frequency of Change
in Salinity of Alternatives 2 & 3 Compared with Alternative 1

San Joaquin River at Airport Way Bridge (Vernalis)

Figure IX-27

Note: Bars show results for >10% increases and decreases, vertical lines show results for all increases and decreases
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consistently.)  The increase in salinity is explained by a change in circulation patterns.  
Under Alternative 1, reverse flow occurs, taking higher quality (Sacramento River) water 
from the Delta and carrying it upstream past Brandt Bridge.  Alternatives 2 and 3 change 
the direction of flow past Brandt Bridge, and poorer quality water from Vernalis flows 
downstream past the station (Ghorbanzadeh, pers. comm.). 

 
 

Old River at Tracy Road Bridge.  Figures IX-32 and IX-33 provide a comparison of EC 
conditions at Tracy Road Bridge under Alternatives 2 and 3 compared to Alternative 1.  

The pattern of EC conditions under Alternatives 2 and 3 relative to Alternative 1 is similar 
to the pattern at Union Station.  Overall, Alternative 3 provides the most improvement in 
EC conditions during the irrigation season.

In summary, according to the model output depicted in Figures IX-17 through IX-31, none 

at the other stations, Alternatives 2 and 3 appear to improve water quality rather 
at least as likely to increase under Alternative 2 or 3 compared with Alternative 1, whereas 
relative to the no-action alternative than at the other southern Delta locations.  (Salinity is 

During July and August, both Alternatives 2 and 3 generate higher salinities at this location 

of the alternatives eliminates exceedances during the irrigation season; in general, however, 
Alternative 3 appears to be most effective in reducing EC levels at southern Delta stations 
during the irrigation season (April-August).  
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Old River at Middle River (Union Island)

Figure IX-28

Note: Bars show results for >10% increases and decreases, vertical lines show results for all increases and decreases
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Old River at Middle River (Union Island)

Figure IX-29

Note: Bars show results for >10% increases and decreases, vertical lines show results for all increases and decreases
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San Joaquin River at Brandt Bridge

Figure IX-30

Note: Bars show results for >10% increases and decreases, vertical lines show results for all increases and decreases
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San Joaquin River  at Brandt Bridge

Figure IX-31

Note: Bars show results for >10% increases and decreases, vertical lines show results for all increases and decreases
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Old River at Tracy Road Bridge

Figure IX-32

Note: Bars show results for >10% increases and decreases, vertical lines show results for all increases and decreases
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Figure IX-33

Note: Bars show results for >10% increases and decreases, vertical lines show results for all increases and decreases
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c. Mitigation for Impacts.  No significant water quality impacts from the operation of
the barriers were identified.  Therefore, no mitigation is required.

3. Impacts to Aquatic Resources

This section describes the effects of the alternatives on aquatic resources.  The discussion of
potential impacts under Alternative 3 only includes those impacts that result from the barrier
operation.  The impacts to aquatic resources from implementing the flow objectives are
discussed in Chapter 6 of this draft EIR.

The section is organized in three parts:  (a) method for analysis; (b) impacts; and
(c) mitigation for impacts.

a. Method for Analysis.  This analysis is qualitative and limited to reviewing when
various fish species are present in the Delta and how those species could be affected by the
operation of the barriers.  Qualitative criteria were used to evaluate the significance of the
impacts of the alternatives because the available information regarding southern Delta
habitats and fish populations is inadequate for developing meaningful quantitative criteria.
The effects of the barriers are evaluated based on how they are expected to affect hydrologic
variables when a given species is present in the Delta.  The time of year of greatest sensitivity
for most species is assumed to be during spawning and development of the larvae and young
juveniles.

Species selected for evaluation of impacts include:  fall-run, winter-run, late fall-run, and
spring-run chinook salmon; steelhead; striped bass; American shad; white and green
sturgeon; delta smelt; longfin smelt; and Sacramento splittail.  The evaluation of impacts for
each species is based on general knowledge of the species.  Effects of the barriers on fish
passage were evaluated on the basis of known historical migration patterns of the fish
species.

b. Impacts.  This section summarizes the impacts associated with the operation of the fish
and flow control structures proposed under Alternative 3.  Principally, impacts are straying,
transport and entrainment at diversions, and physical obstruction of migratory routes.  The
impacts as a result of permanent barrier operations under Alternative 3 are examined only in
comparison to the operation of temporary barriers under Alternatives 1 and 2.  Since barrier
operation is the same for Alternatives 1 and 2, no impacts are expected from Alternative 2
relative to Alternative 1.

The impact of the barriers on each species is dependent on the life-stage of the fish during the
barrier operation.  The life stages for some of these fish are provided in Chapter 3 of this
draft EIR.  The distribution of these species in the Delta during operation of the barrier is
only briefly noted in this chapter.  A more detailed description is provided in the Draft ISDP
EIR/EIS.

Table IX-2 shows the differences between the periods when the temporary barriers are
installed under Alternatives 1 and 2 and the permanent barriers are closed under
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Alternative 3.  As shown in the table, differences between the barrier operation schedules
occur in October, April, and June through August.  However, operation of the barriers for the
full duration of the spring and fall periods may not always occur due to ESA and other
requirements.

Table IX-2
Difference In Periods When Barriers Are Closed Between Temporary

and Permanent Barriers

Time Period Temporary Barriers Permanent Barriers

  October  Head of Old R.  Old R. near Tracy, Middle R.,
 Head of Old R.

  April 1 - 15  No Barriers  Old R. near Tracy, Middle R.

  April 16 - 30  No Barriers  Old R. near Tracy, Middle R.,
 Head of Old R.

  June  Old R.near Tracy, Middle R.  Old R. near Tracy, Middle R.,
 Grant Line Canal

  July  Old R. near Tracy, Middle R.  Old R. near Tracy, Middle R.,
 Grant Line Canal

  August  Old R. near Tracy, Middle R.  Old R. near Tracy, Middle R.,
 Grant Line Canal

Operation of the barriers would not alter flow conditions in the rivers upstream of the Delta.
Therefore, they should have no effect on upstream spawning and/or rearing habitats.

Operation of the fish and flow control structures will change the flow regime in some
channels of the central and southern Delta.  Closure of the Grant Line Canal and Head of Old
River barriers will reduce the net downstream flow in Old River and increase the net
downstream flow in the segment of the San Joaquin River immediately downstream of its
confluence with Old River.  Water that previously had been diverted to the pumps at Old
River would instead be diverted from the central Delta through channels such as Turner Cut
and Columbia Cut.  The risk of egg and larval transport from the Central Delta, as well as
straying by juveniles, smolts, and adults, would increase in connection with these changes.
The increase in net upstream flow in Central Delta channels would be particularly great
during April and May when the Head of Old River barrier would be closed.

During the late spring and summer, installation of the barriers would result in large increases
in net upstream flows in channels leading from the central to the southern Delta.  These flows
are expected to transport eggs and larvae of the estuarine species into the southern Delta,
where risks of diversion, predation, and other sources of mortality are higher than in other
parts of the Delta.  The flows are also expected to cause increased straying of adults and
juveniles of all of the fish species evaluated.
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Although the barriers are designed to allow upstream passage of fish, they could interfere
with movements of fish in the southern Delta.  Immigrating adults that stray into the channels
leading from the lower San Joaquin River may be less likely to succeed in returning to their
natal stream to spawn.

Juveniles straying into the southern Delta from the central Delta may suffer higher mortality
rates than those juveniles in upper Old River.  Fish from the central Delta are more likely to
be entrained by the SWP pumps than by the CVP pumps, and salmon mortality is believed to
be higher at the SWP facilities due to predation in Clifton Court Forebay.  They may also be
entrained through the inlet valves of the flow control structures and be exposed to increased
predation and entrainment in agricultural diversions.

Operation of the Old River and Middle River permanent barriers in the first part of April and
the Head of Old River barrier in late April coincides with migration of American shad,
sturgeon, delta smelt, and longfin smelt, and with the peak downstream migration of fall-run
Sacramento River and San Joaquin River chinook salmon, winter-run chinook salmon, and
steelhead.  Adult late fall-run and spring-run chinook salmon and striped bass may also be
migrating through the Delta, and Sacramento splittail are spawning in the upper Delta and
lower reaches of the San Joaquin River.  Striped bass and Delta smelt spawn and rear in the
central or western Delta during this period.  Downstream migration of sturgeon larvae
typically peaks during April, as does the presence of longfin-smelt larvae and juveniles.  The
operation of barriers during April have the potential to block the passage of migrating species
and change the flow regimes which may impact egg and larval transport leading to increased
entrainment at agricultural diversions or export pumps.

Virtually all the species considered can be present during June, July, and August in some
years when the Grant Line Canal permanent barrier is operated.  Operation of the barrier
during this period may cause the same problems as in April.

In October, the operation of the permanent barriers at Middle River and Old River (in
addition to the Head of Old River barrier) coincides with upstream migration of adult fall-run
Sacramento River and San Joaquin River chinook salmon, steelhead, and the emigration of
American shad.  The additional operation of these two barriers also has the potential to cause
blocked passage, straying, and increased entrainment problems for these species.

The permanent barrier project is considered to have potentially significant adverse impacts
with no identifiable benefits for all of the species mentioned above, with the possible
exception of San Joaquin fall-run chinook salmon.  The barriers provide a potential benefit to
San Joaquin fall-run chinook salmon by increasing downstream flows toward the central
Delta, rather than through the southern Delta towards the export pumps.  Straying of San
Joaquin smolts into the southern Delta increases the emigration time out of the Delta which
increases potential mortality from predation and entrainment.

The permanent barriers are designed to be operated at higher flows than the temporary
barriers.  Therefore, they can be operated over a longer period each year.  As a result, the
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permanent barriers provide more protection to San Joaquin fall-run chinook salmon, but
extend the period of potential impacts to the other species considered in this analysis.

c. Mitigation for Impacts.  This section proposes measures to mitigate for impacts to
aquatic resources associated with the operation of the permanent barriers in the southern
Delta.

According to the ISDP Draft EIR/EIS, most of the expected changes in flow regimes are
caused by the proposed Head of Old River barrier.  Hydrologic simulations indicate that
reverse flows in the channels leading from the central to the southern Delta would be
lessened if the project was implemented without the fish barrier.  The proposed flow control
structures cause relatively minor increases in net upstream flows in simulations run without
the fish barrier.  Therefore, the DWR will link operation of the spring barrier at the head of
Old River to daily monitoring reports of San Joaquin River chinook salmon smolt abundance
at a site upstream of Old River.

Operation of the Head of Old River barrier in the spring is designed to reduce diversion of
San Joaquin River fall-run chinook salmon smolts into Old River.  Smolts diverted into Old
River have a good chance of being entrained by the CVP or SWP export pumps.  Under the
mitigation plan, smolt abundance would be monitored daily by sampling with a Kodiak trawl
and a hydro-acoustic fish detection system.  The barrier gates would be left open during April
and May except on days when unusually high abundance of salmon smolts are expected
based on the Kodiak trawl and hydro-acoustic sampling results.  Kodiak trawling has been
used successfully to sample smolts in the San Joaquin and Sacramento rivers, and hydro-
acoustics using side-facing or upward-facing transducers has been used for many years to
sample salmon smolts in rivers in Canada, Alaska, and Washington.

Some smolts are found near the Head of Old River nearly every day during the period of
smolt emigration.  The barrier gates would be closed only when pulses of outmigrating
smolts appear to be present.  A behavioral barrier could be deployed in front of the structural
barrier to keep smolts out of Old River at other times, if the barrier was shown to be effective
at repelling fish.  The behavioral barrier would allow San Joaquin River flow to enter Old
River, but would be designed to discourage smolts from following this flow.  Thus, use of the
behavioral barrier would allow barrier gates to be left opened when smolt abundance is low.
The effectiveness of acoustic, electrical, or light barriers is not assured, but strategic
deployment of such barriers at the head of Old River, possibly accompanied by minor
structural modifications of the channel, may reduce entrainment of the smolts.

4. Impacts to Terrestrial Biological Resources

This section summarizes the effects of barrier operations on terrestrial biological resources of
the Bay/Delta Estuary as disclosed in Chapter 10 of the ISDP Draft EIR/EIS (DWR and
USBR 1996).  This discussion only includes those impacts that result from the barrier
operation component of the ISDP.
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a. Impacts.  The operation of the barriers could result in significant adverse impacts to the
following special status plant species and habitats: populations of Mason's lilaeopsis, along
with freshwater marsh and riparian habitat; a population of Delta tule pea in Grant Line
Canal; rosemallow populations on Grant Line Canal and Middle River; and Delta mudwort
and its habitat in Grant Line Canal.

b. Mitigation for Impacts.  Measures are proposed in the ISDP Draft EIR/EIS to mitigate
for impacts to terrestrial biological resources named above to levels that are less-than-
significant.

To identify and quantify adverse impacts to freshwater marsh and riparian habitats, the DWR
will continue its vegetation monitoring plan, and the DWR and USBR should locate areas of
intertidal habitat that can be enhanced or improved to support Mason's lilaeopsis.  Project-
related losses of habitat identified by the program will be replaced at other locations within
the Delta.

5. Impacts to Recreation

This section considers whether the installation of barriers under the alternatives would
increase the demand for recreational facilities or affect existing recreational opportunities. In
general, the impacts identified below are relevant for all of the alternatives with the exception
of the Grant Line Canal, which is not installed in Alternatives 1 and 2.  In addition, the
impacts will occur in different periods, as identified in Table XI-2.  Impacts of Alternatives 1
and 2 on recreation are also discussed in Chapter VI of this draft EIR.

The analysis is extracted from Chapter 13 of the ISDP Draft EIR/EIS (DWR and USBR
1996).  The section is organized in three parts:  (a) methods for analysis; (b) impacts; and
(c) mitigation for impacts.

a. Methods for Analysis.  A variety of methods and information sources were used to
determine recreation impacts, including recreation surveys, boater surveys, and maps.
Quantitative recreation surveys were conducted by DWR from 1991 to 1993 in order to
evaluate the types of recreation found in the southern Delta as well as boaters' impressions of
the existing temporary barriers and portage facilities.  The quantitative survey included the
tabulation of all types of recreational activities, boat sizes, and recreationist responses to
existing portage facilities on typical weekdays, weekends, and holidays.  Qualitative
recreation surveys were conducted in 1994, to determine the perceived effects of the
proposed barriers.  To account for opinions of recreationists throughout the southern Delta,
eight major recreation facilities were surveyed:  Del's Boat Harbor, the Lazy M Marina,
Tracy Oasis Marina, Union Point Resort, Discovery Bay Yacht Club, Cruiser Haven, Dos
Reis County Park and Mossdale Marina.  The results of these surveys are incorporated in this
analysis.

The Contra Costa and San Joaquin County general plans emphasize the preservation and
protection of recreational resources, and the provision of adequate public access to those
resources.  In addition, both counties have policies addressing the protection of water-related
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recreational resources.  Finally, Contra Costa and San Joaquin counties emphasize the
protection of the Delta’s recreational value for its statewide and international importance,
respectively.

In accordance with the CEQA Guidelines and professional standards, impacts are considered
"significant" if implementation of the alternatives would:  (1) conflict with established
recreational uses of the area; (2) result in a substantial need for new, altered or expanded
recreational facilities; or (3) not support existing recreation goals and policies of local
planning documents.

b. Impacts.  Although existing facilities would still draw patrons to participate in
camping, picnicking, biking, hiking, bank fishing, and bird watching, introduction of the Old
River Fish Control Structure could interfere with boating activities; the presence of the Grant
Line Canal Flow Control Structure could hinder travel on the waterway and boaters
launching outside the immediate area would be less likely to fish along Grant Line Canal;
and although the Old River Flow Control Structure would include a boat lock to facilitate
river travel, the structure would still impede boat travel.

The County of San Joaquin’s recreation-oriented goals and policies generally encourage the
protection of the natural resources that support the area’s recreational uses, including the
Delta waterways.  The goals and policies also encourage adequate public access to, and the
navigability of, the waterways.  The operation of the proposed control structure would not be
consistent with these goals and policies of the County of San Joaquin’s General Plan.  This is
considered a significant adverse impact.

The specific impacts at the four barrier locations are identified below.

Old River Fish Control Structure .  The area around the proposed Old River fish
control structure site currently supports several marinas and a substantial number of boaters;
additional facilities are planned nearby within the proposed Gold Rush City project.  The
structure would use a radial gate design and include a boat lock.  Placement of a barrier in
this location could deter boat travel along Old River.   Consequently, although existing
facilities would still draw patrons to participate in camping, picnicking, biking, hiking, bank
fishing and bird watching, introduction of this structure  may interfere with boating activities.
This is considered a significant adverse impact.

Middle River Flow Control Structure .  Surveys conducted by the DWR show that the
most frequent recreation activity at the Middle River site is fishing; however, this site
receives less usage than many areas of the southern Delta.  The nearby Union Point Marina
functions as a midday rest stop for boaters during a day on the water.  Boaters generally
access the marina from the north and west on Middle River, Victoria Canal or North Canal;
few venture eastward on Middle River due to the shallow water and snags in the channel.
Neither construction nor operation of the proposed barrier is expected to affect recreational
activity in the area.  This is considered a less-than-significant adverse impact.
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Grant Line Canal Flow Control Structure .  Some of the best fishing on the Delta is
located along Grant Line Canal, which is known for its catfish and striped bass.  In addition,
the area is heavily used for boating.  The presence of the structure could hinder travel on the
waterway, and boaters launching outside the immediate area would be less likely to fish
along Grant Line Canal.  This would be considered a significant adverse impact.

Old River Flow Control Structure .  The Old River flow control structure site lies in a
preferred fishing and boating area, near several existing marinas and directly adjacent to one
proposed marina.  The San Joaquin County General Plan designates the southern bank of Old
River adjacent to the barrier site for a 70-acre regional park and a 40-acre marina.  These
planned uses are expected to draw additional recreationists to this popular area.  Although the
barrier would include a boat lock to facilitate river travel, the flow control structure would
impede boat travel.  This is considered a significant adverse impact.

c. Mitigation for Impacts.  To mitigate for the impacts discussed above, the DWR should
take the following actions:  (1) educate boaters about procedures for the boat lock at the Head
of Old River structure through a variety of methods (including, but not limited to: posting
clearly readable instructional signs on the banks and waterway at all approaches to the barrier
site; distributing educational flyers containing maps, operation schedules, portage procedures
and alternate routes at marinas and public launching facilities; and classes at local marinas on
the use of the devices); and (2) set up an information telephone hotline and a homepage on
the internet to provide updates on the operation of the barriers.

Education in the use of the boat lock should make boaters less hesitant to use the facilities,
thereby reducing travel restrictions during periods of barrier operation.

6. Impacts to Navigation

This section evaluates the potential effects of Alternative 3 on navigation and recommends
mitigation to reduce or eliminate identified significant adverse impacts.  Navigation
conditions are typically related to the absence or presence of obstacles to travel on area
waterways.  For the purposes of this analysis, navigation impacts are considered significant if
implementation of a proposed action would create a substantial hazard to navigation or
substantially affect the ease of navigation.

a. Impacts.  The operation of the proposed facilities would affect the movement of small
craft in several adjacent waterways and constitute a significant barrier to navigation as
described above in the section on recreation.

b. Mitigation for Impacts.  All fish and flow control structures would have facilities
available to transport watercraft around the barriers.  Notwithstanding the availability of
these facilities, the creation of obstacles to navigation is considered an unavoidable
significant impact with the exception of the Middle River Flow Control Structure, due to the
low volume of use by small craft.  These impacts cannot be mitigated to a level below
significance.
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D. SUMMARY

This chapter describes the alternatives for implementing the southern Delta salinity
objectives contained in the 1995 Bay/Delta Plan and discusses the environmental effects of
implementing the alternatives.  Potential significant impacts to aquatic resources, terrestrial
biological resources, recreation, navigation and transportation as a result of both construction
and operation of the barriers (under Alternative 3) are identified.  Much of the discussion
contained in this chapter regarding the impacts of barrier construction and operation under
Alternative 3 was summarized from the ISDP Draft EIR/EIS.  The findings of this chapter
are summarized below.

Construction and operation of the permanent barriers under Alternative 3 will potentially
have adverse impacts on the following: raptor nests; Swainson's hawks and foraging habitat;
western pond turtles and nest sites; potential kit fox territory; Mason's lilaeopsis; Delta tule
pea; rose-mallow; Delta mudwort; freshwater marsh habitat; riparian scrub habitat; fall-run
(Sacramento River), winter-run, late fall-run, and spring-run chinook salmon; steelhead
rainbow trout; striped bass; American shad; white and green sturgeon; Delta smelt; longfin
smelt; and Sacramento splittail.  San Joaquin fall-run chinook salmon are expected to benefit
from the operation of the barriers.  Barrier construction is also expected to:  cause temporary
smothering within critical habitat for Delta smelt; permanently alter near-shore shallow-water
habitat; and cause direct removal of aquatic organisms.  Measures are proposed to mitigate
for or reduce impacts to these resources.

Impacts to recreation, navigation, and transportation include:  conflict with the County of San
Joaquin's recreation-oriented goals and policies; limited navigation during the 30- to
36-month construction periods; and safety hazards due to debris in the Class II bike lane and
the presence of numerous slow-moving trucks.  Measures are proposed to mitigate for some
of these impacts.

Impacts to aquatic resources, recreation, and navigation expected to result from Alternatives
1 and 2 are discussed in Chapter 6.

Alternative 1 meets water quality objectives at southern Delta stations in the winter months,
but frequently exceeds objectives during the summer months.  Alternative 2 also meets water
quality objectives at southern Delta stations for the September through March period, and
reduces the frequency of exceedance of salinity objectives during the summer months.
Objectives are still exceeded, however, according to model runs.  Alternative 2 consistently
improves salinity levels at Vernalis and Union Island stations between April and August.
There are also improvements, though to a lesser degree, at Brandt Bridge on the San Joaquin
River and Tracy Road Bridge on Old River during the irrigation season.  There is no marked
improvement in water levels under Alternative 2 compared to Alternative 1.  Alternative 3
meets salinity objectives in the southern Delta during the non-irrigation season, and reduces
the frequency of exceedance compared to both Alternatives 1 and 2 during the irrigation
season.  Consistent improvements in salinity compared to the base case can be seen during
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the April through August period at the Vernalis, Union Island, and Tracy Road Bridge
stations.

Many southern Delta locations see significant improvements in minimum water levels at
certain times of the year as a result of barrier operations under Alternative 3 as compared to
the base case.  The following locations have monthly minimum water levels of at least one
(+1) foot higher than the base case: The Middle River upstream of Barrier in October and
April; The Old River upstream of Barrier in April; The Middle River near Undine Bridge in
October and the first half of April; The Old River upstream of its confluence with the Middle
River in June, July, and August; The Old River east of Tracy Road Bridge in August and the
first half of April; and Grand Line Canal east of Tracy Road Bridge in June, July, and
August.

In certain months, at certain locations, Alternative 3 will cause elevations which are lower
than the base case.  A monthly minimum water level of negative (-) 0.5 feet or lower (with
respect to base case water levels) is considered to have a significant adverse impact and
occurs on the Old River upstream of its confluence with the Middle River in the second half
of April, and on the Grant Line canal west of Tracy Road bridge in June, July, and August.

The relative magnitude of impacts to various species and habitat as a consequence of the
barriers cannot be quantified.  The barriers would provide a benefit to San Joaquin fall-run
salmon, but are expected to be a detriment to other aquatic species.  With regard to water
quality, Alternative 3 is the preferred alternative, but with regard to water levels, the
preferred alternative is dependent on location.  As a result, there is no clearly preferred
alternative for meeting the southern Delta salinity objectives.
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CHAPTER X.  ALTERNATIVES FOR IMPLEMENTING THE DISSOLVED  
OXYGEN OBJECTIVE IN THE SAN JOAQUIN RIVER

The 1995 Bay/Delta Plan contains a dissolved oxygen (DO) objective of 6.0 mg/l from September
through November in the lower San Joaquin River to protect fall-run chinook salmon.  In addition,
the Central Valley Regional Water Quality Control Board (CVRWQCB) Basin Plan includes a DO
objective of 5.0 mg/l throughout the year.  DO is required for the respiration of fish as well as for
the respiration of the microorganisms that form their food web.

This chapter describes the environmental effects of the implementation of the alternatives to meet the
6.0 mg/l DO objective.  The chapter is divided into three sections:  (A) background, (B) alternatives
for implementing the DO control objective, and (C) environmental effects of the alternatives.

A. BACKGROUND

The background discussion is divided into four sections:  (1) factors that affect DO levels in the San
Joaquin River, (2) regulatory history, (3) historic DO conditions, and (4) current and proposed
management actions to improve DO.

1. Factors that Affect DO Levels in the San Joaquin River

The fall-run chinook salmon pass through the Delta on their way to spawning areas in upstream
tributaries.  In order to migrate successfully to their natal streams, San Joaquin salmon must
encounter favorable conditions in the Delta and the lower San Joaquin River.  Water quality
conditions in the reach of the San Joaquin River near the City of Stockton (Stockton), however,
are often unfavorable, particularly in regard to temperature and DO levels.  The reach of river
(see Figure X-1) from Turner Cut to the head of Old River, which includes the Stockton ship
channel, the Port of Stockton's turning basin, and the Stockton Wastewater Treatment Plant
(Stockton WWTP) outfall has been identified as an area of concern because of low DO levels. 
DO levels below 5.0 mg/l create an "oxygen block" which impedes salmon migration upstream
(Hallock 1970).  DO levels as low as 1.5 mg/l have been recorded in the reach of the San Joaquin
River from the turning basin to Turner Cut, and levels as low as 0 mg/l have been recorded in the
turning basin.  Reduced DO levels can cause physiological stress and increased mortality to fish in
addition to delaying or blocking upstream migration (DFG 1995).

Water quality conditions in the San Joaquin River typically begin to deteriorate in the late spring,
summer, and fall when flow in the river is low, water diversion rates are high, water temperature is
high, and wastewater discharges into the river from upstream sources combine to increase the
biochemical oxygen demand (BOD).  The City of Stockton used a model to evaluate the sensitivity
of DO to variations in river flow, temperature, sediment oxygen demand, algae, and waste loads. 
Each of the sensitivity analyses incorporated herein were prepared for the City of Stockton in a
1997 report entitled "Evaluation of Alternatives to Meet the Dissolved Oxygen Objectives of the
Lower San Joaquin River.”  Descriptions of the San Joaquin River model, calibration and
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verification, Bay/Delta operations, and the sensitivity analyses can all be found in the aforementioned
report.

Factors that contribute to low DO levels in the lower San Joaquin River include:  (a) San Joaquin
River flow, (b) San Joaquin River geometry, (c) water temperature, and (d) oxygen demand.  Each
of these factors is discussed below.

a. San Joaquin River Flow.  Flow in the portion of the San Joaquin River that is subject to the
6.0 mg/l DO objective is influenced by upstream San Joaquin River flow, tidal fluctuations, pumping
from the SWP and CVP facilities, and local diversions.

When evaluating the effects of flow in the lower San Joaquin River, both flow volume and flow
direction are important to consider.  Flow volume refers to the quantity of water moving through a
river channel.  Flow direction refers to whether the flow is moving upstream or downstream.  Net
positive flow means that the average flow is moving downstream, and net reverse flow means that
the average flow is moving upstream.  Sometimes a "slack water" condition occurs, where there is
no significant net flow.  A slack water condition significantly affects DO concentrations by reducing
the assimilative capacity of the river (the ability of a waterway to dilute substances to a level where
there are no deleterious effects on humans or the aquatic environment) and by promoting algae
growth which results in increased oxygen demand as the algae die and decompose.

Positive flows do not always occur in the reach of the San Joaquin River near Stockton due, in part,
to tidal effects.  The Delta and its river systems are affected by four tides daily, two high tides and
two low tides.  These alternating tides can change the direction of the river several times a day
during periods of low flow.  The net effect at Stockton is poor circulation and a decreased
assimilative capacity of the river.

The export operations of the SWP and the CVP also strongly influence flow in the San Joaquin
River.  The exports draw water from the San Joaquin River into the Old River, which decreases the
flow of water past Stockton (Chen and Schanz 1993).  Local diversions exacerbate this problem. 
Export pumping and local diversions also cause slack water conditions and net flow reversals in
local channels.

Sensitivity of DO to Flow.  San Joaquin River flow varies daily and seasonally.  This
analysis held flow constant at a given level throughout the year to eliminate the daily fluctuation of
flow and its effects on DO.  Waste loads from the WWTP are based on 1996 data.  River flow
was maintained at five constant levels of  (1) -500 cfs, (2) 0 cfs, (3) 500 cfs, (4) 1,000 cfs, and
(5) 2,000 cfs.

The modeling results contained in Table X-1 show seasonal trends of low DO in the summer even
at high flow conditions, especially during July and August.  This indicates that the historical low DO
in the summer was not caused exclusively by the historical low flows, but low flow did accentuate
the DO problem.  The modeling shows that increasing river flow increases DO concentrations at
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Stations R2 and R3 and decreases DO concentrations at station R7 as the oxygen demands are
carried further downstream.  Generally, zero net river flow (0 cfs) produced the lowest DO
concentrations due to the lack of dilution.

b.    San Joaquin River Geometry.  The geometry of the San Joaquin River is important because
it controls many of the hydrodynamic conditions that affect water quality processes in the vicinity of
Stockton.  The San Joaquin River upstream of the Stockton ship channel is relatively shallow;
between the head of Old River and the Stockton ship channel, the river has a mean depth of
7.5 feet.  The San Joaquin River downstream of Stockton is much deeper because it is dredged to a
depth of 35 feet to maintain the Stockton ship channel.  The river has a mean depth of
approximately 20 feet between Stockton and Turner Cut.

The mean depth of the San Joaquin River is a very important variable controlling the effects of
surface reaeration and sediment oxygen demand on DO concentrations.  The rate of reaeration
per unit volume of water is reduced in deeper waters, which reduces the assimilative capacity
of the waters.

The channel depth also affects algal photosynthesis and respiration.  Because the turbidity of the San
Joaquin River is relatively high, light penetration is limited and the fraction of the water column that
supports photosynthesis and algae growth is less in the ship channel section of the river.  Algal
populations tend to grow in the upstream portion of the San Joaquin River and decline in the
downstream portion of the river.

Date           R2          R3         R7          R2         R3          R7         R2         R3          R7         R2          R3         R7          R2         R3          R7

Oct. 1995     6 . 8       6 . 9       8 . 0        5 . 9       5 . 8       7 . 8       7 . 5       6 . 2       7 . 3        8 . 0       6 . 9       7 . 0       8 . 3       7 . 7       7 . 0

Nov. 1995     7 . 0       7 . 1       8 . 3        5 . 2       4 . 2       7 . 6       8 . 2       6 . 3       7 . 0        8 . 6       7 . 6       7 . 2       8 . 7       8 . 3       7 . 8

Dec. 1995     7 . 9       7 . 8       8 . 8        6 . 4       5 . 1       8 . 1       9 . 1       7 . 6       7 . 9        9 . 2       8 . 6       8 . 2       9 . 2       9 . 0       8 . 7

Jan. 1996     8 . 4       8 . 3       9 . 1        6 . 9       5 . 7       8 . 5       9 . 4       8 . 1       8 . 4        9 . 5       8 . 9       8 . 7       9 . 6       9 . 3       9 . 0

Feb. 1996     8 . 0       8 . 2       9 . 2        5 . 6       4 . 4       8 . 3       9 . 2       7 . 5       8 . 1        9 . 3       8 . 6       8 . 5       9 . 4       9 . 1       8 . 9

Mar.  1996     7 . 9       8 . 1       9 . 0        5 . 5       4 . 3       8 . 2       9 . 0       7 . 3       8 . 0        9 . 2       8 . 5       8 . 4       9 . 3       9 . 0       8 . 7

Apr.  1996     7 . 7       7 . 8       8 . 5        6 . 0       5 . 2       8 . 1       8 . 2       7 . 0       7 . 8        8 . 5       7 . 8       7 . 9       8 . 6       8 . 3       8 . 1

May 1996     7 . 0       7 . 1       8 . 0        5 . 9       5 . 5       7 . 7       7 . 5       6 . 5       7 . 4        7 . 9       7 . 2       7 . 4       8 . 0       7 . 7       7 . 5

Jun. 1996     6 . 2       6 . 2       7 . 4        5 . 3       5 . 1       7 . 2       6 . 9       6 . 0       6 . 9        7 . 4       6 . 8       6 . 9       7 . 7       7 . 4       7 . 1

Jul. 1996      5 . 5       5 . 6       6 . 8        4 . 7       4 . 5       6 . 6       5 . 7       4 . 9       6 . 2        6 . 4       5 . 6       6 . 0       6 . 9       6 . 3       6 . 0

Aug. 1996     4 . 9       5 . 0       6 . 7        3 . 8       3 . 4       6 . 3       5 . 8       4 . 1       5 . 7        6 . 6       5 . 3       5 . 5       7 . 1       6 . 4       5 . 6

Sep. 1996     5 . 0       5 . 2       7 . 1        3 . 1       2 . 4       6 . 5       6 . 9       4 . 4       5 . 8        7 . 7       6 . 2       5 . 9       8 . 0       7 . 4       6 . 6

12 month Avg:    6 . 9       6 . 9       8 . 1        5 . 4       4 . 6       7 . 6       7 . 8       6 . 3       7 . 2        8 . 2       7 . 3       7 . 3       8 . 4       8 . 0       7 . 6

Table X-1
DO Concentrations (in mg/l) at Stations R2, R3 and R7 under Five Different River Flow Conditions

River Flow = -500 cfs      River Flow = 0 cfs       River Flow = 500 cfs      River Flow = 1000 cfs   River Flow = 2000 cfs
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c. Water Temperature .  Oxygen is only slightly soluble in water, and its solubility decreases as
the temperature increases.  For example, oxygen saturation is about 12.5 mg/l at 40oF and just over
8.0 mg/l at 80oF.  When water is warm and complete saturation is in the range of 8.0 to 9.0 mg/l, a
relatively low oxygen demand will bring the water below 6.0 mg/l or even 5.0 mg/l (Stockton
1996).

High temperatures also increase the rate of oxygen-consuming biological activity.  Most biological
processes speed up as the temperatures increase and slow down as the temperatures decrease. 
High temperatures stimulate the growth of aquatic organisms, such as algae, and increases the rate
at which these organisms decompose and oxidize after they die.

Sensitivity of DO to Temperature .  The effect of temperature on DO was evaluated by a
constant addition or subtraction of temperature from the base case.  The simulations were
performed for constant flows of -500 cfs, 500 cfs, and 1,000 cfs.

The modeling results in Table X-2 show an uneven response of DO with respect to temperature. 
At a negative flow, a temperature decrease of 2°C led to an increase in DO by up to 1.0 mg/l.  A
temperature increase of 2°C led to a decrease of DO only by 0.1 mg/l.  In other words, at the
modeled conditions, more dissolved oxygen is gained by a reduction in temperature than is lost by
an increase in temperature.  The effects of reducing river temperature are more dramatic at lower
flows.

Table X-2
Sensitivity of Dissolved Oxygen to Change in Temperature

Change in Dissolved Oxygen, mg/l

Flow -500 cfs Flow +500 cfs Flow +1,000 cfs
Station +2°C -2°C +2°C -2°C +2°C -2°C

R2 -0.1 +1.0 -0.2 +0.2 -0.2 +0.1
R3 -0.1 +1.0 -0.2 +0.5 -0.2 +0.2
R7 -0.1 +0.1 -0.1 +0.3 -0.2 +0.2

d. Oxygen Demand.  Sources of BOD loading along the San Joaquin River include point and
nonpoint discharge sources, algae, and dredging activities.  BOD includes carbonaceous oxygen
demand (CBOD) and nitrogenous oxygen demand.
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Sensitivity of DO to Sediment Oxygen Demand.  The sensitivity analysis for sediment
oxygen demands was performed by cutting the sediment oxygen demand by 50% and 100%. 
Sediment oxygen demands used in the model include all diffused sources of nonpoint source
pollutants.

Table X-3 presents a summary of the sensitivity of DO to sediment oxygen demands.  The modeling
shows that reductions in sediment oxygen demands would significantly increase DO concentrations
in the lower San Joaquin River.

Table X-3
Sensitivity of Dissolved Oxygen to Sediment Oxygen Demand

Change in Dissolved Oxygen, mg/l

Flow -500 cfs Flow +500 cfs Flow +1,000 cfs
Station 50% 100% 50% 100% 50% 100%

R2 +1.3 +2.5 +0.8 +2.0 +0.6 +1.1
R3 +1.3 +2.5 +1.2 +2.5 +0.7 +1.5
R7 +0.2 +0.4 +0.6 +1.5 +0.9 +2.0

Point Sources.  Point sources of oxygen demand include municipal and industrial discharges
to the river.  Point sources to navigable waterways are regulated by the federal Clean Water Act
through the National Pollutant Discharge Elimination System (NPDES) permit program.  NPDES
permits specify discharge limits for various constituents and mandate monitoring water quality of
effluent and receiving water.  The purpose of the NPDES discharge limits is to protect identified
beneficial uses of the river including recreation, water supply, fisheries, and wildlife.  Important
factors that determine discharge limits are the mixing characteristics of the receiving water, the
chemical and biological reactions that transform constituents as they are transported in the river, and
the sensitivity of the aquatic ecosystem.  In California, the NPDES program is implemented by the
RWQCBs.

The reach of the San Joaquin River near the Port of Stockton is the area of greatest concern in
regard to DO.  The turning basin at the port acts as an oxygen sink because there is relatively little
water circulation or tidal activity in the basin.  Dead or dying algae in the stagnant water produces an
oxygen demand.  The problem is exacerbated in the late summer and early fall months when water
temperature is high.  The point discharge from Stockton's WWTP has been identified as an
important factor to water quality in the area (see Figure X-1).

A DO study prepared for Stockton identifies the most significant sources of oxygen demand in the
San Joaquin River (Chen et al 1993).  Near the WWTP's outfall, BOD and ammonia are the most
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significant sources of oxygen demand.  Farther from the outfall, other BOD sources become the
significant sources of oxygen demand.  The study indicates that CBOD and ammonia discharged by
the Stockton WWTP consume 16.8 percent and 25.8 percent, respectively, of the oxygen
resources at the monitoring station located near the WWTP's outfall.  Other BOD sources account
for an estimated 57.4 percent of oxygen demand at this location; however, other BOD sources
account for an estimated 78.1 percent of oxygen demand further away from the outfall (Chen et al
1993).

Other municipal and industrial discharges upstream of the Stockton WWTP include the Cities of
Modesto, Turlock and Newman.  There are other NPDES dischargers on the San Joaquin River
that may also have impacts on dissolved oxygen.  NPDES discharges located in the San Joaquin
River and its tributaries between Mossdale and the Stockton WWTP are listed in Table X-4 and
shown on Figure X-1.

Table X-4
NPDES Dischargers in the San Joaquin River

Between Mossdale and Stockton

Discharger Point of Discharge
Maximum

Discharge Rate

 Brown Sand, Inc.   San Joaquin River 3.6 MGD

 Calamco   Stockton Deep Water Channel 1.7 MGD

 Department of Defense-
 Sharpe Location

  South San Joaquin Irrigation
     Canal

1.2 MGD

 Deuel Vocational Institution   Deuel Drain  0.6 MGD

 Libby-Owens-Ford Co.   San Joaquin River 2.1 MGD

 Manteca Wastewater Facility   San Joaquin River  5.8 MGD

 Newark Sierra Paperboard Corp.   McDougald Slough 3.5 MGD

 City of Stockton WWTP   San Joaquin River 67.0 MGD

Sensitivity of DO to Waste Load.  Sensitivity of DO to waste load from Stockton's
WWTP was evaluated by comparing DO concentrations under 1996 levels of waste load to a zero
discharge condition, as shown in Table X-5.  The simulations were performed for five hydrologic
year types and the sensitivity of DO to waste load was measured by the DO increase in the critical
summer months (June to August).
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Table X-5
Sensitivity of Dissolved Oxygen to Waste Loads from Stockton WWTP

Maximum Change in Summer DO by Eliminating Stockton's WWTP Discharge, mg/l

1991 1981 1966 1957 1982
Station Critically Dry Dry Below Normal Above Normal Wet

R2 +0.2 +1.0 +1.0 +0.6 +0.6
R3 +1.0 +1.0 +1.0 +1.0 +1.0
R7 +0.2 +0.1 +0.1 +0.2 +0.2

Nonpoint Sources.  Nonpoint source discharges include agricultural drainage and urban
runoff. The San Joaquin River carries substantial amounts of agricultural return water or drainage. 
Agricultural drainage contributes salts, nutrients, pesticides, trace elements, sediments, and other by-
products that affect the water quality of the river and the Delta.  In particular, nutrients contributed
by irrigation runoff and livestock operations constitute significant sources of BOD, or promote the
processes that consume oxygen.  Urban runoff may contain metals, oil and grease, sediment,
nutrients and trace amounts of various organic toxins.  Urban runoff also contains organic materials
that are an additional source of BOD.  Urban runoff is generated primarily during storm events,
when constituents are washed off of impervious surfaces into the storm drainage system.

Algae.  Algal production can have considerable effects on DO in the San Joaquin River. 
Episodes of DO supersaturation in the San Joaquin River coincide with high chlorophyll
concentrations at Mossdale and Vernalis and are thus almost certainly the results of algal
photosynthesis.  During most years, these periods of supersaturated conditions (high algal
productions) at Mossdale are associated with extremely low DO levels in the Stockton ship
channel.  The diurnal variation of pH also indicates algal photosynthesis (Van Nieuwenhuyse, E.,
pers. Comm. 1997).

High levels of algal biomass prevail in the San Joaquin River at Vernalis and Mossdale because the
river offers an abundant supply of phosphorus, nitrogen, light, and time for algal production.  High
phosphorus and nitrogen levels are due in part to natural fertility of basin soils, fertilization of row
crops and orchards, runoff of manure from feedlots, and erosion from poorly managed land
throughout the watershed.  Light supply is generally adequate because the river is shallow and the
water column is fully mixed.  Thus, even though the water is moderately turbid, algae are frequently
exposed to high light intensities during a given day because turbulent currents transport the algae
through well-lit water near the surface.  In addition, there is enough flow in the mainstem of the river
during the summer to provide sufficient time for high biomass levels to develop.
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The algae that prevail at Vernalis and Mossdale are generally a mixture of diatoms and, to a lesser
extent, chlorophytes.  Most of the diatoms are adapted to stream conditions in that they depend on
the turbulence of stream flow to stay in suspension and are capable of surviving or even actively
photosynthesizing if they temporally settle out onto shallow sediments.  When these algae are
transported to the deeper water (7.5 feet deep) of the San Joaquin River channel between Old
River and Stockton or the Stockton ship channel (20 feet deep), they encounter conditions for
which they are poorly adapted.  Consequently, most of the algal biomass transported to this reach
of the system dies, settles to the dark riverbed, and decomposes. Compliance monitoring has shown
that late summer and fall phytoplankton blooms periodically occur within the Stockton turning basin
(at the extreme eastern end of the Stockton ship channel).  Dissolved oxygen levels can exceed
14.0 mg/L (supersaturation) in the surface bloom area, and approach 0.0 mg/l (total anoxia) near
the bottom as dead or dying algae settle out of the water column and accumulate at the bottom. 
The decomposition of this algal biomass exerts a large DO demand.

Sensitivity of DO to Algae.  This sensitivity analysis models the effects of increasing algal
density at Vernalis and Mossdale from the base condition (1X) to assumed values of five times (5X)
and ten times (10X) the base condition.  There was no chlorophyll-a data for September 1991,
therefore chlorophyll concentrations were assumed to be the same as in August.

The sensitivity analysis results in Figure X-2 shows that algal blooms at Mossdale can depress DO
in the San Joaquin River at Stockton.  An increase of chlorophyll level by five times resulting from
algal blooms at Mossdale coupled with a positive flow can cause a DO depression at Station R4 by
as much as 3 mg/l.

Dredging Activities.  Dredging activities in the ship channel have also been identified as a
source of water quality problems.  In the short term, dredging re-suspends solids and constituents
containing BOD into the water column.  In the long term, channel deepening decreases DO by
reducing velocities and reaeration of the water column, and increasing oxygen demand by dying
phytoplankton (Chen and Schanz 1993).  A USCOE study found that dredging of the ship channel
reduced DO levels in the area of the Port of Stockton up to approximately 0.2 mg/l (USCOE
1990).   This reduction can be significant because DO concentrations are often already low during
the important fall period when salmon migration is occurring.

2. Regulatory History

This section discusses the history of the SWRCB’s and the CVRWQCB's regulation of DO in the
San Joaquin River and the Delta.  Water quality objectives for the Delta are established by the
SWRCB and the San Francisco Bay and the Central Valley RWQCBs through water quality
control plans.  These plans are implemented through water right decisions and through the
RWQCB's NPDES and Waste Discharge Requirement permitting process.  The SWRCB’s
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Figure X-2
Simulated Dissolved Oxygen under Three Algae Concentrations

Delta water right decisions are summarized in Chapter I of this EIR and discussed here as they
pertain to DO objectives.  There are two DO water quality objectives that currently apply to the
lower San Joaquin River:  (1) the 1995 Bay/Delta Plan DO Objective, and (2) the CVRWQCB
Basin Plan DO Objective.

A four-year study conducted from 1964 through 1967 indicated that salmon migration in the San
Joaquin River is blocked when DO levels are below 4.5 mg/l and that "the run did not become
steady until the dissolved oxygen levels were above 5.0 ppm" (Hallock 1970).  To address the
problem of low DO levels in the San Joaquin River, an agreement was reached in 1969 between the
DWR, DFG, USBR, and USFWS to take specific actions "to maintain the dissolved oxygen
content in the Stockton ship channel generally above 6.0 ppm when necessary."  The study and
resulting agreement formed the basis for the DO objectives that were subsequently adopted.
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a. 1967 Interim Water Quality Control Policy for the Sacramento-San Joaquin Delta. 
The 1967 objectives were adopted to meet federal requirements for interstate waters for the Delta.
Supplemental objectives were adopted in 1969.  The 1967 objectives established a DO objective
of 5.0 mg/l with two exceptions:  (1) where the reduction occurs as a result of natural causes, and
(2) in certain bodies of water which are constructed for special purposes and from which fish have
been excluded.

b. 1975 Basin Plan.  The 1975 CVRWQCB Basin Plan contains specific DO objectives for
areas within and outside the legal boundaries of the Delta.  The Basin Plan continues the 1967 DO
objective of 5.0 mg/l with an exception for special purpose bodies of water which exclude fish.  The
objectives applied to all Delta waters except:  (1) the Sacramento River below the I Street Bridge
and in all Delta waters west of the Antioch bridge where the objective was 7.0 mg/l and (2) waters
where the fishery is not important as a beneficial use.

c. 1991 Bay/Delta Plan.  The Plan establishes a DO water quality objective of 6.0 mg/l for the
segment of the San Joaquin River from Turner Cut to Stockton from September 1 through
November 30.

d. 1995 Basin Plan.  The 1995 CVRWQCB Basin Plan established a DO objective of 7.0 mg/l
in the Sacramento River below the I Street Bridge and in all Delta waters west of the Antioch
Bridge, a DO objective of 6.0 mg/l in the San Joaquin River between Turner Cut and Stockton
from September 1 to November 30, and a DO objective of 5.0 mg/l in all other Delta waters.

e. 1995 Bay/Delta Plan.  The 1991 Bay/Delta Plan was superseded by the 1995 Bay/Delta
Plan.  The DO objectives remained unchanged, with the exception of the addition of a provision that
specifies that if it is infeasible for waste dischargers to meet the objective immediately, a time
extension or schedule of compliance may be granted.  The objectives, however, must be met by
September 1, 2005.

3. Historic DO Conditions

Observations of low DO have been made in the lower San Joaquin River near Stockton since
1935.  In 1963, however, the effect of low DO levels on fish was recognized as a result of a study
conducted by the DFG, DWR, and the Central Valley Water Pollution Control Board.  In 1961,
salmon escapement declined from the previous year's run of 53,000 fish to 2,550 fish.  During the
following two years the escapement decreased even further to 320 fish by 1963.  The 1963 study
was designed to identify the causes of the decreased salmon runs and to determine possible
solutions.  As part of the study, DO observations were made throughout the lower San Joaquin
River.  The study area included the reach of river starting from a point near Turner Cut to a point
approximately eight miles upstream from Stockton.  These observations found DO levels less than
3.0 mg/l and as low as 0.4 mg/l throughout the study area.  DO levels as low as 0.1 mg/l were
observed in the Stockton ship channel (DFG 1964).
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The 1963 study identified pollution originating at Stockton as a significant cause of the DO problem.
Most of the pollution was the result of waste discharges from fruit and vegetable canneries.  DO
levels would decline as the weather warmed and cannery discharges increased.  The oxygen block
would eventually break in the fall when the cannery season ended, temperatures cooled, and flows
increased.

In the fall of 1963, a barrier at the head of Old River was installed for the first time.  At the same
time, river flows were augmented by releases into the San Joaquin River through the Newman and
Westly waterways.  It was hoped that the barrier and flow augmentation would increase flows past
Stockton thereby improving both flow conditions for fish and water quality conditions, including
DO.  The action had most of the desired effects (Hallock 1970).

In 1965, 1966 and 1967, DO concentration was identified as the factor that controlled the
movement of salmon past Stockton.  DO was typically lowest at the San Joaquin River at Turner
Cut, but occasionally the lowest DO levels were found near the current Stockton WWTP outfall
(Hallock 1970).

The critical area of concern regarding oxygen blocks affecting the migration of adult salmon
continues to be the reach of river located from the head of Old River to Turner Cut.  Recent
monitoring data for DO in this area have been collected at several sampling stations.  The data for
two of the sampling stations are described in this report.  The first sampling station (Mossdale
sampling station) is located at the Mossdale crossing about 1.5 miles upstream of the head of Old
River.  The second station (Stockton sampling station) is located at the Stockton ship channel about
4.5 miles upstream of Turner Cut (see Figure X-1).

DO levels at the stations have been taken since 1984.  Daily average DO readings are summarized
in Figures X-3 and X-4 for the four-year period from 1990 through 1994.  This time period
includes three critically dry years and one wet year, based on the San Joaquin River Basin
60-20-20 hydrologic classification.  DO levels at the Mossdale sampling station, shown in
Figure X-3, appear to be adequate to support aquatic habitat.  DO levels at the Stockton sampling
station, shown in Figure X-4, are significantly lower than at Mossdale and the DO objectives were
exceeded on numerous occasions.

4. Current and Proposed Management Actions to Improve DO

This section discusses the following current and proposed management actions to improve DO
conditions:  (a) U.S. Army Corps of Engineers (USCOE) aeration facility, (b) the barrier at the
head of Old River, (c) Interim South Delta Program (ISDP), and (d) water quality regulatory
actions by the CVRWQCB.
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a. USCOE Aeration Facility.  The USCOE installed a jet aeration facility in the Stockton ship
channel at the Port of Stockton in the vicinity of Rough and Ready Island.  The purpose of the
facility is to mitigate for the reduction of about 0.2 mg/l (approximately 2,000 lbs/day of oxygen at a
flow of 2,000 cfs) in DO concentrations which occurs when the ship channel is dredged.  The
aeration facility consists of two manifolds with eight mixing nozzles each that introduce a jet of water
mixed with air bubbles into the river.  The aeration system is lowered to a depth of about 20-feet
and is designed to inject about 2,000 lbs/day of DO into the river.  The pump intake includes fish
screens and is designed to achieve low intake velocities in order to prevent entrainment of fish
(USCOE 1990).

The facility is operated by the USCOE in cooperation with the Port of Stockton and the City of
Stockton.  The USCOE is currently negotiating an agreement to transfer operational responsibilities
to the Port of Stockton.  The facility is operated whenever the DO levels at any of Stockton's eight
river monitoring stations drop below 5.2 mg/l during the fall chinook salmon run (September through
November).

b. Barrier at Head of Old River.  Under a 1969 agreement between the DWR, DFG, USBR
and U.S. Bureau of Sport Fisheries and Wildlife (predecessor to U.S. Fish and Wildlife Service), a
temporary barrier is installed at the head of Old River from September through November in order
to increase flow in the San Joaquin River past Stockton.  When the barrier is in place, water flowing
in the San Joaquin River is restricted from flowing down Old River and continues to flow
downstream in the mainstem of the river.  When the barrier is not in place, more than half of the San
Joaquin River flow measured at Vernalis flows down Old River.

Monitoring data show that installation of the fall Head of Old River barrier usually improves DO
concentrations in the lower San Joaquin River, especially in years with low San Joaquin river flows,
although the rate of improvement has varied.  The most pronounced beneficial effects of the barrier
occur when its installation eliminates net negative flows in the San Joaquin River.  Under these
circumstances, adverse effects of slack water are avoided, and the turning basin is not a significant
DO sink for the river (Stockton 1996).

The flow necessary to achieve the DO objectives in the absence of a barrier is not known.  Low
DO levels have been recorded even when San Joaquin River flows were relatively high.

c. ISDP.  The ISDP is described in detail in Chapter IX.  The ISDP is a proposed action to: 
(1) improve water quality and raise water levels in the southern Delta; (2) settle pending litigation by
the South Delta Water Agency against the USBR and the DWR; (3) implement an element of the
Central Valley Project Improvement Act (CVPIA); and (4) enhance the existing water delivery
capability of the SWP.   The ISDP includes five project components, one of which is the
construction and seasonal operation of a permanent barrier at the head of Old River in spring and
fall to improve fishery conditions for salmon migrating along the San Joaquin River.  The permanent
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barrier would be operated to improve flow conditions past Stockton similar to the current
temporary barrier operation.

d. Water Quality Regulatory Actions by the CVRWQCB.  Oxygen levels in the San
Joaquin River have improved as a result of incremental treatment of wastewater discharges required
by the CVRWQCB.  The pretreatment of cannery waste and its subsequent treatment at treatment
plants has significantly reduced the BOD loading from this source.

The largest point source discharge of BOD in the southern Delta is the City of Stockton.  In 1990,
Stockton applied to renew its NPDES permit which would expire in 1991.  During the application
review, Stockton and the CVRWQCB staff agreed to develop new information to address permit
renewal issues including the effects of the discharge on downstream DO concentrations
(SWRCB 1996).  As a result, Stockton developed a computer model that, among other things,
simulates the effect of the WWTP and DO concentrations in the river in the immediate vicinity of the
WWTP's outfall and Stockton shipping channel (Chen and Schanz 1993).  The City's model
showed that the treatment plant discharge was a significant contributor to the DO problem, even
though the City complied with existing effluent limits.  Consequently, the CVRWQCB staff
proposed more stringent effluent limitations in the draft NPDES permit.  The proposed effluent
limitations are summarized in Table X-6.

Table X-6
Proposed NPDES Limitations

Carbonaceous BOD (mg/l) NH3  (mg/l)

Time Period
Monthly

Avg.
Weekly

Avg.
Daily
Max.

Monthly
Avg.

Weekly
Avg.

Daily
Max.

Dec. 1-
Mar. 31 20 -- --

no
nitrification

required
-- --

Apr. 1-
Oct. 31 10 20 25 2 4 5

Nov. 1-
Nov. 30 15 23 30 10 15 -

The City objected to the 2.0 mg/l monthly average ammonia limit during the April through October
period.  The City's objection was based on several grounds.  First, it claimed that compliance with
new effluent limitations would be unreasonably expensive.  Stockton is in the process of designing
and constructing improvements to its WWTP.  The improvements are planned to achieve effluent
quality of 10.0 mg/l CBOD and 7.0 mg/l ammonia.  Stockton claimed that the cost of constructing
the incremental improvement to achieve an effluent quality of 2.0 mg/l ammonia would be too
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expensive.  Second, Stockton asserted that it could not complete improvements to comply with the
effluent limitations during the five-year life of the NPDES permit, and it would be unfairly subject to
enforcement actions.  Finally, Stockton argued that even without its discharge, the DO levels in the
area of its discharge would not consistently comply with current water quality objectives.  Stockton
claims that water quality impairments of the lower San Joaquin River are caused by man-made
conditions, including Delta export pumping and other operations, which reduce and reverse flows in
the San Joaquin River near Stockton (SWRCB 1996).

On October 28, 1994, the CVRWQCB adopted Waste Discharge Requirements for the Stockton
WWTP, Order No. 94-324 (NPDES Permit No. CA0079138) which includes the effluent
limitations recommended by staff.  The order acknowledges that other causes contribute to the low
DO levels, but finds that Stockton's discharge contributes to the violation of the DO water quality
objectives and that more stringent effluent limitations for CBOD and ammonia would substantially
reduce that contribution.

Stockton subsequently filed a petition with the SWRCB objecting to certain provisions of the
NPDES permit.  After review of the petition, the SWRCB adopted Order No. WQ 96-09 which
remands the NPDES permit back to the CVRWQCB for review and revision. The SWRCB
specified that the CVRWQCB should reconsider the CBOD and ammonia effluent limitations in the
permit, taking into account new river flow conditions caused by implementation of the 1995
Bay/Delta Plan flow objectives.  The CVRWQCB should also incorporate flexibility in the NPDES
permit to revise the effluent limitations to accommodate both future improvements in receiving water
DO levels and alternatives for reducing the discharger's impact to DO.  The order requires the
CVRWQCB to adopt a cease and desist order with a compliance schedule and to establish a
compliance schedule in the NPDES permit to implement effluent limitations and receiving water
limitations necessary to comply with DO objectives.  The SWRCB continued a stay of the effluent
limitations for ammonia and receiving water limitations for DO until the CVRWQCB completes the
review and revision required in the order.  In all other respects, the NPDES permit remains in full
force and effect.  The CVRWQCB and Stockton agreed to postpone action, including the adoption
of a cease and desist order, until Stockton completes further modeling of the WWTP's effects on
the river.

B. ALTERNATIVES FOR IMPLEMENTING THE DO OBJECTIVE

DO conditions near Stockton are controlled by net flows past Stockton, BOD loading, water
temperature, sediment oxygen demand, and algal blooms.  The alternatives in this report evaluate
two of the controlling factors, increased flows and BOD loading.  Increased flows past Stockton
can be provided either by increasing flows in the San Joaquin River entering the Delta or by placing
a barrier at the head of Old River.  Water temperatures, sediment oxygen demand, and algal
blooms were not evaluated because there are no controllable mechanisms by which the SWRCB
can significantly affect these parameters.  The following four alternatives are evaluated in this report.
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1. DO Control Alternative 1 - Base Case

The SWP and the CVP are responsible for meeting D-1485 flow objectives.  The quantity and
quality of effluent from the Stockton WWTP are at present levels.  The Head of Old River
temporary barrier is installed in September, October, and November.  No further water right action
is taken to implement the dissolved oxygen objective.  This is the existing condition.

2. DO Control Alternative 2 - Bay/Delta Plan Flows

The 1995 Bay/Delta Plan flow objectives are met by implementation of one of the flow alternatives.
Effluent quantity and quality from the Stockton WWTP are at present levels.  The Head of Old
River temporary barrier is installed in September, October, and November.  No further action is
taken to implement the dissolved oxygen objective.

3. DO Control Alternative 3 - ISDP Barriers Operation

The 1995 Bay/Delta Plan flow objectives are met by implementation of one of the flow alternatives.
Effluent quantity and quality from the Stockton WWTP are at present levels.  The permanent
barriers proposed in the ISDP are constructed and operated and the barrier at the head of Old
River is closed in September, October, and November.

4. DO Control Alternative 4 - Reduced BOD Loading from the Stockton WWTP

The 1995 Bay/Delta Plan flow objectives are met by implementation of one of the flow alternatives.
The permanent barriers proposed in the ISDP are constructed and operated and the barrier at the
head of Old River is closed in September, October, and November.  The discharge quantity from
the Stockton treatment plant is at the present levels; however, the effluent meets CBOD and
ammonia effluent limits as specified in the NPDES permit issued by the CVRWQCB and shown in
Table X-6.  Stockton complies with the permit limits by constructing enhanced treatment facilities.

C. ENVIRONMENTAL EFFECTS OF THE ALTERNATIVES

This section describes the environmental effects of implementing the DO control alternatives.  The
discussion is divided into eight sections:  (1) Impacts to Water Quality in the San Joaquin River;
(2) Impacts on Aquatic Resources; (3) Energy Effects; (4) Public Nuisance Considerations;
(5) Use of Hazardous/Toxic Substances; (6) Socioeconomic, Fiscal and Secondary Effects;
(7) Construction-Related Impacts; and (8) Summary.  Section 1 discusses the water quality impacts
in the San Joaquin River of the three DO alternatives and the base case.  Sections 2 through 7 focus
on impacts expected from implementation of Alternative 4.  The information in these sections is
summarized from an expanded initial study for the Stockton WWTP (Engineering-Science, Inc
1994) and an addendum to the expanded initial study (Stockton 1994).  Other impacts expected to
result from Alternative 2 are already described in Chapters V (water supply impacts), VI
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(environmental impacts) and XI (economic impacts) of this EIR.  Other expected impacts of
Alternative 3 are already discussed in Chapter IX of this EIR.  Alternatives 3 and 4 include actions
that would require subsequent project level evaluations pursuant to CEQA, and they will be
evaluated as programmatic actions for the purpose of this EIR.

1. Impacts to Water Quality in the San Joaquin River

Stockton's San Joaquin River model was used to simulate DO levels in the San Joaquin River
resulting from the DO control alternatives (Chen 1997).  The DO model is described in Chapter IV
of this EIR.  The model was used to simulate five years; one year for each of the five year types as
classified by the Sacramento Valley 40-30-30 Water Year Hydrologic Classification system
described on page 23 of the 1995 Bay/Delta Plan.  The selected years are: water year 1982 - wet;
water year 1957 - above normal; water year 1966 - below normal; water year 1981 – dry, and;
water year 1991- critically dry.  These are the same years that were selected by the DWR in
consultation with the DFG for the purposes of modeling the impacts to the Delta of implementing the
ISDP (DWR 1996).

For each simulation, the river flows of the San Joaquin River at Stockton were obtained from the
output of the DWR’s Delta Simulation Model (DWRDSM).  The river flows reflect the upstream
reservoir operations and Head of Old River barrier operations.  For Alternatives 1 and  2,
temporary barrier operation is assumed. Alternatives 3 and 4 assume operation of a permanent
barrier.   Barrier operations are described on Table IX-1.

Simulations for Alternatives 1, 2, and 3 assume CBOD and ammonia loading at Stockton's WWTP
at 1996 levels.  Alternative 4 reduces CBOD and ammonia loading through enhanced treatment. 
Stockton is in the process of expanding and rehabilitating its WWTP and the master plan is currently
being updated to reflect the planned upgrade to 48 million gallons per day (mgd) capacity with an
ultimate build-out of 55 mgd.  The six-stage expansion project as planned, will meet the CBOD
limits, with monthly average effluent quality of 10.0 mg/l CBOD.  The designed effluent quality of
7.0 mg/l ammonia will not meet the proposed 2.0 mg/l ammonia monthly average limit.  Stockton
testified during the Bay/Delta water rights hearing that the cost of constructing nitrification facilities to
achieve an effluent quality of 2.0 mg/l ammonia would be $61 million plus additional financial costs
of $17 million.  This analysis focuses on three of Stockton's monitoring stations: R2, R3, and R7
(see Figure X-1).  Monitoring Station R2 is located just upstream of the WWTP outfall, monitoring
Station R3 is located at the turning basin, and monitoring Station R7 is located at Turner Cut.  These
locations were chosen to show the simulated DO at approximately the upstream and downstream
boundaries of the DO objective and where the lowest DO levels are often measured (the turning
basin).  Figures X-5 through X-19 show the minimum monthly DO levels for each objective at the
three monitoring stations for each of the five years modeled.
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Figures X-5 through X-9 show minimum monthly DO levels at Station R2, south of the WWTP. 
This station is normally upstream of the WWTP and the turning basin; however, during periods of
reverse flow, the station is downstream.  The figures show that minimum monthly DO levels at this
station are consistently above the objectives for all year types from October through June, except
during the critically dry year of 1991 when Alternatives 3 and 4 are slightly below the objective in
June.  Additionally, minimum monthly DO levels for the three alternatives during the time period of
October through June generally are equal to or better than minimum monthly DO levels under the
base case.  Where minimum monthly DO is less than under the base case, the difference is either
slight, or else the difference occurs in the winter when DO levels are not a problem.  As the
conditions become dryer in July and August, DO conditions worsen.  Minimum monthly DO during
July and August is generally better than the base case for Alternatives 3 and 4; however, minimum
monthly DO levels for Alternative 2 are often worse than the base case in this period.  By
September, minimum monthly DO levels begin to recover.  September minimum monthly DO levels
are generally better for Alternatives 3 and 4 than for the base case.

Figures X-10 through X-14 show minimum monthly DO levels at Station R3, the turning basin. 
These figures show the same yearly trends as Figures X-5 through X-9, with the minimum monthly
DO levels above the objectives through the winter and spring and DO levels declining through the
summer until September when they start to recover.  Alternative 3 generally provides the highest
DO concentrations during June and July, while Alternative 4 is generally more beneficial to DO
levels during the August through October time period.  The effects of the barriers are also
noticeable, especially in September and October, when the Head of Old River Barrier is in place. 
During the summer months, the barriers sometimes cause DO to worsen as compared to the base
case, most notably during the dryer year types.  Implementation of Alternative 2, the Bay/Delta
Plan, improves DO conditions in April and May, the pulse flow period, but there is a corresponding
drop in DO in the late summer for all year types.

Figures X-15 through X-19 show minimum monthly DO levels at Station R7, Turner Cut.  DO
levels follow the same yearly trends as the other figures.  Minimum monthly DO levels at Turner Cut
are generally higher than the minimum monthly DO for the same period at the turning basin.  This is
due, in part, to the greater mixing that occurs at this location.

All of the alternatives achieve the 5.0 mg/l objective for all year types.  Even though DO levels
improve from upstream stations, the 6.0 mg/l objective is often not met in September for
Alternatives 1, 2, and 3.  The objective is also not met in October for every alternative for every
year type, except during the critically dry year of 1991, when every alternative met the October DO
objective.

The flow in the lower San Joaquin River is highly regulated by the upstream reservoirs.  For that
reason, a wet year does not necessarily result in a higher stream flow during the critical summer
months.  The minimum DO for a dry year may be higher than the minimum DO for a wet year.



Figure X-5
Simulated Minimum Monthly DO at Station R2 for Wet Year
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Figure X-6
  Simulated Minimum Monthly DO at Station R2 for Above Normal Year
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Figure X-7
Simulated Minimum Monthly DO at Station R2 for Below Normal Year

0

1

2

3

4

5

6

7

8

9

10

Oct Nov Dec Jan Feb March April May June July Aug Sept

D
is

so
lv

ed
 O

xy
ge

n 
 C

on
ce

nt
ra

tio
ns

 (
m

g/
l)

Alt One Alt Two Alt Three Alt Four

Basin Plan Objective

1995 Bay/Delta 
Plan Objective

State Water Resources Control Board                                                               Objective in the San Joaquin River 

Final EIR for Implementation of the                            X-20                                                 November 1999
1995 Bay/Delta Water Quality Control Plan

____________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Alternatives for Implementing the Dissolved Oxygen

__________________________________________________________________________________________



Figure X-8
Simulated Minimum Monthly DO at Station R2 for Dry Year
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Figure X-9
Simulated Minimum Monthly DO at Station R2 for Critically Dry Year
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Figure X-10
Simulated Minimum Monthly DO at Station R3 for Wet Year
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Figure X-11
Simulated Minimum Monthly DO at Station R3 for Above Normal Year
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Figure X-12
Simulated Minimum Monthly DO at Station R3 for Below Normal Year
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Figure X-13
Simulated Minimum Monthly DO at Station R3 for Dry Year
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Figure X-14
Simulated Minimum Monthly DO at Station R3 for Critically Dry Year
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Figure X-15
Simulated Minimum Monthly DO at Station R7 for Wet Year
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Figure X-16
Simulated Minimum Monthly DO at Station R7 for Above Normal Year
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Figure X-17
Simulated Minimum Monthly DO at Station R7 for Below Normal Year
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Figure X-18
Simulated Minimum Monthly DO at Station R7 for Dry Year
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Figure X-19
Simulated Minimum Monthly DO at Station R7 for Critically Dry Year
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Figures X-20 through X-29 show the frequency distribution of DO levels for each water-year type
at monitoring Station R3.  Historically, the lowest DO levels have been measured at Station R3. 
The first figure for each water year shows the period from September to November when the
Bay/Delta Plan 6.0 mg/l DO objective is in effect, and the second figure for each water year shows
the period from December to August when the CVRWQCB Basin Plan 5.0 mg/l objective is in
effect.  The objectives are also shown on the figures.

Figure X-20 shows that during the wet year of 1982, the DO levels vary little among the alternatives
during the September through November period.  Alternatives 3 and 4 provide slightly higher DO
levels and meet the objective most of the time.  The other alternatives fail to meet the objective only
slightly less often.  During the December to August period, shown on Figure X-21, Alternatives 3
and 4 meet the objective slightly more often than Alternatives 1 and 2.  When the objective is not
met, the DO under Alternatives 1 and 2 is up to 1.5 mg/l lower than the DO under Alternatives 3
and 4.

Figure X-22 shows that during the above normal year of 1957, all the alternatives result in similar
DO levels in September through November.  Alternatives 3 and 4 meet the objective slightly more
often than Alternatives 1 and 2.  Figure X-23 shows that during December through August, the
alternatives provide similar DO levels, with Alternatives 3 and 4 providing slightly higher DO levels
than Alternatives 1 and 2.  When the objective is not being met, DO levels are up to 1.5 mg/l below
the 5.0 mg/l objective.

Figure X-24 and X-25 show DO levels during the below normal year of 1966.  During the
September through November period Alternatives 1 and 2 do not meet the objective about
20 percent of the time.  Alternative 3 meets the objective in all but about 10 percent of years and
Alternative 4 always meets the DO objective during the months of September through November. 
During December through August, Alternatives 2, 3, and 4 meet the objective equally often and
result in similar DO levels.

Figure X-26 shows that during the fall of the dry year 1981, Alternative 4 most often meets the DO
objective.  Figure X-27 shows that during December through August, DO levels are similar among
the alternatives, with DO levels falling below the objective about 25 percent of the time. 
Alternatives 3 and 4 least often meet the objective and result in the lowest overall DO when the
objective is not being met.

Figure X-28 shows that during the critically dry year of 1991, Alternatives 3 and 4 provide slightly
higher DO levels and always meets the objective.  Figure X-29 shows that during December
through August, all alternatives result in similar DO levels.  Alternative 1 meets the objectives most
often, but the other alternatives meet the objectives only slightly less often than Alternative 1.
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Figure X-20

Frequency Distribution of Dissolved Oxygen Levels at Stockton in a
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None of the alternatives will result in DO objectives being met in all water year types.  During the
period of November to May, the DO objective is met by all alternatives during each water year
modeled.  DO levels begin to subside at the downstream stations (R3 and R7) during June and July
when Alternatives 1 and 2 often provide higher DO concentrations than Alternatives 3 and 4. 
During the month of August, DO levels are highest under Alternatives 3 and 4 at Stations R2 and
R3, while Alternatives 1 and 2 produce higher DO levels at Station R7.  During September and
October, Alternatives 3 and 4 provide the highest DO levels and often meet the objective that is
otherwise not met under Alternatives 1 and 2.  Alternative 4 provides the greatest benefit to DO
concentrations during September.  Alternative 3, permanent barrier installation, meets the objectives
almost as often as Alternative 4, as modeled, and sometimes provides higher DO levels, although
not generally when DO levels are at their lowest.  The modeling results also show that implementing
the flow alternatives in the Bay/Delta Plan does not significantly affect DO.

2. Impacts on Aquatic Resources

Stockton's proposed expansion and rehabilitation project will consist of a six-stage construction
project.  Stages I and II will include rehabilitating existing wastewater treatment facilities and
constructing new facilities.  The purpose of Stages I and II is to correct existing process
deficiencies, handle increased wastewater strengths and restore the rated capacity of the WWTP
back to approximately its previously estimated capacity of 48 mgd.  The entire expansion will take
place on the existing plant site.  Stages III through VI would expand the plant's rated capacity to
55 mgd.  If required, nitrification facilities would be constructed during stages III through VI. 
Stockton has initiated the EIR process for this project.

Nitrogen in the form of ammonia exerts an oxygen demand in the receiving body of water and can
be toxic to fish.  When nitrification is needed to protect the receiving body of water, a nitrification
facility is added to the end of the conventional treatment process to remove the nitrogen. 
Nitrification can be achieved by either biological or chemical processes.  Both processes involve
long detention times in plug-flow reactors or complete mix reactors followed by a clarifier to settle
out solids.

3. Energy Effects

The expanded facility would not use a substantial amount of fuel or energy or substantially increase
demand upon existing sources of energy, or require the development of new energy sources.  The
nitrification facility would impose a higher energy demand on the WWTP; however, it is not
expected to alter the energy demand significantly.

4. Public Nuisance Considerations

Alternative 4 may have an impact on public nuisance, specifically aesthetics, lights and glare, and
odor.  The proposed project would increase the number of industrial structures at the WWTP site;
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however, these would not be visible from any scenic road or major public viewing location.  Boaters
along the San Joaquin River may view some of the new structures, but these would be considered
visually compatible with existing industrial buildings along this stretch of the river.

Lighting of the facility would be increased with the proposed project but would not result in
significant impacts due to the location of the project site within an industrial area of Stockton.
Outdoor lighting would be located on poles, with lighting directed downward onto paved areas and
structures.

Normal treatment plant operations produce odors that may be considered objectionable by some
people.  The nitrification process produces carbon dioxide and nitrogen gas, neither of which are
odiferous.  The amount of emissions released by the nitrification process will depend on the type of
nitrification process adopted by Stockton.  Due to the additional process units, emissions from the
WWTP would likely increase.

5. Use of Hazardous/Toxic Substances

After completion of the project facilities, the use of chemicals to facilitate the nitrification process
would increase.  The types of chemicals used would depend on the type of nitrification facility
adopted by Stockton.

6. Socioeconomic, Fiscal, and Secondary Effects

If Stockton must meet the more stringent 2.0 mg/l ammonia standard, the cost of the six-staged
expansion would increase to include the cost of the detention chambers and associated clarifiers. 
The cost to build the nitrification facility may cause an increase in sewage fees, and may affect
Stockton's plans to build several reclamation facilities.  The reclamation facilities are intended to
provide needed water supply by reclamation and to preclude the need to add extensive additional
treatment processes (Carollo 1992).    

The cost of expanding the WWTP may also cause Stockton to change or reconsider the way it
operates the WWTP.  For example, it may preclude deliveries from industries whose discharges
have high loads in terms of wastewater strength or volume.  Increased costs may also result in a
decision to discontinue discharge into the San Joaquin River.  Lastly, costs may affect Stockton's
plans to expand its service area.

7. Construction-Related Impacts

Although environmental documents prepared by Stockton do not specifically address construction
of a nitrification facility, they do address construction of the other phases of the expansion.  The
impacts of those construction activities are assumed to be similar to the impacts of the nitrification
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facility.  Impacts with respect to the following parameters are possible:  (a) air, (b) noise,
(c) population and housing, (d) traffic, (e) earth, (f) water, (g) terrestrial life, and (h) cultural
resources.

a. Air.  Construction-related emissions from Alternative 4 would be short-term and would not
be significant.  The project site is located in an industrial area of southwest Stockton where
emissions would not immediately affect nearby receptors such as residential neighborhoods, schools
or hospitals.

b. Noise.  Construction noise resulting from the project would be short-term and would not be
significant, given that surrounding land uses are industrial.  Noise due to construction traffic
associated with the project would be minimal, and traffic would use Charter Way, Navy Drive, and
Fresno Avenue, which pass through industrial areas.  No increase in noise due to operating the new
completed facilities is expected.

c. Population and Housing.  Construction activities could result in a temporary increase in
employment but would not result in a need for new housing due to the available labor force in the
Stockton area.

d. Traffic.  Access roads to the project site would be adequate to serve the traffic associated
with project construction.  Charter Way, Navy Drive, and Fresno Avenue are all currently used by
heavy trucks.  There are no expected significant impacts.

e. Earth.  During construction, the project site would be subject to some wind erosion of soils. 
These impacts are potentially significant without mitigation.  Water erosion of soils is not considered
a significant problem due to the level topography of the site, significant amounts of existing asphalt
paving, the existing storm drainage system, and the presence of levees along the San Joaquin River.

f. Water.  New construction would not affect the adjacent levee or the San Joaquin River.
Surface runoff would increase slightly due to additional impervious surface area.  This surface runoff
is not expected to be significant and would be handled by the existing plant drainage system, which
is discharged into the headworks for treatment with the raw sewage.

Groundwater volume at the project site could be affected by construction of the clarifiers associated
with the nitrification facility.  Construction of the clarifiers may involve dewatering of the site for
excavation.  There will not be any water quality impacts due to dewatering effluent because all
groundwater pumped will discharge to the treatment plant and be processed along with the
wastewater flow.
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g. Terrestrial Life.  Due to the presence of the levee along the San Joaquin River and the fact
that any new construction would occur east of this levee, special-status taxa that may reside along
the river are not expected to be affected.

h. Cultural Resources.  Project construction could potentially affect a prehistoric site, although
it is considered unlikely due to the previously disturbed conditions of the entire site.

8. Summary

As modeled, Alternatives 3 and 4 often meet the DO objective that otherwise would not be met
under Alternatives 1 and 2, particularly during the months of September and October.  Alternative 4
provides slightly higher DO levels than Alternative 3 during the months of August through October. 
Implementation of the proposed CVRWQCB permit and construction of the treatment plant
improvements will certainly improve DO conditions in the river.  Construction of permanent barriers
also improves DO conditions if they are operated as modeled.  Flow manipulations alone may not
accomplish dissolved oxygen levels above 6.0 mg/L in the Stockton area under any conditions,
however, modeling has shown treatment plant improvements and construction of permanent barriers
would aid in achieving the DO objective.
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CHAPTER XI.   ECONOMICS

This chapter contains estimates of the economic impacts of implementing the flow objectives
alternatives.  Impacts on agricultural water users are presented in the first section of the chapter and
impacts on urban water users are presented in the second section.  Estimates of the impacts on
regional economies resulting from reduced agricultural production follow in the third section.  An
overview of the economic impacts is at the end of this chapter.

A. IMPACTS ON AGRICULTURAL WATER USERS

The proposed alternatives will affect the amount of water delivered to farms by irrigation districts in
the Central Valley.  In addition, Alternatives 3 and 4 will affect the amount of water that farms can
divert from the Sacramento and San Joaquin rivers under their water rights.

If water deliveries are reduced, farmers will likely fallow acreage and change crops.  In many cases,
farmers will be able to pump additional groundwater, use water transferred from other areas, use
what water they have on high-valued crops, and improve their irrigation systems.  These actions will
offset the impacts of reduced deliveries.  Nevertheless, agricultural production in the long run will be
reduced because less water will be available overall.  Farmers’ incomes will be reduced, both
because production will be reduced and because groundwater and transferred water will be more
expensive than project water.  Reduced production will also result in job losses in agriculture and
other industries in the areas affected by the reduced deliveries.  These impacts are discussed in
section D of this chapter.

The cost that the alternatives will impose on farmers is measured as the impact of the flow
objectives on producers’ net income.  Producers’ net income is defined as crop production receipts
less operating costs.  Operating costs include labor, fuel, seed, chemicals, and groundwater
pumping.  In other words, producers’ net income is the return to land, improvements, management,
and business risk.  Because producers’ net income includes the return to land and improvements,
impacts on producers’ net income include impacts on land values.

Impacts on gross crop production are also presented.  These figures do not represent the impact on
agriculture because about half of gross production receipts is spent on operating costs, which fall as
production is curtailed.  However, impacts on gross production are useful for comparison with
production trends in recent years.

1. Water Supply Impacts

The economic analysis is based on estimates of water deliveries obtained from DWRSIM modeling
studies.  The modeling studies specify deliveries in the 73 years of historical hydrology under
D-1485 and under each of the seven alternatives for implementing the flow objectives in the
Bay/Delta Plan.  DWRSIM is discussed in Chapter IV.  Water deliveries given by the DWRSIM
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Table XI-1
Regions Used in the Economic Analysis

Region
CVPM
Regions Description

A.  Shasta, Tehama 1,2 Anderson Valley, Tehama County, north part of Glenn
County.

B.  Glenn, Colusa 3,4 Glenn and Colusa counties, northern Yolo County,
Sacramento River.

C.  Feather River 5,7 East side of Sacramento Valley from central Butte County to
northern Sacramento County.

D.  Yolo, Solano, Delta 6,9 Yolo and Solano Counties, Delta.

E.  Sacramento, San Joaquin 8 South-central Sacramento County, east San Joaquin County,
northern Stanislaus County.

F.  Delta-Mendota 10 Delta-Mendota Canal service area.

G.  Modesto-Oakdale-Turlock 11,12 Stanislaus River water rights, Modesto ID, Oakdale ID,
Turlock ID.

H.  Merced-Madera 13 Merced ID, Madera, Chowchilla, Gravelly Ford.

J.  Westlands 14 Westlands WD, parts of Fresno Slough, James, Tranquility,
San Luis WDs.

K.  Kings-Tulare-E. Fresno 15-18 Tulare Lake bed, Friant-Kern Canal service area, eastern
Fresno County.

L.  Kern County 19-21 Kern County portion of San Joaquin Valley floor.

The regions used in the economic analysis are groups of the regions used in the Central Valley Production
Model (CVPM).  See section 3 of this chapter for more information on the CVPM.

studies were aggregated into the regions used in the economic analysis.  These regions are listed in
Table XI-1 and shown in Figure XI-1.

An analysis of economic impacts in every year for which simulated water deliveries are available is
impractical.  For the purposes of this economic analysis, the years were grouped into three year
types, based on water deliveries.  Because economic impacts depend on water deliveries rather
than hydrologic conditions, this grouping is a better basis for economic analysis than a grouping
based on hydrologic conditions.  The low-delivery years are the seven years of lowest water
deliveries under a particular alternative.  The high-delivery years are the 36 years with the highest
water deliveries and the medium-delivery years are the remaining 30 years.  The grouping is done
independently for each alternative and each region.  For example, the seven low-delivery years to
Kern County under D-1485 are not the same years as the seven low-delivery years under any of
the other alternatives.  Water delivery impacts in each year type are the difference between
deliveries under the alternative and deliveries under D-1485.  Table XI-2 shows these water
delivery impacts.



Figure XI -1
Map of Regions used in the Economic Analysis
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Table XI-2
Water Delivery Impacts of the Flow Alternatives as compared with the Base Case

(Water delivery impacts are shown only where an alternative affects deliveries to a region.)
(None of the alternatives affect deliveries to A or E.)

Delivery impacts (k acre-ft)
Average all years Low-delivery years Medium delivery years High-delivery years

B.  Glenn-Colusa (CVPM 3,4)
Alt. 5 -1 -15 0 0

C.  Feather River (CVPM 5,7)
Alt. 5 -100 -193 -95 -87
D.  Yolo-Solano-Delta (CVPM 6,9)
Alt. 5 14 4 23 8
F.  Delta-Mendota (CVPM 10)
Alt. 2 -69 -165 -79 -41
Alt. 3 -57 -140 -58 -41
Alt. 4 -58 -139 -60 -41
Alt. 5 -42 -80 -39 -37
Alt. 6 -48 -180 -62 -11
Alt. 7 -78 -184 -88 -49
Alt. 8 -80 -159 -90 -57
G.  Modesto-Oakdale-Turlock (CVPM 11, 12)
Alt. 3 -49 -84 -54 -39
Alt. 4 -50 -79 -54 -41
Alt. 5 -6 -67 0 0
Alt. 8 -31 -36 -29 -31
H.  Merced-Madera (CVPM 13)
Alt. 3 -32 -48 -40 -22
Alt. 4 -30 -44 -35 -23
Alt. 5 -18 -30 -17 -17
Alt. 8 -1 -6 0 0
J.  Westlands (CVPM 14)
Alt. 2 -94 -132 -106 -77
Alt. 3 -81 -109 -80 -76
Alt. 4 -81 -107 -81 -76
Alt. 5 -67 -63 -55 -78
Alt. 6 -51 -158 -63 -21
Alt. 7 -101 -144 -105 -89
Alt. 8 -117 -147 -118 -111
K.  Kings-Tulare-E. Fresno (CVPM 15-18)
Alt. 2 -6 -18 -11 0
Alt. 3 -5 -16 -9 0
Alt. 4 -5 -16 -9 0
Alt. 5 -425 -281 -336 -527
Alt. 6 -6 -19 -11 0
Alt. 7 -9 -18 -12 -4
Alt. 8 -6 -18 -11 0
L.  Kern County (CVPM 19-21)
Alt. 2 -58 -182 -81 -14
Alt. 3 -49 -168 -64 -13
Alt. 4 -49 -169 -64 -13
Alt. 5 -21 -80 -20 -10
Alt. 6 -52 -181 -78 -5
Alt. 7 -66 -172 -99 -17
Alt. 8 -61 -175 -85 -18
All regions
Alt. 2 -227 -497 -277 -132

Alt. 3 -274 -565 -305 -191
Alt. 4 -273 -554 -303 -194
Alt. 5 -668 -805 -539 -748
Alt. 6 -158 -538 -214 -37
Alt. 7 -253 -518 -304 -159
Alt. 8 -296 -541 -333 -217
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2. Assumptions and Methodology

The effect of each alternative on producers’ net income was estimated by applying water delivery
impacts to a relationship between water supplies and net revenues in each region established using
the Central Valley Production Model (CVPM).  The CVPM, developed by the University of
California, the DWR and the USBR, is a mathematical programming model that estimates crop
production.  The model is based on the assumption that farmers select the cropping pattern that
maximizes their net revenue given product prices, production costs, and the availability of inputs
such as land and water.

The CVPM assumes that farmers continually adjust production levels in an effort to maximize their
returns on investment.  In practice, farmers’ flexibility is limited in the short run. Consequently,
production levels indicated by the model are a long-run response to changing conditions.  As used in
this analysis, the model implicitly assumes that farmers adjust their production levels to average
water supplies in the three year types.  However, water supplies vary from year to year, so there will
not actually be a movement toward the production levels that are optimum for supplies in the three
year types.  The actual long-run response to the standards will be an adjustment to lower, but
variable, water availability.  As a result, the model will tend to underestimate economic impacts
because a complete long-run response to average supplies in each year type is never achieved.

Staff of CH2M Hill used the model to estimate the way revenues in each region fall as surface water
supplies are reduced from the amount normally available in wet years.  One set of model runs gives
economic impacts in the case where farmers increase their use of groundwater as surface supplies
are reduced.  A second set of runs gives economic impacts in the case where no additional
groundwater is available (Hatchett 1997).

These model runs established a supply-revenue function for each region showing the value of an
acre-foot of water at various levels of water supply.  This value is the amount by which net revenues
in the region will increase or decrease as surface water supplies increase or decrease by one acre-
foot.  When full surface water supplies are available, the value of an acre-foot of water is relatively
low, because the water is used on a wide variety of crops, including low-valued crops.  But in years
when surface water supplies are low, the value of an acre-foot of water is higher, because a greater
proportion of the water is used on high-valued crops.

As an example, Figure XI-2 shows the supply-revenue function for Region F.  When the region
receives its full surface water supply of about 1.2 million acre-feet, reducing surface water supplies
by an incremental amount reduces net revenues in the region by about $37 per acre-foot of reduced
deliveries.  In years when the region receives only 700 TAF, a further cutback by an incremental
amount reduces net revenues by about $54 per acre-foot of reduced deliveries if farmers are able to
use additional groundwater, or by $111 per acre-foot of reduced deliveries if no additional
groundwater is available.
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Figure XI-2.  Value of Water at Various Levels of Water Supply
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Water supply data compiled for the economic analysis in the ER for the 1995 Bay/Delta Plan was
used to estimate average surface water supplies in each region in each of the three year types under
D-1485 (Dale 1994).  This information determines the point on the supply-revenue function that
each region is in each of the three year types under baseline conditions.  Impacts of each alternative
on net revenues were then estimated from the water supply impacts shown in Table XI-2 using the
supply-revenue functions for each region.

3. Results

Tables XI-3 and XI-4 show the effects of the flow alternatives on producers’ net revenue and
agricultural production.  When totaled over all regions, Alternatives 2, 3, 4, and 7 have about the
same effect on net income.  In these alternatives, losses range from $20 to $25 million.
Alternative 8 has slightly higher impacts, averaging $25 to $27 million annually, depending on
whether additional groundwater is available.  In dry years, losses are substantially higher and are
more dependent on the availability of additional groundwater.  In the seven low-delivery years,
losses for the alternatives range from $50 to $58 million when additional groundwater is available,
but range from $68 to $73 million if no additional groundwater is available.

Compared to Alternative 2, Alternatives 3 and 4 have less impact in the east side of the San Joaquin
Valley (Regions G and H) and more impact in the Delta-Mendota area (Region F), the Westlands
area (Region J), and Kern County (Region L).

Alternative 6 has higher impacts than Alternatives 2, 3, and 4, in low-delivery years.  However,
impacts are lower when averaged over all years, largely because Alternative 6 has very low impacts
in high-delivery years.  Alternative 5 has high impacts in all year types, largely because it results in
higher Delta outflows than the other alternatives.  In dry years, impacts are about the same as the
other alternatives.  However, in contrast to the other alternatives, Alternative 5 has high impacts in
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Table XI-3
Impacts of Flow Alternatives on Producers’ Net Income as Compared to the Base Case

Loss in net revenue ($Million)
Additional groundwater use No additional groundwater

Average
all years

Low-
delivery

years

Medium
delivery

years

High-
delivery

years

Average
all years

Low-
delivery

years

Medium
delivery

years

High-
delivery

years
B.  Glenn-Colusa (CVPM 3,4)

Alt. 5 0.1 0.6 0 0 0.1 0.6 0 0
C.  Feather River (CVPM 5,7)

Alt. 5 3.8 7.5 3.6 3.3 3.8 7.7 3.6 3.3
D.  Yolo-Solano-Delta (CVPM 6,9)

Alt. 5 -0.6 -0.2 -1.0 -0.3 -0.6 -0.2 -1.0 -0.3
F.  Delta-Mendota (CVPM 10)

Alt. 2 2.7 7.4 3.0 1.5 2.9 10.1 3.0 1.5
Alt. 3 2.2 6.2 2.2 1.5 2.4 8.3 2.2 1.5
Alt. 4 2.2 6.2 2.2 1.5 2.5 8.2 2.3 1.5
Alt. 5 1.6 3.5 1.4 1.4 1.7 4.3 1.4 1.4
Alt. 6 1.9 8.1 2.3 0.4 2.2 11.1 2.3 0.4
Alt. 7 3.1 8.3 3.4 1.8 3.4 11.4 3.4 1.8
Alt. 8 3.2 7.1 3.5 2.1 3.4 9.6 3.5 2.1

G.  Modesto-Oakdale-Turlock (CVPM 11,12)
Alt. 3 2.1 3.9 2.2 1.6 2.1 4.0 2.2 1.6
Alt. 4 2.1 3.7 2.2 1.7 2.1 3.8 2.2 1.7
Alt. 5 0.3 3.1 0 0 0.3 3.2 0 0
Alt. 8 1.3 1.7 1.2 1.3 1.3 1.7 1.2 1.3

H.  Merced-Madera (CVPM 13)
Alt. 3 1.7 2.8 2.1 1.1 1.7 3.3 2.1 1.1
Alt. 4 1.6 2.6 1.8 1.2 1.7 3.0 1.9 1.2
Alt. 5 1.0 1.7 0.9 0.9 1.0 2.0 0.9 0.9
Alt. 8 0.0 0.3 0 0 0.0 0.4 0 0

J.  Westlands (CVPM 14)
Alt. 2 10.3 16.3 11.4 8.3 10.6 18.8 11.4 8.3
Alt. 3 8.9 13.3 8.6 8.2 9.0 15.0 8.6 8.2
Alt. 4 8.9 13.0 8.7 8.2 9.0 14.7 8.7 8.2
Alt. 5 7.3 7.5 5.9 8.4 7.4 8.4 5.9 8.4
Alt. 6 5.8 19.8 6.8 2.3 6.1 23.0 6.8 2.3
Alt. 7 11.1 17.9 11.3 9.6 11.4 20.8 11.3 9.6
Alt. 8 12.9 18.4 12.7 11.9 13.1 21.2 12.7 11.9

K.  Kings-Tulare-E. Fresno (CVPM 15-18)
Alt.2 0.5 1.4 0.8 0 0.5 1.7 0.8 0
Alt.3 0.4 1.2 0.6 0 0.4 1.5 0.6 0
Alt.4 0.4 1.2 0.6 0 0.4 1.5 0.6 0
Alt.5 28.3 22.7 23.3 33.6 29.8 29.7 25.2 33.6
Alt.6 0.5 1.4 0.8 0 0.5 1.8 0.8 0
Alt.7 0.6 1.4 0.8 0.3 0.7 1.7 0.9 0.3
Alt.8 0.5 1.4 0.8 0 0.5 1.7 0.8 0

L.  Kern County (CVPM 19-21)
Alt.2 6.7 25.4 8.8 1.3 8.6 39.7 10.2 1.3
Alt.3 5.7 23.5 7.0 1.2 7.4 36.6 8.0 1.2
Alt.4 5.7 23.6 7.0 1.2 7.4 36.9 8.0 1.2
Alt.5 2.4 11.2 2.1 1.0 3.1 17.4 2.3 1.0
Alt.6 6.2 25.3 8.5 0.5 8.1 39.5 9.8 0.5
Alt.7 7.5 24.0 10.8 1.6 9.5 37.5 12.5 1.6
Alt.8 7.0 24.5 9.3 1.7 8.9 38.2 10.7 1.7

All regions
Alt.2 20.2 50.5 24.0 11.1 22.7 70.3 25.4 11.1
Alt.3 20.9 50.9 22.7 13.6 23.0 68.7 23.7 13.6
Alt.4 20.9 50.3 22.5 13.8 23.1 68.1 23.7 13.8
Alt.5 44.2 57.6 36.2 48.3 46.6 73.1 38.3 48.3
Alt.6 14.4 54.6 18.4 3.2 16.9 75.4 19.7 3.2
Alt.7 22.3 51.6 26.3 13.3 25.0 71.4 28.1 13.3
Alt.8 24.8 53.4 27.5 17.0 27.2 72.8 28.9 17.0

Impacts are shown only where alternative affects a region.
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Table XI-4
Impacts of Flow Alternatives on Farm Production as Compared to the Base Case

Loss in farm production ($Million)
Additional groundwater use No additional groundwater

Average
all years

Low-
delivery

years

Medium
delivery

years

High-
delivery

years

Average
all years

Low-
delivery

years

Medium
delivery

years

High-
delivery

years
B.  Glenn-Colusa (CVPM 3,4)

Alt. 5 0 2 0 0 0 2 0 0
C.  Feather River (CVPM 5,7)

Alt. 5 12 23 11 10 12 24 11 10
D.  Yolo-Solano-Delta (CVPM 6,9)

Alt. 5 -2 -1 -3 -1 -2 -1 -3 -1
F.  Delta-Mendota (CVPM 10)

Alt. 2 7 19 8 4 8 26 8 4
Alt. 3 6 16 6 4 6 21 6 4
Alt. 4 6 16 6 4 6 21 6 4
Alt. 5 4 9 4 4 5 11 4 4
Alt. 6 5 21 6 1 6 28 6 1
Alt. 7 8 21 6 1 6 28 6 1
Alt. 8 8 18 9 5 9 25 9 5

G.  Modesto-Oakdale-Turlock (CVPM 11,12)
Alt. 3 4 8 5 3 4 8 5 3
Alt. 4 5 8 5 4 5 8 5 4
Alt. 5 1 6 0 0 1 7 0 0
Alt. 8 3 4 3 3 3 4 3 3

H.  Merced-Madera (CVPM 13)
Alt. 3 3 6 4 2 3 7 4 2
Alt. 4 3 5 4 2 3 6 4 2
Alt. 5 2 3 2 2 2 4 2 2
Alt. 8 0 1 0 0 0 1 0 0

J.  Westlands (CVPM 14)
Alt. 2 25 40 27 20 25 46 27 20
Alt. 3 21 32 20 20 22 37 20 20
Alt. 4 22 32 21 20 22 36 21 20
Alt. 5 17 18 14 20 18 20 14 20
Alt. 6 14 48 16 5 14 56 16 5
Alt. 7 27 44 27 23 27 51 27 23
Alt. 8 30 45 30 28 31 52 30 28

K.  Kings-Tulare-E. Fresno (CVPM 15-18)
Alt.2 1 3 2 0 1 3 2 0
Alt.3 1 2 1 0 1 3 1 0
Alt.4 1 2 1 0 1 3 1 0
Alt.5 53 43 44 63 56 56 48 63
Alt.6 1 3 2 0 1 3 2 0
Alt.7 2 3 2 1 2 3 2 1
Alt.8 1 3 2 0 1 3 2 0

L.  Kern County (CVPM 19-21)
Alt.2 14 51 18 3 17 79 20 3
Alt.3 11 47 14 2 15 73 16 2
Alt.4 11 47 14 2 15 74 16 2
Alt.5 5 22 4 2 6 35 5 2
Alt.6 12 51 17 1 16 79 20 1
Alt.7 15 48 22 3 19 75 25 3
Alt.8 14 49 19 3 17 76 21 3

All regions
Alt.2 47 113 55 27 52 154 57 27
Alt.3 46 111 50 31 51 149 52 31
Alt.4 47 110 51 32 52 148 53 32
Alt.5 93 125 76 100 98 158 81 100
Alt.6 32 123 41 7 37 166 44 7
Alt.7 52 116 60 32 57 158 63 32
Alt.8 57 120 63 39 61 161 65 39

Impacts are shown only where alternative affects a region.



State Water Resources Control Board                                                                                     Economics

FEIR for Implementation of the XI-9                                                                     November 1999
1995 Bay/Delta Water Quality Control Plan

medium-delivery and high-delivery years.  In these years, impacts range from $36 to $48 million.
Averaged over all years, the impacts of Alternative 5 are $44 to $47 million, substantially higher
than any of the other alternatives.

Alternative 5 affects water use in the Feather River Basin (Region C).  Depending on the year type
and the availability of additional groundwater, net revenues are reduced by $3 to $8 million annually.
Alternative 5 has very high impacts on the Kings-Tulare-East Fresno area (Region K), reducing net
revenues by up to $34 million.  In this area, the highest impacts are in high-delivery years.
Alternative 5 increases impacts in the Merced-Madera area (Region H) and reduces impacts in
Kern County relative to Alternative 2.

In addition to the costs cited above, farmers in the Sacramento Valley will have to pay the USBR
for contracted water to replace water that is no longer available for diversion under appropriative
water rights.  The cost and amount of this water will be a contract issue between the USBR and the
contractors.

Impacts on farm production (see Table XI-4) are approximately proportional to impacts on net
revenues.  In total, Alternatives 2, 3, 4, and 7 reduce farm production by about $50 million when
averaged over all years.  In dry years, impacts are about $100 million when additional groundwater
is used and about $150 million when no additional groundwater is available.  Alternative 8 has
slightly higher impacts than these alternatives.  Generally, impacts on farm production vary between
alternatives and between regions in the same way as impacts on net revenues.

These impacts are comparable to recent fluctuations in crop production in the affected areas.
Table XI-5 shows recent county crop production statistics from the California Department of Food
and Agriculture.  In Kern county, crop production ranged from $1,400 million to $1,800 million
between 1990 and 1995.  In comparison, impacts of the alternatives range up to $79 million in dry
years and are $5 to $19 million when averaged over all years.  As a percentage of average crop
production from 1990 to 1995, impacts do not exceed five percent in dry years or one percent
when averaged over all years.

Table XI-5
Recent Crop Production in Affected Areas

Crop production ($ million)Counties
1990 1991 1992 1993 1994 1995

Fresno-Kings-Tulare 4,170 3,510 3,940 4,380 4,520 4,750
Kern 1,710 1,420 1,430 1,760 1,820 1,770
Nevada-Placer-Sutter-Yuba    300    380    400    410    480    460
Stanislaus-Merced-Madera 1,430 1,370 1,550 1,770 1,710 1,630

The other regions do not correspond closely to counties, but rough comparisons can be made
between totals for Kings, Tulare, and Fresno counties with impacts in Regions J and K.  Impacts in
this area do not exceed two percent of crop production under Alternative 5 and are less than one
percent of crop production under the other alternatives.  Similarly, totals for, Nevada, Placer,
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Sutter, and Yuba counties can be compared with impacts in Region C.  Under Alternative 5,
impacts are six percent of crop production in dry years and about three percent of crop production
averaged over all year types.

B. IMPACTS ON URBAN WATER USERS

The alternatives will affect deliveries of SWP and CVP water to water wholesaling agencies and
diversions of water from the Mokelumne River by EBMUD.  The water deliveries affected will be
SWP deliveries to the Metropolitan Water District of Southern California (MWD) and other
southern California water agencies and SWP and CVP deliveries to the Santa Clara Valley Water
District (SCVWD).  Opportunities for developing new water supplies are very limited.
Consequently, these agencies and retail water utilities that they serve are likely to respond by
arranging transfers of water from agricultural users, increasing use of recycled water, reducing water
use by more extensive conservation programs, and possibly imposing rationing on their customers.

1. Methodology

Economic impacts on urban water users were estimated assuming that the only options available to
water utilities are additional water transfers and rationing.  Water utilities might also reclaim water or
reduce demand through water conservation programs.  To the extent possible, wholesaling agencies
and water utilities will try to avoid rationing by arranging water transfers, since the cost of
transferred water is far lower than the shortage costs resulting from water rationing.  However,
transfers are limited by the factors discussed in Chapter V.  Economic impacts of two scenarios are
estimated.  In one scenario, the entire reduction in water project deliveries is assumed replaced by
water transfers.  The value of the impacts is estimated as the cost of the replacement water.  In a
second scenario, it is assumed that no additional water transfers can be made so that reduced
deliveries result in water rationing.  The value of impacts is estimated as the shortage costs resulting
from this rationing.  Shortage costs represent the value lost to consumers as a result of reducing
water use below desired levels, rather than out-of pocket expenses for increased water bills.
Shortage costs are a measure of the cost and inconvenience to consumers of reducing water use in
response to rationing and price increases.

The impacts of each alternative were estimated using results developed for the economic analysis in
the ER for the 1995 Bay/Delta Plan.  The water utilities’ forecasting models were used to estimate
the economic impacts of reductions in water project deliveries under two alternatives under
consideration by the SWRCB in 1994.

Estimates of the cost per acre-foot of replacement water used in these model runs were developed
in consultation with planning staff of the MWD and the SCVWD.  The cost of transfers to the
MWD was estimated as $200 per acre-foot, and the cost of transfers to the SCVWD was
estimated as ranging from $250 to $350 per acre-foot.  The MWD’s transfer cost was used as an
estimate of the cost of transfers to southern California water agencies and the SCVWD’s transfer
cost was used as an estimate of EBMUD’s transfer cost.
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Shortage costs were based on a cost function developed by Larry Dale Associates (Dale 1994).
The function is as follows: for shortages of up to 10 percent, shortage costs are $1,400 per acre-
foot; for shortages of 10 to 20 percent, shortage costs are $1,700 per acre-foot; and for shortages
over 20 percent, shortage costs are $2,000 per acre-foot.

These model results were used to establish a relationship between reductions in project deliveries
and economic impacts.  This relationship was applied to the delivery impacts of each alternative to
estimate the impacts of the reductions in project deliveries in the alternatives.

2. Results

Under the transfer scenario, the total cost of transferred water to all affected agencies ranges from
an average of $12 million in Alternative 5 to $17 million in Alternative 7.  Costs are higher in dry
years, ranging from $31 million in Alternative 7 to $41 million under Alternative 5.  The alternatives
affect each water agency differently.  Alternatives 2, 3, 4, 6, 7, and 8 most affect MWD, the other
southern California SWP contractors, and SCVWD.  Alternative 5 reduces costs to the SWP
contractors and SCVWD, but increases costs to EBMUD.  Details are shown Table XI-6.

Because water agencies have good access to credit and can borrow to cover high costs occurring in
dry years, the average costs over all years are the relevant measure of their costs.  The costs of
transfers do not increase these agencies’ costs appreciably.  For example, under Alternative 2, the
average cost of transferred water to the MWD and the other southern California SWP contractors
is $13 million.  This cost is about four tenths of one percent of the total retail cost of water delivered
to urban users in southern California.

For several reasons, water agencies may be unable to replace all water lost from reduced deliveries
by transfers.  In dry years, transfers must be arranged at short notice.  The cost of arranging
transfers may be significant and there may be legal restrictions on transfers.  Under the second
scenario with no additional transfers, shortage costs in all agencies’ service areas range from $197
to $225 million in low-delivery years.  These costs are additional to shortage costs occurring under
baseline conditions.  Over all years, shortage costs average $73 to $114 million annually.  Shortage
costs vary between alternatives in the same way as transfer costs do.

C. REGIONAL ECONOMIC IMPACTS

Reductions in water deliveries to agricultural users will affect all sectors of the economy.  When farm
production falls as a result of reduced water availability, farmers will hire fewer seasonal workers
and may lay off some year-round workers.  Until they find other jobs, consumer spending by these
workers is likely to fall, affecting retailers and other businesses in the area.  In addition, farmers will
reduce purchases of equipment, materials, and services from local businesses, reducing jobs and
income with these suppliers.
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Table XI-6
Impacts of Flow Alternatives on Urban Water Users

as Compared to the Base Case
Average all years Low-delivery years

Delivery
impacts

(k acre-ft)

Cost of
transfers
($ million)

Shortage
costs if no
transfers

Delivery
impacts

(k acre-ft)

Cost of
transfers
($ million)

Shortage
costs if

no
transfers

East Bay MUD
Alt.3 -3 1 5 -4 1 7
Alt.4 -3 1 5 -5 2 9
Alt.5 -22 6 32 -79 28 138

SWP & CVP deliveries to
SCVWD

Alt.2 -8 2 12 -24 8 42
Alt.3 -7 2 10 -23 8 40
Alt.4 -7 2 10 -23 8 40
Alt.5 -3 1 4 -12 4 21
Alt.6 -8 2 12 -23 8 40
Alt.7 -9 2 14 -24 8 42
Alt.8 -9 2 12 -24 8 42

SWP deliveries to MWD
Alt.2 -46 9 64 -65 13 91
Alt.3 -40 8 56 -55 11 77
Alt.4 -40 8 57 -57 11 80
Alt.5 -21 4 29 -18 4 25
Alt.6 -42 8 59 -63 13 88
Alt.7 -46 9 64 -48 10 67
Alt.8 -41 8 58 -59 12 83

SWP deliveries to
Southern Cal

Alt.2 -22 4 30 -66 13 92
Alt.3 -17 3 24 -62 12 87
Alt.4 -18 4 25 -63 13 88
Alt.5 -6 1 8 -29 6 41
Alt.6 -21 4 29 -64 13 90
Alt.7 -25 5 36 -63 13 88
Alt.8 -22 4 31 -61 12 85

All agencies
Alt.2 -75 15 106 -155 35 225
Alt.3 -68 14 95 -144 33 211
Alt.4 -68 14 96 -148 34 217
Alt.5 -51 12 73 -138 41 225
Alt.6 -71 15 100 -150 33 218
Alt.7 -81 17 114 -135 31 197
Alt.8 -72 15 101 -144 32 210

Job and income losses resulting from the alternatives were estimated using input-output analysis, a
widely-used economic technique.  The procedure is described in section D.2 of this chapter.  Input-
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output analysis usually overestimates indirect job and income losses.  One of the fundamental
assumptions in input-output analysis is that trading patterns between industries are fixed.  This
assumption implies that suppliers always cut production and lay off workers in proportion to the
amount of product supplied to farms or other industries reducing production.  In reality, businesses
are always adapting to changing conditions.  When a farm cuts back production, some suppliers will
be able to make up part of their losses in business by finding new markets in other areas.  Growth in
other parts of the local economy will often provide opportunities for these firms.  For these and
other reasons, job and income losses estimated using input-output analysis should be treated as
upper limits on the actual losses expected.

1. Job and Income Impacts

Impacts of the flow alternatives on jobs are shown in Tables XI-7 and XI-8.  The total number of
jobs displaced in the agricultural sector ranges from 370 to 1,130 when averaged over all year
types.  Impacts are somewhat higher if no additional groundwater can be used.  Job impacts vary
between alternatives and year types in the same way impacts on producers’ income do.  Job
impacts are highest under Alternative 5 and, when averaged over all years, and lowest under
Alternative 6.  It should be emphasized that these displaced jobs do not represent a permanent job
loss to a region.  Regional job markets are affected by growth in all sectors of the economy and
migration to and from the area.  Moreover, the agricultural labor force is very mobile with a high
proportion of seasonal workers.  A job displacement in agriculture is likely to result in a slight
decrease in net migration into the area and a change in seasonal movements of workers.  As a
result, the effect of implementing the objectives on the number of unemployed farm workers in an
area will be smaller than the job displacement indicated by this analysis, and will gradually decline as
migration patterns change and the rest of the economy grows.

Job displacements in other sectors of the economy, when averaged over all year types, range from
about 500 under Alternative 6 to 1,500 under Alternative 5 when additional groundwater is used.
In low-delivery years, indirect job displacements range from about 1,800 to 2,000 if additional
groundwater is used and from about 2,400 to 2,700 if no additional groundwater is available.

Income losses also give an indication of the extent of impacts on a region’s economy.  Income
losses (see Table XI-9) are estimated using input-output analysis and like the estimates of
employment impacts, should be treated as upper limits.  Income losses as estimated by input-output
analysis will occur only if displaced workers are unable to find other jobs and businesses supplying
farms and their employees have very limited ability to find new markets.

Although these job and income losses will cause individual hardship, they are small in comparison to
total employment and income in the affected areas.  Table XI-10 shows total employment and
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Table XI-7
Impacts of Flow Alternatives on Farm Employment  as Compared to the Base Case

Direct job displacement
Additional groundwater use No additional groundwater

Average
all years

Low-
delivery

years

Medium
delivery

years

High-
delivery

years

Average
all years

Low-
delivery

years

Medium
delivery

years

High-
delivery

years
B.  Glenn-Colusa (CVPM 3,4)

Alt. 5 0 20 0 0 0 20 0 0
C.  Feather River (CVPM 5,7)

Alt. 5 140 270 130 120 140 280 130 120
D.  Yolo-Solano-Delta (CVPM 6,9)

Alt. 5 -20 -10 -30 -10 -20 -10 -30 -10
F.  Delta-Mendota (CVPM 10)

Alt. 2 80 220 90 50 90 300 90 50
Alt. 3 70 180 70 50 80 240 70 50
Alt. 4 70 180 70 50 80 240 70 50
Alt. 5 50 100 50 50 60 130 50 50
Alt. 6 60 240 70 10 60 320 70 10
Alt. 7 90 240 100 60 100 330 100 60
Alt. 8 90 210 100 60 100 290 100 60

G.  Modesto-Oakdale-Turlock (CVPM 11,12)
Alt. 3 50 90 60 30 50 90 60 30
Alt. 4 60 90 60 50 60 90 60 50
Alt. 5 10 70 0 0 10 80 0 0
Alt. 8 30 50 30 30 30 50 30 30

H.  Merced-Madera (CVPM 13)
Alt. 3 40 70 50 20 40 80 50 20
Alt. 4 40 60 50 20 40 70 50 20
Alt. 5 20 30 20 20 20 50 20 20
Alt. 8 0 10 0 0 0 10 0 0

J.  Westlands (CVPM 14)
Alt. 2 280 460 310 230 290 530 310 230
Alt. 3 240 370 230 230 250 430 230 230
Alt. 4 250 370 240 230 250 420 240 230
Alt. 5 200 210 160 230 200 230 160 230
Alt. 6 160 550 180 60 170 650 180 60
Alt. 7 310 510 310 270 320 590 310 270
Alt. 8 350 520 350 320 360 600 350 320

K.  Kings-Tulare-E. Fresno (CVPM 15-18)
Alt.2 10 30 20 0 10 30 20 0
Alt.3 10 20 10 0 10 30 10 0
Alt.4 10 20 10 0 10 30 10 0
Alt.5 620 500 510 730 650 650 550 730
Alt.6 10 30 20 0 10 30 20 0
Alt.7 20 30 20 10 20 30 20 10
Alt.8 10 30 20 0 10 30 20 0

L.  Kern County (CVPM 19-21)
Alt.2 160 590 210 30 200 910 230 30
Alt.3 130 540 160 20 160 840 180 20
Alt.4 130 540 160 20 170 850 180 20
Alt.5 50 250 50 20 70 400 60 20
Alt.6 140 590 200 10 190 910 230 10
Alt.7 170 550 250 30 220 870 290 30
Alt.8 160 570 220 30 200 880 240 30

All regions
Alt.2 530 1,300 630 310 590 1,770 650 310
Alt.3 540 1,270 580 350 590 1,710 600 350
Alt.4 560 1,260 590 370 610 1,700 610 370
Alt.5 1,070 1,440 890 1,160 1,130 1,830 940 1,160
Alt.6 370 1,410 470 80 430 1,910 500 80
Alt.7 590 1,330 680 370 660 1,820 720 370
Alt.8 640 1,390 720 440 700 1,860 740 440

Impacts are shown only where alternative affects a region.
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Table XI-8
Impacts of Flow Alternatives on Employment in Other Industries as Compared to the Base Case

Indirect job displacement
Additional groundwater use No additional groundwater

Average
all years

Low-
delivery

years

Medium
delivery

years

High-
delivery

years

Average
all years

Low-
delivery

years

Medium
delivery

years

High-
delivery

years
B.  Glenn-Colusa (CVPM 3,4)

Alt. 5 0 30 0 0 0 30 0 0
C.  Feather River (CVPM 5,7)

Alt. 5 190 380 180 170 200 390 180 170
D.  Yolo-Solano-Delta (CVPM 6,9)

Alt. 5 -20 -10 -40 -10 -20 -10 -40 -10
F.  Delta-Mendota (CVPM 10)

Alt. 2 120 310 130 70 130 420 130 70
Alt. 3 100 250 100 70 110 340 100 70
Alt. 4 100 250 100 70 110 340 100 70
Alt. 5 80 140 70 70 80 180 70 70
Alt. 6 80 340 100 10 90 450 100 10
Alt. 7 130 340 140 80 140 460 140 80
Alt. 8 120 290 140 80 140 410 140 80

G.  Modesto-Oakdale-Turlock (CVPM 11,12)
Alt. 3 70 130 80 40 70 130 80 40
Alt. 4 80 130 80 70 80 130 80 70
Alt. 5 10 100 0 0 10 110 0 0
Alt. 8 40 70 40 40 40 70 40 40

H.  Merced-Madera (CVPM 13)
Alt. 3 50 100 70 30 50 110 70 30
Alt. 4 50 80 70 30 50 100 70 30
Alt. 5 30 40 30 30 30 70 30 30
Alt. 8 0 10 0 0 0 10 0 0

J.  Westlands (CVPM 14)
Alt. 2 400 640 430 320 410 740 430 320
Alt. 3 340 520 320 320 350 600 320 320
Alt. 4 350 520 340 320 350 590 340 320
Alt. 5 280 290 220 320 280 320 220 320
Alt. 6 220 770 250 80 230 910 250 80
Alt. 7 430 710 430 380 440 830 430 380
Alt. 8 490 730 490 450 500 840 490 450

K.  Kings-Tulare-E. Fresno (CVPM 15-18)
Alt.2 20 40 30 0 20 40 30 0
Alt.3 10 30 10 0 10 40 10 0
Alt.4 10 30 10 0 10 40 10 0
Alt.5 860 700 710 1,020 910 910 770 1,020
Alt.6 20 40 30 0 20 40 30 0
Alt.7 20 40 30 10 20 40 30 10
Alt.8 20 40 30 0 20 40 30 0

L.  Kern County (CVPM 19-21)
Alt.2 220 830 290 40 270 1,270 320 40
Alt.3 180 760 220 30 230 1,180 250 30
Alt.4 180 760 220 30 230 1,190 250 30
Alt.5 80 350 70 30 100 560 80 30
Alt.6 200 830 280 10 260 1,270 320 10
Alt.7 240 770 350 40 310 1,220 410 40
Alt.8 220 800 310 40 280 1,230 340 40

All regions
Alt.2 760 1,820 880 430 830 2,470 910 430
Alt.3 750 1,790 800 490 820 2,400 830 490
Alt.4 770 1,770 820 520 830 2,390 850 520
Alt.5 1,510 2,020 1,240 1,630 1,590 2,560 1,310 1,630
Alt.6 520 1,980 660 100 600 2,670 700 100
Alt.7 820 1,860 950 510 910 2,550 1,010 510
Alt.8 890 1,940 1,010 610 980 2,600 1,040 610

Impacts are shown only where alternative affects a region.
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Table XI-9
Impacts of Flow Alternatives on Regional Income as Compared to the Base Case

Loss in personal income ($Million)
Additional groundwater use No additional groundwater

Average
all years

Low-
delivery

years

Medium
delivery

years

High-
delivery

years

Average
all years

Low-
delivery

years

Medium
delivery

years

High-
delivery

years
B.  Glenn-Colusa (CVPM 3,4)

Alt. 5 0 1 0 0 0 1 0 0
C.  Feather River (CVPM 5,7)

Alt. 5 7 14 7 6 7 14 7 6
D.  Yolo-Solano-Delta (CVPM 6,9)

Alt. 5 -1 -1 -2 -1 -1 -1 -2 -1
F.  Delta-Mendota (CVPM 10)

Alt. 2 4 11 5 2 5 15 5 2
Alt. 3 4 10 4 2 4 12 4 2
Alt. 4 4 10 4 2 4 12 4 2
Alt. 5 3 5 2 2 3 7 2 2
Alt. 6 3 12 4 1 3 17 4 1
Alt. 7 5 12 5 3 5 17 5 3
Alt. 8 5 11 5 3 5 15 5 3

G.  Modesto-Oakdale-Turlock (CVPM 11,12)
Alt. 3 3 5 3 2 3 5 3 2
Alt. 4 3 5 3 2 3 5 3 2
Alt. 5 0 4 0 0 0 4 0 0
Alt. 8 2 2 2 2 2 2 2 2

H.  Merced-Madera (CVPM 13)
Alt. 3 2 4 2 1 2 4 2 1
Alt. 4 2 3 2 1 2 4 2 1
Alt. 5 1 2 1 1 1 2 1 1
Alt. 8 0 1 0 0 0 1 0 0

J.  Westlands (CVPM 14)
Alt. 2 15 24 16 12 15 27 16 12
Alt. 3 13 19 12 12 13 22 12 12
Alt. 4 13 19 12 12 13 21 12 12
Alt. 5 10 11 8 12 10 12 8 12
Alt. 6 8 29 10 3 9 33 10 3
Alt. 7 16 26 16 14 16 30 16 14
Alt. 8 18 27 18 17 18 31 18 17

K.  Kings-Tulare-E. Fresno (CVPM 15-18)
Alt.2 1 2 1 0 1 2 1 0
Alt.3 0 1 1 0 0 2 1 0
Alt.4 0 1 1 0 0 2 1 0
Alt.5 32 26 26 37 33 33 29 37
Alt.6 1 2 1 0 1 2 1 0
Alt.7 1 2 1 1 1 2 1 1
Alt.8 1 2 1 0 1 2 1 0

L.  Kern County (CVPM 19-21)
Alt.2 8 30 11 2 10 47 12 2
Alt.3 7 28 8 1 9 43 10 1
Alt.4 7 28 8 1 9 44 10 1
Alt.5 3 13 2 1 4 21 3 1
Alt.6 7 30 10 1 10 47 12 1
Alt.7 9 29 13 2 11 45 15 2
Alt.8 8 29 11 2 10 45 12 2

All regions
Alt.2 28 67 33 16 31 91 34 16
Alt.3 28 66 30 18 30 89 31 18
Alt.4 28 65 30 19 31 88 31 19
Alt.5 55 74 45 59 58 94 48 59
Alt.6 19 73 24 4 22 99 26 4
Alt.7 31 69 36 19 34 94 37 19
Alt.8 34 71 37 23 36 96 39 23

Impacts are shown only where alternative affects a region.
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Table XI-10
Employment and Income in the Affected Areas

1990 1991 1992 1993 1994
Farm employment
Fresno-Kings-Tulare 53,000 53,000 48,000 53,000 51,000
Kern 14,000 15,000 14,000 17,000 17,000
Nevada-Placer-Sutter-Yuba 8,000 8,000 7,000 7,000 7,000
Stanislaus-Merced-Madera 27,000 28,000 27,000 27,000 27,000
Nonfarm employment
Fresno-Kings Tulare 478,000 475,000 481,000 492,000 506,000
Kern 243,000 248,000 243,000 241,000 245,000
Nevada-Placer-Sutter-Yuba 174,000 180,000 181,000 182,000 188,000
Stanislaus-Merced-Madera 259,000 260,000 260,000 262,000 265,000
Total personal income ($M)
Fresno-Kings-Tulare 16,700 17,100 18,400 19,200 19,600
Kern 8,600 9,000 9,400 9,800 10,100
Nevada-Placer-Sutter-Yuba 6,900 7,500 8,000 8,300 8,800
Stanislaus-Merced-Madera 10,000 10,200 10,900 11,300 11,700

income for groups of counties roughly corresponding to the regions most affected by the
alternatives.  These figures show that the impacts of the alternatives are too small to have any
significant region-wide effects.

2. Details of Estimation Methods

Wage losses in agriculture were estimated from changes in agricultural production using a ratio of
labor costs to sales derived from statistics published in the 1987 Census of Agriculture
(U.S. Department of Commerce 1989).  Payroll-to-receipts ratios ranged from 11 percent for
farms primarily growing cash grains to 32 percent for farms primarily growing vegetables, fruits, and
tree nuts.  This analysis used the ratio for general crop farms, which was 21 percent.  Employee
benefits in agriculture are lower than in other industries, so wages represent nearly all of labor costs.
Wages were estimated as 80 percent of labor costs.  The number of year-round equivalent direct
jobs displaced was estimated from the wage loss using average weekly earnings for crop production
workers in the San Joaquin Valley (Employment Development Department no date).

Impacts on farm income were estimated by multiplying impacts on total crop production by the ratio
of farm income and agricultural production for the San Joaquin Valley in the years 1986–1992.
Farm income consists of agricultural wages and salaries plus income of farm proprietors.  The ratio
was estimated from crop production as reported by the California Department of Food and
Agriculture and farm income as estimated by the U.S. Bureau of Economic Analysis.

The regional effects of reduced farm production were estimated using input-output analysis.
Multipliers were estimated using the Implan system (1991 database), developed by the Minnesota
Implan Group, Stillwater, Minnesota.
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The job multiplier gives an estimate of the total number of jobs supported by each job in crop
production.  The multiplier includes the job in crop production.  Thus, the multiplier for the San
Joaquin Valley indicates that each job in crop production supports 1.4 jobs with suppliers and in
businesses serving employees of farms and businesses supplying farms.  The indirect job
displacements shown in Table XI-8 were estimated using this figure.

The income multiplier gives an estimate of the total amount of income in the region created by each
dollar in income in agriculture.  Again, since the multiplier includes the income in agriculture, the
multiplier for the San Joaquin Valley indicates that every million dollars in wages and salaries and
proprietors’ income in agriculture supports 1.7 million in personal income in the rest of the economy.

D. SUMMARY

The proposed flow alternatives will affect water deliveries to farms in the Central Valley and to
water utilities in the San Francisco Bay Area and southern California.  As a result, crop production
will be reduced and water utilities will have to seek other sources of water or take measures to
reduce water use by their customers.  Depending on the alternative, water deliveries to agriculture
are reduced by an average of 158 to 668 TAF per year compared to deliveries under D-1485.
Average deliveries to urban water users are reduced by 51 to 75 TAF per year.

As a result of these reductions in deliveries, average net income in agriculture is reduced by an
amount ranging from $14 million to $53 million annually.  Economic impacts are higher in dry years
because, under most alternatives, water supply impacts are higher and because water tends to be
used on more valuable crops.  In dry years, defined as the ten percent of years with lowest water
deliveries, the proposed alternatives reduce net income in agriculture by $50 to $75 million
compared to D-1485.

Reduced agricultural production will result in job losses in agriculture and businesses serving farmers
and farm workers.  Depending on the alternative, average job losses in agriculture range from about
400 to 1,100.  Job losses in other industries range from 500 to 1,600.  In dry years, job losses are
higher, raging from 1,300 to 1,900 in agriculture and from 1,800 to 2,700 in other industries.

Although these job losses may cause individual hardship and may affect some communities
adversely, they are too small to have any significant regional impacts and are likely to be absorbed
as other sectors of the economy grow.  For example, in Kern County, Alternatives 2 and 8 have the
most severe impacts.  However, even in dry years, these impacts do not exceed one percent of total
employment in the county.  Alternative 5 results in a loss of 670 jobs in dry years in the area
diverting water from the Feather River and its tributaries, but this is less than half of one percent of
total employment in Nevada, Placer, Sutter, and Yuba counties.

Impacts on urban water users depend largely on the ability of utilities to secure supplies of
transferred water.  If all of the water supplies are replaced by transferred water, the total cost to
utilities will average $12 million to $17 million annually.  Payments to farmers for transferred water
will offset the income losses from reductions in water deliveries to agriculture.  However, if water
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utilities respond to the standards by imposing rationing on their customers, the resulting shortage
costs are estimated to range from $70 to $110 million annually.
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XII.  MANDATORY FINDINGS UNDER CEQA

A. CUMULATIVE IMPACTS

Cumulative impacts are defined in the CEQA Guidelines as two or more individual effects which,
when considered together, are considerable or which compound or increase other environmental
impacts.  The individual effects may be changes resulting from a single project or a number of
separate projects.  The cumulative impact from several projects is the change in the environment
that results from the incremental impact of the project when added to other closely related past,
present, and reasonably foreseeable probable future projects.  Cumulative impacts can result from
individually minor but collectively significant impacts (CEQA Guidelines § 15355).  In a CEQA
evaluation, the proposed action must be considered with the combined effects of the cumulative
actions in a single analysis.

In this case, the principal impacts of implementation of the proposed decision can be traced to the
changes in the operation of reservoirs in the Sacramento-San Joaquin river system, changes in
diversions from those rivers or their tributaries, or changes in water available for export from the
region.  Therefore, significant cumulative impacts include the impacts of other projects or activities
that reduce the water available to areas upstream of the Delta and to export areas, or actions that
affect the operation of the SWP and CVP.

The discussion of the cumulative impacts of implementing the 1995 Bay/Delta Plan combined with
other actions is divided into the following sections:  (1) future actions with potential for cumulative
effects; and (2) cumulative impact assessment.

1. Future Actions with Potential for Cumulative Effects

This section describes actions that may occur in the foreseeable future and discusses the effect of
those actions.  These actions are at various stages of development, and there is no certainty that all
of them will be completed.  Many of the actions described below could have specific impacts due to
construction alone, including:  (1) disturbing habitat and special status species, (2) limiting normal
recreation and shoreline activities, and (3) reduced aesthetic value in the vicinity of the project. 
These construction-related impacts are not addressed in the following discussion.  Instead, the focus
of the descriptions is on the general effects of implementing the action or operating the project.

a. American River Watershed Project.  Lead Agency: USCOE.

Project Description: Major features proposed by the study include construction of Auburn Dam,
continued reoperation of Folsom Dam to provide a minimum of 400 TAF and a maximum of
670 TAF of storage for flood control, stabilization of levees along the American River downstream
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of Folsom Dam, and raising 12 miles of levees along the Sacramento River near Sacramento
International Airport.

Project Impacts: The Auburn Dam will inundate various plant and animal species upstream of the
dam and displace those species capable of re-establishing in other locations after construction is
complete.  The dam facility will block fish passage for those fish that normally spawn upstream of
the proposed dam site.  Releases may cause wide variations in daily flows, temperatures, and water
levels.  The Auburn Dam has the potential to change the timing of flows to the Bay/Delta; it will
capture flow that would otherwise run off into the Delta during high-flow periods, and flow releases
may increase Delta inflow during low-flow periods. 

Reoperation of Folsom Dam has the potential to inundate or strand various species, displace
species or habitat, and permanently alter habitat.  The reoperation also could lead to wide variations
in water levels, temperatures, and flows, and change the quantity and timing of flows to the
Bay/Delta Estuary.

Stabilizing and raising levees is likely to have construction-related impacts, but is not expected to
affect Bay/Delta watershed hydrology.

b. CALFED.  Lead Agencies: State members: Resources Agency, DWR, DFG, California
Environmental Protection Agency, and SWRCB.  Federal members: U.S. Department of the
Interior (USDOI), USBR, USFWS, USEPA, and NMFS.

Project Description: In 1994, State and federal agencies responsible for managing resources in the
Bay/Delta signed the Bay/Delta Accord which, among other things, established a joint state and
federal long-term solution finding process for Bay/Delta resource management.  The participating
agencies are referred to as the CALFED agencies. 

The CALFED Bay/Delta Program established a three-phase approach to developing and
implementing a long-term solution to problems affecting the Delta.  During Phase I (June 1995
through August 1996) the Program defined the problems, developed a range of solutions, and
identified three preliminary alternatives to be further analyzed in Phase II.  In Phase II, the Program
refined the preliminary alternatives, conducted a comprehensive programmatic environmental
review, and issued a Draft Programmatic EIS/EIR in March 1998.  Because a Preferred Program
Alternative was subsequently identified, CALFED revised the document with an analysis of the
Preferred Program Alternative and reissued the Draft Programmatic EIS/EIR in June 1999.

The Preferred Program Alternative will be implemented in stages during Phase III.  This phase will
include any necessary studies and site-specific environmental review and permitting.  Because of the
size and complexity of the program alternatives, implementation is likely to take place over a period
of 20-30 years.
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Each of the CALFED alternatives includes eight program elements: Ecosystem Restoration, Water
Quality, Levee System Integrity, Water Use Efficiency, Water Transfer, Watershed, Storage, and
Conveyance.  The alternatives are programmatic in nature, defining broad approaches to meet
Program purposes, and the descriptions of the Program elements, except for Conveyance, do not
vary among the alternatives.  The elements are described in the CALFED Revised Phase II Report
(December 18, 1998).

The three conveyance approaches are: (1) existing system conveyance where little or no
modifications are made to the flow capacity of existing Delta channels; (2) a through-Delta
conveyance where a variety of modifications to Delta channels could be made to increase the
conveyance efficiency; and (3) dual Delta conveyance using a combination of improved through-
Delta conveyance and conveyance isolated from Delta channels.

The Preferred Program Alternative consists of a through-Delta conveyance approach, coupled with
ecosystem restoration, water quality improvements, levee system improvements, increased water
use efficiency, improved water transfer opportunities, watershed restoration, and a Water
Management Strategy that includes an integrated storage program. The Preferred Program
Alternative provides for a system of research and monitoring to determine whether modifications or
additional actions are needed.

Project Impacts: The Preferred Program Alternative is expected to have potentially significant
beneficial and adverse consequences in the Bay/Delta watershed.  The most significant potential
consequences are related to water supply/water management, water quality, ground water, fisheries
and aquatic ecosystems, and vegetation and wildlife.  Details of the project impacts are disclosed in
the programmatic EIR/EIS.

c. Central Valley Project Improvement Act.  Lead Agency: USBR.

Project Description: The Central Valley Project Improvement Act (CVPIA) reauthorizes the
USDOI's Central Valley Project under P.L. 102-575.  The CVPIA adds fish and wildlife
protection, restoration, and mitigation as project purposes having equal priority with irrigation and
domestic uses, and fish and wildlife enhancement as a project purpose equal to power generation. 
The CVPIA includes the following three measures that are likely to affect Bay/Delta watershed
hydrology significantly.

• Section 3406(b)(2) of the CVPIA directs the Secretary of the Interior to dedicate and
manage annually 800 TAF of CVP yield (referred to as "(b)(2) water)" for the primary
purpose of implementing the fish, wildlife, and habitat restoration purposes and measures
authorized in the Act.  This quantity of water is reduced to 600 TAF in critically dry
conditions.  The USDOI issued an Administrative Proposal on the Management of Section
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3406(b)(2) Water (November 20, 1997) presenting the USDOI’s conclusions as to how it
intended to comply with the statutory mandate to dedicate and manage the water each year. 
The Administrative Proposal was returned to the USDOI by a reviewing court for changes in
accordance with the court's opinion.  The final decision was released on October 5, 1999. 
On July 15, 1999, the USDOI proposed a new decision to implement section 3406(b)(2).

• The CVPIA requires the Secretary of the Interior to provide, either directly or through
contractual agreements with appropriate parties, firm water supplies of suitable quality to
maintain and improve wetland habitat areas on: units of the National Wildlife Refuge System in
the Central Valley of California; the Gray Lodge, Los Banos, Volta, North Grasslands, and
Mendota state wildlife management areas; and the Grasslands Resources Conservation
District in the Central Valley of California.

• Section 3406(b)(23) of the CVPIA allocates a minimum of 340,000 acre-feet per year for
the purposes of fishery restoration, propagation, and maintenance, and further requires that
the Trinity River Flow Evaluation Study be completed in a manner which ensures the
development of recommendations for the restoration and maintenance of the Trinity River
fishery.  The Draft Trinity River Flow Evaluation, released in January 1998, contains daily
flow recommendations for the Trinity River which range, depending on water year type, from
300 cfs to 10,564 cfs.  If these daily flow recommendations are adopted, releases from
Trinity Lake into the Trinity River will range from 368,621 acre feet in a critically dry year to
815,226 acre feet in an extremely wet year, excluding unscheduled releases associated with
large storm events.

Project Impacts: The CVPIA is expected to have significant fishery and hydrologic impacts in the
Bay/Delta watershed.  Alternatives for implementing the CVPIA are the subject of a programmatic
draft EIS which was released in October 1997.

d. Conjunctive Use Programs .  Lead Agency: DWR.

Project Description: To meet SWP contractors' increasing need for water, the DWR is investigating
the potential for entering into programs with various water agencies whereby the DWR would
finance facilities in exchange for water that would be made available through conjunctive use. 
Surface water would be made available from the SWP to the participants for in-lieu groundwater
recharge in above-normal and wet years.  In dry years, the participants would release a portion of
their surface water supplies to the SWP and use stored groundwater instead of surface water. 
Projects are being considered in several areas in the Central Valley.

Project Impacts: Conjunctive use offers a relatively low-cost method to store water in times of
above-average supply for use during dry periods.  However, groundwater pumping during extended
drought could initiate land subsidence in some locations.  Flows into the Delta could decrease in
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wetter years because of upstream diversions to groundwater storage.  Exports from the Delta and
flows into the Delta could increase in drier years as stored groundwater is used.

e. Delta Wetlands Project.  Lead Agencies: USCOE and SWRCB.

Project Description: Delta Wetlands Properties is the project proponent for the Delta Wetlands
project, which includes diversion and storage of water on two Delta islands owned by the company
(Bacon Island and Webb Tract, the "reservoir islands") and seasonal diversion of water for creation
and enhancement of wetlands and management of wildlife habitat on two islands owned primarily by
the company (Bouldin Island and Holland Tract, the "habitat islands").  Delta Wetlands would
improve and strengthen levees on all four islands and install two additional intake siphon stations and
a new pump station on each of the reservoir islands.  The project would divert water onto the
reservoir islands during periods of availability to be stored for later sale.  The purchased water
would be either exported or allowed to flow out of the Delta to meet water quality or flow
requirements.

Total maximum initial water storage capacity of the Delta Wetlands reservoir islands as proposed
would be 238 TAF.  Total physical storage capacity may increase in 50 years to 260 TAF as a
result of soil subsidence.  Mean annual diversions and discharges are estimated in the draft EIR/EIS
for the project to be 222-225 TAF and 188-202 TAF, respectively, based on the historical
hydrologic record for 1922-1991 and assuming current Delta standards, facilities, and
upstream/export demands for water.  Diversion rates onto the reservoir islands would vary with
pool elevation and water availability.  The maximum rate of diversion onto either Webb Tract or
Bacon Island would be 4,500 cfs (9,000 acre feet per day) when diversions begin (when head
differential is greatest).  The combined daily average diversion rate for all the islands (including
diversions to the habitat islands) would be 4,000 cfs.  At this average rate, both reservoir islands
could be filled in approximately one month.

Water would be discharged from storage on the reservoir islands during periods of demand in any
month, subject to Delta regulatory limitations and export pumping capacities, at a combined
maximum daily average of 6,000 cfs.  The combined monthly average discharge rate of the reservoir
islands would not exceed 4,000 cfs.  At this average rate, both reservoir islands could be emptied in
approximately one month.

Project Impacts: Operation of the project will have a significant effect on Bay/Delta hydrology.  A
detailed description of the project impacts can be found in the draft EIR for the project (SWRCB
and USCOE 1995).
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f. Eastside Reservoir.  Lead Agency: Metropolitan Water District (MWD).

Project Description: The purpose of the project is to secure six months of emergency storage in
southern California in the event of a major earthquake and to provide additional water supplies for
drought protection and peak summer needs.  The Eastside Reservoir site is located in the
Domenigoni and Diamond valleys, four miles southwest of the City of Hemet.  Storage capacity of
the reservoir will be 800 TAF.  The reservoir will be 4.5 miles long, more than 2 miles wide, and
have a surface area of 4,500 acres.  The water source for the project is the Colorado River
Aqueduct, delivered through the San Diego Canal into the reservoir forebay.  Also, SWP water
from Lake Silverwood will flow by gravity into the reservoir through the new 12-foot-diameter,
45-mile-long Inland Feeder, connecting with the new 9-mile-long Eastside Pipeline.

Project Impacts: The new reservoir will inundate habitat and displace species upstream of the site. 
The project will allow the SWP to increase exports, which will alter Bay/Delta hydrology.  Water
supply reliability in the MWD service area will be improved.  A detailed description of the project
impacts can be found in the EIR for the project (MWD 1991).

g. EBMUD Supplemental Water Supply Program.  Lead Agency: EBMUD.

Project Description: The EBMUD Board of Directors adopted its Water Supply Management
Program Action Plan in September 1995.  The Action Plan included two alternatives for taking
delivery of American River water pursuant to EBMUD's contract with the USBR.  EBMUD
contracted with the USBR in 1970 for 150,000 AF/year from Folsom Lake, to be delivered via the
Folsom South Canal (FSC) to an as-yet-unbuilt connection to the Mokelumne Aqueducts.

The EBMUD and the USBR issued a draft EIR/EIS on the Supplemental Water Supply Project in
November 1997, which addresses two primary project alternatives.  The first alternative is an
EBMUD-only project that involves deliveries from the American River near Nimbus Dam, via the
FSC to a new pipeline connection between the FSC in southern Sacramento County and
EBMUD's Mokelumne Aqueducts in San Joaquin County.  The second alternative is a joint project
between EBMUD, the City of Sacramento, and the County of Sacramento.  Under this alternative,
water would be diverted from the lower American River near the confluence with the Sacramento
River and conveyed to the City's water treatment plant.  Water for EBMUD would then be
conveyed through new pipelines from the treatment plant to the FSC and from the FSC to the
Mokelumne Aqueducts.

A key difference between the two alternatives is the location of the diversion points on the American
River.  The first alternative would provide higher quality water from farther upstream, but would be
subject to court-ordered flows that would allow less water to be delivered to EBMUD in dry years.
A joint Sacramento project would guarantee water even in the driest years and still provide high-
quality water taken from the American River delivery point farther downstream.
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In 1997, San Joaquin County interests proposed a groundwater storage project that would allow
EBMUD to store surface water from the American River in San Joaquin County aquifers.  The
project would provide more out-of-service area storage and improved supply reliability during
droughts for EBMUD and would also provide significant benefits to San Joaquin County water
users.  However, a conjunctive use alternative was not included in the 1997 draft EIR/EIS.

Project Impacts: The American River diversion may present risk to fish of impingement and
entrainment at diversion facilities. Diversion of American River water will affect the quantity of
Bay/Delta inflows, especially for CVP exports; however, water supply reliability will be improved
for the EBMUD service areas.

h. Inland Feeder Project.  Lead Agency: MWD.

Project Description: The Inland Feeder Project will more than double the water delivery capacity of
the east branch of the California Aqueduct from the SWP, providing Southern California with
approximately 2 TAF per day of additional delivery capacity.  The project begins in the Devil
Canyon area north of the City of San Bernardino and ties into the MWD's Colorado River
Aqueduct south of Lake Perris, near the City of San Jacinto.  The water source is the SWP through
the east branch of the California Aqueduct from Lake Silverwood.  Estimated project cost is
$1.1 billion.  One of the purposes of this project is to feed water into the Eastside Reservoir, which
is currently under construction.

Project Impacts: The project will allow an increase in Bay/Delta exports, which will alter Delta
hydrology.  Water supply reliability will be improved for the project area.

i. Interim South Delta Program (ISDP).  Lead Agency: DWR.

Project Description: The purpose of the Interim South Delta Program is to (1) improve water levels
and circulation in southern Delta channels for local agricultural diversions; and (2) improve southern
Delta hydraulic conditions in order to increase diversions into Clifton Court Forebay to maximize the
frequency of full pumping capacity at Banks Pumping Plant.

In July 1982, South Delta Water Agency (SDWA) filed a lawsuit against the State of California and
the federal government, in part alleging that operations of SWP and CVP pumps violate South Delta
Water Agency's rights by lowering water levels, reversing flows, and diminishing the influence of the
tides.  The DWR, USBR, and SDWA recently agreed to a draft contract that settles the 1982
lawsuit and includes provisions to test and construct barriers in certain southern Delta channels to
provide the SDWA with an adequate agricultural water supply. 
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The DWR, USBR, and USACE are proposing the installation of three permanent flow control
structures and one fish control barrier through the ISDP.  The program also calls for operating the
SWP pumps at full capacity; installing additional forebay intake structures; and limited channel
dredging along a 5-mile stretch of Old River.  In May 1999 the ISDP was rolled into the CALFED
South Delta Improvements Program.  

Project Impacts: Operating the pumps at full capacity will enable the SWP to increase exports from
the Delta.  The increased exports and the operation of the barrier and flow control structures will
alter Delta hydrology and water quality.  The increase in diversions to Clifton Court Forebay may
be unscreened and therefore have an impact on fish residing in or passing through the Delta.  Fish
salvage at the export pumps may also increase.  The project will increase water supply reliability in
the SWP service area.

Operation of the barrier and flow control structures will alter habitat.  The structures may lead to
increased straying, blocked passage, and increased predation if fish are reluctant to pass the
structures.  Navigation and recreation will be restricted, and aesthetic value may be reduced.  For a
detailed description of project impacts, see the ISDP Draft EIR/EIS (DWR and USBR 1996).

j. Los Angeles Aqueduct. Lead Agency: Los Angeles Department of Water and Power
(LADWP).

Description:  The LADWP owns and operates the Los Angeles Aqueduct (LAA) which diverts
both surface and groundwater from the Owens Valley and surface water from the Mono Basin. 
The first pipeline of the LAA was completed in 1913 and began conveying water from the Owens
Valley to the City of Los Angeles.  The aqueduct was extended north to the Mono Basin where
diversion began in 1940.  A second pipeline was completed in 1970, bringing the combined
capacity of the LAA to about 550 TAF/yr and average annual diversions from the Mono-Owens
region to about 400 TAF/yr.

LADWP's diversions from the Owens Valley and Mono Basin resulted in the degradation of the
region's environmental resources and have been the subject of extensive litigation.  Recent actions
by the courts and regulatory agencies have resulted in restrictions on the amount of water that the
City of Los Angeles can divert and agreements for environmental restoration.  These actions include
the 1994 SWRCB Decision 1631 on Mono Lake, the 1997 agreement between Inyo County and
the City of Los Angeles for rewatering the lower Owens River, and the 1997 implementation plan
adopted by the Great Basin Unified Air Pollution Control District.

The California Supreme Court ruled in 1983 that the SWRCB has authority to reexamine past
water allocation decisions and the responsibility to protect public trust resources where feasible. 
Amendments to LADWP's water right licenses for diversions from the Mono Basin are set forth in
D-1631.  The order sets instream flow requirements for fish in the four streams from which
LADWP diverts water.  The order prohibits exports of water from the basin until Mono Lake
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surface elevation reaches 6,377 feet.  Diversions are then restricted to 16 TAF/yr until the lake
reaches the 6,391-foot level (estimated to take about 20 years).  In order to maintain the
6,391-foot level, long-term diversions will be restricted to about 31 TAF/yr, or one-third of the
historical diversions from the Mono Basin.

Inyo County filed suit against the City of Los Angeles in 1972, claiming that increased groundwater
pumping was harming the Owens Valley environment.  After 25 years of litigation, an agreement
was executed in 1997 between Los Angeles and Inyo County which resolved the concerns of
several organizations and state agencies over the Lower Owens River Project (LORP) and other
provisions of the 1991 environmental impact report for groundwater management in the Owens
Valley.  The agreement requires LADWP and Inyo County to implement numerous environmental
projects and studies.  The LORP, which is identified as mitigation for impacts that occurred
between 1970 and 1990, includes four significant physical features.  These include: (1) provision for
year-round flows in the lower Owens River (with a pumpback station just above the Owens River
delta to return some of the water to the LAA), (2) provision of flows past the pumpback station to
create new wetlands in the Owens River delta, (3) enhancement of off-river lakes and ponds, and
(4) development of a new 1,500-acre waterfowl habitat area.

After the City of Los Angeles began diverting water from the Owens Valley, Owens Lake became
a dry lakebed.  On windy days, airborne particulates from the dry lakebed violate air quality
standards.  In 1997, the Great Basin Unified Air Pollution Control District ordered the City of Los
Angeles to implement specified control measures at Owens Lake to mitigate the dust problem. 
These measures could reduce the city's potential diversion by up to 50 TAF/yr.  Upon appeal, a
compromise was reached when LADWP agreed to begin work at Owens Lake by 2001 and to
ensure that federal clean air standards would be met by 2006.  LADWP's dust control strategy may
include treating over 14,000 acres of lakebed through a combination of shallow flooding, vegetation
planting, and gravel placement.

Project Impacts: The actions described above are designed to reverse or mitigate for the impacts
resulting from the diversion and export of water from the Owens Valley and Mono Basin.  They are
also designed to protect and enhance fish, wildlife, recreation and other environmental resources in
the region.  The reduction in Mono Basin exports and the inbasin use of water in the Owens Valley
for dust control and the LORP will have a direct effect on water supplies available to the City of
Los Angeles.  The reduction in water supply from the LAA is likely to be offset through a
combination of conservation, reclamation, recycling, and additional supplies from MWD.

k. Los Banos Grandes Reservoir.  Lead Agency: DWR.

Project Description: The Los Banos Grandes facilities would consist of an offstream storage reservoir
located near the San Luis Dam and Reservoir, with associated pumping and generating plants and
conveyance channels.  Water would be stored south of the Delta when winter flows are high.  These
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flows would be pumped from the Banks pumping plant in the Delta through the California Aqueduct
and then to the Los Banos Grandes reservoir for storage.  Operation of the reservoir would be similar
to that of the San Luis Reservoir, except that Los Banos Grandes would reserve about two-thirds of
its stored water each year to provide supplies during periods of water shortage.  The project would
improve SWP reliability by increasing the dependable yield of the project by more than 250 TAF, an
estimate made prior to the adoption of the 1995 Bay/Delta Plan.

The DWR has investigated other potential south-of-the-Delta storage sites on the west side of the San
Joaquin Valley.  The list includes ten watersheds with 20 potential dam locations identified.  Evaluation
of the Los Banos Grandes site included cost estimates, a threatened and endangered species survey, a
pilot program to investigate re-establishment of sycamore woodland habitat, and a study to evaluate
the effects of canals on the movement of kit fox throughout the study area commissioned by the DWR
and conducted by the DFG.  DWR is not actively studying this project at this time; however, it is
included in CALFED's list of alternatives for offstream storage south of the Delta.

Project Impacts: Increased exports from the Delta will occur, which will alter Bay/Delta hydrology. 
Water supply reliability should be improved for SWP service areas south of the Delta.  A new
reservoir will alter and inundate habitat and displace species upstream of the reservoir.

l. Los Vaqueros Project.  Lead Agency: Contra Costa Water District.

Project Description: The objectives of the project are to improve water quality; minimize seasonal
water quality changes of delivered water, especially in late-summer periods when salinity
concentrations rise in the Delta; and improve reliability of water supplies during extended emergencies.
Facilities included in the project include the Los Vaqueros Dam and Reservoir (a 200-foot high
earthen dam and a 100 TAF reservoir); the Old River pumping plant (250 cfs) and pipeline facilities
(a 7-mile pipeline); a transfer reservoir and pipeline (a 4-million-gallon reservoir and 5-mile pipeline);
the Los Vaqueros Pipeline (9 miles); and relocation of Vasco Road and several utilities.

Project Impacts: The project should result in higher diversions from the Delta in high flow periods and
lower diversions in low flow periods.  This change in diversion patterns will affect Bay/Delta
hydrology.  Numerous construction-related impacts will occur.  For a detailed description of this
project, see the Los Vaqueros Reservoir EIR (CCWD 1992).  This project was completed in
March 1998.

m. Mandeville Island Project.  Lead Agency: SWRCB.

Project Description: CCRC Farms and the Tuscany Institute are the proponents for the project,
which would involve diversion and storage of water on Mandeville Island in the Delta. The project is
very similar to the Delta Wetlands project that is described earlier in this section.
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The applicant seeks to divert 330 TAF of water per year at a rate of 2,600 cfs from four separate
diversion points, including: Connection Slough, Old River, Middle River, and San Joaquin River. 
The water would be diverted by 40 siphons and 31 pump stations.  The proposed reservoir would
have a surface area of 5,280 acres with an average depth of about 24 feet.

Project Impacts: Project impacts would be very similar to the impacts of the Delta Wetlands
project.

n. Montezuma Wetlands Project.  Lead Agency: Solano County/USCOE.

Project Description: Levine-Fricke proposes to deposit dredged materials on a diked bayland site
near Collinsville in Solano County, adjacent to the Suisun Marsh, to restore 1,822 acres of tidal
wetlands on a 2,394-acre site.  The site is currently used as grazing lands and includes
approximately 1,620 acres of nontidal, federally-regulated wetlands and 202 acres of uplands.  The
proposal calls for constructing facilities to receive up to 20 million cubic yards of approved dredge
materials from ports and navigation channels in the San Francisco Bay and to distribute the materials
over the site.  This deposition would return the subsided land surface to an elevation range at which
marsh could establish.  The top 3 feet of dredged sediment would have contaminant levels that have
passed tests for suitability in a tidal wetland environment.  After the subsided baylands are filled, the
levees would be breached to enable tides to ebb and flow over the constructed foundation of tidal
channels and low marsh plains.  The marsh design includes high marsh and marsh ponds that would
seldom be reached by tides.  Project construction is proposed to be in four phases to minimize
temporary losses of wetlands during construction and to facilitate engineered placement of dredged
materials.  Each completed phase would be hydrologically independent with a single connection to
Montezuma Slough or the Sacramento River.  Phases would range in size from about 240 acres to
600 acres.

Project Impacts: This project is not expected to affect Delta hydrology.  The deposit of dredged
materials may lead to burial, disturbance, or displacement of various species at the project site.

o. Pardee Reservoir Enlargement Project.  Lead Agency: EBMUD.

Project Description: The project would raise Pardee Dam by 57 feet, thereby increasing the
capacity of the reservoir by 150 TAF.  Additional elements of the project include modifying the
powerhouse, modifying or replacing the outlet tower, constructing a secondary dam in the Jackson
Creek arm, modifying the recreation and shoreline facilities, and constructing a new Highway 49
bridge crossing.  No environmental documentation for this project is planned for the near future.

Project Impacts: The increased storage capacity will increase exports from Pardee Dam to the
EBMUD service area through the Mokelumne Aqueduct.  These exports may decrease overall
Delta inflows from the Mokelumne River.  However, minimum instream flows for the lower
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Mokelumne River would be expected to increase due to the gain-sharing provision of the
Mokelumne River Joint Settlement Agreement that was approved by the USFWS, DFG, and
EBMUD and subsequently approved by the FERC.  Increasing the size of the main dam and
reservoir capacity at Pardee Reservoir may inundate various plant and animal species upstream of
the dam and displace those species capable of re-establishing in other locations once construction is
complete.

p. Red Bluff Diversion Dam Fish Passage Project.  Lead Agency: USBR.

Project Description: The USBR is evaluating possible long-term solutions to fish passage and water
delivery problems at the Red Bluff Diversion Dam on the Sacramento River.  The "eight-months
gates-up" operation under the NMFS biological opinion has substantially reduced, but not
eliminated, fish passage problems at the Dam and has created water delivery problems during
planting and harvest seasons.  A research pumping facility was installed in 1993 and 1994 to
evaluate potential means of pumping water while using existing drum screens.  Engineering and
biological evaluations are still in progress, and interim measures have been developed to supply
water during the "gates-up" period.  Field and laboratory studies of fish ladder alternatives are in
progress, as is a hydrological study to guide analysis of alternatives.

Project Impacts: This project may improve conditions for migration of anadromous fish.  It is not
expected to have any impacts on Bay/Delta hydrology.

q. Reallocation of Colorado River Water.  Lead Agency: USDOI.

Description:  During the past decade, the MWD has operated the Colorado River Aqueduct at or
near capacity of about 1.2 MAF annually.  Currently, however, the DWR estimates that the
MWD's contractual supplies and firm rights to Colorado River water amount to only about
724 TAF (DWR 1994d).  The excess deliveries came from surplus water when available and from
supplies apportioned to, but unused by, Arizona and Nevada.  These supplies are either unreliable
or unlikely to be available in the future.

Impacts:  Reductions in Colorado River supplies will exacerbate the effect in the MWD service area
of reductions in Bay/Delta supplies caused by implementation of the Bay/Delta Plan.  MWD will
also likely seek additional supplies in the Bay/Delta watershed, which will alter Bay/Delta hydrology.

r. Rice Field Flooding.  Lead Agency: Various water right holders.

Description:  Historically, many farmers in the Sacramento Valley flooded their harvested rice fields
in order to attract waterfowl for hunting.  Due to the air quality restrictions on burning rice straw,
additional rice acreage is now being flooded for rice straw decomposition.  Most flooding of
harvested rice fields begins in mid-October and continues into November.  Flooded conditions are
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usually maintained through March.  Fields used for waterfowl hunting have higher water demands
than those used for rice straw decomposition alone.  Fields used for waterfowl hunting require an
additional flow of water through the flooded fields to prevent the potential for waterfowl diseases
caused by stagnant water.  A study by the DWR to evaluate fall and winter water use in the
Sacramento Valley found that the estimated applied water requirement was about 2 AF/acre and
that the ETAW was approximately 40 percent of applied water.

As an example of how rice field flooding may affect water use and availability in the Sacramento
Valley, the Glenn-Colusa Irrigation District has filed an application for a water right permit for
diversion of water from the Sacramento River (A-30838).  The application requests a direct
diversion of 1,200 cfs, from November 1 to March 31 of every year, for a total of 189 TAF
annually.  The application lists the purpose of use as rice straw decomposition, wildlife
enhancement, recreation, and irrigation.  In the project description, GCID estimates that it will
require 150 TAF of water to maintain an average of 75,000 acres annually at a depth of 8 inches.

Project Impacts: Rice field flooding has created additional winter habitat used by millions of
waterfowl that travel the Pacific Flyway.  Water for winter rice field flooding is generally diverted in
months when there is excess water in the Delta, but these diversions could be curtailed under
Term 91 in very dry conditions.  Water demands for flooding to decompose rice straw may
decrease in the future if growers are able to find commercial uses for the rice straw or acceptable
alternatives for its elimination.

s. Sacramento Area Water Forum Process.  Lead Agency: The City and County of
Sacramento through the City-County Office of Metropolitan Water Planning.

Project Description: The Sacramento Area Water Forum is a diverse group of water managers,
business and agricultural leaders, environmentalists, citizen groups, and local governments in
Sacramento County which was formed in 1993 to evaluate water resources and future water supply
needs in the Sacramento metropolitan region.  The group was joined in 1995 by water managers
from Placer and El Dorado counties.  The Water Forum has formulated a Water Forum Proposal
(WFP) for the effective long-term management of the region's water resources.  The proposal is
incorporated in the Water Forum Action Plan, which was released in January 1999.

The WFP is based on the two coequal objectives of the Water Forum:  (1) provide a reliable and
safe water supply for the region's economic health and planned development through the year 2030;
and (2) preserve the fishery, wildlife, recreational, and aesthetic values of the lower American River.
The proposal contains seven elements which together form a package of linked actions designed to
make more water available for consumption while protecting the natural resources of the lower
American River from environmental damage.  The seven elements include:

• increased surface water diversions;
• actions to meet customers' needs while reducing diversion impacts on the lower American

River in drier years;
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• support for an improved pattern of fishery flow releases from Folsom Reservoir;
• lower American River habitat management;
• water conservation;
• ground water management; and,
• Water Forum successor effort.

Project Impacts: The Water Forum issued a draft EIR for the WFP in January 1999.  Element 1 of
the WFP provides for increased diversions from the lower American River.  The remaining six
elements, in one way or another, are intended to reduce the adverse impacts of those increased
diversions.  The draft EIR identifies potentially significant impacts to certain fisheries, recreational
opportunities, and cultural resources in the lower American River and Folsom Reservoir.  Potential
impacts outside the American River system include impacts to water supply, water quality, and
power supply.  The project is considered to be growth inducing in the water service study area.

t. State and Federal ESA.  Lead Agency: State and Federal Resource Agencies.

Description:  The State and federal ESAs require consideration of the effects of actions on
organisms--plants and animals--listed as threatened or endangered.  An endangered species is one
in danger of extinction in all or a significant portion of its range; a threatened species is one likely to
become endangered.

The acts are designed to protect threatened and endangered species by:  (1) listing endangered and
threatened species; (2) ensuring State and federal agencies adopt measures to protect the species
during the design, construction, and operation of projects; and (3) prohibiting the taking of
endangered species.  One important aspect of the acts is preserving habitat critical to the survival of
the threatened or endangered species.  Fish species occurring in the Delta that are listed or
proposed for listing under the state and federal endangered species acts are shown in Table III-17.

Requirements of the acts presently affect water resources planning in the Delta.  Requirements
established for protection of winter-run chinook salmon and delta smelt, referred to as biological
opinions, controlled many of the operational decisions of the SWP and the CVP in the Bay/Delta
Estuary in the last four years.  On December 15, 1994, State and federal agencies signed the
Principles for Agreement in which the signatories agreed to accept the requirements in the Bay/Delta
Plan for the next three years, after which the requirements may be revised.  Accordingly, the
biological opinions for delta smelt and winter-run chinook salmon have been redrafted and are
largely consistent with the requirements in the plan.

The listing of spring-run chinook under CESA in 1998 may result in additional changes in water
resources requirements.
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Impacts:  The hydrology throughout the Bay/Delta watershed can be affected by the State and
federal ESA in the future.  If the requirements in the plan do not stabilize populations of endangered
species in the Delta, more restrictive ESA requirements may be established.  Additional species
could also be listed in the future.

u. Water Transfers .  Lead Agency: DWR.

Project Description: Prior to 1991, most water transfers in California were negotiated by the DWR
on a limited basis.  SWP facilities were used to transfer water (1) for SWP long-term contractors
and (2) to other agencies in California--most notably to CVP contractors.  With the most recent
drought, however, California implemented a statewide policy of transferring water.

In 1991 and 1992, California began its first large-scale water transfer program when Governor
Wilson established the 1991 Drought Water Bank.  Because of the success of this program,
increasing interest is being expressed in water transfers as a water management tool for alleviating
short-term shortages as well as for augmenting long-term supplies.

Project Impacts: The water transfer capacity through the Delta from July through October is
identified in Chapter V of this report.  The increase in Delta inflows and exports that could occur
due to water transfers will affect Delta hydrology.

v. West Delta Program.  Lead Agency: DWR.

Project Description: This program will result in strengthening and reconstruction of levees on several
islands in the western Delta.  Land on these islands will be converted from farmland to managed
wildlife habitat.  The habitat that is developed may be used to mitigate for the construction and
operation of future SWP facilities.

Many levees in the western Delta are in jeopardy, as indicated by a prolonged history of periodic
failure.  Consequences of levee failures include seriously degraded water quality for all uses, as well
as contributing to potential levee failures on interior Delta islands.  From a water supply standpoint,
this project will provide more security to existing supplies, rather than develop additional supplies. 
It will prevent the reduction of existing supplies that would result from future levee failures.

Project Impacts: Taking agricultural land out of production will alter water demands in the
Bay/Delta, which will alter Delta hydrology.  Habitat values in the converted areas should improve. 
Although converting farmland to managed wildlife habitat under the proposed project would have
positive effects, the project is likely to alter or permanently remove some existing habitat.
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2. Cumulative Impact Assessment

The hydrology for the Cumulative Impact Assessment was modeled using DWRSIM.  The
DWRSIM study assumes full compliance with the 1995 Bay/Delta Plan, and the assumptions
described in Chapter IV are still applicable.  Additional assumptions include:  (1) the ISDP is in
place, including SWP Banks Pumping Plant capacity of 10,350 cfs; (2) combined use of points of
diversion is allowed for the SWP and the CVP, limited only by the combined physical capacities of
the pumping plants; (3) Eastside Reservoir is in operation; (4) Los Vaqueros Reservoir is in
operation; and (5) year 2020 level of development is used.  As described in section 1 of this
chapter, other projects and actions may be relevant to the cumulative impact assessment but they
were not included in the modeling because insufficient detail is available.

The following impact analysis compares the modeled hydrologies of the Cumulative Impact
Assessment to those of the No Project Alternative and the Bay/Delta Plan Alternative.  The No
Project Alternative is the base case and is described as Flow Alternative 1 in Chapter II of this
report.  The Bay/Delta Plan Alternative assumes full compliance with the 1995 Bay/Delta Plan. 
Both the No Project Alternative and the Bay/Delta Plan Alternative assume a 1995 level of
development and operating criteria described in Chapter IV.  All three alternatives assign primary
responsibility for meeting the objectives to the SWP and the CVP.

For modeling purposes, both the Cumulative Impact Assessment and the Bay/Delta Plan Alternative
require the release of additional water from reservoirs on tributaries to the San Joaquin River in
order to fully comply with the objectives.  During the 73-year period, this quantity averages 23 TAF
for the Bay/Delta Plan Alternative and 26 TAF for the Cumulative Impact Assessment.  Because
these reservoirs are surrogates for parties who would be assigned responsibility for meeting the
objectives if the Day/Delta Plan is implemented, this analysis will not address impacts to those
reservoirs.

The analysis of cumulative impacts focuses on the potential changes to:  (a) Delta exports,
(b) carryover storage, (c) transfer capacity, (d) Delta outflow, (e) fisheries, (f) salinity, and (g) water
temperature.  The analysis of fishery impacts includes the effects on salmon smolt survival and
striped bass populations in the Delta, and the relationship of upstream river flows and reservoir
levels to habitat quality.  The analysis of salinity impacts includes the changes in X2 (2 ppt isohaline)
position and salinity levels throughout the Delta.

a. Delta Exports.  The 1995 Bay/Delta Plan limits the rate of Delta export pumping to a
percentage of Delta inflow as described in Chapter V.  For the purpose of calculating the
export/inflow ratio, exports include SWP Banks Pumping Plant exports and CVP Tracy Pumping
Plant exports.  Other project exports include the Contra Costa Canal, North Bay Aqueduct, and
the City of Vallejo; however, these diversions are not included in the export/inflow ratio calculations.



State Water Resources Control Board Mandatory Findings Under CEQA

FEIR for Implementation of the XII-17   November 1999
1995 Bay/Delta Water Quality Control Plan

Figure XII-1 shows the average annual exports as modeled under the No Project Alternative, the
Bay/Delta Plan Alternative, and the Cumulative Impact Assessment for both the 73-year period and
the critical period.  The cumulative impact to exports can be illustrated by comparing the Delta
exports under the Cumulative Impact Assessment to the exports under the No Project and
Bay/Delta Plan alternatives.  For the 73-year period, average annual exports are greater under the
Cumulative Impact Assessment than under the No Project Alternative or the Bay/Delta Plan
Alternative.  During the critical period, average annual exports in the Cumulative Impact Assessment
are less than in the No Project Alternative, but slightly greater than in the Bay/Delta Plan Alternative.
Most of this reduced export capacity can be made up through increased transfers as described
below.

b. Carryover Storage.  Carryover storage is the amount of water retained in a reservoir at the
end of September of each year.  The purpose of carryover storage is to help meet future demand in
the event that the next year is dry.  The amount of water dedicated to carryover storage is balanced
against the amount needed to meet immediate delivery needs, hydropower generation needs and
instream flow requirements of a project, according to operation rules that differ for each reservoir.

To determine the cumulative impacts on carryover storage, average September storage amounts for
the SWP and CVP reservoirs included in the Cumulative Impact Assessment were compared to the
No Project and Bay/Delta Plan alternatives.  Reservoirs in this analysis include Shasta Lake, Lake
Oroville, Folsom Lake, and New Melones Reservoir.  Other reservoirs are not included because
their operation is not affected under the modeling studies used for this analysis.  Table XII-1 shows
the average annual carryover storage volumes for the 73-year period and the critical period for the

Figure  XII-1  

Average  Annua l  Export s

0

1 ,000

2 ,000

3 ,000

4 ,000

5 ,000

6 ,000

7 ,000

C r i t i c a l  P e r i o d  i s  M a y  1 9 2 8  t h r o u g h  O c t o b e r  1 9 3 4

A
ve

ra
ge

 A
n

n
u

al
 E

xp
or

ts
 

(T
A

F
)

N o  P r o j e c t 6 , 2 5 6 5 , 1 0 2

B a y / D e l t a  P l a n 5 , 9 8 0 4 , 3 7 8

C u m u l a t i v e  I m p a c t 6 , 7 1 5 4 , 4 7 4

7 3 - Y e a r  P e r i o d C r i t i c a l  P e r i o d



State Water Resources Control Board Mandatory Findings Under CEQA

FEIR for Implementation of the XII-18   November 1999
1995 Bay/Delta Water Quality Control Plan

reservoirs considered.  The table also shows the difference in average annual carryover storage
when comparing the Cumulative Impact Assessment to each alternative.

Generally, there is less carryover storage in the Cumulative Impact Assessment than in the No
Project Alternative.  This is true for the 73-year period average as well as the critical period
average.  Folsom shows a small decrease in carryover storage in the 73-year period and no
difference in the critical period.  The decrease at Lake Oroville is slight in the critical period.

In comparing the Cumulative Impact Assessment to the Bay/Delta Plan Alternative, there is less
carryover storage during the 73-year period at Shasta Lake and Lake Oroville, while there is more
carryover storage at Folsom and New Melones Reservoirs.  There is less carryover storage in the
critical period at Shasta Lake, and more carryover storage at Oroville, Folsom and New Melones
Reservoirs.

Table XII-1

Carryover Storage in Central  Val ley Reservoirs

7 3 - Y e a r  A v e r a g e  ( T A F )

Study Shasta Orovi l le Fo l som New Melones

No Pro jec t 2 , 9 1 0 2 , 3 1 0 4 8 1 1 , 5 4 3

Bay/Del ta  P lan 2 , 8 9 3 2 , 1 9 5 4 4 5 1 , 2 8 6

Cumula t ive  Impact 2 , 8 4 9 2 , 1 6 7 4 6 4 1 , 3 2 5

C h a n g e  f r o m : *

No Projec t  to  Cumula t ive  Impact -61 -143 -17 -218

B/D Plan  to  Cumula t ive  Impac t -44 -28 1 9 3 9

Crit ica l  Per iod Average  (TAF)

Study Shasta Orovi l le Fo l som New Melones

No Pro jec t 1 , 9 4 4 1 , 6 0 8 2 6 1 1 , 1 0 4

Bay/Del ta  P lan 1 , 8 9 3 1 , 4 6 9 1 8 2 6 2 0

Cumula t ive  Impact 1 , 7 9 0 1 , 5 9 1 2 6 1 7 1 4

C h a n g e  f r o m *

No Projec t  to  Cumula t ive  Impact -154 -17 0 -390

B/D Plan  to  Cumula t ive  Impac t -103 1 2 2 7 9 9 4

*  N e g a t i v e  v a l u e  i n d i c a t e s  a  r e d u c t i o n  i n  c a r r y o v e r  s t o r a g e
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c. Transfer Capacity.  The capacity of the projects to accommodate water transfers principally
depends on two factors: unused pumping capacity at the Banks and Tracy pumping plants and limits
on exports in the 1995 Bay/Delta Plan.  The method for determining transfer capacity is described
in Chapter V, section D.  For this evaluation, July through October is assumed to be the most likely
period for water transfers to occur.  This assumption is based on historical Delta operations, the
objectives in the 1995 Bay/Delta Plan (which are more restrictive of exports from February through
June), and the increased possibility of fishery impacts in other periods.

The total transfer capacity for the period July through October, as calculated for the Cumulative
Impact Assessment and the No Project and Bay/Delta Plan alternatives, is shown in Figure XII-2. 
The total transfer capacity for this period is greater in the Cumulative Impact Assessment than in the
No Project Alternative or the Bay/Delta Plan Alternative.  This is true for the 72-year average
(1922-1993) and the critical period average.  This is because the Cumulative Impact Assessment
allows for both combined use of two points of diversion by the SWP and CVP and full use of SWP
pumping capacity.  The long-term average does not include 1994 because the analysis uses the
calendar period July-October, and October 1994 is part of water year 1995 (which is not included
in the simulation studies).

Average monthly transfer capacity for July-October is shown in Table XII-2.  For the 72-year
average, monthly transfer capacity is greater in July and August in the Cumulative Impact
Assessment than in the No Project Alternative or the Bay/Delta Plan Alternative and less in
September.  Transfer capacity in October is somewhat lower in the Cumulative Impact Assessment
than in the No Project Alternative, but virtually the same as the Bay/Delta Plan Alternative.

For the critical period, monthly transfer capacity in the Cumulative Impact Assessment is greater in
July and August than in the No Project Alternative or the Bay/Delta Plan Alternative, less in
September than in the No Project Alternative, and greater in October than in the Bay/Delta Plan
Alternative.  There is no significant difference in average monthly transfer capacity between the
Cumulative Impact Assessment and the Bay/Delta Plan Alternative in September or the No Project
Alternative in October.

d. Delta Outflow.  Delta outflow is one of the flow objectives included in the 1995 Bay/Delta
Plan.  The principal purpose of the flow objective is for protection of fish and wildlife.  Table XII-3
shows the average monthly Delta outflow for the 73-year period and the critical period for each
study.

For the 73-year period, Delta outflow in the Cumulative Impact Assessment is 8-10 percent less
than the No Project Alternative in the months of June, November, December, and January, and
24 percent less in October; however, outflow is 10 percent higher in April and 6 percent higher in
August.  Delta outflow in the Cumulative Impact Assessment is 8-14 percent less than the Bay/Delta
Plan Alternative between September and January and in June.
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For the critical period, Delta outflow in the Cumulative Impact Assessment is significantly higher
than the No Project Alternative in September and from February through July, particularly
February-March and May-June.  Outflow is significantly less than the No Project Alternative in
August and from October through January.  Delta outflow in the Cumulative Impact Assessment is
7-12 percent less than the Bay/Delta Plan Alternative in October, January, and June; however,
outflow is 6 percent higher in August.

Figure XII-2 
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For the critical period, Delta outflow in the Cumulative Impact Assessment is significantly higher
than the No Project Alternative in September and from February through July, particularly
February-March and May-June.  Outflow is significantly less than the No Project Alternative in
August and from October through January.  Delta outflow in the Cumulative Impact Assessment is
7-12 percent less than the Bay/Delta Plan Alternative in October, January, and June; however,
outflow is 6 percent higher in August.

e. Fisheries.  Cumulative impacts to fisheries were assessed for the Delta and for the upstream
rivers and reservoirs.  To characterize impacts to Delta fisheries, effects on juvenile chinook salmon,
steelhead, and striped bass were evaluated.  To characterize impacts to aquatic habitat in upstream
areas, the Range of Variability Analysis was used (Richter 1997).  To characterize impacts to
reservoir fisheries, estimated end-of-month storage was used to predict changes in habitat quality.

Chinook Salmon.  The USFWS salmon smolt survival model, described in Chapter IV, was
used to estimate juvenile chinook salmon survival through the Delta.  Survival indices calculated for
the Cumulative Impact Assessment were compared with the Bay/Delta Plan and No Project
alternatives.  For the Sacramento River, survival indices were predicted for fall-run, late fall-run, and
winter-run smolts, and spring-run young-of-the-year and yearlings.  For the San Joaquin River,
indices were predicted for fall-run smolts, with and without the Old River Barrier operation.

Results of the model for the Sacramento River are shown in Figure XII-3.  For all salmon runs,
predicted survival indices for the Cumulative Impact Assessment were slightly lower than for the
Bay-Delta Plan, but were higher than for the No Project Alternative.  Differences between the No

T a b l e  X I I - 3

D e l t a  O u t f l o w

7 3 - Y e a r  P e r i o d  A v e r a g e  M o n t h l y  F l o w  ( T A F )

Study Oct  N o v  D e c  Jan Feb  Mar  Apr  M a y  Jun Jul A u g  Sep 

No Project 505 594 1 ,364 2 ,379 2 ,794 2 ,583 1 ,453 1 ,132 767 407 238 247

Bay/Delta  Plan 449 628 1 ,346 2 ,345 2 ,846 2 ,636 1 ,636 1 ,142 789 411 249 278

Cumulative Impacts 385 547 1 ,232 2 ,150 2 ,783 2 ,571 1 ,603 1 ,122 706 410 253 242

Change f rom*

No Project  to Cumulat ive Impact -120 -46 -132 -229 -10 -12 150 -10 -61 3 15 -5

B/D Plan to Cumulative Impact -64 -81 -115 -194 -63 -65 -34 -20 -83 -1 4 -36

C r i t i c a l  P e r i o d  A v e r a g e  M o n t h l y  F l o w  ( T A F )

Study Oct  N o v  D e c  Jan Feb  Mar  Apr  M a y  Jun Jul A u g  Sep 

No Project 351 182 369 652 475 499 487 295 252 244 298 158

Bay/Delta  Plan 257 286 346 519 650 784 553 514 444 299 239 180

Cumulative Impacts 235 285 335 458 663 771 554 517 413 299 254 180

Change f rom*

No Project  to Cumulat ive Impact -116 103 -34 -194 188 272 67 222 161 54 -44 22

B/D Plan to Cumulative Impact -22 -1 -11 -61 13 -13 1 2 -31 0 15 0

* Nega t ive  va lue  ind ica tes  a  r educ t ion  in  De l t a  ou t f low
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Project and other alternatives result primarily from differences in the operation of the Delta Cross
Channel gates.   The gates are open more often under the No Project Alternative; smolt survival
decreases if smolts are diverted off the mainstream of the river and into the central Delta. 
Differences between the Bay/Delta Plan and Cumulative Impact Assessment result from changes in
flow and exports.

Results of the model for the San Joaquin River are shown in Figure XII-4.  Predicted survival
indices for all alternatives were lower without the Old River Barrier, but differences among the
alternatives were similar with and without the barrier.  Survival indices for the Cumulative Impact
Assessment were slightly lower than for the Bay/Delta Plan, but were higher than for the No Project
Alternative.

Steelhead.  Changes in flow, Delta exports, and Delta Cross Channel gate closure have the
potential to affect juvenile steelhead during the period of emigration through the Delta.  Emigration
occurs from December through May, with peak migration occurring from February through April
(DWR and USBR 1999).  The primary differences among the No Project, Bay/Delta Plan, and
Cumulative Impacts Assessment that may affect juvenile steelhead include Delta exports and closure
of the Delta Cross Channel gates.

In the February through April period, Delta exports are lower under the Bay/Delta Plan than under
the No Project Alternative, but higher in the Cumulative Impacts Assessment than under the Plan. 
Due to these changes in exports, survival of juvenile steelhead may be higher under the Bay/Delta
Plan compared to the No Project Alternative, but may be reduced under the Cumulative Impacts
Assessment compared to the Bay/Delta Plan.

The increased closure of the Delta Cross Channel gates in the February through April period under
the Bay/Delta Plan and Cumulative Impacts Assessment may improve survival of emigrating juvenile
steelhead compared to the No Project Alternative.

Striped Bass.   Changes in flow and Delta exports due to cumulative impacts will primarily
affect the young-of-the-year striped bass lifestage.  The effects of the No Project, Bay/Delta Plan,
and Cumulative Impacts alternatives on young-of-the-year striped bass abundance were evaluated
using a multiple regression relating total young-of-the-year striped bass abundance at 38 mm. to the
mean April – July San Joaquin River flow past Jersey Point, log10 net Delta outflow, and total Delta
exports (including CVP, SWP, Contra Costa Canal, and miscellaneous Delta diversions) (Lee
Miller, DFG, personal communication).  The regression is described in Chapter IV; regression
calculations are shown in Volume 2, Appendix 5.
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Figure XII-5 shows the predicted young-of-the-year index for the No Project, Bay/Delta Plan, and
Cumulative Impacts alternatives, by water year type and all years combined.  In wet and above
normal water years, the predicted index was lower for the Bay/Delta Plan than for the No Project
base case, and the index for Cumulative Impacts was lower than for the Bay/Delta Plan.  In below
normal water years, the predicted index for the three conditions were similar.  In dry and critical
water years, indices were lowest for the No Project condition, intermediate for the Bay/Delta Plan,
and highest for the Cumulative Impacts condition.  For all years combined, the predicted index for
the Bay/Delta Plan was slightly lower than for the base case; the index for Cumulative Impacts was
slightly lower than for the Bay/Delta Plan.

The observed differences in the abundance indices are primarily due to changes in total Delta
exports.  Of the flow/export variables included in the regression, mean  April – July total Delta
exports had a dominant effect on the predicted abundance indices.  Mean April – July total Delta
exports predicted in DWRSIM for all scenarios were lower in dry and critical years than in other
water year types.  In these water years, exports in the Cumulative Impacts condition were also
lower than for the No Project or Bay/Delta Plan conditions.  Lower exports in these conditions
resulted in higher predictions of young-of-the-year striped bass abundance.

FIGURE XII-5  
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The predicted changes in young-of-the-year abundance may result in lower recruitment to the adult
striped bass population.  Striped bass losses due to cumulative impacts could be mitigated through
funding of additional stocking.  The DFG is considering a stocking program for striped bass, but
federal resource agencies have expressed concern regarding the effect of a stocking program on
smelt and winter-run chinook salmon.  These concerns are currently being addressed under the
Section 10 permitting process of the ESA. 

Upstream Aquatic Habitat.   The Range of Variability Approach (RVA) developed by
Richter et al (1997) was used to assess the cumulative impacts to upstream aquatic habitat
compared to the No Project and Bay/Delta Plan alternatives.  This approach, described in
Chapter VI, is based on aquatic ecology theory concerning the critical role of hydrologic variability,
and associated characteristics of duration and timing, in sustaining aquatic ecosystems.  

The Range of Variability Analysis method was used to assess cumulative impacts at locations where
estimates of unimpaired flow data were available on the mainstream Sacramento and San Joaquin
rivers:

• Sacramento River near Red Bluff
• San Joaquin River at Vernalis

Since estimated unimpaired flows were available only on a monthly time step, a subset of the 32
hydrologic parameters recommended in the RVA analysis was calculated for the available period of
record (1922 – 1993).  Hydrologic parameters used in the analysis included the magnitude of
monthly flows, the magnitude of annual extreme flow conditions, and the timing of annual extreme
flow conditions.

Simulated flows for the period of record (1922 – 1993) for each of the alternatives (DWRSIM
analysis) were compared with flow target ranges based on unimpaired flows to evaluate the relative
suitability of the alternatives in meeting ecological objectives.  For the flow simulations, locations
from the DWRSIM analysis were selected that were closest to sites on each river where estimated
unimpaired flow data were available.  The rate of non-attainment of the flow management targets
was calculated for each site and flow parameter.

Table XII-4 summarizes the Range of Variability Analysis for the Cumulative Impact Assessment,
Bay/Delta Plan and No Project Alternatives at the two sites.  Differences in the rate of non-
attainment of the target ranges between these conditions are minor.  Results of the Range of
Variability Analysis Cumulative Impacts Cases where flow parameters showed a greater than
10 percent deviation in the non-attainment rate between the alternatives are described below.
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For the Sacramento River, no differences occurred in any of the flow parameters between the
Cumulative Impact Assessment, the Bay/Delta Plan, and No Project alternatives, except for the
timing of the annual minimum flow.  Under the Bay-Delta Plan and No Project alternatives, the
timing of the annual minimum flow was more similar to unimpaired conditions than in the Cumulative
Impact Assessment.

For the San Joaquin River, no differences occurred in any of the flow parameters between the
Cumulative Impact and Bay/Delta Plan alternatives.  These alternatives differed slightly from the No
Project alternative; in some cases, these alternatives were more similar to unimpaired flow
conditions and in some cases, they resulted in a shift away from unimpaired conditions.

In October, monthly flow magnitudes under the Bay/Delta Plan and Cumulative Impacts alternatives
resulted in a shift away from unimpaired conditions compared to the No Project alternative.  The
timing of the annual 30-day minimum flow under the Bay/Delta Plan and Cumulative Impacts
alternatives also resulted in a shift away from unimpaired conditions compared to the No Project
alternative.  The timing of the annual 30-day maximum flow under the Bay/Delta Plan and
Cumulative Impacts alternatives resulted in a shift toward unimpaired conditions.

Reservoir Fisheries.  To assess the cumulative impacts to upstream reservoir fisheries,
DWRSIM modeling of end-of-month surface elevations for four of the SWP and CVP reservoirs
was used to calculate the relative potential quality of reservoir fishery habitat.  The method of
analysis, described in more detail in Chapter VI, provides a basis for comparison of the effects of
reservoir operation under the various alternatives being studied.

Survival of fry and juveniles is higher with stable and maximum reservoir pool levels, because they
rear primarily in nearshore, shallow areas.  Two critical factors influence spawning and rearing
habitat conditions:  (1) starting elevation, and (2) change in reservoir elevation during the spawning
season. In this analysis, each month is scored by:  (1) the water surface elevation relative to
maximum pool at the beginning of the month; and (2) the change in elevation during that month. 
These two scores are summed for the months of concern, March through September.  The summed
scores are then multiplied together to arrive at a reservoir habitat index value.  The analysis assumes
that the higher the index, the greater the quantity and quality of habitat.

The following CVP and SWP reservoirs were included in this analysis: Shasta Lake, Lake Oroville,
Folsom Lake, and New Melones Reservoir.  Other reservoirs were unaffected by the modeling. 
The analysis characterizes reservoir operations under the No Project and Bay/Delta Plan
alternatives and the Cumulative Impact Assessment, for the 73-year period and the critical period,
and indicates the potential impacts to warmwater aquatic species.  The results of the analysis of
reservoir habitat conditions are shown in Table XII-5.
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For the 73-year period, the index values for the Cumulative Impact Assessment are lower at
Folsom and New Melones than under the No Project Alternative, with little or no difference at the
other reservoirs.  The index values for the Cumulative Impact Assessment are slightly higher at New
Melones than under the Bay/Delta Plan Alternative, with little or no difference at the other
reservoirs.

For the critical period, the index values for the Cumulative Impact Assessment are somewhat lower
at Folsom and New Melones than under the No Project Alternative, and less so at Shasta;
however, they are higher at Oroville.  The index values for the Cumulative Impact Assessment are
slightly lower at Shasta than under the Bay/Delta Plan Alternative, but they are somewhat higher at
Oroville, Folsom, and New Melones.

Overall, the results indicate that under the cumulative impact conditions, there may be significant
effects on some CVP reservoirs, but these effects are caused by implementation of the Bay/Delta
Plan alone -- not the additional projects included in the Cumulative Impact Assessment.  As
described in Chapter VI, these impacts are generally temporary and mitigable.  If significant effects
on reservoir fish populations are observed, mitigation could include additional fish planting, habitat
improvement through planting vegetation, or addition of habitat structures.

f. Salinity.  Two analysis methods were used to assess the cumulative impacts on salinity in the
Bay/Delta Estuary.  In each analysis, the results of the Cumulative Impact Assessment are
compared to the No Project and Bay/Delta Plan alternatives.  In the first analysis, the X2 (2 ppt

Study Shasta Orovil le Fo l som N e w  M e l o n e s

N o  P r o j e c t 4 5 9 3 8 8 4 3 8 2 9 8

Bay /De l t a  P lan 4 6 0 3 8 5 4 2 6 2 5 8

C u m u l a t i v e  I m p a c t 4 5 8 3 8 4 4 2 8 2 6 6

Study Shasta Orovil le Fo l som N e w  M e l o n e s

N o  P r o j e c t 2 0 2 1 8 4 2 5 0 2 1 9

Bay /De l t a  P lan 2 0 2 1 9 1 2 1 3 1 8 6

C u m u l a t i v e  I m p a c t 1 9 7 2 0 4 2 2 8 1 9 0

Cri t ica l  Per iod  Average

Table  XII-5
Reservoir  Habitat  Index

73-Year  Average
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isohaline) position is compared, and in the second, electrical conductivity (EC) is compared at
several stations throughout the Delta.

X2.  The 1995 Bay/Delta Plan includes objectives pertaining to the location of X2 within the
Bay/Delta Estuary.  DWRSIM was used to determine the position of X2 for each of the flow
alternatives and for the Cumulative Impact Assessment.  For this analysis, the position of X2 as
predicted for the Cumulative Impact Assessment is compared to the position under the No Project
and Bay/Delta Plan alternatives.

Table XII-6 shows monthly average X2 positions for the 73-year period and the critical period. The
table also shows the change in position when comparing the Cumulative Impact Assessment to each
alternative.  Positive changes indicate westward movement of the X2 line, which is desirable for
aquatic species in the Estuary; negative changes indicate a shift toward the Delta.

For the 73-year period, the X2 position in the Cumulative Impact Assessment is downstream of the
No Project Alternative position from February through September, with the greatest change
occurring in April (+2.8 km).  The X2 position is upstream from October through January, with the
greatest change occurring in January (-2.1 km).  The X2 position in the Cumulative Impact
Assessment is upstream of the Bay/Delta Plan Alternative position in all months but August (no
change), with the greatest change occurring in January (-1.6 km).

Table  XII-6

Computed Isohal ine  (X2)  Pos i t ion*

7 3 - Y e a r  P e r i o d  A v e r a g e  M o n t h l y  X 2  P o s i t i o n  ( k m )

Study Oct N o v D e c Jan Feb Mar A p r May Jun Jul A u g Sep

No Project 83 .0 82 .4 77 .2 70 .4 66 .4 66 .1 70 .8 73 .3 76 .6 80 .9 85 .7 88 .1

Bay/Delta Plan 83 .8 81 .3 77 .0 70 .9 65 .3 64 .7 67 .8 71 .4 74 .1 79 .4 84 .7 86 .6

Cumulat ive  Impact 84 .8 82 .6 78 .4 72 .5 66 .0 65 .2 68 .0 71 .5 75 .3 79 .8 84 .7 87 .1

C h a n g e

No Pro jec t  -  Cum.  Impac t -1 .8 -0 .2 -1 .2 -2 .1 0 .4 0 .9 2 .8 1 .8 1 .3 1 .1 1 .0 1 .0

B/D P lan  -  Cum.  Impac t -1 .0 -1 .2 -1 .4 -1 .6 -0 .8 -0 .5 -0 .3 -0 .1 -1 .2 -0 .4 0 .0 -0 .5

C r i t i c a l  P e r i o d  A v e r a g e  M o n t h l y  X 2  P o s i t i o n  ( k m )

Study Oct N o v D e c Jan Feb Mar A p r May Jun Jul A u g Sep

No Project 85 .4 88 .8 84 .9 79 .1 79 .8 82 .6 81 .1 83 .5 85 .9 87 .3 85 .9 90 .0

Bay/Delta Plan 87 .8 86 .2 84 .7 81 .1 77 .3 76 .0 77 .2 78 .1 79 .6 83 .5 86 .4 89 .1

Cumulat ive  Impact 88 .4 86 .3 84 .8 81 .8 77 .5 76 .1 77 .3 78 .1 80 .1 83 .7 85 .9 89 .0

C h a n g e

N o  P r o j e c t  -  C u m .  I m p a c t -3 .0 2 .6 0 .2 -2 .8 2 .4 6 .5 3 .9 5 .4 5 .8 3 .6 -0 .1 1 .0

B / D  P l a n  -  C u m .  I m p a c t -0 .6 0 .0 -0 .1 -0 .8 -0 .1 -0 .2 0 .0 0 .0 -0 .6 -0 .2 0 .4 0 .1

*   X 2  p o s i t i o n  i s  s t a t e d  a s  t h e  n u m b e r  o f  k i l o m e t e r s  u p s t r e a m  f r o m  t h e  G o l d e n  G a t e  B r i d g e
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For the critical period, the X2 position in the Cumulative Impact Assessment is downstream of the
No Project Alternative position from February through July and in September, November, and
December, with the greatest change occurring in March (+6.5 km).  The X2 position is upstream in
October, January, and August, with the greatest change occurring in October (-3.0 km).  The X2
position in the Cumulative Impact Assessment is slightly upstream of the Bay/Delta Plan Alternative
position in all months but August and September, with the greatest change occurring in January
(-0.8 km).

The placement of the X2 isohaline for the Cumulative Impact Assessment downstream from the
corresponding X2 position for the No Project Alternative in February through June is a positive
result.

EC Within the Delta.  This analysis compares the salinity or chloride levels at various
locations as predicted using DWRDSM (discussed in Chapter IV) for the Cumulative Impact
Assessment and the No Project and Bay/Delta Plan alternatives.  Figures XII-6 through XII-51
show expected EC or chloride levels at the following locations: Contra Costa Canal at Pumping
Plant No. 1/Rock Slough; Sacramento River at Emmaton; San Joaquin River at Jersey Point; San
Joaquin River at San Andreas Landing; South Fork of the Mokelumne River at Terminous; San
Joaquin River at Prisoners Point; San Joaquin River at Vernalis; San Joaquin River at Brandt Bridge
site; Old River near Tracy Road Bridge; and Old River near Middle River.  Salinity output are end-
of-month values resulting from monthly average flow inputs for water years 1976 through 1991. 
Chloride levels are reported at the Contra Costa Canal intake; the other locations are reported as
EC.

Where possible, water quality objectives for each station have been noted on the figures.  EC
objectives for the four stations in the southern Delta are the same for all year types, while EC
objectives at other stations change based on the year type.  The water quality objectives for the
western and interior Delta monitoring locations are dependent on Sacramento River water-year
classification.  The first figure for each station shows the average EC (or chloride concentration) for
wet years during the 16-year period, followed by above normal, below normal, dry, and critically
dry years.  Year types follow the Sacramento Valley “40-30-30” and San Joaquin Valley
“60-20-20” hydrologic classification conventions in the 1995 Plan (see Figures II-1 and II-2). 
Below normal years under the San Joaquin 60-20-20 hydrologic classification do not occur during
the model study period (1976 – 1991).  Consequently below normal year types are omitted for
southern Delta stations.

The results for the western and central Delta are very similar to the results for the salinity modeling
described in Chapter VI.  Salinity and chloride levels at these locations are generally higher in
December and January than for the No Project or Bay/Delta Plan alternatives, and chloride objectives
are significantly exceeded at the Contra Costa Pumping Plant.  As described in Chapter VI, this is the
result of differences in the DWRSIM and DWRDSM models.  In real operation, the SWP and the
CVP would have to release carriage water, if necessary to avoid violations of the objectives, in order
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to maintain their operations. Such releases would reduce the chloride and EC levels throughout the
western and central Delta.  In general, the Cumulative Impact Assessment shows improved or similar
chloride and EC levels in other months.  Therefore, because of the assumption that carriage water will
be released if necessary, there should not be any significant negative impact on EC or chloride levels
associated with the cumulative impact conditions.

In the southern Delta, the EC effects observed are due principally to the difference in objectives
between the Bay/Delta Plan and the No Project Alternative and to the operation of the barriers in the
ISDP.  The Bay/Delta Plan has Vernalis EC objectives of 0.7 mmhos/cm from April through August
and 1.0 mmhos/cm from September through March; the No Project Alternative has a requirement for
New Melones Reservoir to maintain a TDS of 500 ppm at Vernalis.  Operation of the ISDP reduces
EC levels principally at the Old River locations from April through November.  The improved EC
conditions in the southern Delta under the cumulative impact conditions during the principal irrigation
season provide a benefit to agricultural uses.

g. Water Temperature.   The minor changes in Delta outflow in the Cumulative Impact
Assessment are unlikely to result in significant changes in water temperature in the Delta.  In upstream
areas, the minor differences in streamflow releases under the Cumulative Impact Assessment are also
unlikely to result in substantial changes in temperature in these areas.

B. MITIGATION MEASURES

The impacts of implementing the Bay/Delta Plan objectives are discussed in the preceding chapters. 
Mitigation measures for significant adverse impacts are included in Chapters VI through X.  Unless
specifically noted otherwise, the mitigation measures identified in these chapters are unlikely to reduce
the identified impacts to less than significant levels.  The flow objectives contained in the Bay/Delta
Plan increase the protection provided to fish and wildlife uses of the Estuary while maintaining existing
water quality protection for other uses of water.  The higher level of protection for the fish and wildlife
beneficial uses of water from the Estuary may result in curtailment of inbasin diversions and will result
in decreased water availability in export areas, and changes in reservoir levels and river flows in
upstream areas.  Consequently, mitigation measures beyond those previously identified likely will
focus on actions that encourage the efficient use of available water supplies or provide flexibility in the
operation of existing water projects. The following section discusses the general actions that may be
taken by water right holders and water users in response to the reductions in water supply.  These
actions include conservation, ground water management (conjunctive use), water transfers,
reclamation, combined use of points of diversion, offstream storage projects, and the ISDP.

The SWRCB is not proposing to initiate any of these measures as a part of implementing the 1995
Bay/Delta Plan.  Rather, these measures are among the actions that others might take as a means of
offsetting a reduction in water supply that may result from the curtailment of surface water diversions. 
Some of these measures may have potential to result in significant environmental impacts associated
with their implementation.  The following discussion does not include an analysis of those impacts.



Salinity for Contra Costa Canal at Pumping Plant #1 
End-of-Month Simulated Values for Above Normal  Years
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Figure XII-7

For a Above Normal water year; 190 (52%) days <= 150 mg/l CL Sacramento "40-30-30"  above normal 
years averaged (1978 & 80)Salinity objectives are the same for D-1485 & Bay/Delta Plan

Max. mean daily chloride value of 250 mg/l CL

Salinity for Contra Costa Canal at Pumping Plant #1 
End-of-Month Simulated Values for Below Normal  Years
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Figure XII-8

For a Below Normal water year; 175 (48%) days <= 150 mg/l CL Sacramento "40-30-30" 
below normal year (1979)Salinity objectives are the same for D-1485 & Bay/Delta Plan

Max. mean daily chloride value of 250 mg/l CL

Salinity for Contra Costa Canal at Pumping Plant #1 
End-of-Month Simulated Values for Wet  Years

0
50

100
150
200
250
300
350
400

Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

C
hl

or
id

es
 (

m
g/

l)
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Figure XII-6

For a Wet water year; 240 (66%) days <= 150 mg/l CL Sacramento "40-30-30" wet years 
averaged (1982, 83, 84 & 86)Salinity objectives are the same for D-1485 & Bay/Delta Plan

Max. mean daily chloride value of 250 mg/l CL
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Salinity for Contra Costa Canal at Pumping Plant #1
End-of-Month Simulated Values for Dry Years
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Figure XII-9

For a Dry water year; 165 (45%) days <= 150 mg/l CL Sacramento "40-30-30" dry years 
averaged (1981, 85, 87 & 89)

Salinity objectives are the same for D-1485 & Bay/Delta Plan

Max. mean daily chloride value of 250 mg/l 

Salinity for Contra Costa Canal at Pumping Plant #1
End-of-Month Simulated Values for Critical Years
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Figure XII-10

For a Critical water year; 155 (42%) days <= 150 mg/l Sacramento "40-30-30" critical years 
averaged (1976, 77, 88, 90 & 91)Salinity objectives are the same for D-1485 & Bay/Delta Plan

Max. mean daily chloride value of 250 mg/l 
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Salinity for Sacramento River at Emmaton 
End-of-Month Simulated Values for Above Normal  Years
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D-1485 Bay Delta Plan Cumulative Impacts

Figure XII-12

Sacramento "40-30-30"  above normal 
years averaged (1978 & 80)Salinity objectives are the same for D-1485 & Bay/Delta Plan

Apr 1 - Jul 1, 
14-day mean daily EC is 0.45

Jul 1 - Aug 15, 14-day mean daily EC is 0.63 

Salinity for Sacramento River at Emmaton 
End-of-Month Simulated Values for Below Normal  Years
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Figure XII-13

Sacramento "40-30-30" 
below normal year (1979)Salinity objectives are the same for D-1485 & Bay/Delta Plan

Apr 1 - Jun 20, 
14-day mean daily EC is 0.45

Jun 20 - Aug 15, 14-day mean daily EC is 1.14 
14-day mean daily EC is 0.45

Salinity for Sacramento River at Emmaton
End-of-Month Simulated Values for Wet Years
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Figure XII-11

Sacramento "40-30-30" wet years 
averaged (1982, 83, 84 & 86)Salinity objectives are the same for D-1485 & Bay/Delta Plan

Apr 1 - Aug 15, 14-day mean daily EC is 0.45
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Salinity for Sacramento River at Emmaton
End-of-Month Simulated Values for Dry Years
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Figure XII-14

Sacramento "40-30-30" dry years 
averaged (1981, 85, 87 & 89)Salinity objectives are the same for D-1485 & Bay/Delta Plan

Apr 1 - Jun 15, 
14-day mean daily EC is 0.45

Jun 15 - Aug 15, 14-day mean daily EC is 1.67  

Salinity for Sacramento River at Emmaton
End-of-Month Simulated Values for Critical Years

0.0
0.5
1.0
1.5
2.0
2.5
3.0
3.5
4.0

Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

E
C

 (
m

m
ho

s/
cm

) 
  

D-1485 Bay Delta Plan Cumulative Impacts

Figure XII-15

Sacramento "40-30-30" critical years 
averaged (1976, 77, 88, 90 & 91)Salinity objectives are the same for D-1485 & Bay/Delta Plan

Apr 1 - Aug 15, 14-day mean daily EC is 2.78  
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Salinity for San Joaquin River at Jersey Point
End-of-Month Simulated Values for Above Normal  Years
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Figure XII-17

Sacramento "40-30-30"  above 
normal years averaged (1978 & 80)

Apr 1 - Jul 1, 
14-day mean daily EC is 0.45

The agricultural salinity objectives are the same for D-1485 & Bay/Delta Plan.  The 
fish and wildlife Bay/Delta Plan salinity objective for Apr-May is 0.44 mmhos/cm

Salinity for San Joaquin River at Jersey Point
End-of-Month Simulated Values for Below Normal  Years
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Figure XII-18

Sacramento "40-30-30" 
below normal year (1979)

Apr 1 - Jun 20, 
14-day mean daily EC is 0.45

Jun 20 - Aug 15, 14-day mean daily EC is 0.74 
14-day mean daily EC is 0.45

The agricultural salinity objectives are the same for D-1485 & Bay/Delta Plan.  The 
fish and wildlife Bay/Delta Plan salinity objective for Apr-May is 0.44 mmhos/cm

Salinity for San Joaquin River at Jersey Point
End-of-Month Simulated Values for Wet Years
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Figure XII-16

Sacramento "40-30-30" wet years 
averaged (1982, 83, 84 & 86)

Apr 1 - Aug 15, 14-day mean daily EC is 0.45

The agricultural salinity objectives are the same for D-1485 & Bay/Delta Plan.  The fish 
and wildlife Bay/Delta Plan salinity objective for Apr-May is 0.44 mmhos/cm
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Salinity for San Joaquin River at Jersey Point
End-of-Month Simulated Values for Dry Years
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Figure XII-19

Sacramento "40-30-30" dry years 
averaged (1981, 85, 87 & 89)

Apr 1 - Jun 15, 
14-day mean daily EC is 0.45

Jun 15 - Aug 15, 14-day mean daily EC is 1.35  

The agricultural salinity objectives are the same for D-1485 & Bay/Delta Plan.  The 
fish and wildlife Bay/Delta Plan salinity objective for Apr-May is 0.44 mmhos/cm

Salinity for San Joaquin River at Jersey Point
End-of-Month Simulated Values for Critical Years
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Figure XII-20

Sacramento "40-30-30" critical years 
averaged (1976, 77, 88, 90 & 91)

Apr 1 - Aug 15, 14-day mean daily EC is 2.20  

The agricultural salinity objectives are the same for D-1485 & Bay/Delta Plan.  The 
fish and wildlife Bay/Delta Plan salinity objective for Apr-May is 0.44 mmhos/cm

State Water Resources Control Board Mandatory Findings Under CEQA

____________________________________________________________________________________
FEIR for Implementation of the
1995 Bay/Delta Water Quality Control Plan

XII-37      November 1999



Salinity for San Joaquin River at San Andreas Landing
End-of-Month Simulated Values for Above Normal  Years
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Figure XII-22

Sacramento "40-30-30"  above 
normal years averaged (1978 & 80)

Apr 1 - Jul 1, 
14-day mean daily EC is 0.45

The agricultural salinity objectives are the same for D-1485 & Bay/Delta Plan.  The 
fish and wildlife Bay/Delta Plan salinity objective for Apr-May is 0.44 mmhos/cm

Salinity for San Joaquin River at San Andreas Landing
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Figure XII-23

Sacramento "40-30-30" 
below normal year (1979)

Apr 1 - Jun 20, 
14-day mean daily EC is 0.45

The agricultural salinity objectives are the same for D-1485 & Bay/Delta Plan.  The 
fish and wildlife Bay/Delta Plan salinity objective for Apr-May is 0.44 mmhos/cm

Salinity for San Joaquin River at San Andreas Landing
End-of-Month Simulated Values for Wet Years
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Figure XII-21

Sacramento "40-30-30" wet years 
averaged (1982, 83, 84 & 86)

Apr 1 - Aug 15, 14-day mean daily EC is 0.45

The agricultural salinity objectives are the same for D-1485 & Bay/Delta Plan.  The fish 
and wildlife Bay/Delta Plan salinity objective for Apr-May is 0.44 mmhos/cm
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Salinity for San Joaquin River at San Andreas Landing
End-of-Month Simulated Values for Dry Years
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Figure XII-24

Sacramento "40-30-30" dry years 
averaged (1981, 85, 87 & 89)

Apr 1 - Jun 15, 
14-day mean daily EC is 0.45

Jun 15 - Aug 15, 14-day mean daily EC is 0.54  

The agricultural salinity objectives are the same for D-1485 & Bay/Delta Plan.  The 
fish and wildlife Bay/Delta Plan salinity objective for Apr-May is 0.44 mmhos/cm

Salinity for San Joaquin River at San Andreas Landing
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Figure XII-25

Sacramento "40-30-30" critical years 
averaged (1976, 77, 88, 90 & 91)

Apr 1 - Aug 15, 14-day mean daily EC is 0.87  

The agricultural salinity objectives are the same for D-1485 & Bay/Delta Plan.  The 
fish and wildlife Bay/Delta Plan salinity objective for Apr-May is 0.44 mmhos/cm
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Salinity for South Fork Mokelumne River at Terminous 
End-of-Month Simulated Values for Above Normal  Years
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Figure XII-27

Sacramento "40-30-30"  above normal 
years averaged (1978 & 80)Salinity objectives are the same for D-1485 & Bay/Delta Plan 

Apr 1 - Aug 15, 14-day mean daily EC is 0.45

Salinity for South Fork Mokelumne River at Terminous 
End-of-Month Simulated Values for Below Normal  Years
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Figure XII-28

Sacramento "40-30-30" 
below normal year (1979)Salinity objectives are the same for D-1485 & Bay/Delta Plan

Apr 1 - Aug 15, 14-day mean daily EC is 0.45

Salinity for South Fork Mokelumne River at Terminous 
End-of-Month Simulated Values for Wet Years
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Figure XII-26

Sacramento "40-30-30" wet years 
averaged (1982, 83, 84 & 86)Salinity objectives are the same for D-1485 & Bay/Delta Plan

Apr 1 - Aug 15, 14-day mean daily EC is 0.45
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Salinity for South Fork Mokelumne River at Terminous 
End-of-Month Simulated Values for Dry Years
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Figure XII-29

Sacramento "40-30-30" dry years 
averaged (1981, 85, 87 & 89)Salinity objectives are the same for D-1485 & Bay/Delta Plan

Apr 1 - Aug 15, 14-day mean daily EC is 0.45

Salinity for South Fork Mokelumne River at Terminous 
End-of-Month Simulated Values for Critical Years

0.0

0.1

0.2

0.3

0.4

0.5

0.6

Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

E
C

 (
m

m
ho

s/
cm

) 
  

D-1485 Bay Delta Plan Cumulative Impacts

Figure XII-30

Sacramento "40-30-30" critical years 
averaged (1976, 77, 88, 90 & 91)Salinity objectives are the same for D-1485 & Bay/Delta Plan

Apr 1 - Aug 15, 14-day mean daily EC is 0.54  
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Salinity for San Joaquin River at Prisoners Point
End-of-Month Simulated Values for Above Normal  Years
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Figure XII-32

Sacramento "40-30-30"  above normal 
years averaged (1978 & 80)

The 14 - day mean daily salinity objectives for Bay/Delta Plan are 0.44 EC 
from Apr 1 - May 31, and for D-1485 is 0.55 EC from Apr 1 - May 5

Bay/Delta Plan, Apr 1 - May 31, 14-day mean daily EC is 0.44 D-1485, Apr 1 - May 5,
average mean daily EC is 0.55

Salinity for San Joaquin River at Prisoners Point
End-of-Month Simulated Values for Below Normal  Years
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Figure XII-33

Sacramento "40-30-30" 
below normal year (1979)

Bay/Delta Plan, Apr 1 - May 31,
14-day mean daily EC is 0.44

D-1485, Apr 1 - May 5, average mean daily EC is 0.55

The 14 - day mean daily salinity objectives for Bay/Delta Plan are 0.44 EC 
from Apr 1 - May 31, and for D-1485 is 0.55 EC from Apr 1 - May 5

Salinity for San Joaquin River at Prisoners Point
End-of-Month Simulated Values for Wet Years
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Figure XII-31

Sacramento "40-30-30" wet years 
averaged (1982, 83, 84 & 86)

Bay/Delta Plan, Apr 1 - May 31, 
14-day mean daily EC is 0.44

D-1485, Apr 1 - May 5,
average mean daily EC is 0.55

The 14 - day mean daily salinity objectives for Bay/Delta Plan are 0.44 EC 
from Apr 1 - May 31, and for D-1485 is 0.55 EC from Apr 1 - May 5
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Salinity for San Joaquin River at Prisoners Point
End-of-Month Simulated Values for Dry Years
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Figure XII-34

Sacramento "40-30-30" dry years 
averaged (1981, 85, 87 & 89)

The 14 - day mean daily salinity objectives for Bay/Delta Plan are 0.44 EC from 
Apr 1 - May 31, and for D-1485 is 0.55 EC from Apr 1 - May 5

Bay/Delta Plan, Apr 1 - May 31,
14-day mean daily EC is 0.44

D-1485, Apr 1 - May 5, average mean daily EC is 0.55

Salinity for San Joaquin River at Prisoners Point
End-of-Month Simulated Values for Critical Years
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Figure XII-35

Sacramento "40-30-30" critical years 
averaged (1976, 77, 88, 90 & 91)Salinity objectives are the same for D-1485 & Bay/Delta Plan

D-1485, Apr 1 - May 5,
average mean daily EC is 0.55
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Salinity for San Joaquin River at Airport Bridge (Vernalis)
End-of-Month Simulated Values for Above Normal  Years
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Figure XII-37

Water quality salinity objectives are for Bay/Delta Plan except Alternative 1.  The Vernalis salinity objective for Alternative1 
is 500 ppm TDS (approximately equals 0.86 mmhos/cm) year-round.
San Joaquin "60-20-20" wet years averaged (1979 & 84).

Sep 1 - Mar 31, 30-day mean daily EC is 1.0
Apr 1 - Aug 31, 30-day mean daily EC is 0.7

Salinity for San Joaquin River at Airport Bridge (Vernalis)
End-of-Month Simulated Values for Wet Years
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Figure XII-36

Water quality salinity objectives are for Bay/Delta Plan except Alternative 1.  The Vernalis salinity objective for Alternative1 
is 500 ppm TDS (approximately equals 0.86 mmhos/cm) year-round.
San Joaquin "60-20-20" wet years averaged (1978, 80, 82, 83 & 86).

Sep 1 - Mar 31, 30-day mean daily EC is 1.0

Apr 1 - Aug 31, 30-day mean daily EC is 0.7
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Salinity for San Joaquin River at Airport Bridge (Vernalis)
End-of-Month Simulated Values for Dry Years
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Figure XII-38

Water quality salinity objectives are for Bay/Delta Plan except Alternative 1.  The Vernalis salinity objective for Alternative 1 is 
500 ppm TDS (approximately equals 0.86 mmhos/cm) year-round.  
San Joaquin "60-20-20" dry years averaged (1981 & 85).

Sep 1 - Mar 31, 30-day mean daily EC is 1.0

Apr 1 - Aug 31, 30-day mean daily EC is 0.7

Salinity for San Joaquin River at Airport Bridge (Vernalis)
End-of-Month Simulated Values for Critical Years
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Figure XII-39

Water quality salinity objectives are for Bay/Delta Plan except Alternative 1.  The Vernalis salinity objective for Alternative 1 is 
500 ppm TDS (approximately equals 0.86 mmhos/cm) year-round.  
San Joaquin "60-20-20" critical years averaged (1976, 77, 87,  88, 89, 90 & 91).

Sep 1 - Mar 31, 30-day mean daily EC is 1.0

Apr 1 - Aug 31, 30-day mean daily EC is 0.7
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Salinity for San Joaquin River at Brandt Bridge
End-of-Month Simulated Values for Above Normal  Years
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Figure XII-41

Water quality salinity objectives are for Bay/Delta Plan except Alternative 1.  The Vernalis salinity objective for Alternative1 
is 500 ppm TDS (approximately equals 0.86 mmhos/cm) year-round.
San Joaquin "60-20-20" wet years averaged (1979 & 84).

Sep 1 - Mar 31, 30-day mean daily EC is 1.0
Apr 1 - Aug 31, 30-day mean daily EC is 0.7

Salinity for San Joaquin River at Brandt Bridge
End-of-Month Simulated Values for Wet Years
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Figure XII-40

Water quality salinity objectives are for Bay/Delta Plan except Alternative 1.  The Vernalis salinity objective for Alternative1 
is 500 ppm TDS (approximately equals 0.86 mmhos/cm) year-round.
San Joaquin "60-20-20" wet years averaged (1978, 80, 82, 83 & 86).

Sep 1 - Mar 31, 30-day mean daily EC is 1.0

Apr 1 - Aug 31, 30-day mean daily EC is 0.7
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Salinity for San Joaquin River at Brandt Bridge
End-of-Month Simulated Values for Dry Years
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Figure XII-42

Water quality salinity objectives are for Bay/Delta Plan except Alternative 1.  The Vernalis salinity objective for Alternative 1 is 
500 ppm TDS (approximately equals 0.86 mmhos/cm) year-round.  
San Joaquin "60-20-20" dry years averaged (1981 & 85).

Sep 1 - Mar 31, 30-day mean daily EC is 1.0

Apr 1 - Aug 31, 30-day mean daily EC is 0.7

Salinity for San Joaquin River at Brandt Bridge
End-of-Month Simulated Values for Critical Years
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Figure XII-43

Water quality salinity objectives are for Bay/Delta Plan except Alternative 1.  The Vernalis salinity objective for Alternative 1 is 
500 ppm TDS (approximately equals 0.86 mmhos/cm) year-round.  
San Joaquin "60-20-20" critical years averaged (1976, 77, 87,  88, 89, 90 & 91).

Sep 1 - Mar 31, 30-day mean daily EC is 1.0

Apr 1 - Aug 31, 30-day mean daily EC is 0.7
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Salinity for Old River at Tracy Road Bridge
End-of-Month Simulated Values for Above Normal  Years
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Figure XII-45

Water quality salinity objectives are for Bay/Delta Plan except Alternative 1.  The Vernalis salinity objective for Alternative1 
is 500 ppm TDS (approximately equals 0.86 mmhos/cm) year-round.
San Joaquin "60-20-20" wet years averaged (1979 & 84).

Sep 1 - Mar 31, 30-day mean daily EC is 1.0

Apr 1 - Aug 31, 30-day mean daily EC is 0.7

Salinity for Old River at Tracy Road Bridge
End-of-Month Simulated Values for Wet Years
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Figure XII-44

Water quality salinity objectives are for Bay/Delta Plan except Alternative 1.  The Vernalis salinity objective for Alternative1 
is 500 ppm TDS (approximately equals 0.86 mmhos/cm) year-round.
San Joaquin "60-20-20" wet years averaged (1978, 80, 82, 83 & 86).

Sep 1 - Mar 31, 30-day mean daily EC is 1.0

Apr 1 - Aug 31, 30-day mean daily EC is 0.7
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Salinity for Old River at Tracy Road Bridge
End-of-Month Simulated Values for Dry Years
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Figure XII-46

Water quality salinity objectives are for Bay/Delta Plan except Alternative 1.  The Vernalis salinity objective for Alternative 1 is 
500 ppm TDS (approximately equals 0.86 mmhos/cm) year-round.  
San Joaquin "60-20-20" dry years averaged (1981 & 85).

Sep 1 - Mar 31, 30-day mean daily EC is 1.0
Apr 1 - Aug 31, 30-day mean daily EC is 0.7

Salinity for Old River at Tracy Road Bridge
End-of-Month Simulated Values for Critical Years
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Figure XII-47

Water quality salinity objectives are for Bay/Delta Plan except Alternative 1.  The Vernalis salinity objective for Alternative 1 is 
500 ppm TDS (approximately equals 0.86 mmhos/cm) year-round.  
San Joaquin "60-20-20" critical years averaged (1976, 77, 87,  88, 89, 90 & 91).

Sep 1 - Mar 31, 30-day mean daily EC is 1.0

Apr 1 - Aug 31, 30-day mean daily EC is 0.7
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Salinity for Old River Near Middle River 
End-of-Month Simulated Values for Above Normal  Years
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Figure XII-49

Water quality salinity objectives are for Bay/Delta Plan except Alternative 1.  The Vernalis salinity objective for Alternative1 
is 500 ppm TDS (approximately equals 0.86 mmhos/cm) year-round.
San Joaquin "60-20-20" wet years averaged (1979 & 84).

Sep 1 - Mar 31, 30-day mean daily EC is 1.0

Apr 1 - Aug 31, 30-day mean daily EC is 0.7

Salinity for Old River Near Middle River 
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Figure XII-48

Water quality salinity objectives are for Bay/Delta Plan except Alternative 1.  The Vernalis salinity objective for Alternative1 
is 500 ppm TDS (approximately equals 0.86 mmhos/cm) year-round.
San Joaquin "60-20-20" wet years averaged (1978, 80, 82, 83 & 86).

Sep 1 - Mar 31, 30-day mean daily EC is 1.0

Apr 1 - Aug 31, 30-day mean daily EC is 0.7
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Salinity for Old River Near Middle River 
End-of-Month Simulated Values for Dry Years
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Figure XII-50

Water quality salinity objectives are for Bay/Delta Plan except Alternative 1.  The Vernalis salinity objective for Alternative 1 is 
500 ppm TDS (approximately equals 0.86 mmhos/cm) year-round.  
San Joaquin "60-20-20" dry years averaged (1981 & 85).

Sep 1 - Mar 31, 30-day mean daily EC is 1.0
Apr 1 - Aug 31, 30-day mean daily EC is 0.7

Salinity for Old River Near Middle River 
End-of-Month Simulated Values for Critical Years
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Figure XII-51

Water quality salinity objectives are for Bay/Delta Plan except Alternative 1.  The Vernalis salinity objective for Alternative 1 is 
500 ppm TDS (approximately equals 0.86 mmhos/cm) year-round.  
San Joaquin "60-20-20" critical years averaged (1976, 77, 87,  88, 89, 90 & 91).

Sep 1 - Mar 31, 30-day mean daily EC is 1.0

Apr 1 - Aug 31, 30-day mean daily EC is 0.7
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1995 Bay/Delta Water Quality Control Plan

However, most programs that would implement any of these measures would require a specific
environmental impact analysis of the particular action and disclosure of any significant environmental
impacts identified in that analysis.

1. Conservation

The history and the measures associated with urban and agricultural water conservation are
different.  Therefore, urban and agricultural water conservation are discussed separately.

a. Urban Water Conservation.  In 1988, during the Bay/Delta Proceedings, interested parties
gave the SWRCB widely divergent estimates of water conservation potential in California.  To
resolve these differences, urban water agencies, environmental groups, and State agencies actively
participated in a three-year effort which culminated in the publication of the 1991 Memorandum of
Understanding Regarding Urban Water Conservation in California.  This memorandum identified 16
Best Management Practices (BMPs) for urban water conservation; it committed the signatories to
implementing the BMPs; and it established the California Urban Water Conservation Council
(CUWCC) to both oversee implementation of the existing BMPs and evaluate new BMPs.  Over
100 water agencies, plus over 50 public advocacy groups and other interested parties, have signed
the memorandum. 

The CUWCC developed a strategic plan in 1996 that included evaluating the BMPs and revising
them to make them easier to quantify.  The revised BMPs were adopted by the CUWCC in
September 1997.  The revisions included restructuring the original 16 BMPs to 14 (including two
new) BMPs, revising implementation schedules and coverage requirements, and adding new
evaluation criteria.  Implementation of some BMPs was extended beyond the original 10-year term
of the existing MOU.  The revised list of BMPs is provided below; a more detailed description can
be found in the MOU.

 BMP                               Description
1 Water Audit Programs for Single-Family Residential and Multifamily Residential

Customers
2 Residential Plumbing Retrofit
3 System Water Audits, Leak Detection and Repair
4 Metering with Commodity Rates for All New Connections and Retrofit of

Existing Connections
5 Large Landscape Conservation Programs and Incentives
6 High-Efficiency Washing Machine Rebate Programs (New)
7 Public Information Programs
8 School Education Programs
9 Conservation Programs for Commercial, Industrial, and Institutional Accounts
10 Wholesale Agency Assistance Programs (New)
11 Conservation Pricing
12 Conservation Coordinator (formerly BMP 14)
13 Water Waste Prohibition
14 Residential ULFT Replacement Programs (formerly BMP 16)
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Water conservation will play a significant role in managing California's urban water needs. The
widespread acceptance of urban BMPs in California ensures that their implementation will be the
industry standard for water conservation programs.  However, the SWRCB recognizes that, as
water use continues to become more efficient, agencies will lose flexibility in dealing with shortages.

b. Agricultural Water Conservation.  There are three principal pieces of legislation that
encourage agricultural water conservation: The California Agricultural Water Management Planning
Act of 1986 (Stats. 1986, C. 954, Water Code §10800 et seq.), The federal Reclamation Reform
Act of 1982, and the Agricultural Water Suppliers Efficient Water Management Practices Act
(Stats. 1990, C. 739, Water Code §10900 et seq.).  These pieces of legislation are discussed in
section A.3 of Chapter VIII.

In addition to legislative programs, agricultural water conservation is also encouraged through the
San Joaquin Valley Drainage Program (SJVDP), which was established as a joint Federal and State
effort in 1984.  The SJVDP published its recommended plan in September 1990 (SJVDP 1990). 
The recommended plan should guide management of the agricultural drainage problem, and one of
the major elements of the plan is increased conservation efforts.  In December 1991, eight State and
Federal agencies, including the SWRCB, signed a Memorandum of Understanding to coordinate
activities implementing the plan.

2. Groundwater Management

Groundwater basin management includes: protecting the natural recharge and using supplemental
recharge; varying the amount and location of extraction over time; using groundwater storage
conjunctively with surface water from local and imported sources; and protecting and maintaining
the groundwater quality (DWR 1994b).  Because groundwater will be used to replace much of the
shortfall in surface water supplies, limitations on Delta exports will exacerbate groundwater
overdraft in regions receiving some portion of their supplies from the Delta.  Effective groundwater
management can minimize overdraft problems and provide sustainable water supplies.

Managing groundwater in California has generally been considered a local responsibility.  This view
is strongly held by landowners and has been upheld by the Legislature, which has enacted a number
of statutes establishing local groundwater agencies.  State agencies have encouraged local agencies
to develop effective groundwater management programs to maximize their overall water supply and
to avoid lengthy and expensive lawsuits resulting in adjudicated basins.

Conjunctive use is an essential element of groundwater management.  Conjunctive use programs are
designed to increase the total useable water supply by jointly managing surface and groundwater
supplies as a single source.  The basin is recharged, both directly and indirectly, in years of above
average precipitation so that ground water can be extracted in years of below average precipitation
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when surface water supplies are below normal.  There are some instances, however, where
conjunctive use is employed for annual regulation of supplies. These programs involve recharge with
surface water or reclaimed water supplies and same-year extraction for use.  An example of a large
scale conjunctive use program is the Kern Water Bank which could be developed to store as much
as one MAF and contribute as much as 140 TAF per year in drought years (DWR 1994b).  The
DWR is currently studying other conjunctive use programs in the American River basin and the
Sacramento Valley.

In the future, the number of conjunctive use projects is expected to increase and become more
comprehensive because of the need for more water and the higher cost of new surface water
facilities.  Conjunctive use programs generally promise to be less costly than new traditional surface
water projects because they increase the efficiency of water supply systems and cause fewer
negative environmental impacts than new surface water reservoirs (DWR 1994b).

3. Water Transfers

Currently, water transfers are a promising way of closing the gap between water demands and
dependable water supplies over the next ten years.  There are fewer environmental impacts
associated with transfers than with construction of conventional projects, and although difficult to
implement, transfers can be implemented more quickly and usually at less cost than construction of
additional facilities.  Unfortunately, water transfers are not available on a statewide basis because
some regions of the State are physically isolated from water conveyance facilities.

Under existing law, holders of both pre-1914 and modern appropriative water rights can transfer
water.  Holders of pre-1914 appropriative rights may transfer water without seeking approval of the
SWRCB, provided others are not injured.  Holders of modern appropriative rights may transfer
water, but the SWRCB must approve any transfer requiring a change in terms and conditions of the
water right permit or license, such as place of use, purpose of use, or point of diversion.  Water
transfers must also comply with any applicable local ordinances.  Water held pursuant to riparian
rights is transferable if the new use will preserve or enhance public trust uses (Water Code §1707).
There is a recent practice in which downstream appropriators contract with riparian users to leave
water in a stream for potential downstream diversion under the appropriator's water right.  Water
obtained pursuant to a water supply contract is also transferable.  However, most water supply
contracts require the consent of the entity delivering the water.

Transfers of ground water, and ground water substitution arrangements whereby ground water is
pumped as a substitute for transferred surface water, are in some cases subject to statutory
restrictions designed to protect ground water basins against long-term overdraft and to preserve
local control of ground water management.
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Short-term (one year or less) temporary transfers of water under Water Code section 1725 et seq.
are exempt from compliance with CEQA, provided SWRCB approval is obtained.  The SWRCB
must find no injury to any other legal users of the water and no unreasonable effect on fish, wildlife,
or other instream beneficial uses.  CEQA compliance is required for long-term transfers.  Because
of complex environmental problems in the Delta, the SWRCB has announced that it will not
approve long-term transfers that increase Delta pumping until completion of an environmental
evaluation of the cumulative impacts.  If the parties to a transfer intend to use facilities belonging to
the SWP, the CVP, or other entity for transporting the water, they must make arrangements with
the owner of the facility.  In addition, permits from fish and wildlife agencies may be required if a
proposed transfer will affect threatened or endangered species.

The CVPIA also contains provisions intended to increase the use of water transfers by providing
that all individuals and districts receiving CVP water (including that under water right settlement and
exchange contracts) may transfer it to any other entity for any project or purpose recognized as a
beneficial use under State law.  The Secretary of the Interior must approve all transfers.  The
approval of the affected district is required for any transfer involving over 20 percent of the CVP
water subject to long-term contract with the district. Section 3405(a)(1) also sets forth a number of
conditions on the transfers, including conditions designed to protect the CVP's ability to deliver
contractually obligated water or meet fish and wildlife obligations because of limitations in
conveyance or pumping capacity.  The conditions also require transfers to be consistent with State
law, including CEQA.  Transfers are deemed to be a beneficial use by the transferor, and are only
permitted if they will have no significant long-term adverse impact on ground water conditions within
the transferor district, and will have no unreasonable impact on the water supply, operations, or
financial condition of the district.

4. Water Recycling

Water recycling, formerly referred to as waste water reclamation, has been used as a source of
nonpotable water in California for nearly a century.  In recent years, more stringent treatment
requirements for disposal of municipal and industrial wastewater have reduced the incremental cost
of obtaining the higher level of treatment required for use of recycled water.  The higher level of
treatment allows recycled water to be safely used for a wider variety of applications.  Increased use
of recycled water can lessen the demand for new fresh water supplies.

The feasibility of recycling water is somewhat dependent on the quality of the source water.  Current
technology allows municipal wastewater treatment systems in some regions to consistently produce
safe water supplies at competitive costs.  The degree of treatment depends on the intended use,
with public health being the primary concern.  As a minimum, wastewater is treated to a secondary
level to remove dissolved organic materials. Secondary effluent can be treated to a tertiary level by
additional filtering and disinfecting, but the costs can be high in comparison to other fresh water
supply augmentation options.
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Water reuse in California was estimated to be over 380 TAF in 1993.  Most of the recycling occurs
in the South Coast, Central Coast, and Tulare Lake regions.  Ground water recharge accounts for
nearly half of all recycled water used.  Other uses of recycled water include agricultural irrigation,
landscape irrigation, environmental (wildlife habitat), industrial, recreational, and seawater intrusion
barriers (DWR, 1994b).

5. Combined Use of SWP/CVP Points of Diversion in the Delta

Currently, a water imbalance exists in the two major water projects.  The CVP occasionally has an
excess water supply north of the Delta, but it doesn't have sufficient conveyance capacity to
transport it to its ultimate place of use south of the Delta.  The SWP on the other hand has surplus
capacity in its conveyance facilities but an insufficient upstream water supply. Therefore, the excess
capacity in the SWP facilities could be used to transport more CVP water to the San Joaquin
Valley without impairing the SWP, and a share of the CVP water supply could be sold to the SWP
for use in its service area.  The CVP has limited rights under its water right permits to use the SWP
diversion facilities in the Delta.  D-1485 authorizes the CVP to use SWP facilities to make up
deficiencies caused by the export restrictions in May and June established by the decision.  The
SWP water rights do not identify the CVP export facilities as an authorized point of diversion or
rediversion.

In addition to the water supply issues, combined use of CVP and SWP points of diversion and
rediversion has the potential to decrease fishery impacts.  The two diversions are at different
locations and different fish species are entrained at the diversions at different times.  A combined
point of diversion would allow pumping to shift between diversion points based on the density of fish
near the diversion points.  SWRCB Order WR 98-9 authorizes combined use of SWP and CVP
points of diversion to benefit fish.  Order WR 98-9 is a temporary order that expires on
December 31, 1999.

The USBR has petitioned the SWRCB to add the Clifton Court Forebay as a point of diversion and
rediversion in the water right permits of the CVP and to remove the 4,600 cfs rate of diversion
restriction on pumping through the Delta Mendota Canal.  Chapter XIII of this draft EIR discusses
the environmental impacts of authorizing combined use of points of diversion.

6. Offstream Storage Projects

Enhanced water supply reliability in the future can be achieved, in part, by construction of additional
offstream storage.  There are several major offstream storage projects presently under development
or consideration: Eastside Reservoir, Los Vaqueros Reservoir, Los Banos Grandes Reservoir,
Delta Wetlands, and Mandeville Island.  The Eastside Reservoir, currently under construction by
the Metropolitan Water District, could provide 0.26 MAF of drought year net water supplies
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(DWR 1994).  Los Vaqueros Reservoir, which will be used to improve water quality in the Contra
Costa Water District and provide emergency storage, has recently been completed and is now
operating.  Los Banos Grandes Reservoir, a proposed feature of the SWP, would be located south
of San Luis Reservoir, and it could provide 0.3 MAF of average and 0.26 MAF of drought year net
water supplies under D-1485 conditions.  Delta Wetlands is a proposed storage project in the Delta
with a capacity of approximately 238 TAF.  Surplus flows would be diverted onto two islands,
Bacon Island and Webb Tract, and subsequently wheeled through the SWP or CVP export pumps
or released to meet Delta outflow requirements.  Recently, a water right application for a similar
project was filed to impound 330 TAF on Mandeville Island.

7. ISDP

The ISDP is being undertaken by the DWR to increase the yield and flexibility of operation of the
SWP and to improve the conditions for local diverters.  The principal features of the ISDP can be
divided into five components:  (1) construct and operate a new intake structure at the SWP Clifton
Court Forebay; (2) perform channel dredging along a reach of Old River just north of Clifton Court
Forebay to improve channel capacity; (3) increase diversions into Clifton Court up to a maximum of
20,430 acre-feet per day on a monthly averaged basis; (4) construct and operate a barrier
seasonally in both the spring and fall to improve fishery conditions for salmon migrating along the
San Joaquin River; and (5) construct and operate three flow control structures to improve existing
water level and circulation patterns for agricultural users in the southern Delta.  This program could
augment SWP supplies by about 60 TAF per year (DWR 1994b).

C. GROWTH-INDUCING EFFECTS

Implementing the Bay/Delta Plan will reduce the amount of water available to water utilities in areas
served by the CVP, the SWP, and other parties charged by the SWRCB with responsibility for
meeting the objectives of the Plan.  To the extent that historic patterns are any indication of future
trends, reduced water availability is unlikely to affect growth in these areas.

Growth patterns have historically been influenced by market conditions far more than by any other
factor.  Water shortages have rarely done more than slow the progress of adequately financed
development proposals.  Growth moratoriums have occasionally been imposed due to inadequate
water supplies but, in most cases, enough water has been found to sustain most economically viable
growth.  Because the costs of water supply augmentation projects can usually be spread over a
large user base, the cost of new supplies has seldom been high enough to significantly reduce the
profitability of new development projects.

Land fallowed in response to irrigation water cutbacks could become available for other uses,
including development.  Because development is primarily driven by demand, however, the
availability of fallowed land is not expected to result in significant new growth.  Without a tangible
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demand for new housing, an increase in the amount of available, affordable land will not stimulate
the construction of new housing.

D. RELATIONSHIP BETWEEN SHORT-TERM USES AND THE MAINTENANCE 
OF LONG-TERM PRODUCTIVITY

The principal issue associated with the relationship between short-term uses and the maintenance of
long-term productivity is groundwater overdraft.  As discussed in Chapter VI, implementation of the
Bay/Delta Plan will aggravate groundwater overdraft problems.  Additionally, changes in the use of
water may well occur, from agricultural uses to municipal uses, or from one type of agricultural use
or crop to another, in the short- and long-term.

Implementation of the Plan has the potential to affect water levels in reservoirs, flows in the rivers,
water management operations, and the quantity of water deliveries to various districts in the short-
and long-term.  Surface water is, however, renewable from precipitation.  Also, the Plan will be
reviewed every 3 years to evaluate the effectiveness of the objectives and the water supply needs of
the State.

The Bay/Delta Plan will provide better protection to aquatic habitat-related beneficial uses in the
Estuary, and long-term increases in fresh- and brackish-water aquatic and terrestrial habitats in the
Delta should result.  If the Plan is not implemented, there will probably be further declines in those
resources and additional species may be listed under the federal and State ESAs.

E. IRREVERSIBLE OR IRRETRIEVABLE COMMITMENT OF RESOURCES

Most of the environmental impacts identified in this report are reversible.  The principal hydrologic
effects of implementing the Bay/Delta Plan will be to change Delta outflow, reservoir levels, and
deliveries to export areas.  These parameters presently fluctuate a great deal due to the variable
hydrology in the Central Valley.  If the Plan's objectives are implemented and then rescinded at a
future date, the hydrology will be dependent on the regulatory conditions in effect at that time. 
However, there are three irreversible impacts that might occur as a result of this situation: land use
changes, fossil fuel combustion, and land subsidence.  These irreversible changes are discussed
below.

The most likely irreversible land use change that might occur as a result of the objectives is
accelerated agricultural land retirement.  Without a firm agricultural water supply, the conversion of
this land to some other use may occur, especially if the land is adjacent to an urban area.  The extent
to which this land use change will actually occur is dependent on decisions by local authorities.

The second irreversible impact is increased fossil fuel combustion.  The dedication of additional
water to the environment will decrease the availability of water in some upstream reservoirs for
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summer peak power generation, as discussed in Chapter VI.  In addition, the development of
replacement water through groundwater pumping and reclamation is power intensive.  Fossil fuel
combustion will likely be an element in replacing lost power and meeting new power requirements
as a result of the Plan.

The third irreversible impact is land subsidence.  As discussed in Chapter VI, implementation of the
Plan's objectives is likely to result in increased groundwater pumping, which can cause land
subsidence.  Land subsidence can damage surface structures, and it can result in permanent loss of
aquifer capacity.
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CHAPTER XIII.  ALTERNATIVES FOR IMPLEMENTING

THE JOINT POINTS OF DIVERSION

A. PURPOSE

The purpose of this chapter is to disclose and analyze the significant environmental effects of
alternatives for implementing the DWR’s and the USBR’s petition for joint use of SWP and
CVP points of diversion (Joint POD) in the Delta.  Specifically, the alternatives examine the
joint use of the SWP’s Harvey O. Banks Pumping Plant and the CVP’s Tracy Pumping Plant.

B. BACKGROUND INFORMATION ON JOINT POD

The CVP, operated by the USBR, and the SWP, operated by the DWR, are the largest water
development projects in California and supply water to much of the state.  They are also the
largest water right holders in the state.  The main export facilities of the projects are located
in the southern Delta, and these facilities pump water south through the Delta-Mendota Canal
and the California Aqueduct.  This water is then directly used or placed into storage in San
Luis Reservoir (see Figure XIII-1).  The SWP can also move water farther south to storage
facilities in southern California.  The primary storage reservoirs of the CVP are Shasta Lake
(Sacramento River), Trinity Reservoir (Trinity River), and Folsom Lake (American River),
which are located north of the Delta.  In times when water is not directly available in the
Delta, stored water is released from these reservoirs to meet the CVP demands south of the
Delta.

The SWP and the CVP water right permits include instantaneous diversion and rediversion
rates (10,350 cfs for the SWP at Banks Pumping Plant and 4,600 cfs at Tracy Pumping Plant)
as well as rates of diversion to storage in San Luis Reservoir (10,350 cfs for the SWP and
4,200 cfs for the CVP).  The CVP's Tracy Pumping Plant has a capacity of 4,600 cfs.
Historically, flexibility in the pumping and transport system allowed maintenance and repair
work to be performed without significantly affecting the ability to meet water supply
demands.  Recently, however, changes in the regulatory environment have eliminated that
flexibility.  At present, the Tracy Pumping Plant is generally operated either at its full
capacity or at the maximum capacity set forth in Biological Opinions established under the
Endangered Species Act (ESA) or SWRCB Order WR 98-09.

The SWP's Banks Pumping Plant has capacity to pump up to 10,350 cfs.  However, the U.S.
Army Corps of Engineers Public Notice 5820-A (PN 5820-A) limits daily diversions into
Clifton Court Forebay to 13,870 acre-feet and limits 3-day average diversions to
13,250 AF/day, except in winter when San Joaquin River flow is high.  From December 15
to March 15, DWR may divert an additional amount equal to one-third of the total flow at
Vernalis when flows at Vernalis exceed 1,000 cfs.  The conditions of PN 5820-A effectively
limit the operating capacity of Banks Pumping Plant to 6,680 cfs much of the time.  At
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certain times of the year, and under certain operational conditions, the available capacity is
not fully utilized by the SWP.  At those times, there is excess capacity available at the Banks
Pumping Plant that could be used by the CVP.

The actions and events that have increased the need for the USBR to seek assistance from the
SWP to wheel1 CVP water through DWR’s Banks Pumping Plant have been progressive.
Pumping restrictions for environmental purposes began in 1979 when the SWRCB
implemented Water Right Decision 1485 (D-1485).  This decision limited pumping at the
Tracy Pumping Plant to 3,000 cfs in May and June for the protection of striped bass.  The
quantity of water that was foregone by this limitation could not always be recaptured solely
through the use of the Tracy Pumping Plant because of the timing of demands and the Tracy
Pumping Plant’s limited pumping capacity.  The SWRCB recognized this limitation and
authorized CVP use of the Banks Pumping Plant in Condition 3 of D-1485, which states:

To the extent that operational constraints on the Central Valley Project to
minimize diversion of young striped bass from the Delta during May and June
reduce project exports, permittee, the United States Bureau of Reclamation,
shall be allowed through coordinated operations to make up such deficiencies
during later periods of the year by direct diversion or by re-diversion of
releases of stored water through State Water Project facilities.

After D-1485 was implemented, and with increasing demands on the CVP, the Tracy
Pumping Plant’s flexibility became limited.  Maintenance activities were difficult to perform
while meeting full demands and generally were not possible without use of SWP facilities to
wheel CVP water.  Several temporary actions to allow wheeling for purposes other than
those specified in D-1485 were filed with the SWRCB and approved.

The CVP has used the SWP's pumping facility in the Delta to deliver water to four entities
(Cross Valley Canal (CVC), Musco Olive, Tracy Golf Course, and the VA Cemetery) for a
number of years even though the use of the SWP's pumps for this purpose is not authorized
under the current water right permits.  While these CVP contractors cannot be served
conveniently by using only CVP facilities, the SWP facilities have had available capacity for
wheeling CVP water.  The CVC contractors, with a total contract allotment of 128,300 acre-
feet per year, receive the majority of the water that has been wheeled by the SWP.  Average
annual deliveries to the CVC for the period 1982-1993 were 75,432 acre-feet.

On December 7, 1981, the USBR filed a petition requesting a permanent change to CVP
water rights by the addition of the Banks Pumping Plant as a point of diversion and re-
diversion under those rights.  This request was repeated in a subsequent petition filed on
September 24, 1985, concerning the consolidated place of use.  The SWRCB notified the
USBR that it would defer action on the USBR's petition and integrate that action into a
comprehensive Bay/Delta water rights hearing that would begin in 1987.

                                                                
     1  Wheeling involves the pumping and conveyance of CVP-held water through SWP facilities into San Luis
Reservoir where it can then be delivered to CVP users.
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The SWRCB began the Bay/Delta hearings in 1987.  A draft plan issued in November 1988
was withdrawn in January 1989.  In May 1991, after additional hearings, the SWRCB
adopted the 1991 Bay/Delta Plan, but this water quality control plan did not address the water
right issue of combined use of points of diversion.  A draft decision, D-1630, was released in
December 1992, but was subsequently withdrawn.  The series of events that followed the
withdrawal of D-1630 included the development of a process that resulted in the 1994
Principles of Agreement and the 1995 Bay/Delta Plan.  A summary of this process is
provided in Chapter I.

On February 28, 1995, the DWR and the USBR filed a joint petition requesting the SWRCB
to amend the water right permits of the SWP and CVP to allow operation to meet the
objectives in the 1995 Bay/Delta Plan without violating the terms of D-1485 and to permit
combined use of points of diversion.  The SWRCB adopted Water Right Order 95-6
(WR 95-6) on June 8, 1995, conditionally approving the petition.  WR 95-6 was an interim
order that was to expire either (1) upon adoption by the SWRCB of a comprehensive water
right decision that allocates final responsibilities for meeting the 1995 Bay/Delta Plan
objectives or (2) on December 31, 1998, whichever came first.  On December 3, 1998, the
effective term of WR 95-6 was extended until December 31, 1999, when the SWRCB
adopted Order WR 98-09.

The implementation of the new standards contained in the 1995 Bay/Delta Plan placed
additional constraints on the operation of the CVP.  WR 95-6 and WR 98-09 also authorized
short-term combined use of the points of diversion of the SWP and the CVP subject to the
condition that such use must improve fish protection and not result in an increase in average
exports above the exports in the absence of the coordinated operations.

The Joint POD alternatives described in the next section are designed to incrementally
increase the quantity of CVP water wheeled by the SWP under the joint point concept.
Seven alternatives for the use of Joint POD, one alternative representing full implementation
of the 1995 Bay/Delta Plan, and the “no project alternative” are summarized in this chapter.
Five of the Joint POD alternatives that allow wheeling build upon Joint POD Alternative 2,
which represents full implementation of the 1995 Bay/Delta Plan.  One Joint POD alternative
builds on Flow Alternative 7, the “Letter of Intent” alternative; and, one Joint POD
alternative builds on Flow Alternative 8, the San Joaquin River Agreement alternative.  (See
Chapter II for a description of the Flow Alternatives.

The environmental effects of implementing the Joint POD alternatives are evaluated using a
two-step process.  River flows, Delta outflow, Delta salinity distribution, and reservoir levels
resulting from implementation of the alternatives were modeled using DWRSIM and
DWRDSM models (Chapter IV).  The modeled hydrology is then compared to the flow and
reservoir needs of fish, other aquatic resources, vegetation, and wildlife to determine the key
environmental effects of implementing each alternative.  Comparisons are made with the
base condition to maintain consistency with the analyses presented in previous chapters.
Additional comparisons are made, where possible, with Alternative 2, to analyze any
incremental effects of other alternatives that allow wheeling.
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C. DESCRIPTION OF ALTERNATIVES

A broad range of alternatives is analyzed to encompass all potential impacts. No preferred
Joint POD alternative is identified in this final EIR.  Any decision of the SWRCB on the
Joint POD, whether it reflects one of the alternatives in the EIR, a combination of the EIR's
alternatives, or a variant of one of the EIR's alternatives, will fall within the range of
alternative actions described and analyzed.   The potential impacts of any decision should be
adequately identified and analyzed in this report and the decision will not result in addition of
significant new information.

The Joint POD alternatives are described below.  In general, the Joint POD alternatives build
on each other, with subsequent alternatives incorporating features of the previous
alternatives, but allowing increasing exports.  For purposes of this analysis, all but two of the
alternatives assume that the SWP and the CVP are responsible for meeting the objectives in
the 1995 Bay/Delta Plan.  The flow objectives at Vernalis in Joint POD Alternatives 6 and 9
are different from those specified in the Bay/Delta Plan.  In actuality, any of these
alternatives could be combined with any of the flow alternatives described in Chapter II.  For
modeling purposes, Joint POD alternatives 1 through 6 and 9 include the installation and
operation of temporary barriers in the south Delta, and Joint POD Alternatives 7 and 8
include the installation and operation of permanent barriers.

1. Joint POD Alternative 1 (No Project)

Under Joint POD Alternative 1 (base case), D-1485 objectives are in effect.  The CVP is
authorized to use the SWP's point of diversion in the Delta only to make up export
deficiencies occurring in May and June caused by export restrictions in D-1485.  This
alternative is identical to Flow Alternative 1.

2. Joint POD Alternative 2

Under Joint POD Alternative 2, the 1995 Bay/Delta Plan objectives are in effect.  Joint use of
points of diversion is not authorized.  This alternative differs from Flow Alternative 2, which
is described in Chapter II and analyzed in Chapter VI, because in this alternative all
objectives are met; however, in Flow Alternative 2, salinity objectives at Vernalis are not
always met.

3. Joint POD Alternative 3

Under Joint POD Alternative 3, the 1995 Bay/Delta Plan objectives are in effect.  The CVP is
authorized to use the SWP's point of diversion in the Delta to deliver up to 129 TAF of contract
water to the CVC, Musco Olive, Tracy Golf Course, and the Veterans’ Administration
Cemetery.  Combined use of the SWP and the CVP points of diversion in the Delta is limited
by the terms and conditions in SWP and CVP water right permits that specify diversion rates of
the projects in the Delta.  Use of the SWP point of diversion is further limited by USCOE
PN 5820-A, as amended.
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4. Joint POD Alternative 4

Under Joint POD Alternative 4, the 1995 Bay/Delta Plan objectives are in effect, and the Joint
POD is authorized for the uses of water identified in Joint POD Alternative 3.  Additionally,
the Joint POD is authorized for uses of water to provide a net benefit to fish and wildlife.  Any
pumping losses incurred by either of the projects as a result of reductions to benefit fish may be
made up within twelve months using either or both pumping plants.  This alternative is
modeled by assuming that exports are reduced during the April 15 through May 15 pulse flow
to half the flows at Vernalis and that the reductions are made up through combined use of
points of diversion in other months when pumping opportunities occur.  Combined use of the
SWP and the CVP points of diversion in the Delta is limited by the permitted diversion rates of
the projects and by PN 5820-A, as amended.

5. Joint POD Alternative 5

This alternative builds on Joint POD Alternative 3; however, the use of water authorized under
the Joint POD is not restricted to deliveries to the entities specified in that alternative.  The
1995 Bay/Delta Plan objectives are in effect.  Combined use of the SWP and the CVP points of
diversion in the Delta is limited only by the permitted diversion rates of the projects in the
Delta and by PN 5820-A, as amended.

6. Joint POD Alternative 6

The 1995 Bay/Delta Plan objectives are in effect except that minimum San Joaquin River
flows at Vernalis are as specified in the Letter of Intent, as in Flow Alternative 7.  Combined
use of the SWP and the CVP points of diversion in the Delta is limited by the terms and
conditions in SWP and CVP water right permits that specify diversion rates of the projects in
the Delta.  Use of the SWP point of diversion is further limited by PN 5820-A, as amended.

7. Joint POD Alternative 7

This alternative builds on Joint POD Alternative 5.  The 1995 Bay/Delta Plan objectives are in
effect.  Joint use of the SWP and the CVP points of diversion in the Delta is limited by the
permitted diversion rates of the projects in the Delta.  The SWP and the CVP permits include
instantaneous diversion and rediversion rates as well as rates of diversion to storage in San Luis
Reservoir.  The restrictions imposed by PN 5820-A are not in effect.  For modeling purposes,
the ISDP barriers are assumed to be installed and operated.

8. Joint POD Alternative 8

This alternative builds on Joint POD Alternative 7.  The 1995 Bay/Delta Plan objectives are in
effect.  Joint use of the SWP and the CVP points of diversion in the Delta is limited only by the
combined physical capacities of the pumping plants and by each project's annual authorized
diversion.  For modeling purposes, the ISDP barriers are assumed to be installed and operated.
This alternative is modeled using the CVP's 2020 level of demand (3.6 MAF) and a method of
operation designed to maximize deliveries and the use of Joint POD.  This was done to create
an alternative where maximum use of the Joint POD is authorized.
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9. Joint POD Alternative 9

This alternative is the same as Alternative 5 except that the Vernalis pulse flows and export
limits are replaced by the target values in the San Joaquin River Agreement.  New Melones
Reservoir is operated according to the New Melones Interim Plan of Operation.  If water in
excess of base flows during the San Joaquin River pulse flow period is needed to meet the
Vernalis target flows, the San Joaquin tributaries group provides up to 110 TAF.  Combined
use of the SWP and the CVP points of diversion in the Delta is limited by the permitted
diversion rates of the projects in the Delta.  Use of the SWP point of diversion is further limited
by the PN 5820-A, as amended.

D. WATER SUPPLY IMPACTS

This section describes the water supply impacts of the Joint POD alternatives.  With two
exceptions, these alternatives affect only the SWP and the CVP.  The exceptions, Alternatives
6 and 9, assume implementation of the Letter of Intent and the San Joaquin River Agreement,
respectively.  These two alternatives have a water supply impact on some San Joaquin Basin
water users.  The water supply impact of implementation of these two alternatives is, however,
already evaluated in Chapter VI.  Consequently, this section and all following sections of this
chapter will analyze only the changes to the SWP and the CVP system that result from
combined use of points of diversion in the Delta.

The following discussion is divided into four sections:  (1) SWP and CVP delivery impacts,
(2) SWP wheeling for the CVP, (3) carryover storage in SWP and CVP reservoirs, and
(4) transfer capacity.

1. SWP and CVP Delivery Impacts

Water delivery changes to SWP and CVP contractors for the 73-year average and the critical
period are summarized in Table XIII-1.  As modeled, the SWP receives no benefit for the
combined use of points of diversion because the SWP never uses the CVP pumping facilities.
In real operation, the SWP may occasionally use the CVP facilities if necessary for fish
protection, but such an operation is likely to be rare.

Comparison of the deliveries under Joint POD Alternative 2 to the deliveries under Joint
POD Alternatives 3 through 9 shows some effect on the SWP of the combined use of points
of diversion, but this is due both to changes in availability of water in the Delta because of
altered upstream CVP operations and to variability within the model.  Comparison of the
corresponding alternatives for the CVP, however, shows a substantial potential water supply
benefit over the 73-year modeled hydrology for combined use of points of diversion.  Over
this period, the average annual water supply increase for the CVP ranges from 45 TAF to
247 TAF.  The lower end of the range applies when combined use is limited by the export
restrictions in the San Joaquin River Agreement (Alternative 9).
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When combined use under 1995 Bay/Delta Plan operation is authorized up to the diversion
limits set forth in PN 5820-A (Flow Alternative 5), the annual average water supply increase
is 135 TAF.  When combined use under 1995 Bay/Delta Plan operation is authorized up to
the physical export capacity of the projects, the annual average water supply increase is
247 TAF.  The ISDP, or some closely related project, is probably necessary before the
projects can increase pumping rates above the diversion limits set forth in PN 5820-A.

Table XIII-1 also shows that there is much less potential benefit to the CVP of combined use
of points of diversion in the critical period.  In dry periods, there is insufficient water
available to realize appreciable benefits from combined use of points of diversion.

2. SWP Wheeling for the CVP

Table XIII-2 identifies the annual average quantity of water that is wheeled by the SWP at
Banks pumping plant for the CVP under each alternative over the 73-year period and the
critical period.  A comparison of the alternatives is provided for both the base case and
Alternative 2.  Table XIII-2 shows that substantial wheeling is presently authorized under
Alternative 1, the base case condition.  Over the 73-year period, wheeling for Alternatives 3
through 9 ranges from 88 TAF to 347 TAF.

A comparison of Tables XIII-1 and XIII-2 shows that the average annual quantity of water
wheeled relative to Alternative 2 is substantially more than the increased average annual CVP
water supply relative to Alternative 2.  For example, in Alternative 8 the increased annual
average water supply deliveries are 247 TAF, but an annual average of 347 TAF is wheeled.
The difference between these two quantities is due to altered operation of the CVP, which is

T a b l e  X I I I - 1

W a t e r  D e l i v e r y  C h a n g e s  ( T A F )

7 3 - Y e a r  P e r i o d  A n n u a l  A v e r a g e

A l t  1  A l t  2  A l t  3  A l t  4  A l t  5  A l t  6  A l t  7  A l t  8  Al t  9

S W P  D e l i v e r i e s 2 , 8 7 2 2 , 7 6 3 2 , 7 6 0 2 , 7 5 0 2 , 7 5 0 2 , 7 4 6 2 , 7 8 0 2 , 7 7 5 2 , 7 5 0

      c o m p a r e d  t o  A l t  1 --   - 1 0 9 - 1 1 2 - 1 2 2 - 1 2 2 - 1 2 6 - 9 2 - 9 7 - 1 2 2

      c o m p a r e d  t o  A l t  2 --   - -   -3 - 1 3 - 1 3 - 1 7 17 12 - 1 3

C V P  D e l i v e r i e s 2 , 7 7 0 2 , 5 9 1 2 , 6 6 6 2 , 6 8 3 2 , 7 2 6 2 , 6 9 0 2 , 7 4 4 2 , 8 3 8 2 , 6 3 6

      c o m p a r e d  t o  A l t  1 --   - 1 7 9 - 1 0 4 - 8 7 - 4 4 - 8 0 - 2 6 68 - 1 3 4

      c o m p a r e d  t o  A l t  2 --   - -   75 92 135 99 153 247 45

1 9 2 8 - 1 9 3 4  C r i t i c a l  P e r i o d  A v e r a g e

A l t  1  A l t  2  A l t  3  A l t  4  A l t  5  A l t  6  A l t  7  A l t  8  Al t  9

S W P  D e l i v e r i e s 2 , 5 2 0 2 , 0 3 5 2 , 0 3 6 2 , 0 4 3 2 , 0 3 2 2 , 0 3 2 2 , 0 6 5 2 , 0 1 7 2 , 0 4 9

      c o m p a r e d  t o  A l t  1 --   - 4 8 5 - 4 8 4 - 4 7 7 - 4 8 8 - 4 8 8 - 4 5 5 - 5 0 3 - 4 7 1

      c o m p a r e d  t o  A l t  2 --   - -   1 8 -3 -3 30 - 1 8 14

C V P  D e l i v e r i e s 2 , 2 2 4 1 , 9 8 7 2 , 0 1 4 2 , 0 1 5 2 , 0 4 0 1 , 9 5 8 2 , 0 3 1 2 , 0 1 4 1 , 9 9 4

      c o m p a r e d  t o  A l t  1 --   - 2 3 7 - 2 1 0 - 2 0 9 - 1 8 4 - 2 6 6 - 1 9 3 - 2 1 0 - 2 3 0

      c o m p a r e d  t o  A l t  2 --   - -   27 28 53 - 2 9 44 27 7
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able to fill its share of San Luis Reservoir earlier in the year through combined use of points of
diversion and reduce pumping later in the season.

Table XIII-3 shows the monthly distribution of wheeled water under the alternatives for the
73-year average and the critical period.  Under the base case operation, the water is wheeled in
July and August.  In Alternatives 3 through 9, the water is wheeled in every month except May,
but the quantity of wheeled water is relatively small in March, April and June.

3. Carryover Storage in SWP and CVP Reservoirs

Carryover storage is the amount of water retained in a reservoir at the end of September of each
year.  Carryover storage helps meet future demand in the event that the next year is dry.  The
amount of water dedicated to carryover storage is balanced against the amount needed to meet
immediate delivery needs, hydropower generation needs, and instream flow requirements of a
project, according to operation rules that differ for each reservoir.  For the SWP and the CVP
reservoirs, the operation rules have been determined through optimization studies.  Reservoir
operations are modeled in DWRSIM according to these rules.

Reservoirs in this analysis include Shasta, Oroville, Folsom and New Melones.
Tables XIII-4 and XIII-5 show carryover storage volumes in these reservoirs for the 73-year
period and the critical period for the alternatives and for the base case.  The differences in
carryover storage between the alternatives and the base case (Alternative 1) are graphically
represented in Figures XIII-2 through XIII-5.  The differences in carryover storage between
Alternatives 3 through 9 and Alternative 2 are graphically represented in Figures XIII-6
through XIII-9.  The tables and figures indicate that carryover storage in the CVP reservoirs
in the Sacramento Basin declines slightly for Alternatives 3 through 9 as wheeling quantities
increase.  This decline is due to the extra water being exported to CVP contractors through
combined use of points of diversion.  Unlike the Sacramento Basin CVP reservoirs, New
Melones Reservoir carryover storage does not change due to combined use because this
reservoir is not used to provide water for export.  Carryover storage in New Melones

T a b l e  X I I I - 2

S W P  W h e e l i n g  f o r  C V P  a t  B a n k s  P u m p i n g  P l a n t   ( T A F )

7 3 - Y e a r  P e r i o d  A n n u a l  A v e r a g e

Al t  1  Al t  2  Al t  3  Al t  4  Al t  5  Al t  6  Al t  7  Al t  8  Al t  9

S W P  W h e e l i n g 105 0 88 218 232 228 327 347 202

      c o m p a r e d  t o  A l t  1 --   - 1 0 5 - 1 7 113 127 123 222 242 97

      c o m p a r e d  t o  A l t  2 --   - -   88 218 232 228 327 347 202

1 9 2 8 - 1 9 3 4  C r i t i c a l  P e r i o d  A v e r a g e

Al t  1  Al t  2  Al t  3  Al t  4  Al t  5  Al t  6  Al t  7  Al t  8  Al t  9

S W P  W h e e l i n g 44 0 36 47 45 33 64 51 38

      c o m p a r e d  t o  A l t  1 --   - 4 4 -8 3 1 - 1 1 20 7 -6

      c o m p a r e d  t o  A l t  2 --   - -   36 47 45 33 64 51 38
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Reservoir is substantially improved for Alternative 6 and to a lesser extent Alternative 9
because reservoir releases for inbasin uses decline under the requirements in the Letter of
Intent and the San Joaquin River Agreement, respectively.

4. Transfer Capacity

The capacity to use the SWP and the CVP export facilities to transfer water was analyzed
using the method described in Chapter V.  This method assumes that the July through
October period is the most likely period for water transfers to occur and the ability of the
projects to accommodate water transfers depends on two factors:  (1) unused pumping
capacity at Banks and Tracy pumping plants and (2) the requirement that not more than
65 percent of Delta inflow can be exported during this period.  The analysis does not consider
other possible operational restrictions, such as storage or conveyance capacity south of the
Delta.  Lastly, the analysis assumes that parties selling water would release from storage, or
bypass water, and this water would enter the Delta at the rate at which it was to be transferred.

T a b l e  X I I I - 3

S W P  W h e e l i n g  o f  C V P  W a t e r   ( T A F )

7 3 - Y e a r  P e r i o d  A v e r a g e  M o n t h l y  W h e e l i n g  

A l t O c t N o v D e c J a n F e b M a r A p r M a y Jun Jul A u g Sep

1 0 0 0 0 0 0 0 0 0 43 62 0

2 0 0 0 0 0 0 0 0 0 0 0 0

3 16 3 10 11 1 13 0 0 0 6 25 3

4 21 10 30 55 17 8 0 0 1 12 43 22

5 24 11 30 60 12 7 0 0 1 16 61 10

6 19 10 26 62 19 6 5 0 1 10 60 9

7 41 27 62 41 10 6 2 0 7 37 86 8

8 26 8 21 1 1 1 12 7 2 0 0 42 1 1 6 3

9 18 9 32 59 15 4 0 0 1 10 38 16

C r i t i c a l  P e r i o d  A v e r a g e  M o n t h l y  W h e e l i n g  

A l t O c t N o v D e c J a n F e b M a r A p r M a y Jun Jul A u g Sep

1 0 0 0 0 0 0 0 0 0 14 27 0

2 0 0 0 0 0 0 0 0 0 0 0 0

3 18 0 0 0 0 0 0 0 0 6 6 3

4 20 0 0 0 0 0 0 0 0 7 1 16

5 22 0 0 0 0 0 0 0 0 8 5 7

6 22 0 0 0 0 0 0 0 3 4 0 2

7 13 0 0 4 10 0 0 0 0 9 27 0

8 16 0 0 0 0 0 0 0 0 6 25 0

9 16 0 0 0 2 0 0 0 0 1 0 17
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The results of the analysis are provided in Figures XIII-10 and XIII-11.  The transfer capacity
for Alternative 2 increases in comparison to Alternative 1 because the higher flow objectives in
Alternative 2 deplete upstream reservoirs which reduces the ability of the projects to release
water for export through the Delta in the July through October period.  The transfer capacities
of Alternatives 3, 4, 5, and 9 decline in comparison to Alternative 2 because the SWP is using
some of its excess capacity to export CVP water.  The transfer capacities of Alternatives 7 and
8 increase substantially because of the higher maximum SWP export level under these
alternatives.

E. ENVIRONMENTAL EFFECTS OF IMPLEMENTING JOINT POD  
ALTERNATIVES IN THE DELTA

The evaluation of the environmental effects of implementing the Joint POD alternatives in the
Delta is divided into the following sections:  (1) hydrology, (2) salinity, and (3) fish and aquatic
resources.

1. Hydrology

The principal factors affecting Delta hydrology are the tides, river inflow from the Sacramento
and San Joaquin river systems, net Delta outflow and total SWP/CVP Delta exports.  Tables
XIII-6 through XIII-13 list the base case and Alternative 2 monthly flows of the Sacramento
River at Freeport, the San Joaquin River at Vernalis, net Delta outflow and Delta export
pumping for the 73-year period and the critical period.  Below the base case and Alternative 2
flows are the reductions and increases in flows resulting from the Joint POD alternatives.
Reductions in flow are expressed as negative values.  Tables XIII-14 and XIII-15 list the
modeled Export/Inflow ratios for the base cases and the Joint POD alternatives.

T a b l e  X I I I - 4

C a r r y o v e r  S t o r a g e  i n  C e n t r a l  V a l l e y  R e s e r v o i r s

7 3 - Y e a r  P e r i o d  A n n u a l  A v e r a g e

( T A F )

A l t e r n a t i v e S h a s t a O r o v i l l e F o l s o m N e w  M e l o n e s

A l t .  1 2 , 9 1 0 2 , 3 1 0 4 8 1 1 , 5 4 3

A l t .  2 2 , 8 9 3 2 , 1 9 5 4 4 5 1 , 2 8 6

A l t .  3 2 , 8 6 3 2 , 1 8 2 4 3 4 1 , 2 9 1

A l t .  4 2 , 8 3 7 2 , 1 6 0 4 2 1 1 , 2 8 7

A l t .  5 2 , 8 3 6 2 , 1 8 8 4 2 3 1 , 2 9 2

A l t .  6 2 , 8 1 6 2 , 1 7 1 4 1 5 1 , 6 0 8

A l t .  7 2 , 8 2 7 2 , 1 8 2 4 2 2 1 , 2 9 2

A l t .  8 2 , 7 9 9 2 , 1 8 6 4 0 1 1 , 2 9 2

A l t  9 2 , 8 6 7 2 , 1 6 1 4 3 3 1 , 3 9 3

T a b l e  X I I I - 5

C a r r y o v e r  S t o r a g e  i n  C e n t r a l  V a l l e y  R e s e r v o i r s

C r i t i c a l  P e r i o d  A n n u a l  A v e r a g e

( T A F )

A l t e r n a t i v e S h a s t a O r o v i l l e F o l s o m N e w  M e l o n e s

A l t .  1 1 , 9 4 4 1 , 6 0 8 2 6 1 1 , 1 0 4

A l t .  2 1 , 8 9 3 1 , 4 6 9 1 8 2 6 2 0

A l t .  3 1 , 8 3 6 1 , 4 0 8 1 8 2 6 2 4

A l t .  4 1 , 8 3 0 1 , 4 2 7 1 7 0 6 2 5

A l t .  5 1 , 8 4 8 1 , 4 1 2 1 8 6 6 2 5

A l t .  6 1 , 8 7 2 1 , 4 7 8 1 7 8 1 , 1 5 0

A l t .  7 1 , 8 3 7 1 , 4 8 4 1 8 7 6 2 5

A l t .  8 1 , 8 3 3 1 , 4 8 7 1 7 0 6 2 5

A l t  9 1 , 8 6 1 1 , 4 3 9 1 8 8 7 5 0
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F i g u r e  X I I I - 3

L a k e  O r o v i l l e  C a r r y o v e r  S t o r a g e  I m p a c t s  C o m p a r e d  t o  A l t  1

- 2 0 0

- 1 0 0

0

1 0 0

T
A

F

7 3 - Y e a r  P e r i o d  A v g . - 1 1 5 - 1 2 8 - 1 5 0 - 1 2 2 - 1 3 9 - 1 2 8 - 1 2 4 - 1 4 9

C r i t i c a l  P e r i o d  A v g . - 1 3 9 - 2 0 0 - 1 8 1 - 1 9 6 - 1 3 0 - 1 2 4 - 1 2 1 - 1 6 9

A l t .  2 A l t .  3 A l t .  4 A l t .  5 A l t .  6 A l t .  7 A l t .  8 A l t .  9

F i g u r e  X I I I - 2

S h a s t a  L a k e  C a r r y o v e r  S t o r a g e  I m p a c t s  C o m p a r e d  t o  A l t  1

- 1 2 0

- 1 0 0

- 8 0

- 6 0

- 4 0

- 2 0

0

T
A

F

7 3 - Y e a r  P e r i o d  A v g . - 1 7 - 4 7 - 7 3 - 7 5 - 9 4 - 8 3 - 1 1 1 - 4 3

C r i t i c a l  P e r i o d  A v g . - 5 1 - 1 0 8 - 1 1 5 - 9 6 - 7 2 - 1 0 7 - 1 1 2 - 8 3

A l t .  2 A l t .  3 A l t .  4 A l t .  5 A l t .  6 A l t .  7 A l t .  8 A l t .  9

F i g u r e  X I I I - 4

F o l s o m  L a k e  C a r r y o v e r  S t o r a g e  I m p a c t s  C o m p a r e d  t o  A l t  1

- 1 2 0

- 1 0 0

- 8 0

- 6 0

- 4 0

- 2 0

0

T
A

F

7 3 - Y e a r  P e r i o d  A v g . - 3 6 - 4 7 - 6 1 - 5 8 - 6 6 - 6 0 - 8 0 - 4 8

C r i t i c a l  P e r i o d  A v g . - 7 9 - 7 9 - 9 1 - 7 5 - 8 3 - 7 4 - 9 1 - 7 3

A l t .  2 A l t .  3 A l t .  4 A l t .  5 A l t .  6 A l t .  7 A l t .  8 A l t .  9

Figure  XIII -5

N e w  M e l o n e s  R e s .  C a r r y o v e r  S t o r a g e  I m p a c t s  C o m p a r e d  t o  A l t  1

- 6 0 0
- 5 0 0
- 4 0 0
- 3 0 0
- 2 0 0
- 1 0 0

0
1 0 0

T
A

F

7 3 - Y e a r  P e r i o d  A v g . - 2 5 7 - 2 5 2 - 2 5 6 - 2 5 0 6 5 - 2 5 1 - 2 5 1 - 1 5 0

C r i t i c a l  P e r i o d  A v g . - 4 8 3 - 4 8 0 - 4 7 8 - 4 7 9 4 7 - 4 7 9 - 4 7 8 - 3 5 4

A l t .  2 A l t .  3 A l t .  4 A l t .  5 A l t .  6 A l t .  7 A l t .  8 A l t .  9
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FEIR for Implementation of the XIII-13 November 1999
1995 Bay/Delta Water Quality Control Plan

F i g u r e  X I I I - 7

L a k e  O r o v i l l e  C a r r y o v e r  S t o r a g e  I m p a c t s  C o m p a r e d  t o  A l t  2

- 8 0
- 6 0

- 4 0
- 2 0

0
2 0

4 0

T
A

F

7 3 - Y e a r  P e r i o d  A v g . - 1 3 - 3 6 - 8 - 2 5 - 1 3 - 1 0 - 3 4

C r i t i c a l  P e r i o d  A v g . - 6 1 - 4 2 - 5 7 9 1 5 1 8 - 3 0

A l t .  3 A l t .  4 A l t .  5 A l t .  6 A l t .  7 A l t .  8 A l t .  9

F i g u r e  X I I I - 6

S h a s t a  L a k e  C a r r y o v e r  S t o r a g e  I m p a c t s  C o m p a r e d  t o  A l t  2

- 1 0 0

- 8 0

- 6 0

- 4 0

- 2 0

0

T
A

F

7 3 - Y e a r  P e r i o d  A v g . - 3 0 - 5 6 - 5 7 - 7 7 - 6 5 - 9 4 - 2 6

C r i t i c a l  P e r i o d  A v g . - 5 7 - 6 4 - 4 5 - 2 1 - 5 6 - 6 1 - 3 2

A l t .  3 A l t .  4 A l t .  5 A l t .  6 A l t .  7 A l t .  8 A l t .  9

F i g u r e  X I I I - 8

F o l s o m  L a k e  C a r r y o v e r  S t o r a g e  I m p a c t s  C o m p a r e d  t o  A l t  2

- 5 0

- 4 0

- 3 0

- 2 0

- 1 0

0

1 0

T
A

F

7 3 - Y e a r  P e r i o d  A v g . - 1 1 - 2 4 - 2 2 - 3 0 - 2 4 - 4 4 - 1 2

C r i t i c a l  P e r i o d  A v g . 0 - 1 2 3 - 4 5 - 1 2 6

A l t .  3 A l t .  4 A l t .  5 A l t .  6 A l t .  7 A l t .  8 A l t .  9

Figure  XIII -9

N e w  M e l o n e s  R e s .  C a r r y o v e r  S t o r a g e  I m p a c t s  C o m p a r e d  t o  A l t  2

0

1 0 0

2 0 0

3 0 0

4 0 0

5 0 0

6 0 0

T
A

F

7 3 - Y e a r  P e r i o d  A v g . 5 0 6 3 2 1 6 6 1 0 7

C r i t i c a l  P e r i o d  A v g . 4 5 4 5 3 0 5 5 1 3 0

A l t .  3 A l t .  4 A l t .  5 A l t .  6 A l t .  7 A l t .  8 A l t .  9



Alternatives for Implementing the
State Water Resources Control Board Joint Points of Diversion

FEIR for Implementation of the XIII-14 November 1999
1995 Bay/Delta Water Quality Control Plan

Comparison of the hydrology parameters of Alternatives 3 through 9 to Alternative 2 shows
that overall there is not a large change in Delta hydrology due to combined use of points of
diversion.  The following observations, however, can be drawn from the tables.

1. In comparison to Alternative 2, average monthly exports over the 73-year period (Table
XIII-12) under Alternatives 3 through 9 increase from July through January, except in
September, due to SWP wheeling of CVP water.  Exports then decrease for these
alternatives in February and March because the CVP fills its share of San Luis
Reservoir early.

2. The net Delta outflow pattern (Table XIII-10) is the opposite of the export pattern.
Generally, net Delta outflow under Alternatives 3 through 9 decreases from July
through January and increases in February and March, compared to Alternative 2.

3. The combined use of points of diversion does not affect flows at Vernalis.  The flow
changes at this location (Table XIII-8) are due to changes in the requirements.

F i g u r e  X I I I - 1 1

T r a n s f e r  C a p a c i t y  I m p a c t s  J u l y  t h r o u g h  O c t o b e r

- 1 0 0

0

1 0 0

2 0 0

3 0 0

4 0 0

5 0 0

T
A

F

7 2 - Y e a r  P e r i o d  A v g . 9 2 4 0 - 3 2 - 6 4 1 3 4 1 3 4 0 - 1 2

C r i t i c a l  P e r i o d  A v g . 4 8 4 9 7 3 8 1 9 0 4 2 7 4 3 0 3 6

A l t .  2 A l t .  3 A l t .  4 A l t .  5 A l t .  6 A l t .  7 A l t .  8 A l t .  9

F i g u r e  X I I I - 1 0

A v e r a g e  T r a n s f e r  C a p a c i t y  J u l y  t h r o u g h  O c t o b e r

0

5 0 0

1 , 0 0 0

1 , 5 0 0

2 , 0 0 0

T
A

F

7 2 - Y e a r  P e r i o d  A v g . 5 1 3 6 0 5 5 5 3 4 8 1 5 0 7 5 5 4 8 5 4 8 5 3 5 0 1

C r i t i c a l  P e r i o d  A v g . 1 , 1 7 1 1 , 2 1 9 1 , 2 2 0 1 , 1 7 8 1 , 2 0 9 1 , 3 6 1 1 , 5 9 8 1 , 6 0 1 1 , 2 0 7

A l t .  1 A l t .  2 A l t .  3 A l t .  4 A l t .  5 A l t .  6 A l t .  7 A l t .  8 A l t .  9



Alternatives for Implementing the
State Water Resources Control Board Joint Points of Diversion

FEIR for Implementation of the XIII-15 November 1999
1995 Bay/Delta Water Quality Control Plan

T a b l e  X I I I - 6

S a c r a m e n t o  R i v e r  F l o w  a t  F r e e p o r t ,  7 3 - Y e a r  P e r i o d

A l t e r n a t i v e  1  A v e r a g e  M o n t h l y  F l o w  ( c f s )

O c t N o v D e c Jan Feb M a r Apr M a y J u n J u l Aug Sep

14 ,211 17 ,053 24 ,238 32 ,539 38 ,481 35 ,441 23 ,335 19 ,893 16 ,904 16 ,385 13 ,951 11 ,812

C h a n g e  i n  F l o w  f r o m  A l t e r n a t i v e  1  ( c f s )

A l t O c t N o v D e c Jan Feb M a r Apr M a y J u n J u l Aug Sep

2 -693 -28 -662 -691 102 253 262 -252 2 8 6 2 670 - 1 6 4 4 169

3 -510 -197 -782 -751 -100 123 242 -285 2 8 4 9 937 - 1 2 1 6 20

4 -736 -420 -843 -924 -264 123 -35 -444 3 0 9 5 1 2 0 5 -649 179

5 -619 -299 -892 -790 -212 126 226 -319 2 8 4 4 1 0 5 0 -740 -77

6 -785 -591 - 1 0 2 5 -892 -402 74 1 1 4 5 -901 3 4 0 8 1 0 3 2 -522 -190

7 -680 -470 -944 -741 -267 -87 228 -291 2 8 6 8 2 5 2 8 - 1 3 1 4 -545

8 -590 -715 - 1 0 4 8 -807 -378 -138 214 -257 2 9 0 0 2 6 4 5 -772 -725

9 -701 -361 -813 -770 -185 132 -73 -477 2 9 3 0 1 2 1 5 -661 37

A l t e r n a t i v e  2  A v e r a g e  M o n t h l y  F l o w  ( c f s )

O c t N o v D e c Jan Feb M a r Apr M a y J u n J u l Aug Sep

13 ,518 17 ,026 23 ,576 31 ,848 38 ,583 35 ,694 23 ,598 19 ,641 19 ,766 17 ,055 12 ,307 11 ,982

C h a n g e  i n  F l o w  f r o m  A l t e r n a t i v e  2  ( c f s )

A l t O c t N o v D e c Jan Feb M a r Apr M a y J u n J u l Aug Sep

3 184 -169 -120 -60 -202 -130 -20 -33 -13 267 428 -150

4 -43 -393 -181 -233 -366 -130 -298 -192 234 536 995 10

5 74 -271 -231 -99 -314 -128 -37 -67 -18 380 905 -246

6 -92 -563 -363 -201 -504 -179 882 -649 546 362 1 1 2 3 -360

7 13 -442 -282 -50 -369 -340 -34 -39 6 1 8 5 8 330 -715

8 103 -687 -386 -116 -480 -391 -48 -6 39 1 9 7 5 873 -894

9 -8 -334 -151 -79 -287 -121 -336 -225 68 545 983 -133

 T a b l e  X I I I - 7

S a c r a m e n t o  R i v e r  F l o w  a t  F r e e p o r t ,  C r i t i c a l  P e r i o d

A l t e r n a t i v e  1  A v e r a g e  M o n t h l y  F l o w  ( c f s )

O c t N o v D e c Jan Feb M a r A p r M a y J u n J u l A u g Sep

10 ,186 8 ,893 12 ,867 16 ,315 15 ,126 14 ,694 10 ,534 10 ,121 11 ,029 14 ,321 12 ,063 8 ,107

C h a n g e  i n  F l o w  f r o m  A l t e r n a t i v e  1  ( c f s )

A l t O c t N o v D e c Jan Feb M a r A p r M a y J u n J u l A u g Sep

2 -1213 4 2 6 - 7 3 5 - 6 9 7 -1123 8 1 3 9 7 2 1519 3330 - 9 1 3 -2158 2 8 3

3 - 9 2 0 3 5 6 - 6 6 4 - 6 1 3 - 9 3 4 -33 1053 1429 3239 - 3 3 2 -2005 2 2 1

4 - 8 9 0 3 1 7 - 7 7 3 - 7 8 1 -1246 -65 5 4 6 9 9 4 3971 -42 -1875 4 3 2

5 - 8 6 9 3 0 3 - 7 0 5 - 6 9 7 -1057 -98 1062 1471 3328 - 1 8 4 -2068 2 8 8

6 - 8 0 6 2 0 7 - 7 6 7 - 7 3 7 -1183 41 2972 3 5 3 3839 -1252 -2391 2 7 1

7 - 9 7 8 3 2 8 - 7 1 8 - 6 5 3 - 9 7 3 -22 1053 1468 3558 3 3 5 -2679 74

8 - 9 4 6 3 5 3 - 6 7 0 - 6 5 1 -1006 -43 9 9 2 1457 3659 2 8 6 -2623 1 0 6

9 -1013 3 3 3 - 7 8 3 - 7 8 1 -1321 57 3 8 7 9 5 7 3818 - 1 0 2 -1982 4 3 5

A l t e r n a t i v e  2  A v e r a g e  M o n t h l y  F l o w  ( c f s )

O c t N o v D e c Jan Feb M a r A p r M a y J u n J u l A u g Sep

8 ,973 9 ,319 12 ,133 15 ,618 14 ,003 15 ,507 11 ,506 11 ,640 14 ,359 13 ,408 9 ,904 8 ,391

C h a n g e  i n  F l o w  f r o m  A l t e r n a t i v e  2  ( c f s )

A l t O c t N o v D e c Jan Feb M a r A p r M a y J u n J u l A u g Sep

3 2 9 3 -70 70 84 1 8 9 - 8 4 6 81 -91 -91 5 8 1 1 5 3 -62

4 3 2 3 - 1 0 9 -38 -84 - 1 2 3 - 8 7 8 - 4 2 6 - 5 2 5 6 4 1 8 7 1 2 8 3 1 4 9

5 3 4 4 - 1 2 3 30 0 66 - 9 1 1 90 -49 -2 7 3 0 91 5

6 4 0 7 - 2 1 8 -33 -41 -60 - 7 7 3 2000 -1166 5 0 9 - 3 3 9 - 2 3 2 -12

7 2 3 5 -98 16 43 1 5 0 - 8 3 5 81 -51 2 2 8 1248 - 5 2 0 - 2 0 9

8 2 6 7 -73 65 46 1 1 7 - 8 5 7 20 -63 3 2 9 1199 - 4 6 5 - 1 7 8

9 2 0 0 -93 -49 -84 - 1 9 8 - 7 5 6 - 5 8 5 - 5 6 2 4 8 8 8 1 1 1 7 7 1 5 1



Alternatives for Implementing the
State Water Resources Control Board Joint Points of Diversion

FEIR for Implementation of the XIII-16 November 1999
1995 Bay/Delta Water Quality Control Plan

T a b l e  X I I I - 8

S a n  J o a q u i n  R i v e r  F l o w  a t  V e r n a l i s ,  7 3 - Y e a r  P e r i o d

A l t e r n a t i v e  1  A v e r a g e  M o n t h l y  F l o w  ( c f s )

O c t N o v D e c Jan Feb M a r Apr M a y J u n J u l Aug Sep

3 , 1 6 9 2 , 0 7 6 2 , 9 2 7 4 , 4 1 3 6 , 8 0 8 6 , 1 7 7 5 , 4 4 8 4 , 6 5 3 3 , 7 2 2 1 , 7 9 8 1 , 3 6 1 1 , 8 7 4

C h a n g e  i n  F l o w  f r o m  A l t e r n a t i v e  1  ( c f s )

A l t O c t N o v D e c Jan Feb M a r Apr M a y J u n J u l Aug Sep

2 -60 -86 -177 -267 -436 -100 3 5 0 7 3 9 1 7 7 2 2 6 2 7 6 -37

3 -55 -78 -170 -256 -439 -113 3 5 1 7 4 1 1 8 1 2 3 0 2 8 0 -31

4 -61 -80 -170 -258 -457 -129 3 7 0 7 5 9 1 9 2 2 3 1 2 8 1 -29

5 -53 -76 -167 -253 -435 -112 3 5 1 7 4 1 1 8 4 2 3 3 2 8 4 -27

6 3 8 2 41 1 6 5 1 5 5 1 6 3 71 -48 2 6 0 2 6 6 2 2 8 -11 -191

7 -55 -77 -166 -248 -420 -112 3 5 2 7 2 9 1 8 4 2 3 4 2 8 4 -25

8 -51 -74 -163 -247 -422 -123 3 6 1 7 3 0 1 7 9 2 3 5 2 8 3 -28

9 -57 -104 -67 -105 -306 -6 4 3 2 9 3 8 1 9 5 1 5 4 -63 -67

A l t e r n a t i v e  2  A v e r a g e  M o n t h l y  F l o w  ( c f s )

O c t N o v D e c Jan Feb M a r Apr M a y J u n J u l Aug Sep

3 , 1 0 8 1 , 9 9 0 2 , 7 5 0 4 , 1 4 6 6 , 3 7 2 6 , 0 7 7 5 , 7 9 7 5 , 3 9 2 3 , 9 0 0 2 , 0 2 4 1 , 6 3 8 1 , 8 3 7

C h a n g e  i n  F l o w  f r o m  A l t e r n a t i v e  2  ( c f s )

A l t O c t N o v D e c Jan Feb M a r Apr M a y J u n J u l Aug Sep

3 6 8 8 11 -3 -12 1 2 3 4 4 6

4 0 6 8 9 -21 -29 20 20 15 4 5 8

5 8 10 10 14 1 -12 2 2 7 7 7 10

6 4 4 2 1 2 6 3 4 2 4 2 2 5 9 9 1 7 1 -398 -479 88 2 -287 -154

7 5 9 11 19 16 -11 2 -10 7 8 8 12

8 10 12 14 20 13 -23 11 -9 2 9 6 9

9 -75 1 1 0 1 0 0 7 -94 29 3 0 0 3 2 8 1 3 3 -21 -107 3

 T a b l e  X I I I - 9

S a n  J o a q u i n  R i v e r  F l o w  a t  V e r n a l i s ,  C r i t i c a l  P e r i o d

A l t e r n a t i v e  1  A v e r a g e  M o n t h l y  F l o w  ( c f s )

O c t N o v D e c Jan Feb M a r Apr M a y J u n J u l Aug Sep

1 , 8 7 0 1 , 4 4 2 1 , 6 7 5 1 , 7 7 8 2 , 9 8 3 2 , 2 3 1 2 , 4 0 9 1 , 7 7 0 1 , 2 7 7 1 , 0 9 9 1 , 1 3 8 1 , 4 6 4

C h a n g e  i n  F l o w  f r o m  A l t e r n a t i v e  1  ( c f s )

A l t O c t N o v D e c Jan Feb M a r Apr M a y J u n J u l Aug Sep

2 60 -129 -149 -141 -297 -30 2 1 0 8 2 7 2 8 1 2 5 8 2 7 2 -36

3 60 -126 -146 -138 -300 -30 2 1 0 8 2 7 2 8 3 2 5 8 2 7 4 -31

4 58 -126 -146 -138 -302 -30 2 1 0 8 2 7 2 8 3 2 5 8 2 7 4 -31

5 60 -126 -146 -138 -300 -30 2 1 0 8 2 7 2 8 3 2 5 8 2 7 6 -31

6 70 -95 -46 19 71 68 1 0 6 3 4 6 2 2 6 2 2 3 -225 -238

7 60 -126 -146 -138 -300 -30 2 1 3 8 2 7 2 8 3 2 6 0 2 7 4 -31

8 60 -129 -146 -138 -302 -30 2 1 0 8 2 7 2 8 1 2 4 9 2 7 2 -38

9 -57 -104 -67 -105 -306 -6 4 3 2 9 3 8 1 9 5 1 5 4 -63 -67

A l t e r n a t i v e  2  A v e r a g e  M o n t h l y  F l o w  ( c f s )

O c t N o v D e c Jan Feb M a r Apr M a y J u n J u l Aug Sep

1 , 9 3 1 1 , 3 1 4 1 , 5 2 6 1 , 6 3 7 2 , 6 8 6 2 , 2 0 1 2 , 6 1 9 2 , 5 9 8 1 , 5 5 8 1 , 3 5 7 1 , 4 1 0 1 , 4 2 8

C h a n g e  i n  F l o w  f r o m  A l t e r n a t i v e  2  ( c f s )

A l t O c t N o v D e c Jan Feb M a r Apr M a y J u n J u l Aug Sep

3 0 3 3 3 -3 0 0 0 2 0 2 5

4 -2 3 3 3 -6 0 0 0 2 0 2 5

5 0 3 3 3 -3 0 0 0 2 0 5 5

6 9 34 1 0 3 1 6 0 3 6 7 98 -104 -481 -55 -35 -497 -202

7 0 3 3 3 -3 0 3 0 2 2 2 5

8 0 0 3 3 -6 0 0 0 0 -9 0 -2

9 -118 24 82 36 -9 24 2 2 2 1 1 0 -86 -104 -335 -31



Alternatives for Implementing the
State Water Resources Control Board Joint Points of Diversion

FEIR for Implementation of the XIII-17 November 1999
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T a b l e  X I I I - 1 0

D e l t a  O u t f l o w ,  7 3 - Y e a r  P e r i o d

A l t e r n a t i v e  1  A v e r a g e  M o n t h l y  F l o w  ( c f s )

O c t N o v D e c Jan Feb M a r A p r M a y J u n J u l A u g Sep

8 ,216 9 ,974 22 ,176 38 ,689 49 ,942 42 ,012 24 ,417 18 ,415 12 ,891 6 ,627 3 ,870 4 ,145

C h a n g e  i n  F l o w  f r o m  A l t e r n a t i v e  1  ( c f s )

A l t O c t N o v D e c Jan Feb M a r A p r M a y J u n J u l A u g Sep

2 - 9 1 1 5 8 2 - 2 8 2 - 5 5 5 9 4 4 8 5 7 3084 1 6 5 3 7 6 59 1 7 8 5 2 7

3 - 9 8 3 3 9 0 - 5 8 4 - 8 2 9 8 1 7 7 2 8 3096 1 6 8 3 8 0 59 1 6 8 4 3 2

4 -1191 90 - 9 7 2 -1564 8 6 8 1198 3769 7 5 1 5 0 5 35 1 5 6 3 3 2

5 -1177 2 3 3 - 9 9 5 -1471 1206 1174 3092 1 2 6 3 7 3 35 1 8 0 3 5 5

6 - 8 3 0 -11 - 9 1 0 -1259 1370 1315 1987 7 9 5 7 4 3 45 1 4 7 2 5 3

7 -1801 - 6 7 3 -1742 - 6 8 6 1779 1132 2887 14 1 6 6 -7 1 4 9 - 1 0 5

8 -1534 - 7 1 7 -1317 -2511 1552 9 7 6 2943 15 1 8 1 45 1 9 4 - 1 0 7

9 -1315 2 2 9 - 9 1 0 -1402 1091 1371 3981 8 4 2 4 6 9 33 1 6 5 3 7 1

A l t e r n a t i v e  2  A v e r a g e  M o n t h l y  F l o w  ( c f s )

O c t N o v D e c Jan Feb M a r A p r M a y J u n J u l A u g Sep

7 ,305 10 ,556 21 ,893 38 ,134 50 ,886 42 ,869 27 ,501 18 ,580 13 ,267 6 ,686 4 ,048 4 ,672

C h a n g e  i n  F l o w  f r o m  A l t e r n a t i v e  2  ( c f s )

A l t O c t N o v D e c Jan Feb M a r A p r M a y J u n J u l A u g Sep

3 -72 - 1 9 1 - 3 0 2 - 2 7 4 - 1 2 7 - 1 2 9 11 3 4 0 -10 -95

4 - 2 7 9 - 4 9 1 - 6 8 9 -1009 -76 3 4 1 6 8 4 5 8 6 1 2 9 -25 -22 - 1 9 5

5 - 2 6 6 - 3 4 9 - 7 1 3 - 9 1 6 2 6 2 3 1 7 8 -39 -3 -25 2 - 1 7 2

6 82 - 5 9 3 - 6 2 8 - 7 0 4 4 2 6 4 5 8 -1097 6 3 0 3 6 7 -14 -32 - 2 7 3

7 - 8 9 0 -1255 -1460 - 1 3 1 8 3 5 2 7 5 - 1 9 7 - 1 5 1 - 2 1 0 -67 -30 - 6 3 2

8 - 6 2 3 -1299 -1035 -1956 6 0 8 1 1 9 - 1 4 1 - 1 4 9 - 1 9 5 -15 15 - 6 3 4

9 - 4 0 4 - 3 5 3 - 6 2 7 - 8 4 7 1 4 7 5 1 4 8 9 7 6 7 7 93 -26 -13 - 1 5 6

 T a b l e  X I I I - 1 1

D e l t a  O u t f l o w ,  C r i t i c a l  P e r i o d

A l t e r n a t i v e  1  A v e r a g e  M o n t h l y  F l o w  ( c f s )

O c t N o v D e c Jan Feb M a r Apr M a y J u n J u l Aug Sep

5 , 7 0 8 3 , 0 5 0 5 , 9 9 8 10 ,604 8 , 4 4 3 8 , 1 1 8 8 , 1 9 0 4 , 8 0 0 4 , 2 2 8 3 , 9 7 3 4 , 8 4 2 2 , 6 5 0

C h a n g e  i n  F l o w  f r o m  A l t e r n a t i v e  1  ( c f s )

A l t O c t N o v D e c Jan Feb M a r Apr M a y J u n J u l Aug Sep

2 - 1 5 3 1 1759 -374 - 2 1 6 3 3148 4632 1101 3566 3229 8 8 3 -957 3 7 9

3 - 1 5 4 5 1759 -374 - 2 1 3 3 3271 4467 1104 3573 3229 8 8 3 -957 3 8 4

4 - 1 5 4 5 1759 -388 - 2 1 9 8 2818 4348 1207 3559 3460 8 8 3 -971 3 8 4

5 - 1 5 4 5 1756 -388 - 2 1 6 8 3079 4372 1109 3576 3229 8 8 3 -957 3 8 4

6 - 1 3 8 0 1532 -366 - 2 0 9 5 3061 4310 9 8 3 3722 3724 8 8 3 -911 3 7 9

7 - 1 5 5 4 1756 -634 - 3 2 3 4 3118 4567 1109 3580 3308 8 8 3 -957 3 7 9

8 - 1 5 6 4 1756 -599 - 3 1 6 9 3263 4527 1123 3583 3311 8 8 3 -957 3 7 9

9 - 1 7 7 9 1754 -363 - 2 1 8 0 2766 4399 1249 3548 3399 8 8 3 -830 3 8 5

A l t e r n a t i v e  2  A v e r a g e  M o n t h l y  F l o w  ( c f s )

O c t N o v D e c Jan Feb M a r Apr M a y J u n J u l Aug Sep

4 , 1 7 7 4 , 8 0 9 5 , 6 2 4 8 , 4 4 1 11 ,591 12 ,751 9 , 2 9 1 8 , 3 6 6 7 , 4 5 7 4 , 8 5 6 3 , 8 8 5 3 , 0 3 0

C h a n g e  i n  F l o w  f r o m  A l t e r n a t i v e  2  ( c f s )

A l t O c t N o v D e c Jan Feb M a r Apr M a y J u n J u l Aug Sep

3 -14 0 0 30 1 2 3 -165 3 7 0 0 0 5

4 -14 0 -14 -35 -330 -285 1 0 6 -7 2 3 0 0 -14 5

5 -14 -3 -14 -5 -69 -260 8 9 0 0 0 5

6 1 5 1 -227 8 68 -87 -323 -118 1 5 6 4 9 5 0 46 0

7 -23 -3 -260 - 1 0 7 1 -30 -65 8 14 79 0 0 0

8 -33 -3 -225 - 1 0 0 6 1 1 5 -106 22 16 82 0 0 0

9 -248 -5 11 -17 -382 -234 1 4 8 -18 1 7 0 0 1 2 7 5



Alternatives for Implementing the
State Water Resources Control Board Joint Points of Diversion

FEIR for Implementation of the XIII-18 November 1999
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Table XIII-12

Tota l  De l ta  Expor t s ,  73 -Year  Per iod

A l t e r n a t i v e  1  A v e r a g e  M o n t h l y  E x p o r t s  ( T A F )

Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Total

534 578 624 611 544 526 527 358 323 526 592 514 6,256

C h a n g e  i n  E x p o r t s  f r o m  A l t e r n a t i v e  1  ( T A F )

Alt Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Total

2 8 -42 -34 -25 -72 -45 -150 15 152 44 -101 -26 -276

3 24 -40 -23 -11 -76 -46 -152 13 151 61 -74 -29 -202

4 23 -35 -3 23 -89 -75 -207 -32 159 79 -38 -14 -209

5 30 -36 -4 26 -104 -73 -152 13 151 70 -45 -30 -155

6 22 -32 3 32 -90 -75 -60 -101 158 57 -56 -45 -188

7 64 7 39 -19 -138 -83 -140 21 165 163 -79 -31 -30

8 53 -5 6 90 -132 -77 -144 23 166 167 -48 -41 59

9 25 -34 1 23 -104 -84 -205 -25 153 75 -47 -23 -246

A l t e r n a t i v e  2  A v e r a g e  M o n t h l y  E x p o r t s  ( T A F )

Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Total

542 536 590 586 472 482 377 373 474 570 491 487 5980

C h a n g e  i n  E x p o r t s  f r o m  A l t e r n a t i v e  2  ( T A F )

Alt Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Total

3 16 2 12 14 -4 -1 -2 -2 -1 17 27 -3 74

4 15 6 32 48 -17 -31 -57 -47 7 35 63 13 66

5 21 5 30 51 -32 -28 -3 -2 -1 25 56 -4 120

6 14 9 37 57 -18 -31 90 -116 6 13 45 -19 88

7 56 49 73 6 -67 -38 10 6 13 119 23 -4 245

8 45 37 41 115 -60 -33 6 8 14 123 53 -15 334

9 17 8 35 48 -32 -40 -55 -40 2 31 54 4 31

 T a b l e  X I I I - 1 3

Tota l  De l ta  Exports ,  Cr i t i ca l  Per iod

A l t e r n a t i v e  1  A v e r a g e  M o n t h l y  E x p o r t s  ( T A F )

Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Total

335 410 573 591 657 573 231 334 295 480 366 326 5171

C h a n g e  i n  E x p o r t s  f r o m  A l t e r n a t i v e  1  ( T A F )

Alt Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Total

2 22 -87 -32 81 -255 -237 4 -80 15 -102 -64 -11 -747

3 40 -92 -27 85 -252 -279 8 -86 10 -67 -54 -15 -728

4 42 -94 -33 78 -244 -274 -28 -112 40 -49 -45 -3 -720

5 44 -95 -29 82 -248 -277 8 -84 16 -57 -58 -11 -709

6 38 -85 -28 84 -233 -259 124 -191 15 -124 -110 -23 -792

7 38 -93 -14 150 -245 -284 8 -85 24 -26 -96 -23 -646

8 40 -92 -14 146 -256 -284 3 -85 30 -29 -93 -22 -654

9 42 -91 -30 79 -248 -268 -28 -108 32 -55 -79 -2 -757

A l t e r n a t i v e  2  A v e r a g e  M o n t h l y  E x p o r t s   ( T A F )

Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Total

356 323 542 672 402 336 234 254 311 378 302 315 4424

C h a n g e  i n  E x p o r t s  f r o m  A l t e r n a t i v e  2  ( T A F )

Alt Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Total

3 19 -5 5 3 4 -42 5 -6 -5 36 10 -4 19

4 21 -7 -1 -3 11 -36 -32 -32 25 54 19 9 28

5 22 -7 3 0 8 -40 5 -4 0 45 6 0 38

6 16 2 4 3 22 -21 121 -110 -1 -21 -47 -12 -45

7 16 -6 17 69 10 -47 5 -4 9 76 -32 -12 102

8 18 -5 18 65 0 -46 0 -5 15 73 -29 -11 94

9 21 -4 1 -2 7 -31 -31 -28 16 47 -15 9 -11
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Table  XIII -14

Del ta  Export / Inf low Rat io ,  73-Year  Per iod

A l t O c t N o v D e c Jan F e b M a r A p r M a y J u n J u l A u g S e p

1 0 .48 0 .55 0 .45 0 .33 0 .28 0 .27 0 .36 0 .28 0 .28 0 .43 0 .55 0 .58

O c t N o v D e c Jan F e b M a r A p r M a y J u n J u l A u g S e p

0 .65 0 .65 0 .65 0 .65 0.35** 0.35** 0.35** 0.35** 0.35** 0 .65 0 .65 0 .65

A l t O c t N o v D e c Jan F e b M a r A p r M a y J u n J u l A u g S e p

2 0 .52 0 .50 0 .44 0 .35 0 .21 0 .22 0 .22 0 .24 0 .32 0 .43 0 .48 0 .55

3 0 .53 0 .50 0 .45 0 .35 0 .21 0 .22 0 .22 0 .24 0 .32 0 .44 0 .50 0 .55

4 0 .53 0 .51 0 .46 0 .37 0 .21 0 .21 0 .19 0 .21 0 .32 0 .45 0 .51 0 .56

5 0 .53 0 .51 0 .46 0 .38 0 .20 0 .21 0 .22 0 .24 0 .32 0 .44 0 .51 0 .55

6 0 .52 0 .52 0 .46 0 .38 0 .21 0 .21 0 .28 0 .16 0 .32 0 .43 0 .50 0 .54

7 0 .56 0 .54 0 .48 0 .36 0 .19 0 .21 0 .23 0 .25 0 .32 0 .47 0 .50 0 .56

8 0 .55 0 .53 0 .47 0 .41 0 .19 0 .21 0 .23 0 .25 0 .32 0 .47 0 .51 0 .55

9 0 .53 0 .51 0 .46 0 .37 0 .20 0 .20 0 .19 0 .22 0 .32 0 .44 0 .51 0 .55

*There  i s  no  E/ I  objec t ive  under  D-1485

**Is increased to 0.45 i f  the Eight  River  Index for  January is  less  than or  equal  to  1.0 MAF

Table  XIII -15

Delta  Export /Inf low Rat io ,  Cri t ical  Period

A l t O c t N o v D e c Jan F e b M a r A p r M a y J u n J u l A u g S e p

1 0 .41 0 .60 0 .58 0 .49 0 .62 0 .58 0 .27 0 .42 0 .37 0 .47 0 .39 0 .51

O c t N o v D e c Jan F e b M a r A p r M a y J u n J u l A u g S e p

0 .65 0 .65 0 .65 0 .65 0.35** 0.35** 0.35** 0.35** 0.35** 0 .65 0 .65 0 .65

A l t O c t N o v D e c Jan F e b M a r A p r M a y J u n J u l A u g S e p

2 0 .49 0 .46 0 .58 0 .59 0 .39 0 .30 0 .25 0 .26 0 .29 0 .34 0 .33 0 .49

3 0 .50 0 .45 0 .58 0 .59 0 .39 0 .27 0 .26 0 .26 0 .28 0 .35 0 .34 0 .48

4 0 .50 0 .45 0 .58 0 .59 0 .40 0 .28 0 .22 0 .24 0 .31 0 .37 0 .34 0 .49

5 0 .50 0 .45 0 .58 0 .59 0 .39 0 .28 0 .26 0 .26 0 .29 0 .36 0 .33 0 .49

6 0 .49 0 .47 0 .58 0 .59 0 .40 0 .29 0 .35 0 .16 0 .27 0 .31 0 .27 0 .48

7 0 .50 0 .45 0 .59 0 .64 0 .40 0 .27 0 .26 0 .26 0 .29 0 .37 0 .32 0 .48

8 0 .50 0 .45 0 .59 0 .64 0 .39 0 .27 0 .26 0 .26 0 .29 0 .37 0 .32 0 .48

9 0 .52 0 .45 0 .58 0 .59 0 .40 0 .28 0 .22 0 .24 0 .30 0 .36 0 .29 0 .49

*There  i s  no  E/ I  objec t ive  under  D-1485

**Is increased to 0.45 i f  the Eight  River  Index for  January is  less  than or  equal  to  1.0 MAF

B a s e  C a s e  A v e r a g e  M o n t h l y  E / I  R a t i o *

1 9 9 5  W Q C P  M o n t h l y  E / I  O b j e c t i v e

J o i n t  P O D  A l t e r n a t i v e s  A v e r a g e  M o n t h l y  E / I  R a t i o

B a s e  C a s e  A v e r a g e  M o n t h l y  E / I  R a t i o *

J o i n t  P O D  A l t e r n a t i v e s  A v e r a g e  M o n t h l y  E / I  R a t i o

1 9 9 5  W Q C P  M o n t h l y  E / I  O b j e c t i v e
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2. Salinity

This section analyzes salinity conditions under the eight Joint POD alternatives and the base
case.  Joint use of points of diversion are not authorized under Alternative 2, however for
simplicity it will be referred to as a Joint POD alternative in this section.  Two analyses are
discussed below to illustrate the alternatives' effects on salinity in the Estuary.  In the first
analysis, the position of X2, the two parts per thousand (ppt) isohaline position, for each of the
Joint POD alternatives is compared with the X2 position of the base case.  In the second
analysis, the electrical conductivity (EC) of the alternatives at six stations throughout the Delta
is compared to that of the base case.

a. X2.  X2 is defined as the distance from the Golden Gate bridge in kilometers (km) of the
two ppt isohaline at a depth of one meter from the bottom of the channel.  The 1995 Bay/Delta
Plan provides that the Delta outflow objectives are met from February through June if the
location of the X2 isohaline is downstream of specified locations for a certain number of days
per month.

DWRSIM was used to determine the location of the X2 isohaline position for each of the eight
Joint POD alternatives and the base case.  The model predicts the location of X2 as a function
of the current and previous months’ flows (see section A of Chapter IV).  Table XIII-16 shows
the monthly average X2 positions for Alternative 1 for the 73-year flow record as predicted by
the model.  The table also compares the base case monthly average X2 positions to the X2
positions for each of the Joint POD alternatives.  The significance of the changes in the X2
position are related to their effects on aquatic resources in the Delta.  Positive changes indicate
westward movement of the X2 line, which is generally desirable for aquatic species in the
Estuary; negative changes indicate a shift toward the Delta.

There are only minor differences in the X2 position among Joint POD Alternatives 2 through 9.
This result is expected because monthly average Delta outflow varies little among these
alternatives.  Compared to the base case, Alternatives 2 through 9 move in the upstream
direction in January, October, and December, and move downstream approximately one to
three kilometers from February through September.  The greatest downstream movement
occurs in April and June.  Alternative 2 results in the most downstream X2 position of the eight
alternatives for six consecutive months (September through February).  This movement of the
X2 location is due to implementation of the flow alternatives described in Chapter VI, not
implementation of the Joint POD alternatives.  No significant adverse effects to the
environment are expected due to the change in the X2 position.

b. EC Within the Delta.  DWRDSM was used to determine the effect of the Joint POD
alternatives on EC in the Delta.  DWRDSM uses the hydrology generated by DWRSIM studies
as input.  Thus, modeling assumptions for DWRSIM, discussed in Chapter IV, also apply to
this salinity analysis.  DWRDSM is not intended to provide absolute predictions of future Delta
hydrodynamic and EC conditions; rather, the model is best used as a tool to compare Delta
conditions under alternative actions.
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This analysis examines the results of the simulations at 13 locations in the Delta:  three
locations in the western Delta (Contra Costa Canal at Pumping Plant #1/Rock Slough,
Sacramento River at Emmaton, and San Joaquin River at Jersey Point), three locations in the
Central Delta (South Fork Mokelumne River at Terminous, San Joaquin River at San
Andreas Landing and San Joaquin River at Prisoners Point) and seven locations in the
southern Delta (Contra Costa Los Vaqueros intake, San Joaquin River at Vernalis, San
Joaquin River at Tracy Road Bridge, San Joaquin River at Brandt Bridge, Old River at
Middle River, Banks Pumping Plant and Tracy Pumping Plant).  Figures XIII-12 through
XIII-72 show expected EC conditions at these locations, except for Contra Costa Canal
Pumping Plant # 1, Contra Costa Los Vaqueros intake, Banks Pumping Plant, and Tracy
Pumping Plant where chloride concentrations are reported.  The figures compare the eight
alternatives and the base case for water years 1976 through 1991.

Table  XIII -16

Mode led  I soha l ine  (X2)  Pos i t ion

O c t N o v D e c J a n F e b M a r A p r M a y J u n J u l A u g S e p

8 3 . 0 8 2 . 4 7 7 . 2 7 0 . 4 6 6 . 4 6 6 . 1 7 0 . 8 7 3 . 3 7 6 . 6 8 0 . 9 8 5 . 7 8 8 . 1

A l t O c t N o v D e c J a n F e b M a r A p r M a y J u n J u l A u g S e p

2  v s  1 -0 .8 1 . 1 0 . 2 -0 .5 1 . 1 1 . 4 3 . 0 1 . 9 2 . 5 1 . 5 1 . 0 1 . 5

3  v s  1 -1 .0 0 . 9 -0 .1 -0 .7 1 . 1 1 . 4 3 . 0 1 . 9 2 . 5 1 . 5 1 . 0 1 . 4

4  v s  1 -1 .2 0 . 6 -0 .4 -1 .1 0 . 9 1 . 4 3 . 3 2 . 3 2 . 7 1 . 6 1 . 0 1 . 2

5  v s  1 -1 .2 0 . 7 -0 .4 -1 .1 1 . 0 1 . 5 3 . 0 1 . 9 2 . 5 1 . 5 1 . 0 1 . 3

6  v s  1 -1 .0 0 . 5 -0 .4 -1 .0 1 . 0 1 . 5 2 . 6 2 . 1 2 . 8 1 . 6 1 . 0 1 . 1

7  v s  1 -1 .8 -0 .1 -1 .0 -1 .1 1 . 1 1 . 4 3 . 0 1 . 8 2 . 4 1 . 4 1 . 0 0 . 8

8  v s  1 -1 .7 0 . 0 -0 .7 -1 .6 0 . 9 1 . 3 3 . 0 1 . 9 2 . 4 1 . 4 1 . 0 0 . 7

9  v s  1 -1 .2 0 . 8 -0 .3 -1 .0 1 . 0 1 . 5 3 . 4 2 . 3 2 . 6 1 . 5 1 . 0 1 . 3

A l t e r n a t i v e  2  

O c t N o v D e c J a n F e b M a r A p r M a y J u n J u l A u g S e p

8 3 . 8 8 1 . 3 7 7 . 0 7 0 . 9 6 5 . 3 6 4 . 7 6 7 . 8 7 1 . 4 7 4 . 1 7 9 . 4 8 4 . 7 8 6 . 6

C h a n g e  i n  E x p o r t s  f r o m  A l t e r n a t i v e  2  ( T A F )

A l t O c t N o v D e c J a n F e b M a r A p r M a y J u n J u l A u g S e p

3  v s  2 -0 .2 -0 .2 -0 .3 -0 .2 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 -0 .1

4  v s  2 -0 .4 -0 .5 -0 .6 -0 .6 -0 .2 0 . 0 0 . 3 0 . 4 0 . 2 0 . 1 0 . 0 -0 .3

5  v s  2 -0 .4 -0 .4 -0 .6 -0 .6 -0 .1 0 . 1 0 . 0 0 . 0 0 . 0 0 . 0 0 . 0 -0 .2

6  v s  2 -0 .2 -0 .6 -0 .6 -0 .5 -0 .1 0 . 1 -0 .4 0 . 2 0 . 3 0 . 1 0 . 0 -0 .4

7  v s  2 -1 .0 -1 .2 -1 .2 -0 .6 0 . 0 0 . 0 0 . 0 -0 .1 -0 .1 -0 .1 0 . 0 -0 .7

8  v s  2 -0 .9 -1 .1 -0 .9 -1 .1 -0 .2 -0 .1 0 . 0 0 . 0 -0 .1 -0 .1 0 . 0 -0 .8

9  v s  2 -0 .4 -0 .3 -0 .5 -0 .5 -0 .1 0 . 1 0 . 4 0 . 4 0 . 2 0 . 0 0 . 0 -0 .2

7 3 - Y e a r  P e r i o d  A v e r a g e  M o n t h l y  X 2  P o s i t i o n  f r o m  t h e  G o l d e n  G a t e  B r i d g e  ( k m )

Al ternat ive  1

C h a n g e  i n  X 2  P o s i t i o n  ( k m )
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Where possible, objectives have been noted on the figures.  EC objectives for stations in the
southern Delta are the same for all year types, while EC objectives at the other stations change
based on the year type.  One figure is provided for each of the water-year types.  The first
figure for each station shows the average EC (or chloride concentration) for wet years during
the sixteen-year period, the second figure shows the average for above normal years, and so on.

Year types are as defined in the 1995 Bay/Delta Plan.  The 40-30-30 Sacramento Basin year
type classification system is used for the western and central Delta stations, as well as the
Contra Costa/Los Vaqueros intake and Banks and Tracy pumping plants, and the 60-20-20 San
Joaquin Basin year type classification is used for the southern Delta stations (San Joaquin
River at Vernalis, San Joaquin River at Brandt Bridge, Old River at Tracy Road Bridge, and
Old River near Middle River).  Since there are no below normal year types occuring during the
1976 - 1991 study period under the 60-20-20 San Joaquin Basin Index convention, below
normal year graphs are omitted for the southern Delta stations.

Modeled chloride concentrations at Contra Costa Canal Pumping Plant #1 are shown in
Figures XIII-12 through XIII-16.  A feature of these plots is that the maximum mean daily
chloride objective is exceeded in some periods by all of the alternatives.  This result is due to
differences between the methods used by DWRSIM and DWRDSM to calculate salinity or
chloride concentrations.  DWRSIM, the operations model, uses a relationship between outflow
and chloride or EC to determine concentrations of these parameters at selected western Delta
stations, including the Contra Costa Pumping Plant # 1.  DWRSIM makes reservoir releases as
necessary to meet objectives at these locations, and DWRSIM output indicates that these
objectives are always met.  The hydrologic output from DWRSIM is used as input to
DWRDSM, which uses a more complicated method for calculating salinity and chloride
concentrations.  The method used by DWRDSM considers other factors such as exports,
barrier operations and tide cycles.  Thus, output from DWRDSM may show violations of the
chloride objective even when DWRSIM output indicates objectives are met.

In summary, the DWRDSM output indicates a need for carriage water, but the DWRSIM
model does not presently include a method for calculating carriage water.  Although the
DWRDSM output predicts that salinity objectives at certain locations would be violated, in
actual operations, the projects would be operated to meet salinity and chloride objectives in the
western Delta for all of the alternatives, and violations would not be expected to occur.
Because of the conditions described above, salinity information depicted in Figures XIII-12
through XIII-72 is generally discussed relative to base case salinity, rather than to the
objectives.

Contra Costa Canal at Pumping Plant No.1.  Figure XIII-12 shows that, in wet years,
chloride levels under each of the alternatives are well below the 250 mg/l maximum mean
daily chloride objective.  Alternatives 2 through 9 result in lower chloride levels in June
through September, and higher chloride levels relative to the base case in October.

In above normal years, Figure XIII-13 shows that Alternatives 2 through 9 result in higher
chloride levels in November and December relative to the base, and lower chloride levels in
June, August and September.  High chloride levels for Alternatives 7 and 8 are also evident in
the fall months because of the higher authorized export rates.
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Below normal years show the most dramatic differences between the base case and the
alternatives.  As shown in Figure XIII-14, average chloride levels in July, August and
September for each of the alternatives are approximately 50, 100, and 150 mg/l, respectively,
contrasted with the base case which has chloride levels of 227, 364, and 332 mg/l for the
same months.  Higher chloride levels in the fall months for Alternatives 7 and 8 are also
evident.

A similar pattern emerges in dry years (Figure XIII-15), with Alternatives 2 through 9 having
lower chloride levels than the base case in June through September.  Base case chloride
levels are dramatically lower in January.  Chloride levels are higher for Alternatives 7 and 8
in July and October than for the other alternatives due to higher exports.

In critical years (Figure XIII-16), the eight alternatives show dramatic improvement over the
base case from March through August.  In July particularly, chloride levels for Alternatives 2
through 9 are approximately 100 mg/l while base case chloride levels are 330 mg/l.  The base
case results in lower chloride levels in all other months except November.

Los Vaqueros Intake on Old River.   Figures XIII-17 through XIII-21 show modeled
chlorides for Contra Costa Water District's Los Vaqueros Reservoir intake on Old River.  In
wet years there are no appreciable differences between the base case and the eight Joint POD
alternatives.  In above normal years, the base case is somewhat higher than the other
alternatives in September, but lower in December.  In below normal years (Figure XIII-19)
chloride levels for the alternatives during July, August, and September are around 50, 75, and
100 mg/l, respectively, while the base case chlorides are 115, 210, and 185 for the same
period.  Alternatives 7 and 8 are highest during October, November, and December because
of higher authorized export rates.

In dry years (Figure XIII-20), the base case salinity is considerably higher from June through
September, and considerably lower in December, January and February.  In critical years, the
base case is higher in June, July and August, and lower in December, January and February.

The 1995 Bay/Delta Plan does not set water quality objectives for the Los Vaqueros intake.
However, State Health and Safety regulations and USEPA regulations specify a drinking
water standard of 250 mg/l chlorides.  The SWRCB may, in a future triennial review of the
Basin Plan for the Bay/Delta, set a chloride objective for the Los Vaqueros intake.  None of
the modeled Joint POD alternatives appear to exceed the chloride standard at this location.

Banks Pumping Plant and Tracy Pumping Plant.  Figures XIII-22 through XIII-26
show modeled chlorides for the SWP Banks pumping plant.  Figures XIII-27 through XIII-31
show modeled chlorides for the CVP Tracy pumping plant.  Because of the close proximity
of their respective intakes, the results are similar.
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End-of-Month Simulated Values for Above Normal  Years
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Figure XIII-13

For a Above Normal water year; 190 (52%) days <= 150 mg/l CL Sacramento "40-30-30"  above normal 
years averaged (1978 & 80)Salinity objectives are the same for D-1485 & Bay/Delta 

Max. mean daily chloride value of 250 mg/l CL

Salinity for Contra Costa Canal at Pumping Plant #1 
End-of-Month Simulated Values for Below Normal  Years

0
50

100
150
200
250
300
350
400

Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

C
hl

or
id

es
 (

m
g/

l)
  

Alt 1 Alt 2 Alt 3 Alt 4 Alt 5 Alt 6 Alt 7 Alt 8 Alt 9

Figure XIII-14

For a Below Normal water year; 175 (48%) days <= 150 mg/l 
Sacramento "40-30-30" 

below normal year (1979)Salinity objectives are the same for D-1485 & Bay/Delta 

Max. mean daily chloride value of 250 mg/l CL

Salinity for Contra Costa Canal at Pumping Plant #1 
End-of-Month Simulated Values for Wet  Years
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Figure XIII-12

For a Wet water year; 240 (66%) days <= 150 mg/l CL
Sacramento "40-30-30" wet years 

averaged (1982, 83, 84 & 86)
Salinity objectives are the same for D-1485 & Bay/Delta Plan

Max. mean daily chloride value of 250 mg/l CL

_________________________________________________________________________________
FEIR for Implementation of the

1995 Bay/Delta Water Quality Control Plan
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Salinity for Contra Costa Canal at Pumping Plant #1
End-of-Month Simulated Values for Dry Years
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Figure XIII-15

For a Dry water year; 165 (45%) days <= 150 mg/l CL Sacramento "40-30-30" dry years 
averaged (1981, 85, 87 & 89)Salinity objectives are the same for D-1485 & Bay/Delta Plan

Max. mean daily chloride value of 250 

Salinity for Contra Costa Canal at Pumping Plant #1
End-of-Month Simulated Values for Critical Years
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Figure XIII-16

For a Critical water year; 155 (42%) days <= 150 mg/l Sacramento "40-30-30" critical years 
averaged (1976, 77, 88, 90 & 91)Salinity objectives are the same for D-1485 & Bay/Delta Plan

Max. mean daily chloride value of 250 

_____________________________________________________________________________________
FEIR for Implementation of the

1995 Bay/Delta Water Quality Control Plan

XIII-25 November 1999
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Chloride Levels for Los Vaqueros Intake on Old River
End-of-Month Simulated Values for Wet Years 
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Figure XIII-17

Water quality objectives have not been established at the location.
Sacramento "40-30-30" wet years 

averaged (1982, 83, 84 & 86)

Chloride Levels Los Vaqueros Intake on Old River 
End-of-Month Simulated Values for Above Normal Years 
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Figure XIII-18

Water quality objectives have not been established at the location.
Sacramento "40-30-30"  above normal

 years averaged (1978 & 80)

Chloride Levels for Los Vaqueros Intake on Old River
End-of-Month Simulated Values for Below Normal Years 
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Figure XIII-19

Water quality objectives have not been established at the location.

Sacramento "40-30-30" 
below normal year (1979)

____________________________________________________________________________________
FEIR for Implementation of the

1995 Bay/Delta Water Quality Control Plan
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Chloride Levels for Los Vaqueros Intake on Old River
End-of-Month Simulated Values for Dry Years 
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Figure XIII-20

Sacramento "40-30-30" dry years 
averaged (1981, 85, 87 & 89)Water quality objectives have not been established at the location.

Chloride Levels for Los Vaqueros Intake on Old River
End-of-Month Simulated Values for Critical Years 
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Figure XIII-21

Water quality objectives have not been established at the location.
Sacramento "40-30-30" critical years 

averaged (1976, 77, 88, 90 & 91)

____________________________________________________________________________________
FEIR for Implementation of the
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State Water Resources Control Board

Alternatives for Implementing the

Joint Points of Diversion

Salinity for Banks Pumping Plant
End-of-Month Simulated Values for Wet Years 
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Salinity objectives are the same for D-1485 & Bay/Delta Plan 
Sacramento "40-30-30" wet years 

averaged (1982, 83, 84 & 86)

Figure XIII-22

Max. mean daily chloride value of 250 mg/l CL

Salinity for Banks Pumping Plant 
End-of-Month Simulated Values for Above Normal Years 
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Salinity objectives are the same for D-1485 & Bay/Delta Plan
Sacramento "40-30-30"  above normal

 years averaged (1978 & 80)

Figure XIII-23

Max. mean daily chloride value of 250 mg/l CL

Salinity for Banks Pumping Plant
End-of-Month Simulated Values for Below Normal Years 
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Salinity objectives are the same for D-1485 & Bay/Delta Plan

Sacramento "40-30-30" 
below normal year (1979)

Figure XIII-24

Max. mean daily chloride value of 250 mg/l CL
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State Water Resources Control Board

Alternatives for Implementing the

Joint Points of Diversion

Salinity for Banks Pumping Plant
End-of-Month Simulated Values for Dry Years 
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Sacramento "40-30-30" dry years 
averaged (1981, 85, 87 & 89)

Salinity objectives are the same for D-1485 & Bay/Delta Plan

Figure XIII-25

Max. mean daily chloride value of 250 mg/l CL

Salinity for Banks Pumping Plant
End-of-Month Simulated Values for Critical Years 
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Salinity objectives are the same for D-1485 & Bay/Delta Plan
Sacramento "40-30-30" critical years 

averaged (1976, 77, 88, 90 & 91)

Figure XIII-26

Max. mean daily chloride value of 250 mg/l CL
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State Water Resources Control Board

Alternatives for Implementing the

Joint Points of Diversion

Salinity for Tracy Pumping Plant
End-of-Month Simulated Values for Wet Years 
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Figure XIII-27

Salinity objectives are the same for D-1485 & Bay/Delta Plan
Sacramento "40-30-30" wet years 

averaged (1982, 83, 84 & 86)

Max. mean daily chloride value of 250 mg/l CL

Salinity for Tracy Pumping Plant 
End-of-Month Simulated Values for Above Normal Years 

0

50

100

150

200

250

Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

C
hl

or
id

es
 (

m
g/

l)
   

Alt 1 Alt 2 Alt 3 Alt 4 Alt 5 Alt 6 Alt 7 Alt 8 Alt 9

Figure XIII-28

Salinity objectives are the same for D-1485 & Bay/Delta Plan
Sacramento "40-30-30"  above normal

 years averaged (1978 & 80)

Max. mean daily chloride value of 250 mg/l CL

Salinity for Tracy Pumping Plant 
End-of-Month Simulated Values for Below Normal Years 
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Figure XIII-29

Salinity objectives are the same for D-1485 & Bay/Delta Plan

Sacramento "40-30-30" 
below normal year (1979)

Max. mean daily chloride value of 250 mg/l CL
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State Water Resources Control Board

Alternatives for Implementing the

Joint Points of Diversion

Salinity for Tracy Pumping Plant
End-of-Month Simulated Values for Dry Years 
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Figure XIII-30

Sacramento "40-30-30" dry years 
averaged (1981, 85, 87 & 89)Salinity objectives are the same for D-1485 & Bay/Delta Plan

Max. mean daily chloride value of 250 mg/l CL

Salinity for Tracy Pumping Plant
End-of-Month Simulated Values for Critical Years 
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Figure XIII-31

Salinity objectives are the same for D-1485 & Bay/Delta Plan
Sacramento "40-30-30" critical years 

averaged (1976, 77, 88, 90 & 91)

Max. mean daily chloride value of 250 mg/l CL
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State Water Resources Control Board

Alternatives for Implementing the

Joint Points of Diversion

Salinity for Sacramento River at Emmaton 
End-of-Month Simulated Values for Above Normal Years
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Figure XIII-33

Sacramento "40-30-30"  above normal 
years averaged (1978 & 80)Salinity objectives are the same for D-1485 & Bay/Delta Plan

Apr 1 - Jul 1, 
14-day mean daily EC is 0.45

Jul 1 - Aug 15, 14-day mean daily EC is 0.63 

Salinity for Sacramento River at Emmaton 
End-of-Month Simulated Values for Below Normal  Years
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Figure XIII-34

Sacramento "40-30-30" 
below normal year (1979)Salinity objectives are the same for D-1485 & Bay/Delta Plan

Apr 1 - Jun 20, 
14-day mean daily EC is 0.45

Jun 20 - Aug 15, 14-day mean daily EC is 1.14 
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Figure XIII-32

Sacramento "40-30-30" wet years 
averaged (1982, 83, 84 & 86)Salinity objectives are the same for D-1485 & Bay/Delta Plan

Salinity for Sacramento River at Emmaton
End-of-Month Simulated Values for Wet Years

Apr 1 - Aug 15, 14-day mean daily EC is 0.45  
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State Water Resources Control Board

Alternatives for Implementing the

Joint Points of Diversion

Salinity for Sacramento River at Emmaton
End-of-Month Simulated Values for Dry Years 
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Figure XIII-35
35

Sacramento "40-30-30" dry years 
averaged (1981, 85, 87 & 89)Salinity objectives are the same for D-1485 & Bay/Delta Plan

Apr 1 - Jun 15, 
14-day mean daily EC is 0.45

Jun 15 - Aug 15, 14-day mean daily EC is 1.67

Salinity for Sacramento River at Emmaton
End-of-Month Simulated Values for Critical Years
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Figure XIII-36

Sacramento "40-30-30" critical years 
averaged (1976, 77, 88, 90 & 91)Salinity objectives are the same for D-1485 & Bay/Delta Plan

Apr 1 - Aug 15, 14-day mean daily EC is 2.78  
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State Water Resources Control Board

Alternatives for Implementing the

Joint Points of Diversion
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Figure XIII-38

Sacramento "40-30-30"  above normal 
years averaged (1978 & 80)

Salinity for San Joaquin River at Jersey Point
End-of-Month Simulated Values for Above Normal Years

Apr 1 - Aug 15, 
14-day mean daily EC is 0.45

The agricultural salinity objectives are the same for D-1485 & Bay/Delta Plan.   The fish and 
wildlife Bay/Delta Plan salinity objective for Apr-May is 0.44 mmhos/cm
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Figure XIII-39

Sacramento "40-30-30" 
below normal year (1979)

Salinity for San Joaquin River at Jersey Point
End-of-Month Simulated Values for Below Normal  Years

Apr 1 - Jun 20, 
14-day mean daily EC is 0.45

Jun 20 - Aug 15, 14-day mean daily EC is 0.74  

The agricultural salinity objectives are the same for D-1485 & Bay/Delta Plan.  The fish and 
wildlife Bay/Delta Plan salinity objective for Apr-May is 0.44 mmhos/cm
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Figure XIII-37

Sacramento "40-30-30" wet years 
averaged (1982, 83, 84 & 86)

The agricultural salinity objectives are the same for D-1485 & Bay/Delta Plan.  The fish and 
wildlife Bay/Delta Plan salinity objective for Apr-May is 0.44 mmhos/cm

Salinity for San Joaquin River at Jersey Point
End-of-Month Simulated Values for Wet Years

Apr 1 - Aug 15, 14-day mean daily EC is 0.45  
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State Water Resources Control Board
Alternatives for Implementing the

Joint Points of Diversion

Salinity for San Joaquin River at Jersey Point
End-of-Month Simulated Values for Dry Years 
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Figure XIII-40

Sacramento "40-30-30" dry years 
averaged (1981, 85, 87 & 89)

Apr 1 - Jun 15, 
14 - day mean daily EC is 0.45

Jun 15 - Aug 15, 14 - day mean daily EC is 1.35 

The agricultural salinity objectives are the same for D-1485 & Bay/Delta Plan.  The fish and 
wildlife Bay/Delta Plan salinity objective for Apr-May is 0.44 mmhos/cm

Salinity for San Joaquin River at Jersey Point
End-of-Month Simulated Values for Critical Years
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Figure XIII-41

Sacramento "40-30-30" critical years 
averaged (1976, 77, 88, 90 & 91)

Apr 1 - Aug 15, 14-day mean daily EC is 2.20  

The agricultural salinity objectives are the same for D-1485 & Bay/Delta Plan.  The fish and 
wildlife Bay/Delta Plan salinity objective for Apr-May is 0.44 mmhos/cm
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State Water Resources Control Board

Alternatives for Implementing the

Joint Points of Diversion

Salinity for South Fork Mokelumne River at Terminous 
End-of-Month Simulated Values for Above Normal Years
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Figure XIII-43

       Sacramento "40-30-30"  above 
normal years averaged (1978 & 80)Salinity objectives are the same for D-1485 & Bay/Delta Plan

Apr 1 - Aug 15, 14 - Day Mean Daily EC is 0.45 

Salinity for South Fork Mokelumne River at Terminous 
End-of-Month Simulated Values for Below Normal  Years

0.0

0.1

0.2

0.3

0.4

0.5

0.6

Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

E
C

 (
m

m
ho

s/
cm

) 

Alt 1 Alt 2 Alt 3 Alt 4 Alt 5 Alt 6 Alt 7 Alt 8 Alt 9

Figure XIII-44

Sacramento "40-30-30" 
below normal year (1979)Salinity objectives are the same for D-1485 & Bay/Delta Plan

Apr 1 - Aug 15, 14 - Day Mean Daily EC is 0.45 

Salinity for South Fork Mokelumne River at Terminous 
End-of-Month Simulated Values for Wet Years
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Figure XIII-42

Sacramento "40-30-30" wet years 
averaged (1982, 83, 84 & 86)Salinity objectives are the same for D-1485 & Bay/Delta Plan

Apr 1 - Aug 15, 14-day mean daily EC is 0.45 
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State Water Resources Control Board

Alternatives for Implementing the
Joint Points of Diversion

Salinity for South Fork Mokelumne River at Terminous
End-of-Month Simulated Values for Dry Years 
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Figure XIII-45

Sacramento "40-30-30" dry years 
averaged (1981, 85, 87 & 89)

Salinity objectives are the same for D-1485 & Bay/Delta Plan

Apr 1 - Aug 15, 14 - Day Mean Daily EC is 0.45 

Salinity for South Fork Mokelumne River at Terminous
End-of-Month Simulated Values for Critical Years
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Figure XIII-46

Sacramento "40-30-30" critical years 
averaged (1976, 77, 88, 90 & 91)Salinity objectives are the same for D-1485 & Bay/Delta Plan

Apr 1 - Aug 15, 14 - Day Mean Daily EC is 0.54 
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State Water Resources Control Board

Alternatives for Implementing the

Joint Points of Diversion

Salinity for San Joaquin River at Prisoners Point 
End-of-Month Simulated Values for Above Normal Years
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Figure XIII-48

The 14 - day mean daily salinity objectives for Bay/Delta Plan are 0.44 EC 
from Apr 1 - May 31, and for D-1485 is 0.55 EC from Apr 1 - May 5

Sacramento "40-30-30"  above 
normal years averaged (1978 & 80)

Bay/Delta Plan, Apr 1 - May 31, 14-day mean daily EC is 0.44 D-1485, Apr 1 - May 5,
average mean daily EC is 0.55

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

E
C

 (
m

m
ho

s/
cm

) 

Alt 1 Alt 2 Alt 3 Alt 4 Alt 5 Alt 6 Alt 7 Alt 8 Alt 9

Figure XIII-47

The 14 - day mean daily salinity objectives for Bay/Delta Plan are 0.44 
EC from Apr 1 - May 31, and for D-1485 is 0.55 EC from Apr 1 - May 5

Salinity for San Joaquin River at Prisoners Point
End-of-Month Simulated Values for Wet Years

Sacramento "40-30-30" wet years 
averaged (1982, 83, 84 & 86)

Bay/Delta Plan, Apr 1 - May 31, 
14-day mean daily EC is 0.44 D-1485, Apr 1 - May 5,

average mean daily EC is 0.55
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Figure XIII-49

Sacramento "40-30-30" 
below normal year (1979)

Salinity for San Joaquin River at Prisoners Point
End-of-Month Simulated Values for Below Normal  Years

The 14 - day mean daily salinity objectives for Bay/Delta Plan are 0.44 EC 
from Apr 1 - May 31, and for D-1485 is 0.55 EC from Apr 1 - May 5

Bay/Delta Plan, Apr 1 - May 31,
14-day mean daily EC is 0.44

D-1485, Apr 1 - May 5, average mean daily EC is 0.55
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State Water Resources Control Board

Alternatives for Implementing the
Joint Points of Diversion

Salinity for San Joaquin River at Prisoners Point 
End-of-Month Simulated Values for Dry Years
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Figure XIII-50

The 14 - day mean daily salinity objectives for Bay/Delta Plan are 0.44 EC from Apr 
1 - May 31, and for D-1485 is 0.55 EC from Apr 1 - May 5

Sacramento "40-30-30" dry years 
averaged (1981, 85, 87 & 89)

Bay/Delta Plan, Apr 1 - May 31,
14-day mean daily EC is 0.44

D-1485, Apr 1 - May 5, average mean daily EC is 0.55

Salinity for San Joaquin River at Prisoners Point 
End-of-Month Simulated Values for Critical Years
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Figure XIII-51

The Bay/Delta Plan has no salinity objectives for critical years
Sacramento "40-30-30" critical years averaged 

(1976, 77, 88, 90 & 91)

D-1485, Apr 1 - May 5,
average mean daily EC is 0.55
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State Water Resources Control Board

Alternatives for Implementing the

Joint Points of Diversion
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Figure XIII-53

Sacramento "40-30-30"  above normal 
years averaged (1978 & 80)

Salinity for San Joaquin River at San Andreas Landing
End-of-Month Simulated Values for Above Normal Years

Apr 1 - Aug 15, 
14-day mean daily EC is 0.45

The agricultural salinity objectives are the same for D-1485 & Bay/Delta Plan.   The fish and 
wildlife Bay/Delta Plan salinity objective for Apr-May is 0.44 mmhos/cm
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Figure XIII-54

Sacramento "40-30-30" 
below normal year (1979)

Salinity for San Joaquin River at San Andreas Landing
End-of-Month Simulated Values for Below Normal  Years

Apr 1 - Aug 15, 14 - Day Mean Daily EC is 0.45 

The agricultural salinity objectives are the same for D-1485 & Bay/Delta Plan.  The fish and 
wildlife Bay/Delta Plan salinity objective for Apr-May is 0.44 mmhos/cm
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Figure XIII-52

Sacramento "40-30-30" wet years 
averaged (1982, 83, 84 & 86)

The agricultural salinity objectives are the same for D-1485 & Bay/Delta Plan.  The fish and 
wildlife Bay/Delta Plan salinity objective for Apr-May is 0.44 mmhos/cm

Salinity for San Joaquin River at San Andreas Landing
End-of-Month Simulated Values for Wet Years

Apr 1 - Aug 15, 14-day mean daily EC is 0.45  
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State Water Resources Control Board
Alternatives for Implementing the

Joint Points of Diversion

Salinity for San Joaquin River at San Andreas Landing
End-of-Month Simulated Values for Dry Years 
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Figure XIII-55

Sacramento "40-30-30" dry years 
averaged (1981, 85, 87 & 89)

Apr 1 - Jun 15, 
14 - day mean daily EC is 0.45

Jun 15 - Aug 15, 14 - Day Mean Daily EC is 0.54

The agricultural salinity objectives are the same for D-1485 & Bay/Delta Plan.  
 The fish and wildlife Bay/Delta Plan salinity objective for Apr-May is 0.44 mmhos/cm

Salinity for San Joaquin River at San Andreas Landing
End-of-Month Simulated Values for Critical Years
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Figure XIII-56

Sacramento "40-30-30" critical years 
averaged (1976, 77, 88, 90 & 91)

Apr 1 - Aug 15, 14 - Day Mean Daily EC is 0.87 

The agricultural salinity objectives are the same for D-1485 & Bay/Delta Plan.  
 The fish and wildlife Bay/Delta Plan salinity objective for Apr-May is 0.44 mmhos/cm
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State Water Resources Control Board

Alternatives for Implementing the

Joint Points of Diversion

Salinity for San Joaquin River at Airport Bridge (Vernalis) 
End-of-Month Simulated Values for Above Normal Years
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Figure XIII-58

Sep 1 - Mar 31, 30-day mean daily EC is 1.0
Apr 1 - Aug 31, 30-day mean daily EC is 0.7

Water quality salinity objectives are for Bay/Delta Plan except Alternative 1.  The Vernalis salinity objective for Alternative 1 is 500 ppm 
TDS (approximately equals 0.86 mmhos/cm) year-round.  
San Joaquin "60-20-20" wet years averaged (1979 & 84).
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Figure XIII-57
Salinity for San Joaquin River at Airport Bridge (Vernalis)

End-of-Month Simulated Values for Wet Years
Sep 1 - Mar 31, 30-day mean daily EC is 1.0

Apr 1 - Aug 31, 30-day mean daily EC is 0.7

Water quality salinity objectives are for Bay/Delta Plan except Alternative 1.  The Vernalis salinity objective for Alternative 1 is 500 ppm 
TDS (approximately equals 0.86 mmhos/cm) year-round.
San Joaquin "60-20-20" wet years averaged (1978, 80, 82, 83 & 86).
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Salinity for San Joaquin River at Airport Bridge (Vernalis)
End-of-Month Simulated Values for Dry Years
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Figure XIII-59

Sep 1 - Mar 31, 30-day mean daily EC is 1.0

Apr 1 - Aug 31, 30-day mean daily EC is 0.7

Water quality salinity objectives are for Bay/Delta Plan except Alternative 1.  The Vernalis salinity objective for Alternative 1 is 500 ppm 
TDS (approximately equals 0.86 mmhos/cm) year-round.  
San Joaquin "60-20-20" dry years averaged (1981 & 85).

Salinity for San Joaquin River at Airport Bridge (Vernalis) 
End-of-Month Simulated Values for Critical Years
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Figure XIII-60

Sep 1 - Mar 31, 30-day mean daily EC is 1.0

Apr 1 - Aug 31, 30-day mean daily EC is 0.7

Water quality salinity objectives are for Bay/Delta Plan except Alternative 1.  The Vernalis salinity objective for Alternative 1 is 500 ppm 
TDS (approximately equals 0.86 mmhos/cm) year-round.  
San Joaquin "60-20-20" critical years averaged (1976, 77, 87,  88, 89, 90 & 91).
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Salinity for San Joaquin River at Brandt Bridge
End-of-Month Simulated Values for Above Normal Years
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Figure XIII-62

Sep 1 - Mar 31, 30-day mean daily EC is 1.0
Apr 1 - Aug 31, 30-day mean daily EC is 0.7

Water quality salinity objectives are for Bay/Delta Plan except Alternative 1.  The Vernalis salinity objective for Alternative 1 is 500 ppm 
TDS (approximately equals 0.86 mmhos/cm) year-round.  
San Joaquin "60-20-20" wet years averaged (1979 & 84).
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Figure XIII-61
Salinity for San Joaquin River at Brandt Bridge
End-of-Month Simulated Values for Wet Years

Sep 1 - Mar 31, 30-day mean daily EC is 1.0

Apr 1 - Aug 31, 30-day mean daily EC is 0.7

Water quality salinity objectives are for Bay/Delta Plan except Alternative 1.  The Vernalis salinity objective for Alternative 1 is 500 ppm 
TDS (approximately equals 0.86 mmhos/cm) year-round.
San Joaquin "60-20-20" wet years averaged (1978, 80, 82, 83 & 86).

____________________________________________________________________________________
FEIR for Implementation of the

1995 Bay/Delta Water Quality Control Plan

XIII-44 November 1999



State Water Resources Control Board

Alternatives for Implementing the

Joint Points of Diversion

Salinity for San Joaquin River at Brandt Bridge
End-of-Month Simulated Values for Dry Years
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Figure XIII-63

Sep 1 - Mar 31, 30-day mean daily EC is 1.0

Apr 1 - Aug 31, 30-day mean daily EC is 0.7

Water quality salinity objectives are for Bay/Delta Plan except Alternative 1.  The Vernalis salinity objective for Alternative 1 is 500 ppm 
TDS (approximately equals 0.86 mmhos/cm) year-round.  
San Joaquin "60-20-20" dry years averaged (1981 & 85).

Salinity for San Joaquin River at Brandt Bridge 
End-of-Month Simulated Values for Critical Years
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Figure XIII-64

Sep 1 - Mar 31, 30-day mean daily EC is 1.0

Apr 1 - Aug 31, 30-day mean daily EC is 0.7

Water quality salinity objectives are for Bay/Delta Plan except Alternative 1.  The Vernalis salinity objective for Alternative 1 is 500 ppm 
TDS (approximately equals 0.86 mmhos/cm) year-round.  
San Joaquin "60-20-20" critical years averaged (1976, 77, 87,  88, 89, 90 & 91).
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Salinity for Old River at Tracy Road Bridge
End-of-Month Simulated Values for Above Normal Years
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Figure XIII-66

Sep 1 - Mar 31, 30-day mean daily EC is 1.0
Apr 1 - Aug 31, 30-day mean daily EC is 0.7

Water quality salinity objectives are for Bay/Delta Plan except Alternative 1.  The Vernalis salinity objective for Alternative 1 is 500 ppm 
TDS (approximately equals 0.86 mmhos/cm) year-round.  
San Joaquin "60-20-20" wet years averaged (1979 & 84).
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Figure XIII-65
Salinity for Old River at Tracy Road Bridge

End-of-Month Simulated Values for Wet Years
Sep 1 - Mar 31, 30-day mean daily EC is 1.0

Apr 1 - Aug 31, 30-day mean daily EC is 0.7

Water quality salinity objectives are for Bay/Delta Plan except Alternative 1.  The Vernalis salinity objective for Alternative 1 is 500 ppm 
TDS (approximately equals 0.86 mmhos/cm) year-round.
San Joaquin "60-20-20" wet years averaged (1978, 80, 82, 83 & 86).
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Salinity for Old River at Tracy Road Bridge
End-of-Month Simulated Values for Dry Years
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Figure XIII-67
67

Sep 1 - Mar 31, 30-day mean daily EC is 1.0

Apr 1 - Aug 31, 30-day mean daily EC is 0.7

Water quality salinity objectives are for Bay/Delta Plan except Alternative 1.  The Vernalis salinity objective for Alternative 1 is 500 ppm 
TDS (approximately equals 0.86 mmhos/cm) year-round.  
San Joaquin "60-20-20" dry years averaged (1981 & 85).

Salinity for Old River at Tracy Road Bridge 
End-of-Month Simulated Values for Critical Years
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Figure XIII-68

Sep 1 - Mar 31, 30-day mean daily EC is 1.0

Apr 1 - Aug 31, 30-day mean daily EC is 0.7

Water quality salinity objectives are for Bay/Delta Plan except Alternative 1.  The Vernalis salinity objective for Alternative 1 is 500 ppm 
TDS (approximately equals 0.86 mmhos/cm) year-round.  
San Joaquin "60-20-20" critical years averaged (1976, 77, 87,  88, 89, 90 & 91).
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Salinity for Old River Near Middle River  
End-of-Month Simulated Values for Above Normal Years
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Figure XIII-70

Water quality salinity objectives are for Bay/Delta Plan except Alternative 1.  The Vernalis salinity objective for Alternative 1 is 500 
ppm TDS (approximately equals 0.86 mmhos/cm) year-round.  
San Joaquin "60-20-20" above normal years averaged (1979 & 84)

Sep 1 - Mar 31, 30-day mean daily EC is 1.0

Apr 1 - Aug 31, 30-day mean daily EC is 0.7
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Figure XIII-69
Salinity for Old River Near Middle River 

End-of-Month Simulated Values for Wet Years

Sep 1 - Mar 31, 30-day mean daily EC is 1.0

Apr 1 - Aug 31, 30-day mean daily EC is 0.7

Water quality salinity objectives are for Bay/Delta Plan except Alternative 1.  The Vernalis salinity objective for Alternative 1 is 500 ppm 
TDS (approximately equals 0.86 mmhos/cm) year-round.
San Joaquin "60-20-20" wet years averaged (1978, 80, 82, 83 & 86).
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Salinity for Old River Near Middle River 
End-of-Month Simulated Values for Dry Years
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Figure XIII-71

Sep 1 - Mar 31, 30-day mean daily EC is 1.0

Apr 1 - Aug 31, 
30-day mean daily EC is 0.7

Water quality salinity objectives are for Bay/Delta Plan except Alternative 1.  The Vernalis salinity objective for Alternative 1 is 500 ppm 
TDS (approximately equals 0.86 mmhos/cm) year-round.  
San Joaquin "60-20-20" dry years averaged (1981 & 85)

Salinity for Old River Near Middle River  
End-of-Month Simulated Values for Critical Years
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Figure XIII-72

Sep 1 - Mar 31, 30-day mean daily EC is 1.0

Apr 1 - Aug 31, 30-day mean daily EC is 0.7

Water quality salinity objectives are for Bay/Delta Plan except Alternative 1.  The Vernalis salinity objective for Alternative 1 is 500 ppm 
TDS (approximately equals 0.86 mmhos/cm) year-round.
San Joaquin "60-20-20" critical years averaged (1976, 77, 87,  88, 89, 90 & 91)
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In wet years, there are no appreciable differences among the alternatives with respect to
chloride concentrations at the Banks and Tracy pumping plants.  In above normal years,
chloride levels under the base case are higher in September and lower in December.  In
below normal years, the base case is considerably higher than the other alternatives in July,
August, and September.  Alternatives 7 and 8 result in the highest chloride levels in October,
November, and December, mostly due to higher exports allowed under these alternatives.

Chlorides come closest to exceeding the maximum chloride limit of 250 mg/l in dry years.
This occurs under the base case in July, August, and September for both locations.
Alternatives 2 through 8 are not as high as the base case, but are, nevertheless, higher
(around 180 mg/l in September) than what is seen in September of other year types.  In
December and January chloride levels under the alternatives are even higher, in contrast with
the base case which stays down between 75 and 110 mg/l.

In dry years (Figures XIII-25 and XIII-30), the base case salinity is higher from June through
September and lower in December, January and February.

Sacramento River at Emmaton.  Figures XIII-32, XIII-33, and XIII-34 show
predicted salinity for Emmaton in the western Delta in wet, above normal, and below normal
years.  These figures show no appreciable differences among the alternatives from January
through May.  Alternatives 2 through 9 result in lower salinity in June through September in
wet years, in August of above normal years, and June through September and December of
below normal years.  The base case salinity is lower in October of wet and above normal
years.

In dry years (Figure XIII-35), Alternatives 2 through 9 result in lower salinity in February
and in April through September, and higher salinity in October, December, and January.  In
critical years (Figure XIII-36), Alternatives 2 through 9 salinities are lower in February
through July and November.  Base case salinity is lower in January, August, October,
December and January.

The effects of the non-base case alternatives on salinity are practically indistinguishable from
each other at this location with the exception of higher salinities for Joint POD Alternatives 7
and 8 in some fall months in below normal and dry year types.

San Joaquin River at Jersey Point.  Salinity conditions at Jersey Point are very
similar to the conditions at Emmaton.  Figures XIII-37, XIII-38, and XIII-39 show virtually
no differences among the alternatives from February through June in wet years, from January
through July in above normal years, and February through May in below normal years.
Alternatives 2 through 9 exhibit lower salinity in June, July, August, and September of wet
and below normal years, and August and September of above normal years, with below
normal years showing the most dramatic differences in these months.
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Figure XIII-40 shows Alternatives 2 through 9 as having lower salinity compared to the base
case in April through September of dry years.  Figure XIII-41 shows Alternatives 2 through 9
as having lower salinity from February through August and November and somewhat higher
salinity in January, September, October, and December of critical years.

South Fork Mokelumne River at Terminous .  This station is a Bay/Delta boundary
condition in the DWRDSM model and reflects water quality from the DWRSIM model runs
used as input.  Figures XIII-42 through XIII-46 show that (1) there is relatively high quality
water coming down the Mokelumne River in all year types (salinity is a little higher in
January and February), (2) all of the alternatives, including the base case, use the same
DWRSIM hydrology and water quality parameters for this river system, and (3) closure of
the Delta Cross Channel gates in winter months increases salinity.

San Joaquin River at Prisoners Point.  Figures XIII-47 through XIII-51 show
modeled salinity at this location.  The base case alternative has slightly higher salinity in
January, August, and September, and slightly lower salinity in October and December of wet
years.  For above normal years, base case salinity is higher in June, September, and October,
and lower in November through February and April.  In below normal and dry years, the base
case salinity is considerably higher in July, August and September.  In critically dry years,
the base case salinity is higher in June, July, and August.

Practically no distinction can be made among Alternatives 2 through 9 at this location, with
the exception of higher salinities for Alternatives 7 and 8 in some fall months.

San Joaquin River at San Andreas Landing.  Salinity conditions at San Andreas
Landing are very similar to the conditions on the San Joaquin River at Prisoners Point.

San Joaquin River at Vernalis.  Figures XIII-57 through XIII-60 show the EC at this
station for four year types.  Below normal years under the San Joaquin basin 60-20-20 index
convention did not occur during the model study period (1976 - 1991) and therefore the
figure for below normal years is omitted for this and the three other southern Delta stations
(San Joaquin River at Brandt Bridge, Old River near Middle River and Old River at Tracy
Road Bridge).  The principal factor controlling the salinity differences between the base case
and the alternatives is the different Vernalis objectives that apply.  The salinity objectives at
Vernalis in the Bay/Delta Plan are 0.7 mmhos/cm from April through August and
1.0 mmhos/cm for September through March.  The salinity objective in the base case is 500
ppm (0.86 mmhos/cm) year-round.  Because of the difference in objectives, Vernalis salinity
is generally lower under the base case in September through March and higher in April
through August.

Alternative 6 shows higher salinity than the other alternatives in August and September for
dry and critical year types because the Letter of Intent limits releases from New Melones
Reservoir for salinity control to 70 TAF.  Alternative 9 also limits releases for salinity
control, but the limits are based on storage in and expected inflow to New Melones
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Reservoir.  The effect of these limits can be seen in July and August of critically dry years.
No limits on releases of water for salinity control apply to the other alternatives.

San Joaquin River at Brandt Bridge.  Figures XIII-61 through XIII-64 show the
salinity for the San Joaquin River at Brandt Bridge.  The salinities at this location are similar
to salinities at Vernalis.  Salinity under Alternative 6 is higher in September of dry years and
August and September of critical years as dilution water available in New Melones reservoir
available for salinity control is depleted.

Old River at Tracy Road Bridge.  Figures XIII-65 through XIII-68 show the EC at
this station for the four year types.  The EC at this location is similar to the EC at Vernalis
with two exceptions.  First, the EC is usually a little higher because of local agricultural
drainage.  Second, the EC for Alternatives 7 and 8 are lower in some months than other
alternatives because the permanent southern Delta barriers are assumed to be installed.  For
Alternatives 1 through 6 and 9, the temporary barriers are installed.  The temporary barrier at
Old River is operated from May through September, while the permanent barrier at Old
River is closed from April through October (see Table XIII-15).

Old River near Middle River.  Figures XIII-69 through XIII-72 show the EC at this
station for the four year types.  Salinity at this location is also affected by local agricultural
drainage and barrier operation.  The effects of limits on the release of water from New
Melones under Alternative 6 are evident in August and September of dry and critical years.
Alternatives 7, 8 and 9 result in salinities lower than the rest of the alternatives in September
and October of wet years, September of above normal years, and September, October and
November of dry and critical years.

Summary.  The salinity and chloride patterns for Joint POD Alternatives 2 through 9
differ substantially from the base case.  In general, Alternatives 2 through 9 exhibit lower
salinity in the late spring and summer but higher salinity in the fall and early winter
compared to the base case.  The principal differences among the alternatives are caused
either by differences in the Flow Alternatives, which are already described in Chapter VI, or
by implementation of the ISDP.  Specifically, within the Joint POD alternatives, salinity
differences occur because of implementation of requirements in D-1485 (Joint POD
Alternative 1), the Bay/Delta Plan (Joint POD Alternatives 2 through 5, 7, and 8), the Letter
of Intent (Joint POD Alternative 6), the San Joaquin River Agreement (Joint POD
Alternative 9), and the ISDP (Joint POD Alternatives 7 and 8).

Regardless of the cause of salinity variations among the alternatives, in all of the alternatives,
the SWP and the CVP will operate to ensure that the objectives in the western and central
Delta are achieved.  Therefore, there should be no significant effects associated with
implementation of the Joint POD alternatives in comparison to the base case for these areas.

In the southern Delta, the salinity is generally lower than the base case for Alternatives 2-9
during the irrigation season (April through August) because of the more restrictive Vernalis
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salinity objective in the Bay/Delta Plan for this period.  The exception to this observation is
Alternative 6 in dry and critical years because salinity control releases under this alternative
are limited to 70 TAF.  If the SWRCB selects this alternative, the cap on salinity releases
may have to be revised to avoid significant impacts.

3. Water Levels

The following section is organized in two parts:  (a) impacts to water levels; and
(b) mitigation for impacts.

a. Minimum Water Levels.  Figures XIII-74 through XIII-85 depict water levels under
the nine alternatives at twelve locations shown on Figure XIII-73.  Locations were selected
upstream and downstream of barrier sites in addition to other sites in the southern Delta and
Stockton.  Each time period along the x-axis represents a constant condition during which the
barrier combination does not change.  The heights of the bars show minimum water levels
averaged over the 16-year period between 1976 and 1991.  When a barrier is installed or
removed, the change creates a new condition and a new time period begins.  Table XIII-17
shows the schedule of barrier operation under the alternatives.

Table XIII-17
Schedule of Barrier Installation

Time Period
JPOD Alternatives 1-6, 9
South Delta Temporary Barriers 1,3

JPOD Alternatives 7 and 8
South Delta Permanent Barriers 2,3

October Head of Old River Old River, Middle River, Head of Old River
November Head of Old River Head of Old River
December No Barriers None Operating
January No Barriers None Operating
February No Barriers None Operating
March No Barriers None Operating
April 1 - 15 No Barriers Old River, Middle River
April 16 - 30 No Barriers Old River, Middle River, Head of Old River
May Old River, Middle River, Head of Old

River
Old River, Middle River, Head of Old River

June Old River, Middle River Old River, Middle River, Grant Line Canal
July Old River, Middle River Old River, Middle River, Grant Line Canal
August Old River, Middle River Old River, Middle River, Grant Line Canal
September Old River, Middle River, Head of Old

River
Old River, Middle River, Head of Old River

1       If San Joaquin River flow exceeds 5,000 cfs, the temporary Head of Old River barrier is removed.
2       If San Joaquin River flow exceeds 8,600 cfs, the permanent Head of Old River barrier is opened.
3       If San Joaquin River flow exceeds 20,000 cfs, temporary barriers are removed and permanent barriers are opened.

Middle River Barrier Site.  Model output shown in Figure XIII-74 shows predicted
water levels downstream of the Middle River barrier site.  Outputs indicate almost no
difference in minimum water levels downstream of the barrier site among alternatives.
Upstream of the Middle River barrier site (Figure XIII-75), minimum water levels go up one
to two feet when barriers are installed.  Under Alternatives 7 and 8, the Middle River
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permanent barrier closes in April, and minimum water levels rise about two feet under these
two alternatives.  In May, under Alternatives 1 through 6 and 9, a temporary barrier at
Middle River is installed and water levels rise almost as much.  Water levels are a little
higher with the ISDP permanent barrier closed than they are with the temporary barrier
installed because the model assumes water will spill over the temporary barriers during high
water level periods, but such spills will not occur with the permanent barriers.  In June, the
Grant Line Canal permanent barrier closes and water backed up behind the Grant Line barrier
also raises minimum water levels behind the Middle River barrier causing water levels under
Alternatives 7 and 8 to rise another three feet.  In September, the Grant Line barrier is
reopened and minimum water levels under Alternatives 7 and 8 drop down to approximately
the same level as the other alternatives.  From November to March, there are no barriers
under any of the alternatives, except for the Head of Old River fish barrier in November, and
minimum water level elevations are about the same among alternatives.

Old River Barrier Site.  Figure XIII-76 shows water levels downstream of the Old
River barrier site.  As at the Middle River site, the barrier has very little effect on
downstream water levels.  Immediately upstream of the Old River barrier site, the Old River
permanent barrier installation under Alternatives 7 and 8 in April raises minimum water
levels upstream as shown in Figure XIII-77.   The Old River temporary barrier under the
other alternatives also raises minimum water levels when it gets installed in May.  In June,
the Grant Line canal permanent barrier, in conjunction with the Old River barrier and Middle
River barrier causes a significant increase in minimum water levels under Alternatives 7 and
8, about 3.5 feet.  Minimum water levels under Alternatives 7 and 8 return to approximately
the same levels as the other alternatives in September when the Grant Line barrier is
reopened.  In October, minimum water levels under Alternatives 7 and 8 remain about one
foot higher than the other alternatives because the Old River permanent barrier is still in
while the Old River temporary barrier is removed.  From November through March, all
barriers are removed, except for the Head of Old River barrier in November, and water levels
among the alternatives are about the same.

Grant Line Canal Barrier Site.  Figure XIII-78 shows output for a site downstream of
the Grant Line Canal barrier site.  The DWRDSM model assumptions for Alternatives 7 and
8 places the permanent Grant Line Canal barrier on the east end of Grant Line Canal, near
Tracy Road bridge.  The other alternatives do not assume any barrier operation on Grant Line
Canal.  The figures show that Alternatives 7 and 8 result in minimum water level elevations
one half foot to one foot lower than the other alternatives in June, July and August when the
barrier is closed, and may have an adverse effect on water diversion downstream of the Grant
Line barrier.  This effect can be eliminated by moving the barrier to the west end of Grant
Line Canal.  Upstream of the barrier, minimum water levels are about four feet higher in June
and July and about three feet higher in August than the other alternatives during the same
months (Figure XIII-79).
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Other Locations.  Figure XIII-80 shows predicted minimum water levels at a site
further downstream of the Grant Line Canal barrier site than Figure XIII-78.  The salinities at
these locations are very similar except that the drop in minimum water levels associated with
closure of the Grant Line Barrier in June, July, and August under Alternatives 7 and 8 is not
as pronounced towards the west end of Grant Line Canal.

Figure XIII-81 shows minimum water levels for a location further upstream from the Tracy
barrier site.  Minimum water levels follow the same pattern as Figure XIII-77 (Old River
Upstream of Barrier) except that water levels are about one-half to one foot higher from
January to March for all of the alternatives.  The Old River permanent barrier, in conjunction
with the other permanent ISDP barriers, particularly the Grant Line Canal barrier, results in a
dramatic increase in minimum water levels in the summer under Alternatives 7 and 8.
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Figure XIII-74

Average Minimum Water Levels by Period at 
Middle River Upstream of Barrier
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Old River Upstream of Barrier
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Figure XIII-77

Average Minimum Water Levels by Period at 

Old River Downstream of Barrier
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Grant Line West of Tracy Road Bridge
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Figure XIII-78

Average Minimum Water Levels by Period at 

Grant Line East of Tracy Road Bridge
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Average Minimum Water Levels by Period at Grant Line 
Upstream of Grant Line & Old River Confluence
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Figure XIII-80

Average Minimum Water Levels by Period at

Old River East of Tracy Road Bridge
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Average Minimum Water Levels by Period at 
Middle River Near Undine Bridge
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Figure XIII-82

Average Minimum Water Levels by Period at Old River 

Upstream of Old River & Middle River Confluence
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Average Minimum Water Levels by Period at 

Stockton on the San Joaquin River
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Figure XIII-85

Average Minimum Water Levels by Period at Old River 

Downstream of Old River Barrier
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Minimum water levels for a location further upstream of the Middle River barrier site are
shown in Figure XIII-82.  Minimum water levels are similar to those in Figure XIII-75
(Middle River upstream of barrier) except that minimum water levels are about one foot
higher from late fall through winter when hydraulics are not being driven by barrier
operation.  Alternatives 7 and 8 provide the highest minimum water levels from April
through October.

Figures XIII-83 and XIII-84 show that minimum water levels at the confluence of Middle
River and Old River follow the same pattern as Old River downstream of the Head of Old
River Barrier, except that minimum water levels at the upstream location are about 1.5 feet
higher overall.  Here again, the ISDP barriers, particularly the Grant Line barrier have a big
effect in June, July and August on minimum water levels.  The Head of Old River Barrier is
installed (or closed, in the case of Alternatives 7 and 8) from September to November and
then again in May for one month, causing minimum water levels to drop during those months
up to a foot or more.   Under the DWRDSM assumptions, the temporary Head of Old River
Barrier is removed when San Joaquin River flows exceed 5,000 cfs, and the permanent Head
of Old River barrier is opened when flows exceed 8,600 cfs.  Consequently, there is some
variation among alternatives in those months when the Head of Old River Barrier is installed.

Figure XIII-85 shows that barrier construction and operation does not have a significant
effect on water levels in the San Joaquin River near Stockton.

In summary, many southern Delta locations show significant improvements in minimum
water levels at certain times of the year as a result of barrier and flow operations under
Alternatives 7 and 8 compared to the other alternatives and base case.  The following
locations have monthly minimum water levels of at least two (+2) feet higher under
Alternatives 7 and 8 than the other alternatives:  Middle River upstream of Barrier in April,
June, July, and October;  Old River upstream of Barrier in June, July, and August; Grant Line
Canal east of Tracy Road Bridge in June, July, and August; Old River east of Tracy Road
Bridge in June, July, and August; Middle River near Undine Bridge in June and July; Old
River upstream of the Old River and Middle River confluence in June, July, and August; and
Old River downstream of the Old River and San Joaquin River confluence in June, July, and
August.

In certain months, at certain locations, Alternatives 7 and 8 will cause elevations which are
lower than the other alternatives.  A monthly minimum water level of negative (-) 0.5 feet or
lower (with respect to base case water levels) is considered to have a significant adverse
impact and occurs under Alternatives 7 and 8 on Grant Line west of Tracy Road Bridge in
June, July, and August.

b. Mitigation for Impacts to Water Levels.  The installation of the Grant Line Canal
barrier would reduce water levels downstream of the barrier creating adverse environmental
effects.  This effect can be mitigated by moving the Grant Line Barrier as far as feasible to
the west on Grant Line Canal.
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4. Fish and Aquatic Resources

Effects on aquatic resources resulting from the implementation of the 1995 Bay/Delta Plan
are analyzed and disclosed in the ER and this EIR.  The purpose of this section is to evaluate
the additional effects that implementation of Joint POD alternatives would have on aquatic
resources in the Delta.

Modifications to pumping patterns, reservoir releases, and other operations of the water
management system resulting from the combined use of points of diversion have the
potential to affect aquatic resources system wide.  Other impacts from temperature changes,
food limitations, habitat losses, introduced species, harvest, and contaminants in the Delta
discussed in Chapter VI, are not expected to change significantly for any of the Joint POD
alternatives.  Alternative 2 represent the effects attributable to implementation of the
1995 Bay/Delta Plan.  Alternatives 3 through 9 demonstrate the effects of various levels of
wheeling in addition to the effects of implementing the 1995 Bay/Delta Plan.

Of the factors identified above, the Joint POD alternatives are expected to have the most
significant potential impacts on entrainment losses and other export-related effects in the
Delta.  Entrainment in some months is expected to increase due to increased Delta exports.
Average exports would increase from July to January, except in September, compared to
Alternative 2 (see Table XIII-12).  Increased reverse flows associated with the alternatives
may shift more organisms toward the central Delta where they would be more vulnerable to
entrainment at the export facilities.  However, higher exports from the SWP and CVP are
considered most harmful during the spring when eggs, larvae, and juveniles of many
Bay/Delta species are present.  All of the alternatives would reduce exports in February and
March compared to Alternative 2 with some reductions in April, May, and June.

Impacts of these export changes would vary by species.  Some anadromous species like
winter-run chinook salmon may respond positively because the smolt life stage, the most
vulnerable to entrainment, would have completed their outmigration by the time exports
increase in the summer.  However, adverse impacts on winter-run chinook could result from
increased exports in the November through January period.

For spring-run chinook salmon, increases in fall and winter pumping may adversely affect
yearlings migrating through the Delta and young-of-the-year rearing in the Delta.  However,
there may be benefits to young-of-the-year spring-run that are rearing and outmigrating
through the Delta during the period of reduced export pumping in the late winter and spring.
These impacts and benefits may not offset each other.  Joint POD-related impacts to spring-
run in the fall/winter may primarily affect the Mill and Deer Creek populations, since they
tend to emigrate as yearlings.  Benefits from reduced spring exports may primarily affect
spring-run from other stream populations.

Joint POD Alternative 4 provides greater protection for aquatic resources than Joint POD
Alternatives 3 and 5 through 9 because the combined use of points of diversion is used
primarily for the benefit of aquatic resources.  Based on historical operations, the combined
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use of points of diversion would probably be used in the fall and winter under this alternative
to make up for export restrictions in the spring.  Therefore, even this alternative can
adversely affect specific aquatic resources if their most critical period in the Delta does not
coincide with the window of export reductions.

If operations under Joint POD Alternatives 3 through 9 result in increased entrainment,
regulatory constraints could be applied to operations to reduce, offset or avoid impacts.
Measures that could be used include switching diversions between SWP and CVP facilities if
entrainment is high at one of the facilities, modification of required export/inflow ratios, re-
operation of the Delta Cross Channel gates, or reduction or termination of increased exports
resulting from joint use of the SWP and CVP points of diversion.

Delta outflow is also expected to change with the implementation of the Joint POD
alternatives but the effects are not expected to be as significant as entrainment effects.  Delta
outflow generally decreases compared to Alternative 2 between July and January and
increases during February and March, with increases and decreases in April, May, and June.
In general, Alternatives 4 and 9 provide greater increases in outflow in the spring months
(March through June) when the abundance of many Delta species shows a significant
positive relationship with Delta outflow.

The effects of the Joint POD alternatives on aquatic resources in the Delta are described in
this section.  The aquatic resource models described in Chapter IV and Chapter VI are used.
For purposes of discussion, results are grouped into four categories:  (1) special status
species; (2) species that characterize potential effects on food webs; (3) abundance/outflow
relationships; and (4) net reverse flows.  Chinook salmon, steelhead, striped bass, and delta
smelt are the special status species considered.  Copepods and phytoplankton are evaluated to
assess food web effects.  Abundance/outflow relationships were evaluated for longfin smelt,
Sacramento splittail, starry flounder, and Crangon franciscorum.

Chinook Salmon.  The USFWS salmon smolt survival model, described in Chapter IV,
was used to evaluate the effects of the Joint POD alternatives on survival of chinook salmon
smolts outmigrating through the Delta.  Survival indices for the following chinook salmon
runs/lifestages were modeled:

• Sacramento River fall-run, late fall-run, and winter-run (smolts), and spring-run (young-
of-the-year and yearlings)

• San Joaquin River fall-run smolts (with and without the Head of Old River barrier)

Survival indices were predicted over the hydrologic period of record (1922-1992).  Model
calculations are shown in Volume 2, Appendix 5.
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Figures XIII-86 through XIII-92 show the predicted indices for through-Delta migration of
each chinook salmon run by Joint POD alternative and water year type.  For all runs,
predicted survival indices were generally lower in drier water years.  Indices predicted for
Joint POD Alternatives 2 through 9, in general, were higher than for Alternative 1.  For the
Sacramento River runs, there were no discernable differences between the Joint POD
Alternatives that allow wheeling and Alternative 2 for any of the runs.  For these runs, the
smolt survival increases under Alternatives 2 through 9 result primarily from the increased
closure of the Delta Cross Channel gates.  Under Joint POD Alternative 1, the Delta Cross
Channel is open more often, potentially diverting juvenile salmon into the central Delta
where lower survival is predicted.

For Sacramento River fall-run smolts (Figure XIII-86), survival indices in a wet water year
were similar between all of the Joint POD Alternatives.  In all other water year types,
survival indices for Joint POD Alternatives 2 through 9 were higher than in Alternative 1.
The difference between Alternatives 2 through 9 and Alternative 1 increased in drier water
years.

For late fall-run, winter-run smolts, and yearling spring-run (Figures XIII-87, 88, and 89),
predicted survival indices were higher under Joint POD Alternatives 2 through 9 than in
Alternative 1 in all water year types.  The difference between Alternatives 2 through 9 and
Alternative 1 increased in drier water years.

For young-of-the-year spring-run (Figure XIII-90), survival indices in wet and above normal
water years were similar for all of the Joint POD alternatives.  In below normal, dry, and
critical years, predicted survival indices under Alternatives 2 through 9 were higher than
under Alternative 1.

For San Joaquin fall-run (Figures XIII-91 and 92), predicted survival indices were higher
with the operation of the Head of Old River barrier than without the barrier, but the
relationships between the Joint POD alternatives and the base cases were similar with and
without the barrier. In a wet year, predicted indices were similar under Alternatives 1 through
8 and higher under Alternative 9.  In all other water year types, predicted survival indices
were higher under Joint POD Alternatives 2 through 9 than under Alternative 1.  Among
Alternatives 2 through 9, indices were generally lower under Alternative 6 and higher under
Alternatives 4 and 9 than the other alternatives.

These differences in predicted survival of San Joaquin River fall-run are due to changes in
San Joaquin River flow at Vernalis and total Delta exports in April and May.  Higher flows
and lower exports generally resulted in higher predicted survival indices.  In general, flows at
Vernalis were increased during this period under Joint POD Alternatives 2 through 5 and 7
through 9 compared to Alternative 1, due to implementation of the Bay-Delta Plan.  Spring
flows at Vernalis were higher under Alternatives 4 and 9, and lower under Alternative 6, than
under Alternative 2.  Total Delta exports in April and May were lower under Alternatives 2
through 9 than under Alternative 1.  Under Alternatives 4 and 9, total Delta exports were
lower than under Alternative 2.
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Figure XIII-86

Sacramento River Fall-Run Salmon Smolt  Survival  Index 
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Figure XIII-87

Sacramento River Late Fall-Run Salmon Smolt Survival Index 
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Figure XIII-88

Sacramento River Winter-Run Salmon Smolt Survival Index 

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

W e t  A b o v e

N o r m a l

 B e l o w

N o r m a l

 Dry  Cri t ical

Water -Year  Type

S
m

o
lt

 S
u

rv
iv

a
l 

In
d

ex

A l t e r n a t i v e  1

A l t e r n a t i v e  2

A l t e r n a t i v e  3

A l t e r n a t i v e  4

A l t e r n a t i v e  5

A l t e r n a t i v e  6

A l t e r n a t i v e  7

A l t e r n a t i v e  8

A l t e r n a t i v e  9



Alternatives for Implementing the
State Water Resources Control Board Joint Points of Diversion

FEIR for Implementation of the XIII-67 November 1999
1995 Bay/Delta Water Quality Control Plan

Figure XIII-91

San Joaquin River Fall-Run Salmon Smolt Survival Index with Barrier 
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Figure XIII-89

Sacramento River Yearling Spring-Run Salmon Survival Index 
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Figure XIII-90

Sacramento River Young-of-the-Year Spring-Run Salmon Smolt Survival 
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Steelhead.  The Joint POD alternatives have the potential to affect juvenile steelhead
during the period of emigration through the Delta.  Emigration through the Delta occurs from
December through May, with peak migration occurring from February through April (DWR
and USBR 1999).  The primary factors affected by the Joint POD alternatives that may affect
survival of juvenile steelhead in the Delta include Delta inflows, exports, and closure of the
Delta Cross Channel gates.

In general, survival of juvenile steelhead emigrating through the Delta in the February
through April period may improve slightly under Joint POD Alternatives 3 through 9
compared to Alternatives 1 and 2.  Delta exports will generally be lower in the February
through April period under Joint POD Alternatives 2 through 9 compared to Alternative 1,
and under Joint POD Alternatives 3 through 9 compared to Alternative 2.  Also, the Delta
Cross Channel gates will be closed more often in the February through April period under
Joint POD Alternatives 2 through 9 compared to the Alternative 1.

Striped Bass.  Changes in flow and Delta exports due to the Joint POD alternatives will
primarily affect the young-of-the-year striped bass lifestage.  The effects of the Joint POD
alternatives on young-of-the-year striped bass abundance were modeled using a multiple
regression relating total young-of-the-year striped bass abundance at 38 mm. to the mean
April – July San Joaquin River flow past Jersey Point, log10 net Delta outflow, and total Delta
exports (including CVP, SWP, Contra Costa Canal, and miscellaneous Delta diversions)
(Lee Miller, DFG, personal communication).  The regression is described in Chapter IV;
regression calculations are shown in Volume 2, Appendix 5.

Figure XIII-93 shows the predicted young-of-the-year index for the Joint POD alternatives,
by water year type and all years of record combined.  The differences between Joint POD
alternatives 1 and 2 show the effects of implementing the Bay-Delta Plan.  In wetter water
years, predicted abundance indices are higher under Alternative 1 than Alternative 2; in drier
years, indices are higher under Alternative 2 than Alternative 1.  In wet and above normal
water years, predicted indices for Joint POD Alternatives 4, 6, and 9 were slightly higher
than Alternative 2; indices for Joint POD Alternatives 7 and 8 were lower than for

Figure XIII-92
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Alternative 2.  In dry and critical water years, predicted indices for Joint POD Alternatives 3
through 9 were higher than Alternatives 1 and 2.

In all water years combined, predicted indices for Alternatives 3 and 5 were similar to the
base cases (Alternatives 1 and 2); indices for Alternatives 4, 6, and 9 were slightly higher,
and Alternatives 7 and 8 were lower than the base cases.

The observed differences in the abundance indices are primarily due to changes in total Delta
exports.  Of the flow/export variables included in the regression, mean April – July total
Delta exports had a dominant effect on the predicted abundance indices.

The predicted changes in young-of-the-year abundance under Alternatives 7 and 8 may have
a slight adverse impact on recruitment to the adult striped bass population compared to the
base cases.  Striped bass losses under these alternatives could be mitigated through funding
of additional stocking.

Delta Smelt.  Implementation of Joint POD Alternatives 2 through 9 may slightly
improve conditions for delta smelt compared to the D-1485 base case condition.
Implementation of these alternatives would generally reduce Delta exports during the spring
when delta smelt are most vulnerable to entrainment.  Delta smelt are more abundant when
X2 is located in Suisun Bay.  The location of X2 in Suisun Bay may allow access to
considerably more suitable shallow-water habitats than in the river channels upstream (IEP
1996b).  The pattern and magnitude of changes to X2 for Joint POD alternatives can largely
be attributed to the implementation of the 1995 Bay/Delta Plan.  The mean monthly position
of X2 for Joint POD alternatives that allow wheeling is not significantly different from the
position predicted for Alternative 2 (Table XIII-16).

FIGURE XIII-93
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Delta Food Webs .  Negative correlations have been found between export pumping
and phytoplankton community composition and chlorophyll a concentrations (Lehman
1992).  Jassby and Powell (1994) found that diversion and Delta outflow together account for
86 percent of the variability in chlorophyll a concentrations in the entrapment zone.  Effects
on higher trophic levels are not as obvious.  Zooplankton populations, such as rotifers and
copepods, may be entrained at rates that can affect local populations, but there is probably no
overall population effect because only a small proportion of the total population is entrained
(IEP 1996a).

Joint POD alternatives that allow wheeling would generally increase exports and reduce
Delta outflow from July through January, which may result in localized impacts on
populations of lower trophic organisms compared to Joint POD Alternative 2.  However,
exports would be reduced and Delta outflow increased in the spring months under Joint POD
Alternatives 3 – 9, which may improve conditions for lower trophic level organisms.

Abundance/Outflow Model Results.  Results of the abundance/outflow models for
Joint POD alternatives are shown in Figures XIII-94 through XIII-97.  Predicted abundance
indices for Joint POD Alternatives 2 – 9 are similar, and slightly higher than for Alternative
1, for all species considered.  There are no significant differences between JPOD alternatives
that allow wheeling and Alternative 2.

Net Reverse Flows .  Net reverse flows occur when the net flow in Delta channels is
toward the Delta rather than downstream towards Suisun Bay.  These reverse flows may have
adverse effects on aquatic resources in the Delta.  Reverse flows may result in increased
straying of adult fish.  Reverse flows may also entrain eggs, larvae, and juvenile fish into the
southern and central Delta where rearing conditions may be less suitable, predation may be
higher, and fish may be more vulnerable to entrainment at the export facilities and at local
diversions.  Table XIII-18 lists QWEST flows from the DWRSIM studies used as a measure
of reverse flows in Delta channels.  To a certain extent, QWEST can be used as a measure of
reverse flow conditions in Delta channels.  As QWEST decreases, net reverse flows in some
Delta channels will increase.  The model output shows that QWEST flows for the Joint POD
alternatives are relatively mixed for each alternative in the 73-year annual average with no
clear best alternative.  QWEST generally increases from the base case for all alternatives in
February, March, April, August and September.  In May, the QWEST varies.  In June, July,
and between October and January, QWEST for the alternatives generally decreases from the
base case.  For the critical period annual averages, QWEST generally increases from the base
case for all alternatives in February, March, and June through September. During critical
periods, the Joint POD alternatives result in decreased QWEST (increased net reverse flows)
from October through January with November being mixed.

Summary of Effects on Fish and Aquatic Resources.  For most species, conditions
under Joint POD Alternatives 2 through 9 would be beneficial compared to D-1485
conditions (Alternative 1).  However, some of the benefits of implementation of the
1995 Bay/Delta Plan may be reduced by the adverse effects of implementing the Joint POD
alternatives.
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Figure XIII-95
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Figure XIII-96

Predicted Abundance Indices for One-Year-Old 
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Table XIII-18

QWEST Flows (cfs)

73-Year Annual Average

Alt Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

1 243 -1,133 786 4,357 7,453 6,367 3,335 3,539 3,245 -1,665 -3,111 -1,710

2 -186 -1,481 –153 3,657 7,597 6,319 4,600 2,826 1,119 -2,081 -1,771 -1,313

3 -313 -1,538 -318 3,434 7,646 6,303 4,629 2,856 1,134 -2,270 -2,085 -1,303

4 -362 -1,666 -688 2,923 7,839 6,772 5,543 3,577 1,077 -2,484 -2,497 -1,516

5 -430 -1,623 -632 2,827 8,134 6,745 4,639 2,845 1,130 -2,374 -2,409 -1,313

6 34 -1,634 -433 3,153 8,462 6,931 2,470 4,019 1,088 -2,352 -2,597 -1,336

7 -1,011 -2,339 -1,371 3,570 8,761 6,888 4,434 2,709 905 -3,534 -2,033 -1,444

8 -880 -2,186 -822 1,797 8,629 6,776 4,502 2,682 895 -3,565 -2,373 -1,317

9 -510 -1,572 -650 2,902 7,943 6,937 5,826 3,741 1,163 -2,493 -2,480 -1,379

Critical Period Annual Average

Alt Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

1 720 -884 -1,299 -365 -1,144 717 2,404 424 -339 -2,771 -702 -397

2 -105 -614 -2,625 -3,204 -185 1,724 806 -213 53 -1,254 -140 -255

3 -318 -645 -2,829 -3,249 -221 2,083 747 -130 121 -1,661 -249 -212

4 -340 -658 -2,765 -3,736 -83 2,286 1,368 229 -188 -1,868 -353 -360

5 -355 -647 -2,813 -3,757 -58 2,331 748 -162 56 -1,767 -202 -258

6 -216 -769 -2,736 -3,667 -162 2,359 -1,056 954 178 -1,012 71 -247

7 -300 -1,172 -3,287 -4,076 28 2,438 673 -154 -32 -1,387 230 -109

8 -333 -1,113 -3,012 -4,611 181 2,417 747 -140 -105 -1,344 192 -131

9 -95 -328 -2,616 -3,643 -402 518 1,204 316 -132 -1,824 -139 -363

Joint POD Alternatives 3 through 9 may result in increased entrainment and other export-
related effects in the Delta in the July to January period (except September) due to increased
Delta exports.  Survival of yearling spring-run chinook salmon emigrating through the Delta
may be reduced because their emigration period (fall and winter) coincides with the period of
increased exports.  However, exports would be reduced in the spring months under Joint
POD Alternatives 3 through 9 compared to Joint POD Alternatives 1 and 2, potentially
reducing entrainment in the critical period for spawning, rearing, and outmigration of many
aquatic species in the Delta.

If operations under Joint POD Alternatives 3 through 9 result in increased entrainment,
regulatory constraints could be applied to operations on a real-time basis to reduce, offset or
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avoid impacts.  Measures that could be used include switching diversions between SWP and
CVP facilities if entrainment is high at one of the facilities, modification of required
export/inflow ratios, re-operation of the Delta Cross Channel gates, or reduction or
termination of increased exports resulting from joint use of the SWP and CVP points of
diversion.

The abundance of many Delta species shows a significant positive relationship with Delta
outflow in the spring months.  Delta outflow is expected to change with the implementation
of the Joint POD alternatives but the effects are not expected to be as significant as
entrainment effects.  Delta outflow generally decreases compared to the Bay/Delta Plan base
case between July and January and increases during February and March, with increases and
decreases in April, May, and June.

In general, Joint POD Alternatives 2 through 9 are predicted to have slight beneficial effects
on through-Delta survival of juvenile chinook salmon and steelhead, and on abundance of
delta smelt, Sacramento splittail, starry flounder, longfin smelt, and Crangon franciscorum,
compared to the D-1485 base case (Alternative 1).  In addition, for most of these species, no
significant adverse effects were predicted for the Joint POD alternatives that allow wheeling
compared to Alternative 2.

Joint POD Alternative 4 may provide greater protection for aquatic resources than
Alternatives 3 and 5 through 9 because the combined use of points of diversion is used
primarily for the benefit of aquatic resources.

Joint POD Alternatives 7 and 8 are predicted to have slight adverse impacts on young-of-the-
year striped bass abundance compared to the base cases (Alternatives 1 and 2).  Potential
impacts on striped bass under Joint POD Alternatives 7 and 8 could be mitigated through
funding of additional stocking.

F. ENVIRONMENTAL EFFECTS OF IMPLEMENTING JOINT POD 
ALTERNATIVES IN THE UPSTREAM AREAS

The evaluation of the environmental effects of implementing the Joint POD alternatives in
the upstream areas is divided into the following sections: (1) hydrology, (2) water
temperature, (3) aquatic habitat, (4) geology, (5) energy, (6) recreation, (7) cultural resources,
and (8) economics.

1. Hydrology

This section discusses impacts of the Joint POD alternatives on upstream hydrology.  For this
analysis, average monthly flows at selected points on Central Valley rivers were compared
for each of the Joint POD alternatives.  The flows were modeled using DWRSIM, and the
analysis focuses on the change in flow on the rivers below the major SWP and CVP
reservoirs.  The selected points include:  the Sacramento River at Red Bluff, Feather River at
Gridley, Sacramento River at Verona, American River at Nimbus Dam, and the Stanislaus
River at the San Joaquin River.
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Tables XIII-19 through XIII-28 illustrate the change in flow among the alternatives at the
selected locations.  Average monthly flows are compared for the 73-year period and the
critical period.  Each table presents a comparison of Joint POD Alternatives 2 through 9 to
Alternative 1 (base case) and a comparison of Joint POD Alternatives 3 through 9 to
Alternative 2.  The latter comparison demonstrates the effects of combined use of points of
diversion.  Most flow changes seen in the comparison to Alternative 1 are the result of the
implementation of the Plan’s flow objectives.  Those impacts are analyzed in Chapter VI.

Tables XIII-19 and XIII-20 show Sacramento River flows at Red Bluff.  In comparing Joint
POD Alternatives 3 through 9 to Alternative 2, there are no dramatic changes in flows, but
overall for the 73-year period, flows are lower for Alternatives 3 through 9 from September
through March and in May, and higher in April and June through August.  During the critical
period, flows are lower for Alternatives 3 through 9 from November through March and in
May, and higher in April, June, July and October.

Tables XIII-21 and XIII-22 show Feather River flows at Gridley.  Releases from Lake
Oroville by the SWP appear to vary considerably under the various Joint POD alternatives,
although most of the changes from Alternative 2 are relatively small.  However, under Joint
POD Alternatives 7 and 8, there is a significant increase in flow in July and a similar
decrease in August.

Tables XIII-23 and XIII-24 show Sacramento River flows at Verona.  Flows at this point
reflect the combined, and sometimes offsetting, effects of changes in releases from Shasta
and Oroville.  Flows under Joint POD Alternatives 3 through 9 are generally lower than
Alternative 2 from November through May and higher from June through August for the
73-year period.  For the critical period, flows are lower than Alternative 2 from November
through March, and higher than Alternative 2 during June and July.

Tables XIII-25 and XIII-26 show American River flows at Nimbus Dam.  Releases from
Folsom Lake under Joint POD Alternatives 3 through 9 are generally lower than Alterative 2
in September and from November through May, and higher in July, August and October.
During the critical period, flows are considerably lower in March.

Tables XIII-27 and XIII-28 show Stanislaus River flows above the confluence with the San
Joaquin River.  Only Joint POD Alternatives 6 and 9 show significant changes from
Alternative 2.  These differences result from changes in the New Melones Reservoir
operation with the Letter of Intent (Alternative 6) and the San Joaquin River Agreement
(Alternative 9).  Under Alternative 6, flows would be lower in comparison to Alternative 2 in
April-May and August-September; flows would be higher from October through March and
in June.  Under Alternative 9, flows are lower in comparison to Alternative 2 in July-August,
and in October; flows are higher from November through January, March through June, and
in September.
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O c t N o v D e c Jan Feb M a r Apr M a y J u n J u l Aug Sep

7 , 2 2 7 8 , 9 7 8 12 ,377 15 ,272 18 ,163 15 ,350 11 ,477 10 ,672 10 ,936 12 ,776 10 ,506 6 , 2 3 6

A l t O c t N o v D e c Jan Feb M a r Apr M a y J u n J u l Aug Sep

2 72 2 2 9 30 -127 2 2 0 1 3 8 15 -184 1161 -583 -688 38

3 1 4 2 79 -37 -158 82 1 0 4 33 -220 1186 -439 -451 -15

4 40 -71 -66 -215 49 50 -66 -275 1371 -336 -284 92

5 5 -41 -130 -177 63 -4 42 -242 1193 -280 -120 -19

6 -95 -218 -190 -207 -37 63 4 3 3 -497 1590 -438 11 -94

7 -34 -80 -147 -162 17 -84 36 -274 1200 -101 1 4 3 -234

8 30 -244 -214 -194 -74 -87 15 -296 1162 -25 5 4 7 -296

9 85 -4 -3 -132 92 45 -67 -241 1227 -371 -351 0

O c t N o v D e c Jan Feb M a r Apr M a y J u n J u l Aug Sep

7 , 3 4 9 9 , 2 0 7 12 ,407 15 ,145 18 ,383 15 ,488 11 ,492 10 ,488 12 ,097 12 ,193 9 , 8 1 8 6 , 2 7 4

A l t O c t N o v D e c Jan Feb M a r Apr M a y J u n J u l Aug Sep

3 70 -151 -67 -32 -138 -34 19 -36 25 1 4 4 2 3 8 -53

4 -32 -300 -96 -89 -171 -89 -81 -91 2 0 9 2 4 6 4 0 4 54

5 -67 -270 -161 -50 -157 -143 27 -58 32 3 0 3 5 6 8 -57

6 -166 -447 -220 -80 -257 -76 4 1 8 -313 4 2 8 1 4 4 6 9 9 -132

7 -106 -310 -177 -35 -203 -222 21 -90 39 4 8 2 8 3 2 -271

8 -42 -473 -244 -67 -294 -225 1 -112 1 5 5 8 1235 -334

9 13 -233 -33 -5 -128 -93 -82 -57 66 2 1 2 3 3 7 -38

A l t e r n a t i v e  2  A v e r a g e  M o n t h l y  F l o w  ( c f s )

C h a n g e  i n  F l o w  f r o m  A l t e r n a t i v e  2  ( c f s )

T a b l e  X I I I - 1 9

S a c r a m e n t o  R i v e r  F l o w  a t  R e d  B l u f f ,  7 3 - Y e a r  P e r i o d

A l t e r n a t i v e  1  A v e r a g e  M o n t h l y  F l o w  ( c f s )

C h a n g e  i n  F l o w  f r o m  A l t e r n a t i v e  1  ( c f s )

O c t N o v D e c Jan Feb M a r Apr M a y J u n J u l Aug Sep

4 , 7 9 3 4 , 7 9 0 6 , 7 8 5 6 , 9 0 4 6 , 9 4 8 6 , 4 7 0 6 , 9 0 7 7 , 6 0 4 8 , 2 5 2 9 , 7 3 9 9 , 7 7 2 5 , 1 9 1

A l t O c t N o v D e c Jan Feb M a r Apr M a y J u n J u l Aug Sep

2 -190 1 8 0 -81 -84 -49 3 2 5 51 3 4 3 6 8 3 8 1 1 - 1 , 3 5 2 1 1 1

3 -35 -40 -81 -84 -39 10 4 5 3 2 9 0 7 5 2 9 7 6 - 1 , 4 2 0 1 3 5

4 -49 34 -123 -125 -90 -36 1 2 4 2 3 4 1 , 0 1 0 1 , 1 2 4 - 1 , 4 5 7 2 1 3

5 -56 -85 -123 -125 -81 -38 4 4 6 3 0 3 8 4 0 1 , 0 4 3 - 1 , 4 0 0 1 6 2

6 -129 -157 -164 -167 -132 -61 7 3 0 1 1 3 1 , 3 1 8 7 5 2 - 1 , 6 0 4 1 3 1

7 -144 -139 -123 -125 -90 -29 4 6 8 2 8 2 8 9 5 1 , 0 6 9 - 1 , 2 2 2 87

8 -35 -69 -123 -125 -46 -18 4 1 4 2 4 8 9 3 4 9 4 7 - 1 , 1 6 6 67

9 -52 -60 -123 -126 -90 -50 61 2 6 6 9 1 3 1 , 0 6 3 - 1 , 7 3 5 2 9 0

O c t N o v D e c Jan Feb M a r Apr M a y J u n J u l Aug Sep

4 , 6 0 3 4 , 9 7 0 6 , 7 0 4 6 , 8 2 0 6 , 8 9 9 6 , 7 9 5 6 , 9 5 8 7 , 9 4 7 8 , 9 3 5 10 ,550 8 , 4 2 0 5 , 3 0 2

A l t O c t N o v D e c Jan Feb M a r Apr M a y J u n J u l Aug Sep

3 1 5 5 -220 0 0 9 -316 4 0 2 -54 69 1 6 5 -68 24

4 1 4 1 -146 -42 -42 -42 -361 73 -109 3 2 7 3 1 3 -105 1 0 2

5 1 3 4 -266 -42 -42 -33 -363 3 9 5 -40 1 5 6 2 3 2 -48 50

6 61 -337 -83 -83 -83 -368 6 7 9 -230 6 3 5 -58 -252 20

7 46 -319 -42 -42 -42 -354 4 1 8 -61 2 1 1 2 5 8 1 3 0 -25

8 1 5 5 -249 -42 -42 3 -343 3 6 3 -95 2 5 0 1 3 6 1 8 6 -44

9 1 3 8 -240 -42 -42 -41 -375 10 -77 2 3 0 2 5 2 -383 1 7 9

A l t e r n a t i v e  2  A v e r a g e  M o n t h l y  F l o w  ( c f s )

C h a n g e  i n  F l o w  f r o m  A l t e r n a t i v e  2  ( c f s )

T a b l e  X I I I - 2 0

S a c r a m e n t o  R i v e r  F l o w  a t  R e d  B l u f f ,  C r i t i c a l  P e r i o d

A l t e r n a t i v e  1  A v e r a g e  M o n t h l y  F l o w  ( c f s )

C h a n g e  i n  F l o w  f r o m  A l t e r n a t i v e  1  ( c f s )
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O c t N o v D e c Jan Feb M a r A p r M a y J u n J u l A u g Sep

2 ,941 2 ,623 4 ,525 5 ,627 6 ,472 6 ,280 3 ,160 3 ,948 3 ,351 4 ,398 3 ,727 1 ,818

A l t O c t N o v D e c Jan Feb M a r A p r M a y J u n J u l A u g Sep

2 - 5 7 8 - 2 1 8 - 4 6 1 - 4 2 4 79 26 2 2 2 - 1 7 3 8 6 7 1601 - 5 7 6 - 1 8 9

3 - 5 5 3 - 2 0 5 - 4 5 7 - 4 2 4 65 -2 1 8 1 - 1 8 7 8 5 7 1640 - 5 6 5 - 1 7 4

4 - 6 0 0 - 2 1 3 - 5 2 0 - 5 0 8 23 38 70 - 2 5 7 7 7 5 1761 - 2 7 7 - 1 3 1

5 - 4 8 8 - 1 2 8 - 4 6 3 - 4 5 0 39 99 1 9 3 - 1 7 0 8 3 4 1514 - 6 6 6 - 1 4 0

6 - 5 6 1 - 2 4 9 - 5 3 9 - 4 7 6 -39 -6 5 5 2 - 3 9 0 8 4 3 1696 - 5 1 8 - 1 3 2

7 - 5 2 0 - 2 3 6 - 4 6 4 - 4 1 2 13 -5 1 7 7 - 1 4 0 8 6 4 2725 -1587 - 2 4 7

8 - 5 1 4 - 2 3 2 - 4 6 0 - 4 0 8 68 -18 1 7 5 - 1 4 8 8 8 0 2675 -1593 - 2 5 0

9 - 6 6 2 - 2 7 3 - 5 6 8 - 4 8 1 32 66 30 - 3 0 6 8 3 3 1824 - 1 9 9 - 1 4 1

O c t N o v D e c Jan Feb M a r A p r M a y J u n J u l A u g Sep

2 ,363 2 ,405 4 ,064 5 ,203 6 ,551 6 ,306 3 ,383 3 ,775 4 ,218 5 ,999 3 ,151 1 ,628

A l t O c t N o v D e c Jan Feb M a r A p r M a y J u n J u l A u g Sep

3 25 13 5 0 -14 -27 -41 -14 -10 39 12 15

4 -23 5 -59 -84 -56 13 - 1 5 2 -83 -92 1 6 0 2 9 9 58

5 90 90 -2 -26 -40 74 -29 3 -33 -87 -89 49

6 16 -31 -78 -52 - 1 1 9 -32 3 3 0 - 2 1 6 -24 95 59 57

7 58 -18 -2 13 -66 -30 -45 33 -3 1124 -1010 -57

8 64 -14 2 16 -11 -43 -48 26 13 1073 -1017 -61

9 -84 -55 - 1 0 7 -57 -47 40 - 1 9 3 - 1 3 3 -34 2 2 3 3 7 7 49

A l t e r n a t i v e  2  A v e r a g e  M o n t h l y  F l o w  ( c f s )

C h a n g e  i n  F l o w  f r o m  A l t e r n a t i v e  2  ( c f s )

T a b l e  X I I I - 2 1

F e a t h e r  R i v e r  a t  G r i d l e y ,  7 3 - Y e a r  P e r i o d

A l t e r n a t i v e  1  A v e r a g e  M o n t h l y  F l o w  ( c f s )

C h a n g e  i n  F l o w  f r o m  A l t e r n a t i v e  1  ( c f s )

O c t N o v D e c Jan Feb M a r A p r M a y J u n J u l A u g Sep

2 ,841 1 ,868 2 ,496 1 ,185 1 ,522 1 ,645 1 ,661 1 ,789 3 ,018 4 ,382 2 ,486 1 ,556

A l t O c t N o v D e c Jan Feb M a r A p r M a y J u n J u l A u g Sep

2 -1 ,161 73 - 1 6 7 - 1 5 5 - 1 2 6 2 2 0 7 6 4 7 1 4 6 3 3 - 4 4 5 -48 - 3 7 4

3 -1 ,175 78 - 1 7 2 - 1 5 5 - 1 0 5 1 3 2 5 6 9 7 0 6 6 1 6 35 21 - 4 9 6

4 -1 ,168 84 - 1 6 9 - 1 5 5 - 1 2 6 1 3 6 1 9 9 4 1 9 6 0 5 2 1 0 2 4 8 - 4 9 6

5 -1 ,181 70 - 1 7 3 - 1 5 5 - 1 0 5 1 3 6 5 7 5 7 0 7 6 1 9 96 -6 - 4 9 7

6 -1 ,146 -14 - 1 9 2 - 1 5 5 - 1 4 5 1 5 5 1 ,781 2 1 2 4 1 8 - 6 2 0 1 4 3 - 4 4 0

7 -1 ,151 97 - 1 8 6 - 1 5 5 - 1 0 5 1 8 3 6 2 1 8 0 4 7 1 1 6 4 6 - 9 8 6 - 4 4 4

8 -1 ,148 1 0 4 - 1 8 5 - 1 5 5 - 1 0 3 1 8 8 6 1 3 7 7 8 7 6 6 6 3 7 - 9 8 3 - 4 6 8

9 -1 ,248 99 - 1 7 7 - 1 5 5 - 1 4 5 1 7 0 2 7 8 2 4 1 6 7 0 2 5 3 4 1 4 - 5 1 2

O c t N o v D e c Jan Feb M a r A p r M a y J u n J u l A u g Sep

1 ,680 1 ,941 2 ,329 1 ,030 1 ,396 1 ,865 2 ,425 2 ,503 3 ,651 3 ,937 2 ,438 1 ,181

A l t O c t N o v D e c Jan Feb M a r A p r M a y J u n J u l A u g Sep

3 -14 5 -5 0 21 -87 - 1 9 5 -8 -17 4 7 9 69 - 1 2 2

4 -7 0 -1 0 0 -84 - 3 6 4 - 2 9 5 -28 6 5 5 2 9 7 - 1 2 2

5 -19 -3 -5 0 21 -83 - 1 8 8 -7 -14 5 4 0 43 - 1 2 2

6 16 -87 -25 0 -19 -65 1 ,017 - 5 0 2 - 2 1 5 - 1 7 5 1 9 2 -66

7 10 24 -19 0 21 -37 - 1 4 3 90 78 1 ,091 - 9 3 8 -70

8 13 31 -18 0 24 -32 - 1 5 1 64 1 3 3 1 ,081 - 9 3 5 -93

9 -87 26 -10 0 -19 -51 - 4 8 6 - 4 7 3 37 6 9 8 4 6 2 - 1 3 7

A l t e r n a t i v e  2  A v e r a g e  M o n t h l y  F l o w  ( c f s )

C h a n g e  i n  F l o w  f r o m  A l t e r n a t i v e  2  ( c f s )

T a b l e  X I I I - 2 2

F e a t h e r  R i v e r  F l o w  a t  G r i d l e y ,  C r i t i c a l  P e r i o d

A l t e r n a t i v e  1  A v e r a g e  M o n t h l y  F l o w  ( c f s )

C h a n g e  i n  F l o w  f r o m  A l t e r n a t i v e  1  ( c f s )



Alternatives for Implementing the
State Water Resources Control Board Joint Points of Diversion

FEIR for Implementation of the XIII-78 November 1999
1995 Bay/Delta Water Quality Control Plan

O c t N o v D e c Jan Feb M a r A p r M a y J u n J u l A u g Sep

11 ,776 13 ,579 19 ,218 26 ,962 31 ,867 30 ,444 19 ,148 15 ,623 12 ,712 12 ,853 10 ,543 9 ,488

A l t O c t N o v D e c Jan Feb M a r A p r M a y J u n J u l A u g Sep

2 - 5 0 9 8 - 4 3 5 - 5 5 3 3 4 9 1 6 5 2 3 6 - 3 5 5 2 ,030 1 ,019 -1 ,264 - 1 5 2

3 - 4 1 4 - 1 2 9 - 4 9 8 - 5 8 5 1 9 7 1 0 4 2 1 3 - 4 0 4 2 ,044 1 ,202 -1 ,015 - 1 9 0

4 - 5 6 3 - 2 8 6 - 5 9 0 - 7 2 6 1 2 2 89 3 - 5 2 9 2 ,147 1 ,425 - 5 6 0 -40

5 - 4 8 7 - 1 7 2 - 5 9 8 - 6 3 0 1 5 2 96 2 3 4 - 4 0 9 2 ,028 1 ,235 - 7 8 5 - 1 6 0

6 - 6 5 9 - 4 7 0 - 7 3 3 - 6 8 6 -27 58 9 8 4 - 8 8 4 2 ,434 1 ,258 - 5 0 6 - 2 2 7

7 - 5 5 7 - 3 1 9 - 6 1 4 - 5 7 6 79 -87 2 1 2 - 4 1 1 2 ,066 2 ,624 -1 ,443 - 4 8 1

8 - 4 8 7 - 4 7 9 - 6 7 7 - 6 0 4 43 - 1 0 3 1 8 9 - 4 4 1 2 ,044 2 ,650 -1 ,046 - 5 4 7

9 - 5 8 0 - 2 8 1 - 5 7 5 - 6 1 6 1 7 4 1 1 3 -39 - 5 4 5 12 ,061 1 ,454 - 5 4 9 - 1 4 2

O c t N o v D e c Jan Feb M a r A p r M a y J u n J u l A u g Sep

11 ,267 13 ,587 18 ,782 26 ,409 32 ,216 30 ,610 19 ,384 15 ,268 14 ,741 13 ,872 9 ,279 9 ,336

A l t O c t N o v D e c Jan Feb M a r A p r M a y J u n J u l A u g Sep

3 95 - 1 3 7 -62 -32 - 1 5 2 -61 -23 -49 14 1 8 3 2 4 9 -37

4 -54 - 2 9 5 - 1 5 5 - 1 7 3 - 2 2 7 -76 - 2 3 3 - 1 7 4 1 1 8 4 0 6 7 0 4 1 1 2

5 23 - 1 8 0 - 1 6 2 -76 - 1 9 7 -69 -2 -55 -2 2 1 6 4 7 9 -7

6 - 1 5 0 - 4 7 8 - 2 9 8 - 1 3 3 - 3 7 5 - 1 0 7 7 4 8 - 5 2 9 4 0 5 2 3 9 7 5 8 -75

7 -48 - 3 2 8 - 1 7 9 -22 - 2 7 0 - 2 5 3 -24 -57 36 1606 - 1 7 9 - 3 2 8

8 22 - 4 8 7 - 2 4 2 -51 - 3 0 6 - 2 6 8 -47 -87 14 1631 2 1 8 - 3 9 5

9 -71 - 2 8 9 - 1 3 9 -63 - 1 7 5 -53 - 2 7 5 - 1 9 0 32 4 3 5 7 1 5 10

A l t e r n a t i v e  2  A v e r a g e  M o n t h l y  F l o w  ( c f s )

C h a n g e  i n  F l o w  f r o m  A l t e r n a t i v e  2  ( c f s )

T a b l e  X I I I - 2 3

S a c r a m e n t o  R i v e r  a t  V e r o n a ,  7 3 - Y e a r  P e r i o d

A l t e r n a t i v e  1  A v e r a g e  M o n t h l y  F l o w  ( c f s )

C h a n g e  i n  F l o w  f r o m  A l t e r n a t i v e  1  ( c f s )

O c t N o v D e c Jan Feb M a r A p r M a y J u n J u l A u g Sep

8 ,494 7 ,232 9 ,837 13 ,840 12 ,231 12 ,084 8 ,111 7 ,686 8 ,336 10 ,246 9 ,066 7 ,032

A l t O c t N o v D e c Jan Feb M a r A p r M a y J u n J u l A u g Sep

2 -1 ,357 2 5 3 - 2 5 0 - 2 4 0 - 1 5 3 5 4 2 8 0 9 1 ,055 1 ,319 3 6 9 -1 ,405 - 2 5 9

3 -1 ,216 38 - 2 5 4 - 2 4 0 - 1 2 2 1 3 9 1 ,016 9 9 3 1 ,370 1 ,013 -1 ,404 - 3 5 7

4 -1 ,223 1 1 9 - 2 9 2 - 2 8 1 - 1 9 4 98 5 1 8 6 5 1 1 ,618 1 ,337 -1 ,213 - 2 7 9

5 -1 ,242 -16 - 2 9 6 - 2 8 1 - 1 6 4 95 1 ,015 1 ,007 1 ,461 1 ,142 -1 ,410 - 3 3 1

6 -1 ,280 - 1 7 1 - 3 5 8 - 3 2 3 - 2 5 5 91 2 ,505 3 2 2 1 ,738 1 3 5 -1 ,465 - 3 0 5

7 -1 ,301 -42 - 3 1 0 - 2 8 1 - 1 7 3 1 5 1 1 ,084 1 ,084 1 ,608 1 ,718 -2 ,213 - 3 5 4

8 -1 ,189 36 - 3 0 9 - 2 8 1 - 1 2 6 1 6 7 1 ,022 1 ,023 1 ,702 1 ,586 -2 ,154 - 3 9 6

9 -1 ,307 39 - 3 0 2 - 2 8 1 - 2 1 3 1 1 6 3 3 4 5 0 3 1 ,585 1 ,319 -1 ,325 - 2 1 8

O c t N o v D e c Jan Feb M a r A p r M a y J u n J u l A u g Sep

7 ,137 7 ,485 9 ,587 13 ,601 12 ,078 12 ,626 8 ,920 8 ,740 9 ,654 10 ,615 7 ,660 6 ,773

A l t O c t N o v D e c Jan Feb M a r A p r M a y J u n J u l A u g Sep

3 1 4 1 - 2 1 5 -5 0 30 - 4 0 3 2 0 7 -62 52 6 4 4 1 -98

4 1 3 4 - 1 3 4 -43 -42 -42 - 4 4 4 - 2 9 1 - 4 0 4 2 9 9 9 6 8 1 9 2 -20

5 1 1 5 - 2 6 9 -47 -42 -11 - 4 4 7 2 0 7 -47 1 4 2 7 7 3 -5 -72

6 77 - 4 2 4 - 1 0 8 -83 - 1 0 2 - 4 5 1 1 ,696 - 7 3 3 4 2 0 - 2 3 4 -59 -46

7 57 - 2 9 5 -60 -42 -20 - 3 9 1 2 7 5 29 2 8 9 1 ,349 - 8 0 7 -95

8 1 6 8 - 2 1 7 -60 -42 27 - 3 7 5 2 1 3 -31 3 8 3 1 ,217 - 7 4 8 - 1 3 8

9 50 - 2 1 4 -52 -42 -60 - 4 2 6 - 4 7 6 - 5 5 1 2 6 7 9 5 0 81 41

A l t e r n a t i v e  2  A v e r a g e  M o n t h l y  F l o w  ( c f s )

C h a n g e  i n  F l o w  f r o m  A l t e r n a t i v e  2  ( c f s )

T a b l e  X I I I - 2 4

S a c r a m e n t o  R i v e r  F l o w  a t  V e r o n a ,  C r i t i c a l  P e r i o d

A l t e r n a t i v e  1  A v e r a g e  M o n t h l y  F l o w  ( c f s )

C h a n g e  i n  F l o w  f r o m  A l t e r n a t i v e  1  ( c f s )



Alternatives for Implementing the
State Water Resources Control Board Joint Points of Diversion

FEIR for Implementation of the XIII-79 November 1999
1995 Bay/Delta Water Quality Control Plan

O c t N o v D e c Jan Feb M a r A p r M a y J u n J u l A u g Sep

2 ,159 2 ,696 3 ,651 4 ,374 5 ,145 4 ,001 3 ,695 3 ,359 3 ,895 3 ,513 2 ,762 1 ,898

A l t O c t N o v D e c Jan Feb M a r A p r M a y J u n J u l A u g Sep

2 - 1 8 9 -37 - 2 2 7 - 1 4 0 46 91 29 1 0 2 8 3 2 - 3 4 8 - 3 7 9 3 1 9

3 - 1 0 1 -68 - 2 8 5 - 1 6 9 -6 22 31 1 1 9 8 0 4 - 2 6 5 - 2 0 0 2 0 6

4 - 1 7 8 - 1 3 4 - 2 5 3 - 2 0 1 -98 38 -37 84 9 4 9 - 2 1 9 -88 2 1 6

5 - 1 3 8 - 1 2 7 - 2 9 5 - 1 6 3 -73 33 -6 89 8 1 6 - 1 8 5 46 80

6 - 1 3 1 - 1 2 2 - 2 9 2 - 2 0 9 -89 19 1 6 2 -18 9 7 5 - 2 2 5 -15 34

7 - 1 2 8 - 1 5 1 - 3 3 1 - 1 6 8 -57 4 17 1 2 0 8 0 3 -96 1 2 8 -67

8 - 2 1 4 - 3 1 6 - 4 3 4 - 2 6 5 - 1 9 7 - 1 0 6 -80 44 6 6 9 - 2 0 5 80 - 3 5 3

9 - 1 2 6 -82 - 2 6 1 - 1 5 5 -69 23 -32 66 8 6 8 - 2 3 8 - 1 1 1 1 7 6

O c t N o v D e c Jan Feb M a r A p r M a y J u n J u l A u g Sep

1 ,970 2 ,659 3 ,424 4 ,234 5 ,191 4 ,092 3 ,724 3 ,461 4 ,727 3 ,165 2 ,383 2 ,216

A l t O c t N o v D e c Jan Feb M a r A p r M a y J u n J u l A u g Sep

3 88 -31 -58 -28 -52 -69 2 17 -28 83 1 7 9 - 1 1 3

4 12 -97 -25 -60 - 1 4 4 -53 -66 -17 1 1 7 1 2 9 2 9 2 - 1 0 2

5 51 -90 -68 -23 - 1 1 9 -57 -35 -13 -16 1 6 3 4 2 6 - 2 3 9

6 58 -85 -65 -69 - 1 3 5 -71 1 3 3 - 1 2 0 1 4 3 1 2 3 3 6 4 - 2 8 5

7 61 - 1 1 4 - 1 0 4 -28 - 1 0 3 -86 -11 18 -29 2 5 2 5 0 8 - 3 8 6

8 -25 - 2 7 9 - 2 0 7 - 1 2 4 - 2 4 3 - 1 9 7 - 1 0 9 -58 - 1 6 2 1 4 4 4 6 0 - 6 7 2

9 63 -45 -12 -15 - 1 1 5 -68 -61 -36 36 1 1 0 2 6 8 - 1 4 2

A l t e r n a t i v e  2  A v e r a g e  M o n t h l y  F l o w  ( c f s )

C h a n g e  i n  F l o w  f r o m  A l t e r n a t i v e  2  ( c f s )

T a b l e  X I I I - 2 5

A m e r i c a n  R i v e r  F l o w  a t  N i m b u s ,  7 3 - Y e a r  P e r i o d

A l t e r n a t i v e  1  A v e r a g e  M o n t h l y  F l o w  ( c f s )

C h a n g e  i n  F l o w  f r o m  A l t e r n a t i v e  1  ( c f s )

O c t N o v D e c Jan Feb M a r A p r M a y J u n J u l A u g Sep

1 ,571 1 ,314 1 ,277 1 ,212 2 ,039 1 ,868 2 ,622 1 ,791 2 ,715 4 ,210 2 ,412 5 7 6

A l t O c t N o v D e c Jan Feb M a r A p r M a y J u n J u l A u g Sep

2 1 4 3 1 7 7 - 4 8 1 - 4 6 2 - 8 9 2 2 7 5 1 6 2 4 6 1 2 ,009 - 1 , 2 8 0 - 7 5 4 5 3 7

3 2 9 2 3 1 7 - 4 0 7 - 3 7 8 - 7 3 3 - 1 6 6 38 4 3 3 1 ,867 - 1 , 3 4 8 - 6 0 2 5 7 5

4 3 3 1 2 0 0 - 4 8 1 - 5 0 3 - 9 7 6 - 1 5 7 27 3 4 3 2 ,354 - 1 , 3 8 0 - 6 6 3 7 0 7

5 3 7 1 3 2 0 - 4 0 5 - 4 2 0 - 8 1 6 - 1 8 9 46 4 6 0 1 ,866 - 1 , 3 2 8 - 6 6 1 6 1 4

6 4 6 8 3 7 4 - 4 0 6 - 4 2 0 - 8 5 2 -45 4 6 3 27 2 ,100 - 1 , 3 8 9 - 9 2 6 5 7 2

7 3 1 8 3 7 3 - 4 0 7 - 3 7 8 - 7 2 4 - 1 6 7 -34 3 8 3 1 ,949 - 1 , 3 8 6 - 4 7 0 4 2 6

8 1 5 2 2 5 2 - 4 0 9 - 4 2 0 - 8 5 6 - 2 6 6 - 1 1 8 3 1 3 1 ,798 - 1 , 4 6 9 - 6 3 5 3 5 7

9 2 8 9 2 9 5 - 4 8 0 - 5 0 4 - 1 , 0 3 2 -57 54 4 4 9 2 ,231 - 1 , 4 2 4 - 6 5 9 6 4 8

O c t N o v D e c Jan Feb M a r A p r M a y J u n J u l A u g Sep

1 ,713 1 ,490 7 9 6 7 5 0 1 ,147 2 ,143 2 ,784 2 ,252 4 ,725 2 ,930 1 ,658 1 ,113

A l t O c t N o v D e c Jan Feb M a r A p r M a y J u n J u l A u g Sep

3 1 4 9 1 4 0 74 83 1 6 0 - 4 4 1 - 1 2 5 -28 - 1 4 2 -68 1 5 2 38

4 1 8 9 24 0 -42 -84 - 4 3 3 - 1 3 6 - 1 1 8 3 4 4 - 1 0 0 91 1 7 0

5 2 2 8 1 4 4 76 42 76 - 4 6 4 - 1 1 6 -1 - 1 4 3 -48 93 77

6 3 2 6 1 9 7 75 42 40 - 3 2 1 3 0 1 - 4 3 4 90 - 1 0 8 - 1 7 2 35

7 1 7 5 1 9 7 74 83 1 6 9 - 4 4 2 - 1 9 6 -78 -60 - 1 0 6 2 8 4 - 1 1 1

8 9 75 72 42 36 - 5 4 1 - 2 8 0 - 1 4 8 - 2 1 2 - 1 8 9 1 1 9 - 1 8 0

9 1 4 7 1 1 9 1 -42 - 1 4 0 - 3 3 2 - 1 0 8 -12 2 2 1 - 1 4 4 95 1 1 1

A l t e r n a t i v e  2  A v e r a g e  M o n t h l y  F l o w  ( c f s )

C h a n g e  i n  F l o w  f r o m  A l t e r n a t i v e  2  ( c f s )

T a b l e  X I I I - 2 6

A m e r i c a n  R i v e r  F l o w  a t  N i m b u s ,  C r i t i c a l  P e r i o d

A l t e r n a t i v e  1  A v e r a g e  M o n t h l y  F l o w  ( c f s )

C h a n g e  i n  F l o w  f r o m  A l t e r n a t i v e  1  ( c f s )



Alternatives for Implementing the
State Water Resources Control Board Joint Points of Diversion

FEIR for Implementation of the XIII-80 November 1999
1995 Bay/Delta Water Quality Control Plan

O c t N o v D e c Jan Feb M a r Apr M a y J u n J u l Aug Sep

8 5 3 5 2 3 5 8 8 7 3 9 1 , 0 4 8 7 3 6 1 , 1 2 4 7 8 9 8 7 7 6 3 4 6 0 1 5 9 7

A l t O c t N o v D e c Jan Feb M a r Apr M a y J u n J u l Aug Sep

2 -106 -63 -135 -203 -329 -70 3 3 7 5 7 2 1 7 8 2 4 0 2 8 9 -14

3 -103 -58 -134 -197 -334 -80 3 3 7 5 7 2 1 7 8 2 3 9 2 8 7 -14

4 -105 -59 -135 -198 -352 -92 3 5 4 5 8 8 1 7 7 2 3 8 2 8 9 -14

5 -103 -58 -134 -196 -333 -80 3 3 6 5 7 1 1 7 6 2 3 7 2 8 8 -14

6 3 9 6 46 1 6 4 1 5 8 1 7 6 75 -132 2 2 4 2 6 7 2 3 5 -6 -183

7 -106 -59 -132 -196 -325 -80 3 3 6 5 7 0 1 7 7 2 3 7 2 8 4 -14

8 -102 -58 -133 -196 -325 -91 3 4 5 5 7 1 1 7 0 2 3 9 2 8 5 -14

9 -176 68 2 -176 -330 -5 3 5 8 7 3 4 3 8 1 2 1 6 1 7 8 -9

O c t N o v D e c Jan Feb M a r Apr M a y J u n J u l Aug Sep

7 4 6 4 6 0 4 5 2 5 3 6 7 1 8 6 6 6 1 , 4 6 1 1 , 3 6 2 1 , 0 5 5 8 7 4 8 9 0 5 8 3

A l t O c t N o v D e c Jan Feb M a r Apr M a y J u n J u l Aug Sep

3 4 5 2 6 -5 -10 0 0 0 -1 -2 0

4 1 4 0 5 -23 -21 18 16 -1 -2 0 0

5 4 5 2 7 -3 -10 -1 -1 -2 -2 -1 0

6 5 0 2 1 0 8 3 0 0 3 6 1 5 0 6 1 4 5 -469 -348 89 -5 -295 -169

7 1 3 3 7 5 -9 -1 -2 -1 -3 -5 0

8 5 5 3 7 4 -20 8 -1 -8 -1 -4 0

9 -69 1 3 1 1 3 8 27 0 65 21 1 6 1 2 0 6 -24 -111 5

A l t e r n a t i v e  2  A v e r a g e  M o n t h l y  F l o w  ( c f s )

C h a n g e  i n  F l o w  f r o m  A l t e r n a t i v e  2  ( c f s )

T a b l e  X I I I - 2 7

S t a n i s l a u s  R i v e r  F l o w  a t  M o u t h ,  7 3 - Y e a r  P e r i o d

A l t e r n a t i v e  1  A v e r a g e  M o n t h l y  F l o w  ( c f s )

C h a n g e  i n  F l o w  f r o m  A l t e r n a t i v e  1  ( c f s )

O c t N o v D e c Jan Feb M a r Apr M a y J u n J u l Aug Sep

3 7 4 4 5 1 4 0 7 3 3 3 3 0 7 3 4 4 8 4 0 6 0 9 6 5 3 6 4 6 6 4 6 5 8 8

A l t O c t N o v D e c Jan Feb M a r Apr M a y J u n J u l Aug Sep

2 -22 -119 -142 -106 -65 -16 11 2 7 6 2 4 9 2 8 1 2 9 3 -14

3 -22 -119 -142 -106 -65 -16 14 2 7 4 2 4 8 2 8 1 2 9 3 -14

4 -22 -119 -142 -106 -65 -16 12 2 7 4 2 4 8 2 8 1 2 9 3 -14

5 -22 -119 -142 -106 -65 -16 14 2 7 6 2 4 8 2 8 2 2 9 3 -14

6 1 1 4 -78 -36 26 1 0 4 90 49 2 8 4 2 6 2 2 5 4 -203 -210

7 -22 -119 -142 -106 -65 -16 14 2 7 6 2 4 8 2 8 1 2 9 3 -14

8 -22 -119 -142 -106 -65 -16 10 2 7 9 2 4 7 2 8 0 2 9 3 -14

9 29 -96 -63 -68 -20 7 1 2 1 4 1 7 2 9 4 1 7 9 -42 -44

O c t N o v D e c Jan Feb M a r Apr M a y J u n J u l Aug Sep

3 5 2 3 3 2 2 6 5 2 2 7 2 4 2 3 2 8 8 5 2 8 8 4 9 0 2 9 2 7 9 3 9 5 7 4

A l t O c t N o v D e c Jan Feb M a r Apr M a y J u n J u l Aug Sep

3 0 0 0 0 0 0 3 -1 0 0 0 0

4 0 0 0 0 0 0 0 -1 -1 0 0 0

5 0 0 0 0 0 0 3 0 0 0 0 0

6 1 3 6 41 1 0 6 1 3 2 1 7 0 1 0 6 38 9 14 -27 -496 -196

7 0 0 0 0 0 0 3 0 -1 0 -1 0

8 0 0 0 0 0 0 -1 3 -1 -1 -1 0

9 51 23 80 38 45 23 1 0 9 1 4 2 45 -102 -335 -30

A l t e r n a t i v e  2  A v e r a g e  M o n t h l y  F l o w  ( c f s )

C h a n g e  i n  F l o w  f r o m  A l t e r n a t i v e  2  ( c f s )

T a b l e  X I I I - 2 8

S t a n i s l a u s  R i v e r  F l o w  a t  M o u t h ,  C r i t i c a l  P e r i o d

A l t e r n a t i v e  1  A v e r a g e  M o n t h l y  F l o w  ( c f s )

C h a n g e  i n  F l o w  f r o m  A l t e r n a t i v e  1  ( c f s )
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State Water Resources Control Board Joint Points of Diversion
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2. Water Temperature

The effects of implementation of the Joint POD alternatives on water temperature in
upstream areas were analyzed to evaluate potential effects on habitat for fish and aquatic
resources. The water temperature model developed by the USBR (USBR 1990, 1993, 1997;
described in Chapter IV) was used to assess the effects of the Joint POD alternatives on water
temperature in four major streams in the Sacramento-San Joaquin River system, the
Sacramento, Feather, American, and Stanislaus rivers.  Monthly project operations, modeled
with DWRSIM, were input to the temperature model for the 72-year hydrologic period of
record (1922-93).  The model was used to predict mean monthly water temperatures at eight
to twelve locations on each stream.

The following sites were selected for detailed analysis of temperature effects (in order from
upstream to downstream):

• Sacramento River – Below Keswick Dam, Ball’s Ferry, Jelly’s Ferry, and Vina
• Feather River – Downstream of the Afterbay, Honcut Creek, and Mouth
• American River – Below Nimbus Dam, Watt Avenue, and Mouth
• Stanislaus River – Below Goodwin Dam, Orange Blossom Bridge, and Mouth

Representative water years were selected for analysis from the period of record for wet,
above normal, below normal, dry, and critical water year types.  Representative years
selected were years closest to the median monthly temperature values for each water year
type. For the Sacramento River system, water years 1942, 1928, 1979, 1964, and 1992,
respectively, were selected to represent the five water year types.  For the Stanislaus River,
water years 1980, 1963, 1950, and 1976 were selected to represent wet, above normal, below
normal, and critical water year types, respectively.  Dry water years were not analyzed for the
Stanislaus River because no impacts were identified in other water year types.
Volume 2, Appendix 5 includes predicted mean monthly water temperatures for the above-
described stations and water years.

The precision of the model was estimated at approximately ± 1.0° F among the alternatives
(J. Rowell, personal communication).  In this analysis, water temperatures predicted for Joint
POD alternatives 2, 4, 5, 8 and 9 were compared with values predicted for Alternative 1
(base case) for each location and representative water year.  Predicted temperature values for
Joint POD alternatives within 1.0° F of those predicted for the base case were considered
within the error of model predictions.

a. Sacramento River.  Water temperatures predicted under the Joint POD alternatives
were not different from those predicted for the base cases (Alternatives 1 and 2) at any
location in wet or above normal water years.  In below normal years, predicted temperatures
in September at Ball’s Ferry and Vina under Alternatives 5, 8, and 9 were approximately
1.5 °F higher than in Alternatives 1 and 2.  In dry years, predicted temperatures in September
at Ball’s Ferry and Vina under Alternative 2 were approximately 1.5 °F higher than in
Alternative 1.
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In critical years, predicted temperatures in August at Ball’s Ferry, Bend Bridge, and Vina
under Alternatives 2, 4, 5, 8 and 9 were approximately 2 – 3 °F higher than in Alternative 1.
Also in critical years, temperatures in September at Keswick under Alternatives 4, 5, and 8
were approximately 1.5 – 5 °F higher than in Alternatives 1 and 2; temperatures at Ball’s
Ferry and Bend Bridge in September of critical years were 1 – 3 °F higher under Alternatives
5 and 8 than in Alternatives 1 and 2.

These modeled temperature differences due to implementation of the Joint POD alternatives
are unlikely to result in significant impacts to fishery resources.  SWRCB Order WR 90-5
specifies temperature objectives for the mainstem Sacramento River.  Temperature criteria
also have been established for the protection of winter-run chinook salmon spawning, egg
incubation, and rearing in the mainstem Sacramento River in the biological opinion for the
operation of the CVP and SWP (NMFS 1993).  The Sacramento River Temperature Task
Group, consisting of representatives from the SWRCB, USBR, USFWS, WAPA, USCOE
and NMFS, meets on a regular basis during the temperature control season (May through
October); typical discussions include an assessment of the temperature control operations and
forecast of operations for the remainder of the season.  Operational adjustments are made on
a real-time basis to reduce temperature impacts on winter-run chinook salmon and other
species.  Operation of the temperature control device at Shasta Dam is increasing the ability
to control water temperatures for anadromous fish protection in the mainstem Sacramento
River.

b. Feather River.  In general, water temperature changes predicted by the model were due
to implementation of the Water Quality Plan (Alternative 2), but varied little with the
addition of joint use of points of diversion in Alternatives 3 through 9.

Water temperatures predicted under the Joint POD alternatives were not different from those
predicted for the base cases at any location in wet water years.  At all sites, predicted water
temperatures in an above normal water year were approximately 1 – 2° F higher in August
under Alternative 8 than in the base cases.  In a below normal water year, predicted
temperatures in August under Alternatives 4, 5, 8 and 9 were approximately 1 – 3° F higher
than in Alternative 1, but were similar to Alternative 2.

In a dry water year, predicted temperatures in April under Alternatives 2, 4, 5, 8 and 9 were
approximately 2° F higher than in Alternative 1 at the two downstream sites; in May in a dry
water year, temperatures under Alternatives 2, 4, 5, 8 and 9 were approximately 2 – 3° F
higher than in Alternative 1 at all sites.  In a critical water year, temperatures predicted under
the Joint POD alternatives were not different from those predicted for the base cases at any
location.

These modeled water temperature increases in the lower river are not likely to result in
significant impacts to fishery resources compared to the base case condition.

Fall and spring-run chinook salmon and steelhead spawn and rear in the lower Feather River.
Fall-run chinook salmon typically emigrate from the lower river from January through March
and therefore are not affected by elevated water temperatures.  Spring-run chinook salmon
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spawn in the low flow channel from late August through October; steelhead rear in the low
flow channel year-round.

Temperatures in the lower river are controlled through operation of a temperature control
device.  The DFG/DWR Hatchery Water Supply Temperature Agreement (August 26, 1983)
established minimum and maximum criteria for temperatures at the intake to Feather River
Hatchery at the Thermalito Diversion Dam.  These requirements, in addition to providing
suitable rearing temperatures at the hatchery, provide suitable temperature releases for
coldwater species in the lower river.

The NMFS is currently completing evaluation of the short-term effects of operation of the
CVP and SWP on steelhead trout and spring-run chinook salmon.  A biological opinion will
be issued in the near future which is likely to include water temperature conditions to protect
spring-run chinook salmon spawning and steelhead rearing in the low flow channel of the
Feather River.

c. American River.  In a wet water year, predicted temperatures at all sites were
approximately 2° F higher in July under Alternative 8 than in Alternative 1.   In an above
normal year, temperatures at all sites were approximately 1 - 3° F higher in September under
Alternative 8 than in Alternatives 1 and 2.  In a below normal year, temperatures at all sites
were approximately 1 – 2° F higher in September under Alternatives 5, 8, and 9 than in the
base cases.  In a dry water year, temperatures predicted under the alternatives were not
different from those predicted for the base cases at any location.

In a critical year, storage at Folsom Reservoir is lower in the summer months under the
JPOD alternatives compared to the base cases, resulting in some cases in elevated water
temperatures.  Predicted temperatures under the Joint POD alternatives differed from the
base cases in May, July, and August.  Predicted temperatures at the two upstream sites were
approximately 1 - 2° F higher in May under Alternative 8 compared to Alternatives 1 and 2.
Temperatures in July under Alternatives 4, 5, and 9 ranged approximately 3 – 4° F higher
than in Alternative 1 at all sites, but were similar to Alternative 2.  Also in July, temperatures
under Alternative 8 were approximately 5 °F higher than in Alternatives 2, 4, 5, and 9 at all
sites.  In August, temperatures under Alternatives 4, 5, 8 and 9 were approximately 2 - 4° F
higher than in Alternative 1 at all sites, but were similar to Alternative 2.

These modeled water temperature increases in the lower river are not likely to result in
significant impacts to fishery resources compared to the base case condition for the following
reasons: 1) even under the base case condition, suitable habitat is not available year-round for
all salmonid lifestages, 2) the model did not include real-time operational adjustments that
are made to reduce water temperature impacts, 3) the model did not include the planned
construction and operation of a multi-level release structure at Folsom Dam, which is
expected to allow the release of cooler water in the late summer months.

Under the base case condition, warm summer and fall water temperatures on the lower
American River have been identified as a limiting factor to juvenile steelhead rearing in the
river (USFWS 1995). Water temperatures in the lower American River from July to October
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are commonly higher than optimum levels for survival of juvenile steelhead.  Steelhead
generally do not survive the extended warm waters in many years and move prematurely out
of the American River to seek cooler water.  High water temperatures have significantly
limited natural steelhead production in the lower river (McEwan and Nelson 1991).  Elevated
temperatures in the late summer are also suspected to delay fall-run chinook spawning in the
lower river and may impede reproductive success (USFWS 1995).

The temperature modeling assumed that no operational changes would be made to control
temperatures in the lower river.  However, the USBR, DFG, USFWS, and NMFS meet
routinely to discuss operational changes to benefit fishery resources in the lower American
River.  Flow and water temperature needs for fisheries are taken into consideration for
operations on a real-time basis.  A temperature target of 65°F at Watt Avenue is used to
protect juvenile steelhead rearing in the lower river.  Operational adjustments are often made
to reduce impacts on water temperatures in the late summer months of dry and critical water
years.

The predicted effects on water temperature in the lower American River in July and August
also assume that no new facilities would be constructed.  The planned construction and
operation of a multi-level release structure at Folsom Dam is expected to permit the release
of cooler water in the late summer and fall than was indicated by the model simulations.
The NMFS is currently completing evaluation of the short-term effects of operation of the
CVP and SWP on steelhead trout.  A biological opinion will be issued in the near future
which is likely to include conditions to reduce adverse effects of water temperature on
steelhead in the lower American River.

d. Stanislaus River.  In the Stanislaus River, no adverse effects on water temperature
were predicted under the Joint POD alternatives in any water year type.  In some cases, the
Joint POD alternatives are predicted to result in improved temperature conditions in the
lower river for coldwater species by lowering water temperatures in the spring months
compared to the base case.

3. Aquatic Habitat

River flow and reservoir storage may be directly affected by water operations under the
proposed Joint POD alternatives.  The frequency, magnitude, and timing of natural flow
regimes of rivers tributary to the Delta have been changed significantly by water supply
operations.  These changes influence aquatic habitat in rivers by changing the streambed and
river channel geometry, riparian habitat, substrate composition, and water temperatures.
Water supply operations also affect the frequency, duration, magnitude and timing of
drawdown in reservoirs.  The upstream aquatic habitat impact assessment focuses on the
frequency, timing, and magnitude of these changes to instream flows and reservoir surface
elevations.

a. Rivers .  The Range of Variability Approach (RVA) developed by Richter et al (1997)
was used to assess the impact of the Joint POD alternatives on aquatic habitat in rivers in the
Sacramento-San Joaquin system. This approach, described in Chapter VI, is based on aquatic
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ecology theory concerning the critical role of hydrologic variability, and associated
characteristics of duration and timing, in sustaining aquatic ecosystems.

The RVA method was used to assess the relative effects of the Joint POD alternatives on
stream ecosystems below the major SWP and CVP reservoirs at the following locations
where estimates of unimpaired flow data were available:

• Sacramento River near Red Bluff
• Feather River near Oroville
• American River at Fair Oaks
• Stanislaus River at Melones Reservoir

Since estimated unimpaired flows were available only on a monthly time step, a subset of the
32 hydrologic parameters recommended in the RVA analysis was calculated for the available
period of record (1922 – 1993).  Hydrologic parameters used in the analysis are summarized
in Table XIII-29, and include the magnitude of monthly flows, the magnitude of annual
extreme flow conditions, and the timing of annual extreme flow conditions.

Table XIII-29
Summary of Hydrologic Parameters Used in Assessment of the

Impacts of the Joint POD alternatives.

Flow Statistics Group Regime Characteristics Hydrologic Parameters

Magnitude of monthly flow
conditions

Magnitude Mean monthly flows

Magnitude of annual extreme
flow conditions

Annual Extremes Mean annual minimum monthly
flow

Mean annual maximum monthly
flow

Timing of annual extreme flow
conditions

Timing Month of annual minimum flow

Month of annual maximum flow

From the estimated unimpaired flows, management targets were established for each of the
flow parameters  (± 1 standard deviation from the mean).  For those parameters where a
skewed distribution resulted in a standard deviation that exceeded the minimum or maximum
value, the actual unimpaired minimum or maximum value was used as the lower or upper
target range boundary.

Simulated flows for the period of record (1922 – 1993) for each of the Joint POD alternatives
(DWRSIM analysis) were then compared with flow target ranges to evaluate the relative
suitability of the alternatives in meeting ecological objectives.  For the flow simulations,
locations from the DWRSIM analysis were selected that were closest to sites on each river
where estimated unimpaired flow data were available.  The rate of non-attainment of the flow
management targets was calculated for each site and flow parameter.
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Table XIII-30 summarizes the RVA for the Stanislaus River at Melones Reservoir.  Analyses
for all sites are shown in Volume 2, Appendix 5.

Cases where flow parameters showed a greater than 10 percent deviation in the non-
attainment rate between the Joint POD alternatives and the base cases (Alternatives 1 and 2)
are described below.  In some cases, the difference in the rate of non-attainment showed a
slight positive effect, moving closer to unimpaired conditions; in other cases, the difference
showed a slight adverse effect, moving away from unimpaired conditions.

Sacramento River.  No differences in the rate of non-attainment greater than 10
percent were observed between the Joint POD alternatives and the base cases in any of the
flow parameters.

Feather River.  In October, flows in the Feather River were lower under Alternatives 2
through 9 than under Alternative 1, resulting in lower rates of non-attainment and a shift
toward unimpaired conditions.  In June, flows were higher under Alternatives 2 through 9
than under Alternative 1, also resulting in lower rates of non-attainment and a shift toward
unimpaired conditions.  In August, flows were lower under Alternatives 7 and 8 than under
Alternatives 1 and 2, also resulting in lower rates of non-attainment and a shift toward
unimpaired conditions.  However, in January, flows were lower under Alternatives 2 through
9 than under Alternative 1, resulting in slightly higher rates of non-attainment and a shift
away from unimpaired conditions.

American River.  No differences in the rate of non-attainment greater than 10 percent
were observed in monthly flow magnitudes or magnitudes of mean annual extremes among
the Joint POD alternatives and between the Joint POD alternatives and the base case.  Under
Alternatives 2 through 9, the timing of the annual maximum was shifted toward unimpaired
conditions compared to Alternative 1.

Stanislaus River.  In February, flows were increased under Alternative 6 compared to
Alternatives 1 and 2, resulting in a lower rate of non-attainment and a shift toward
unimpaired conditions.  Under Alternative 9, the lower end of the range of monthly flows
simulated for February increased slightly compared to Alternatives 1 and 2, also resulting in
a lower rate of non-attainment and a shift toward unimpaired conditions.

In August, flows were increased or slightly decreased under Alternatives 2 through 9
compared to Alternative 1, resulting in higher rates of non-attainment and a shift away from
unimpaired conditions.  Under Alternative 6, flows are decreased in August compared to
Alternative 2, resulting in a lower rate of non-attainment and a shift toward unimpaired
conditions.



IH
A

 G
ro

up
 1

M
ea

n
S

D
L

ow
H

ig
h

L
ow

H
ig

h
M

ea
n

S
D

L
ow

H
ig

h
M

ea
n

S
D

L
ow

H
ig

h

M
on

th
ly

 F
lo

w
 M

ag
ni

tu
de

 (
cf

s)

O
ct

ob
er

16
0

17
9

0
1,

43
4

0
33

9
60

1
1,

29
2

63
5,

36
2

15
%

49
1

1,
08

3
63

5,
36

2
19

%

N
ov

em
be

r
47

5
87

8
34

6,
16

2
34

1,
35

3
38

1
46

6
19

8
3,

36
0

3%
31

9
47

1
19

8
3,

36
0

3%

D
ec

em
be

r
85

8
1,

30
9

49
6,

71
2

49
2,

16
6

46
3

75
4

13
0

4,
74

4
4%

32
5

65
3

13
0

4,
74

4
3%

Ja
nu

ar
y

1,
17

8
1,

35
4

49
6,

24
0

49
2,

53
3

65
1

94
9

13
0

4,
91

8
7%

44
6

86
1

13
0

4,
91

8
6%

Fe
br

ua
ry

1,
65

1
1,

50
7

18
9,

59
6

14
4

3,
15

8
96

5
1,

20
4

12
4

4,
98

6
22

%
62

2
93

7
12

4
4,

96
9

28
%

M
ar

ch
2,

00
3

1,
22

9
21

2
6,

69
6

77
5

3,
23

2
54

4
98

8
13

0
5,

29
2

85
%

47
0

92
4

13
0

5,
29

2
92

%

A
pr

il
3,

22
2

1,
26

3
58

9
7,

29
0

1,
95

8
4,

48
5

75
0

43
3

47
1

1,
46

7
10

0%
1,

09
3

64
5

47
1

3,
24

3
92

%

M
ay

4,
55

8
2,

24
7

71
7

9,
69

4
2,

31
1

6,
80

5
44

9
32

8
25

5
2,

06
7

10
0%

1,
02

6
61

5
25

5
2,

70
7

94
%

Ju
ne

2,
91

4
2,

03
3

18
5

10
,6

40
88

1
4,

94
7

58
5

90
9

25
5

4,
59

5
90

%
75

8
65

9
25

5
4,

59
5

83
%

Ju
ly

83
6

80
7

0
4,

65
9

30
1,

64
3

35
2

24
4

26
5

2,
23

1
1%

59
1

23
7

26
5

2,
23

1
1%

A
ug

us
t

20
0

19
3

0
1,

25
4

6
39

3
31

7
44

28
3

40
7

10
%

60
4

73
28

3
70

2
99

%

Se
pt

em
be

r
10

8
11

3
0

64
0

0
22

1
26

4
10

2
24

9
1,

11
0

10
0%

25
3

67
0

75
8

99
%

IH
A

 G
ro

up
 2

M
ea

n 
A

nn
ua

l E
xt

re
m

es
 (

cf
s)

A
nn

ua
l 3

0-
da

y 
m

in
im

um
69

67
0

48
8

2
13

5
11

5
60

63
28

9
19

%
11

9
81

0
63

1
15

%

A
nn

ua
l 3

0-
da

y 
m

ax
im

um
4,

92
2

2,
28

0
71

7
10

,6
40

2,
64

2
7,

20
2

1,
54

7
1,

54
3

47
1

5,
36

2
78

%
1,

68
1

1,
23

2
51

7
5,

36
2

83
%

IH
A

 G
ro

up
 3

T
im

in
g 

of
 A

nn
ua

l E
xt

re
m

es

M
on

th
 o

f 
an

nu
al

 m
in

im
um

9
1

7
2

8
10

11
2

8
3

31
%

8
4

1
12

47
%

M
on

th
 o

f 
an

nu
al

 m
ax

im
um

4
1

12
6

3
5

3
2

10
6

44
%

5
2

1
10

50
%

IH
A

 G
ro

up
 1

M
ea

n
S

D
L

ow
H

ig
h

M
ea

n
S

D
L

ow
H

ig
h

M
ea

n
S

D
L

ow
H

ig
h

M
on

th
ly

 F
lo

w
 M

ag
ni

tu
de

 (
cf

s)

O
ct

ob
er

49
5

1,
08

2
63

5,
36

2
21

%
49

3
1,

08
3

63
5,

36
2

21
%

49
5

1,
08

2
63

5,
36

2
21

%

N
ov

em
be

r
32

4
47

2
19

8
3,

36
0

3%
32

3
47

2
19

8
3,

36
0

3%
32

4
47

2
19

8
3,

36
0

3%

D
ec

em
be

r
32

7
65

3
13

0
4,

74
4

3%
32

5
65

3
13

0
4,

74
4

3%
32

7
65

3
13

0
4,

74
4

3%

Ja
nu

ar
y

45
2

86
4

13
0

4,
91

8
6%

45
1

86
4

13
0

4,
91

8
6%

45
3

86
5

13
0

4,
91

8
6%

Fe
br

ua
ry

61
7

94
0

12
4

4,
96

9
29

%
60

0
93

8
12

4
4,

96
9

31
%

61
9

94
1

12
4

4,
96

9
29

%

M
ar

ch
46

0
92

9
13

0
5,

29
2

92
%

44
8

88
4

13
0

5,
29

2
92

%
46

0
92

9
13

0
5,

29
2

92
%

A
pr

il
1,

09
3

64
4

47
1

3,
24

3
92

%
1,

11
1

64
2

47
1

3,
24

3
92

%
1,

09
2

64
3

47
1

3,
24

3
92

%

M
ay

1,
02

6
61

3
25

5
2,

70
2

94
%

1,
04

3
61

3
25

5
2,

70
2

94
%

1,
02

5
61

2
25

5
2,

70
5

94
%

Ju
ne

75
8

66
2

25
5

4,
59

5
83

%
75

7
64

5
25

5
4,

59
5

82
%

75
6

66
3

25
5

4,
59

5
83

%

Ju
ly

59
0

23
7

26
5

2,
23

1
1%

59
0

23
7

26
5

2,
23

1
1%

58
9

23
7

26
5

2,
23

1
1%

A
ug

us
t

60
3

72
28

3
70

2
99

%
60

5
73

28
3

70
3

99
%

60
4

74
28

3
71

0
99

%

Se
pt

em
be

r
25

3
67

0
75

8
99

%
25

3
67

0
75

8
99

%
25

3
67

0
75

8
99

%

IH
A

 G
ro

up
 2

M
ea

n 
A

nn
ua

l E
xt

re
m

es
 (

cf
s)

A
nn

ua
l 3

0-
da

y 
m

in
im

um
11

9
81

0
63

1
15

%
11

8
80

0
63

1
15

%
11

9
81

0
63

1
15

%

A
nn

ua
l 3

0-
da

y 
m

ax
im

um
1,

68
2

1,
23

4
51

8
5,

36
2

83
%

1,
69

5
1,

19
3

51
8

5,
36

2
83

%
1,

68
2

1,
23

5
51

8
5,

36
2

83
%

IH
A

 G
ro

up
 3

T
im

in
g 

of
 A

nn
ua

l E
xt

re
m

es

M
on

th
 o

f 
an

nu
al

 m
in

im
um

8
4

1
12

47
%

8
4

1
12

47
%

8
4

1
12

47
%

M
on

th
 o

f 
an

nu
al

 m
ax

im
um

5
2

1
10

50
%

5
2

1
10

49
%

5
2

1
10

50
%

1995 Bay/Delta Water Quality Control Plan
FEIR for Implementation of the                                             XIII-87                                                                 November 1999

T
ab

le
 X

II
I-

30
.  

R
es

ul
ts

 o
f 

th
e 

R
an

ge
 o

f 
V

ar
ia

bi
lit

y 
A

na
ly

si
s

State Water Resources Control Board                                                                                                   Joint Points of Diversion

A
lt

er
na

ti
ve

 3
A

lt
er

na
ti

ve
 4

A
lt

er
na

ti
ve

 5

R
an

ge
 li

m
it

s
R

an
ge

 li
m

it
s

                          Alternatives for Implementing the

St
an

is
la

us
 R

iv
er

 a
t 

N
ew

 M
el

on
es

 R
es

er
vo

ir
Jo

in
t 

P
O

D
 A

lt
er

na
ti

ve
s

U
ni

m
pa

ir
ed

 C
on

di
ti

on
s 

(1
92

2 
- 

93
)

A
lt

er
na

ti
ve

 1
A

lt
er

na
ti

ve
 2

R
an

ge
 li

m
it

s
R

an
ge

 li
m

it
s

R
an

ge
 li

m
it

s

R
an

ge
 li

m
it

s

A
tt

ai
nm

en
t

A
tt

ai
nm

en
t

A
tt

ai
nm

en
t

R
at

e 
of

 N
on

-
R

at
e 

of
 N

on
-

R
at

e 
of

 N
on

-

A
tt

ai
nm

en
t

A
tt

ai
nm

en
t

R
V

A
 T

ar
ge

t 
R

an
ge

R
at

e 
of

 N
on

-
R

at
e 

of
 N

on
-



Alternatives for Implementing the
State Water Resources Control Board Joint Points of Diversion

FEIR for Implementation of the XIII-88 November 1999
1995 Bay/Delta Water Quality Control Plan

Under Alternative 6, the magnitude of the annual 30-day maximum flow was higher
compared to Alternatives 1 and 2, resulting in a slightly lower rate of non-attainment and a
shift toward unimpaired conditions.  Under Alternative 9, the magnitude of the annual 30-day
minimum was higher, and the magnitude of the annual 30-day maximum was lower, than
under Alternatives 1 and 2, resulting in higher rates of non-attainment and a shift away from
unimpaired conditions.

Rate of Non- Rate of Non-

IHA Group 1 Mean SD Low High Attainment Mean SD Low High Attainment

Monthly Flow Magnitude (cfs)

October 998 1,607 224 5,866 24% 492 1,083 63 5,362 19%

November 428 472 225 3,363 3% 323 471 198 3,360 3%

December 628 906 224 5,731 4% 328 654 130 4,744 3%

January 811 1,004 224 4,924 8% 453 865 130 4,918 6%

February 1,134 1,280 225 5,973 7% 627 940 124 4,969 28%

March 616 955 224 5,361 83% 460 929 130 5,292 92%

April 619 142 452 1,579 100% 1,092 643 471 3,243 92%

May 673 381 444 3,238 99% 1,024 613 255 2,704 94%

June 849 1,122 200 6,351 90% 756 663 255 4,595 83%

July 586 306 75 2,590 1% 589 237 265 2,231 1%

August 314 213 50 631 44% 600 74 283 703 99%

September 84 144 49 1,230 3% 253 67 0 758 99%

IHA Group 2

Mean Annual Extremes (cfs)

Annual 30-day minimum 71 69 49 631 3% 119 81 0 631 15%

Annual 30-day maximum 1,994 1,808 624 6,351 69% 1,682 1,235 518 5,362 83%

IHA Group 3

Timing of Annual Extremes

Month of annual minimum 9 1 7 9 8% 8 4 1 12 47%

Month of annual maximum 6 3 1 12 82% 5 2 1 10 50%

Rate of Non- Rate of Non-

IHA Group 1 Mean SD Low High Attainment Mean SD Low High Attainment

Monthly Flow Magnitude (cfs)

October 496 1,083 63 5,362 21% 418 456 125 1,501 29%

November 324 472 198 3,360 3% 451 416 208 1,501 13%

December 328 654 130 4,744 3% 463 484 208 3,187 1%

January 453 865 130 4,918 6% 473 571 146 3,487 3%

February 627 939 124 4,969 28% 621 724 146 4,825 1%

March 449 882 130 5,292 92% 534 852 146 6,502 85%

April 1,101 648 471 3,241 92% 1,124 396 475 1,591 100%

May 1,026 613 255 2,709 94% 1,196 572 455 3,837 96%

June 750 661 255 4,595 85% 970 1,073 241 8,460 78%

July 591 238 265 2,231 1% 573 271 254 2,545 1%

August 601 75 283 727 99% 504 150 268 685 72%

September 253 67 0 758 99% 270 100 224 1,067 100%

IHA Group 2

Mean Annual Extremes (cfs)

Annual 30-day minimum 119 81 0 631 15% 218 83 125 635 82%

Annual 30-day maximum 1,678 1,208 520 5,362 83% 1,368 1,050 584 8,460 94%

IHA Group 3

Timing of Annual Extremes

Month of annual minimum 8 4 1 12 47% 9 2 3 10 17%

Month of annual maximum 5 2 1 10 51% 6 2 3 12 43%

Alternative 8 Alternative 9

Range limits Range limits

Range limitsRange limits

Alternative 6 Alternative 7

Joint POD Alternatives

Table XIII-30 continued.  Results of the Range of Variability Analysis

Stanislaus River at New Melones Reservoir
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The timing of the annual minimum flow was more variable under Alternatives 2 through 5, 7,
and 8 than Alternative 1, resulting in a shift away from unimpaired conditions.  Under
Alternatives 6 and 9, the timing of the annual minimum flow was closer to unimpaired
conditions than under Alternative 1.  The timing of the annual maximum flow under
Alternative 6 was shifted later in the year and was more variable than under Alternatives 1
and 2, resulting in a shift away from unimpaired conditions.

Summary.  Differences in the rate of non-attainment of the target ranges between the
Joint POD alternatives and the base cases and among the alternatives are minor.  Rates of
non-attainment are high in some months for all of the Joint POD alternatives, since the
pattern of regulated flow releases in the system differs significantly from the unimpaired
condition.  However, the pattern of non-attainment of the targets generally is similar among
the Joint POD alternatives.  No significant impacts on riverine aquatic habitat in upstream
areas are therefore expected.  No mitigation is required.

b. Reservoirs .  Habitat conditions in relation to initial reservoir elevation and fluctuations
were analyzed for each of the five major reservoirs in the CVP and SWP project areas.
These reservoirs include:  Lake Shasta, Lake Oroville, Folsom Lake, New Melones
Reservoir, and San Luis Reservoir.  Habitat conditions evaluated include the spawning and
rearing habitat quality for warmwater fisheries including largemouth bass, smallmouth bass,
and spotted bass.  A discussion of the assumptions and analytical methods used in the
analysis can be found in Chapter VI.  The methodology assumes that increases in the quantity
and quality of habitat are indicated by increases in the index.  Decreases indicate a decrease
in habitat value.  Modeled reservoir elevations may be expected to have a margin of error of
10 to 20 percent.  Therefore, effects of the various alternatives are considered significant only
if the differences from the base case are greater than 10 percent.

The results of the analysis of Joint POD Alternatives are shown in Tables XIII-31 and
XIII-32 as the 73-Year Average Index and the Critical Period Index.  Changes in the 73-year
average reservoir index from use of the Joint POD occur primarily at Shasta, Folsom, New
Melones, and San Luis Reservoirs which are part of the CVP.  Significant decreases are
predicted at Folsom Reservoir for Alternative 8 and at New Melones Reservoir for all Joint
POD Alternatives except Alternative 6 and Alternative 9.  The decreases at New Melones
Reservoir are caused by implementation of the 1995 Bay/Delta Plan.  Beneficial effects are
also predicted at San Luis Reservoir for all alternatives that allow wheeling.  Little or no
change occurs in the 73-year average reservoir indices at the other reservoirs analyzed.

Significant decreases in the critical period reservoir index are predicted at Folsom Lake
under all Joint POD alternatives except Alternative 7 and at New Melones Reservoir for all
alternatives except Alternative 6 and Alternative 9.  The decreases at Folsom Lake are
primarily a cumulative impact of implementing both the 1995 Bay/Delta Plan and the Joint
POD.  A significant increase in the critical period reservoir index is predicted to occur at San
Luis Reservoir for Alternative 6.  Minor or no changes are predicted at all other reservoirs for
all alternatives.
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Table XIII-31

Average Reservoir Habitat Index for 73-Years
Under the Joint POD Alternatives

73-Year Average Index
Alternative

Alt 1 Alt 2 Alt 3 Alt 4 Alt 5 Alt 6 Alt 7 Alt 8 Alt 9

Shasta 459 460 454 448 450 436 448 444 452

Oroville 388 385 383 378 385 377 391 391 377

Folsom 438 426 418 410 412 405 411 393 D 419

New Melones 298 258 D 261 D 259 D 260 D 340 I 259 D 260 D 313

San Luis 265 287 326 I 305 I 331 I 331 I 373 I 342 I 310 I

Totals 1,848 1,794 1,842 1,800 1,838 1,889 1,882 1,830 1,870
I – Increase greater than 10 percent
D - Decrease greater than 10 percent

Table XIII-32
Critical Period Reservoir Habitat Index

Under the Joint POD Alternatives

Critical Period Index
Alternative

Alt 1 Alt 2 Alt 3 Alt 4 Alt 5 Alt 6 Alt 7 Alt 8 Alt 9

Shasta 202 202 201 200 201 203 201 198 200

Oroville 184 191 190 189 191 188 193 189 190

Folsom 250 213 D 222 D 222 D 223 D 214 D 229 219 D 226

New Melones 219 186 D 187 D 186 D 186 D 219 186 D 187 D 201

San Luis 191 187 197 184 192 235 I 199 195 180

Totals 1,046 979 997 981 993 1,059 1,008 988 996
I - Increase greater than 10 percent
D - Decrease greater than 10 percent
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Impacts of the Joint POD Alternatives on reservoir habitat conditions are generally
temporary and mitigable.  If significant effects on reservoir fish populations are observed,
mitigation could include additional fish planting, habitat improvement through planting of
shoreline vegetation, or addition of habitat structures.

c. Riparian Wetland Habitat.  The condition of riparian vegetation and wetland habitat
in the riparian zone of major rivers was assessed using simulated river water surface
elevation (stage) at 6 locations.  Average monthly stage was calculated for the base case and
each alternative for average, wet and dry year conditions 1.  Differences among alternatives
are expressed as a percent change from the base case.  Low summer stages represent drought
conditions and high year-round stages indicate inundation mortality.  Modeled surface water
elevations may be expected to have a margin of error of plus or minus 10 to 20 percent.
Differences among alternatives are considered to be significant only if greater than
20 percent.  A complete description of the analysis approach and methodology is contained
in Chapter VI.

Tables XIII-33 through XIII-38 present the results of this analysis.  Values that exceed the
20 percent significance threshold are indicated in bold type and in italics if there is negative
impact.  River stages increase significantly at Natoma in June of dry years for Alternatives 2,
4, 6 and 9 and in dry Septembers for Alternative 2.  On the Sacramento River at Verona,
stages are significantly higher under all alternatives in June and for the January to June
period under Alternative 2.  Significant reductions in river stage occur at Verona during the
January to May period of wet years under Alternative 2.  On the Feather River, the river
stage index for dry years is higher in June for all alternatives; higher in July for Alternatives
7 and 8; higher in April for Alternative 6; lower in May for Alternatives 6 and 9; and lower
in August for Alternatives 7 and 8.  For wet years, the Feather River stage index is
significantly higher in July for Alternatives 4, 6, 7, 8 and 9, and lower in August for
Alternatives 7 and 8.  In general, the effects of Joint POD alternatives could not be
distinguished from the effects resulting from implementation of the 1995 Bay/Delta Plan
alone.

In the San Joaquin River basin, impacts to the river stage index at Newman and Vernalis are
as described in Chapter VI.  The Joint POD alternatives impose no new operating constraints
on reservoirs in the basin, hence implementation of any given alternative creates a condition
which is indistinguishable from implementation of the 1995 Bay/Delta Plan.

The lower river stages predicted on the Feather River under dry conditions are small enough
that riparian wetlands and vegetation would adjust without specific mitigation.  Increased
stages predicted at various locations in May and June would have a beneficial impact.  In
general, the effects of the Joint POD alternatives could not be distinguished from the effects
resulting from implementation of the 1995 Bay/Delta Plan alone.

                                                                
     1  "Wet” years are the average of wet and above normal years as defined in the 1995 Bay/Delta Plan for the
Sacramento and San Joaquin river basins.  “Dry” years are the average of below normal, dry, and critically dry
year types.
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A l t e r n a t i v e O c t N o v D e c J a n F e b M a r A p r M a y J u n J u l A u g S e p

      Alt 1 3.7 3.9 4.4 4.7 5.1 4.7 4.6 4.3 4.8 4.6 4.1 3.3

A l t e r n a t i v e O c t N o v D e c J a n F e b M a r A p r M a y J u n J u l A u g S e p

      Alt 2 -4.3 -1.2 -4.6 -2.9 0.1 1.3 0.4 2.0 11.1 -5.2 -8.3 10.3

      Alt 3 -2.2 -2.0 -5.4 -3.2 -0.4 0.3 0.5 2.4 10.7 -4.1 -5.4 8.0

      Alt 4 -3.9 -3.1 -5.1 -3.8 -1.8 0.3 -0.8 1.8 12.5 -3.6 -3.9 8.2

      Alt 5 -3.1 -3.0 -5.6 -3.0 -1.4 0.2 -0.2 1.9 10.9 -3.1 -1.6 4.4

      Alt 6 -3.0 -3.1 -5.8 -3.8 -1.7 0.0 2.9 -0.3 12.8 -3.4 -2.5 2.9

      Alt 7 -2.9 -3.4 -6.2 -3.2 -1.2 -0.2 0.1 2.4 10.7 -2.0 0.0 -0.4

      Alt 8 -5.3 -6.9 -8.0 -4.9 -3.2 -1.7 -1.2 1.2 9.1 -3.8 -0.8 -8.0

      Alt 9 -2.6 -1.9 -4.7 -2.8 -1.3 0.2 -0.7 1.3 11.5 -3.8 -3.9 6.7

A l t e r n a t i v e O c t N o v D e c J a n F e b M a r A p r M a y J u n J u l A u g S e p

      Alt 1 3.6 3.6 3.7 3.6 4.0 3.8 3.8 3.5 4.1 4.5 3.9 2.5

A l t e r n a t i v e O c t N o v D e c J a n F e b M a r A p r M a y J u n J u l A u g S e p

      Alt 2 -2.0 -0.7 -6.6 -5.5 -0.1 2.8 0.0 3.6 2 0 . 4 -4.5 -15.4 2 1 . 0

      Alt 3 0.7 -0.5 -7.0 -6.2 -1.3 0.5 0.3 4.3 19.6 -3.1 -12.3 17.8

      Alt 4 -0.8 -1.4 -6.1 -7.5 -4.3 0.4 -1.8 2.9 2 2 . 8 -2.6 -10.7 18.9

      Alt 5 -0.4 -1.4 -6.4 -5.8 -3.5 0.4 -1.1 3.2 19.9 -1.7 -8.1 12.1

      Alt 6 0.5 -0.3 -6.5 -7.2 -4.2 0.0 4.2 -0.8 2 2 . 8 -2.6 -10.0 11.0

      Alt 7 -0.5 -1.9 -7.1 -6.1 -2.9 -0.4 -0.4 4.2 19.4 -0.8 -6.2 4.8

      Alt 8 -3.8 -5.5 -8.4 -8.4 -6.3 -3.1 -2.3 3.0 17.2 -3.6 -7.4 -0.3

      Alt 9 -0.5 -0.2 -5.7 -5.2 -3.3 0.4 -1.6 1.9 2 1 . 7 -2.9 -10.1 14.7

A l t e r n a t i v e O c t N o v D e c J a n F e b M a r A p r M a y J u n J u l A u g S e p

      Alt 1 3.8 4.3 5.3 6.2 6.7 5.9 5.6 5.4 5.6 4.8 4.4 4.4

A l t e r n a t i v e O c t N o v D e c J a n F e b M a r A p r M a y J u n J u l A u g S e p

      Alt 2 -7.2 -1.8 -2.7 -0.9 0.3 0.0 0.7 0.6 1.9 -6.0 0.2 2.2

      Alt 3 -6.0 -3.6 -3.8 -0.9 0.2 0.1 0.6 0.7 1.9 -5.4 2.9 0.5

      Alt 4 -7.8 -4.9 -4.2 -1.0 0.2 0.1 0.2 0.8 2.1 -4.9 4.4 0.2

      Alt 5 -6.6 -4.9 -4.9 -0.8 0.3 0.0 0.7 0.6 1.9 -4.9 6.3 -1.4

      Alt 6 -7.4 -6.2 -5.2 -1.0 0.3 0.0 1.8 0.1 2.8 -4.6 6.5 -3.3

      Alt 7 -5.9 -5.1 -5.4 -0.9 0.3 0.0 0.7 0.7 2.0 -3.6 7.5 -4.5

      Alt 8 -7.4 -8.4 -7.5 -2.3 -0.7 -0.4 -0.2 -0.3 0.9 -4.0 7.1 -13.8

      Alt 9 -5.4 -3.7 -3.8 -0.9 0.3 0.0 0.2 0.8 1.3 -4.9 3.6 0.7

Average Monthly Dry Year River Stage (ft)

Percent Change in Dry Year Monthly River Stage Compared to the Base Case (percent)

Average Monthly Wet Year River Stage (ft)

Percent Change in Wet Year Monthly River Stage Compared to the Base Case (percent)

Table XIII-33

American River at Natoma Vegetation Impact Analysis

73-Year Average Monthly River Stage (ft)

Percent Change in Average Monthly River Stage Compared to the Base Case (percent)
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A l t e r n a t i v e O c t N o v D e c J a n F e b M a r A p r M a y J u n J u l A u g S e p

      Alt 1 2.9 2.6 3.4 3.8 4.1 4.1 2.7 3.1 3.1 3.7 3.2 2.1

A l t e r n a t i v e O c t N o v D e c J a n F e b M a r A p r M a y J u n J u l A u g S e p

      Alt 2 -12.7 -4.2 -7.2 -5.8 1.6 0.7 5.6 -3.3 15.5 17.2 -12.2 -6.7

      Alt 3 -12.1 -3.7 -7.0 -5.9 1.6 0.2 4.6 -3.7 15.3 17.7 -12.0 -6.2

      Alt 4 -13.1 -4.1 -7.8 -7.0 0.8 0.8 2.2 -4.9 13.9 19.1 -7.5 -4.7

      Alt 5 -10.7 -2.4 -7.0 -6.1 1.3 1.6 4.9 -3.2 14.8 16.2 -13.7 -5.0

      Alt 6 -12.1 -4.8 -8.1 -6.4 0.2 0.3 13.3 -7.1 15.2 18.1 -11.3 -4.7

      Alt 7 -11.6 -4.4 -7.1 -5.8 1.0 -0.1 4.5 -2.7 15.5 2 7 . 8 -28.5 -8.4

      Alt 8 -11.3 -4.3 -7.1 -5.8 1.5 -0.2 4.5 -2.8 15.7 2 7 . 2 -28.4 -8.6

      Alt 9 -14.5 -5.3 -8.5 -6.6 0.9 1.2 1.3 -5.9 15.0 19.8 -5.7 -5.1

A l t e r n a t i v e O c t N o v D e c J a n F e b M a r A p r M a y J u n J u l A u g S e p

      Alt 1 2.8 2.4 2.8 2.6 2.7 2.6 1.9 2.6 2.7 3.8 3.4 2.1

A l t e r n a t i v e O c t N o v D e c J a n F e b M a r A p r M a y J u n J u l A u g S e p

      Alt 2 -16.1 -3.0 -7.4 -7.4 4.2 1.7 11.5 -16.7 2 7 . 9 16.3 -8.3 -8.7

      Alt 3 -15.2 -2.0 -6.9 -7.4 4.6 0.9 8.8 -17.0 2 7 . 5 17.1 -8.2 -7.9

      Alt 4 -15.8 -2.8 -7.2 -8.5 2.4 2.2 4.2 -18.3 2 5 . 3 16.5 -5.0 -5.9

      Alt 5 -14.0 -1.7 -6.5 -7.1 4.0 4.3 9.7 -16.0 2 6 . 6 14.5 -11.2 -5.7

      Alt 6 -15.6 -3.6 -7.0 -8.5 2.3 2.1 2 6 . 7 -21.3 2 5 . 8 13.7 -10.0 -5.2

      Alt 7 -14.5 -2.5 -7.4 -7.0 4.1 0.7 9.2 -15.1 2 7 . 8 3 0 . 4 -25.9 -12.6

      Alt 8 -13.9 -2.4 -7.5 -6.9 4.7 1.0 9.3 -15.3 2 8 . 2 2 9 . 5 -26.0 -13.0

      Alt 9 -17.1 -4.0 -8.4 -8.2 3.2 2.8 2.4 -20.3 2 6 . 7 17.7 -3.0 -7.0

A l t e r n a t i v e O c t N o v D e c J a n F e b M a r A p r M a y J u n J u l A u g S e p

      Alt 1 2.9 2.9 4.3 5.4 6.1 6.1 3.8 3.9 3.5 3.4 3.0 2.2

A l t e r n a t i v e O c t N o v D e c J a n F e b M a r A p r M a y J u n J u l A u g S e p

      Alt 2 -8.4 -5.6 -7.0 -4.7 0.1 0.0 1.8 8.6 2.3 18.6 -18.3 -4.0

      Alt 3 -8.2 -5.6 -7.2 -4.9 -0.2 -0.2 1.8 8.2 2.3 18.7 -18.0 -4.0

      Alt 4 -9.5 -5.6 -8.3 -6.0 -0.1 0.0 0.9 6.9 1.8 2 2 . 9 -11.3 -3.3

      Alt 5 -6.4 -3.1 -7.4 -5.4 -0.3 0.0 1.7 8.1 2.3 18.6 -17.6 -4.0

      Alt 6 -7.6 -6.2 -9.1 -5.1 -1.0 -0.7 4.4 5.6 4.0 2 4 . 8 -13.3 -4.1

      Alt 7 -7.8 -6.5 -6.8 -5.1 -0.8 -0.6 1.4 8.3 2.4 2 3 . 9 -32.5 -3.0

      Alt 8 -8.0 -6.4 -6.7 -5.0 -0.4 -0.8 1.4 8.2 2.4 2 3 . 7 -32.2 -3.0

      Alt 9 -11.1 -6.8 -8.7 -5.6 -0.4 0.3 0.5 6.8 2.6 2 3 . 0 -9.9 -2.8

Average Monthly Dry Year River Stage (ft)

Percent Change in Dry Year Monthly River Stage Compared to the Base Case (percent)

Average Monthly Wet Year River Stage (ft)

Percent Change in Wet Year Monthly River Stage Compared to the Base Case (percent)

Table XIII-34

Feather River at Gridley Vegetation Impact Analysis

73-Year Average Monthly River Stage (ft)

Percent Change in Average Monthly River Stage Compared to the Base Case (percent)
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Alternative Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

      Alt 1 5.3 6.0 7.2 8.1 9.0 8.2 7.0 6.8 7.0 7.7 6.8 4.9

Alternative Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

      Alt 2 0.5 1.8 0.0 -0.6 1.2 0.9 0.1 -1.1 6.5 -2.8 -4.2 0.1
      Alt 3 1.2 0.8 -0.3 -0.7 0.7 0.8 0.2 -1.3 6.6 -2.1 -2.8 -0.3
      Alt 4 0.4 -0.3 -0.5 -1.0 0.5 0.5 -0.4 -1.6 7.6 -1.6 -1.8 0.8
      Alt 5 0.1 -0.1 -0.8 -0.8 0.6 0.2 0.2 -1.4 6.7 -1.3 -0.9 -0.4
      Alt 6 -0.8 -1.3 -1.1 -0.9 0.3 0.5 2.6 -3.0 8.8 -2.1 -0.1 -1.1
      Alt 7 -0.2 -0.3 -0.8 -0.7 0.4 -0.2 0.2 -1.6 6.7 -0.4 0.6 -2.6
      Alt 8 0.3 -1.4 -1.2 -0.9 0.1 -0.3 0.0 -1.8 6.5 -0.1 3.0 -3.0
      Alt 9 0.7 0.1 -0.2 -0.6 0.7 0.4 -0.4 -1.5 6.8 -1.8 -2.2 -0.2

Alternative Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

      Alt 1 5.1 5.4 5.5 5.8 6.6 6.1 5.8 6.1 6.7 7.5 6.7 4.4

Alternative Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

      Alt 2 -0.1 2.7 -0.4 -0.9 2.9 2.4 -0.8 -1.9 9.9 -1.0 -6.6 -1.8
      Alt 3 0.4 2.1 -0.5 -1.0 1.9 1.8 -0.3 -2.4 10.1 -0.1 -5.6 -1.6
      Alt 4 -0.7 0.9 -0.6 -1.2 1.4 1.1 -1.1 -3.3 11.7 0.6 -4.9 0.4
      Alt 5 -1.1 0.9 -0.7 -0.9 1.6 1.1 -0.5 -2.6 10.2 1.1 -4.1 -1.2
      Alt 6 -1.6 -0.3 -1.0 -1.0 1.2 1.2 3.1 -4.5 12.8 -0.6 -3.3 -2.3
      Alt 7 -1.1 0.7 -0.5 -0.7 1.1 0.0 -0.4 -3.0 10.2 1.8 -2.1 -3.3
      Alt 8 -0.7 -0.3 -0.9 -1.0 0.6 -0.3 -0.7 -3.3 10.0 1.7 0.3 -2.2
      Alt 9 -0.3 0.7 -0.6 -0.6 1.7 1.1 -1.2 -2.9 11.0 0.2 -5.2 -2.0

Alternative Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

      Alt 1 5.7 6.8 9.5 11.2 12.3 10.9 8.6 7.8 7.3 8.0 6.9 5.6

Alternative Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

      Alt 2 1.2 0.9 0.3 -0.4 0.0 -0.1 0.9 -0.2 2.2 -5.1 -1.1 2.1
      Alt 3 2.3 -0.7 -0.2 -0.6 -0.2 0.0 0.7 -0.2 2.3 -4.6 0.9 1.0
      Alt 4 1.6 -1.6 -0.4 -0.8 -0.1 0.0 0.2 0.1 2.5 -4.3 2.2 1.3
      Alt 5 1.6 -1.3 -0.8 -0.7 -0.1 -0.4 0.9 -0.2 2.3 -4.3 3.3 0.5
      Alt 6 0.2 -2.4 -1.2 -0.8 -0.4 -0.1 2.2 -1.4 3.7 -4.0 4.1 0.1
      Alt 7 0.8 -1.5 -1.1 -0.7 -0.1 -0.3 0.8 -0.1 2.3 -3.3 4.3 -1.8
      Alt 8 1.6 -2.6 -1.4 -0.8 -0.2 -0.2 0.7 -0.1 2.1 -2.3 6.5 -4.0
      Alt 9 1.9 -0.5 0.1 -0.6 0.0 -0.1 0.3 0.1 1.5 -4.2 1.7 1.8

Average Monthly Dry Year River Stage (ft)

Percent Change in Dry Year Monthly River Stage Compared to the Base Case (percent)

Average Monthly Wet Year River Stage (ft)

Percent Change in Wet Year Monthly River Stage Compared to the Base Case (percent)

Table XIII-35

Sacramento River at Red Bluff Vegetation Impact Analysis

73-Year Average Monthly River Stage (ft)

Percent Change in Average Monthly River Stage Compared to the Base Case (percent)
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A l t e r n a t i v e O c t N o v D e c J a n F e b M a r A p r M a y J u n J u l A u g S e p

      Alt 1 9.1 9.8 12.2 15.5 17.4 16.9 12.2 10.7 9.5 9.7 8.5 7.9

A l t e r n a t i v e O c t N o v D e c J a n F e b M a r A p r M a y J u n J u l A u g S e p

      Alt 2 -3.3 0.4 -1.7 -1.5 1.1 0.6 1.0 -2.1 11.5 5.0 -8.6 -1.2

      Alt 3 -2.6 -0.3 -1.9 -1.6 0.8 0.5 1.0 -2.4 11.6 6.0 -7.0 -1.5

      Alt 4 -3.5 -1.0 -2.2 -2.0 0.6 0.4 0.1 -3.0 12.2 7.2 -4.0 -0.3

      Alt 5 -3.0 -0.6 -2.3 -1.7 0.7 0.5 1.0 -2.4 11.5 6.2 -5.4 -1.2

      Alt 6 -4.0 -2.0 -2.8 -1.8 0.2 0.3 4.2 -4.8 13.7 6.1 -3.7 -1.7

      Alt 7 -3.5 -1.2 -2.3 -1.5 0.5 -0.1 0.9 -2.4 11.7 12.8 -9.7 -3.6

      Alt 8 -3.1 -2.0 -2.6 -1.6 0.4 -0.1 0.8 -2.5 11.6 12.9 -7.2 -4.0

      Alt 9 -3.6 -1.0 -2.1 -1.6 0.7 0.5 -0.2 -3.2 11.7 7.3 -3.9 -1.1

A l t e r n a t i v e O c t N o v D e c J a n F e b M a r A p r M a y J u n J u l A u g S e p

      Alt 1 8.7 8.6 9.5 11.5 13.2 12.5 8.9 8.0 7.9 9.2 8.5 7.0

A l t e r n a t i v e O c t N o v D e c J a n F e b M a r A p r M a y J u n J u l A u g S e p

      Alt 2 -2.8 6.0 19.4 2 4 . 6 3 1 . 7 2 7 . 3 3 7 . 8 3 4 . 3 3 2 . 1 10.4 -10.3 4.6

      Alt 3 -4.1 1.1 -2.2 -1.8 2.0 1.3 1.2 -8.0 2 1 . 3 8.8 -8.6 -3.1

      Alt 4 -5.0 0.1 -2.3 -2.2 1.4 1.1 -0.2 -9.3 2 2 . 5 9.4 -6.3 -1.1

      Alt 5 -4.8 0.3 -2.2 -1.7 1.7 1.4 1.3 -8.0 2 1 . 1 9.0 -8.0 -2.2

      Alt 6 -5.6 -1.0 -2.5 -2.0 1.2 1.0 7.2 -11.5 2 3 . 9 6.7 -6.8 -2.9

      Alt 7 -4.9 0.0 -2.3 -1.6 1.5 0.3 1.2 -8.1 2 1 . 5 18.2 -12.4 -5.5

      Alt 8 -4.6 -0.8 -2.6 -1.8 1.3 0.2 1.1 -8.4 2 1 . 5 17.6 -9.9 -4.7

      Alt 9 -5.0 -0.4 -2.5 -1.7 1.6 1.2 -0.7 -9.6 2 2 . 1 9.6 -6.1 -3.0

A l t e r n a t i v e O c t N o v D e c J a n F e b M a r A p r M a y J u n J u l A u g S e p

      Alt 1 9.6 11.5 15.9 20.9 23.3 22.7 16.8 14.4 11.6 10.5 8.5 9.0

A l t e r n a t i v e O c t N o v D e c J a n F e b M a r A p r M a y J u n J u l A u g S e p

      Alt 2 -3.8 -5.3 -18.8 -20.9 -22.4 -19.2 -25.2 -29.6 -7.4 -1.5 -6.3 -7.4

      Alt 3 -0.8 -1.7 -1.8 -1.4 -0.2 -0.1 0.8 1.8 2.6 2.6 -4.8 0.2

      Alt 4 -1.6 -2.1 -2.1 -1.8 -0.1 -0.1 0.3 1.7 2.7 4.5 -0.9 0.5

      Alt 5 -0.8 -1.4 -2.3 -1.6 -0.1 -0.3 0.9 1.8 2.6 2.9 -1.9 -0.2

      Alt 6 -2.0 -3.0 -3.0 -1.6 -0.5 -0.2 2.1 0.3 4.3 5.4 0.5 -0.5

      Alt 7 -1.7 -2.4 -2.2 -1.5 -0.3 -0.3 0.7 1.9 2.7 6.4 -6.1 -1.7

      Alt 8 -1.2 -3.2 -2.5 -1.5 -0.2 -0.3 0.7 1.9 2.6 7.2 -3.4 -3.3

      Alt 9 -1.8 -1.7 -1.8 -1.6 -0.1 -0.1 0.2 1.7 2.0 4.6 -1.0 0.9

Average Monthly Dry Year River Stage (ft)

Percent Change in Dry Year Monthly River Stage Compared to the Base Case (percent)

Average Monthly Wet Year River Stage (ft)

Percent Change in Wet Year Monthly River Stage Compared to the Base Case (percent)

Table XIII-36

Sacramento River at Verona Vegetation Impact Analysis

73-Year Average Monthly River Stage (ft)

Percent Change in Average Monthly River Stage Compared to the Base Case (percent)
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Alternative Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

Alt 1 6.9 5.7 6.4 7.7 9.7 9.2 8.9 8.0 6.9 5.2 4.8 5.6

Alt 2 0.4 -2.2 -3.2 -3.5 -2.9 -0.4 4.6 11.2 5.6 7.6 9.7 -1.0

Alt 3 0.5 -2.0 -3.1 -3.3 -3.0 -0.6 4.6 11.2 5.7 7.7 9.9 -0.9

Alt 4 0.4 -2.0 -3.1 -3.4 -3.1 -0.7 4.8 11.4 6.0 7.8 9.9 -0.8

Alt 5 0.5 -2.0 -3.0 -3.3 -2.9 -0.6 4.6 11.2 5.7 7.9 10.0 -0.7

Alt 6 5.3 0.9 2.6 1.7 1.8 1.0 0.2 4.2 5.1 7.4 -1.6 -5.7

Alt 7 0.5 -2.0 -3.0 -3.2 -2.7 -0.6 4.6 11.0 5.7 7.9 10.0 -0.7

Alt 8 0.5 -1.9 -2.9 -3.2 -2.8 -0.7 4.7 11.1 5.6 7.9 10.0 -0.7

Alt 9 0.4 1.1 0.0 -2.4 -4.0 -0.2 7.8 14.5 6.2 6.7 5.6 -1.0

Alternative Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

Alt 1 6.8 5.4 5.4 5.5 6.4 6.2 6.5 5.5 4.6 4.4 4.5 5.1

Alt 2 -2.7 -2.4 0.0 2.4 13.0 10.5 17.0 2 8 . 7 16.6 13.3 12.9 0.9

Alt 3 -2.6 -2.1 0.1 2.6 12.6 9.9 17.0 2 8 . 7 16.7 13.5 13.1 1.1

Alt 4 -2.8 -2.1 0.1 2.5 12.2 9.7 17.6 2 9 . 3 17.6 13.5 13.1 1.2

Alt 5 -2.6 -2.0 0.2 2.6 12.7 9.9 17.0 2 8 . 7 16.7 13.6 13.2 1.3

Alt 6 2.5 0.5 5.6 7.9 18.0 11.5 12.3 18.8 16.0 13.0 -5.5 -5.5

Alt 7 -2.6 -2.1 0.2 2.6 13.0 9.9 17.0 2 8 . 3 16.7 13.6 13.2 1.3

Alt 8 -3.2 -2.3 -0.8 1.2 11.0 8.7 15.7 2 6 . 6 16.3 13.7 12.7 0.7

Alt 9 -1.5 1.8 3.7 3.7 10.8 9.3 2 1 . 0 3 2 . 4 15.3 11.2 4.7 -0.1

Alternative Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

Alt 1 7.0 6.1 7.7 10.3 13.3 12.6 11.7 10.9 9.5 6.2 5.1 6.1

Alt 2 3.9 -2.0 -5.8 -7.0 -11.7 -6.5 -3.3 1.0 -0.5 2.9 6.5 -2.9

Alt 3 3.9 -2.0 -5.6 -6.9 -11.6 -6.5 -3.2 1.1 -0.4 3.0 6.6 -2.7

Alt 4 3.9 -2.0 -5.6 -6.9 -11.6 -6.6 -3.2 1.1 -0.5 3.0 6.7 -2.7

Alt 5 4.0 -1.9 -5.6 -6.8 -11.5 -6.5 -3.2 1.1 -0.4 3.1 6.7 -2.6

Alt 6 8.4 1.2 0.2 -2.1 -7.2 -5.0 -7.4 -4.3 -1.0 2.8 2.4 -5.9

Alt 7 4.0 -1.9 -5.6 -6.8 -11.4 -6.5 -3.2 1.1 -0.4 3.1 6.7 -2.6

Alt 8 5.7 -0.3 -2.1 -1.9 -6.9 -2.0 1.1 5.7 3.9 5.1 8.0 -0.7

Alt 9 3.0 1.4 -0.7 -2.3 -8.8 -1.7 2.7 7.7 5.6 5.2 7.9 -0.4

Table XIII-37

San Joaquin River at Vernalis Vegetation Impact Analysis

73-Year Average Monthly River Stage  (ft)

Percent Change in Average Monthly River Stage Compared to the Base Case 

Average Monthly Dry Year River Stage  (ft)

Percent Change in Dry Year Monthly River Stage Compared to the Base Case 

Average Monthly Wet Year River Stage  (ft)

Percent Change in Wet Year Monthly River Stage Compared to the Base Case 
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A l t e r n a t i v e O c t N o v D e c J a n F e b M a r A p r M a y J u n J u l A u g S e p

      Alt 1 7 .3 5 .7 6 .2 7 .0 8 .6 7 .6 6 .4 7 .0 6 .4 5 .1 4 .9 5 .8

A l t e r n a t i v e O c t N o v D e c J a n F e b M a r A p r M a y J u n J u l A u g S e p

      Alt 2 0 .6 - 0 . 8 - 1 . 0 - 0 . 6 - 1 . 0 0 .1 0 .7 4 .0 4 .0 0 .0 - 0 . 6 - 0 . 9

      Alt 3 0 .6 - 0 . 7 - 0 . 8 - 0 . 6 - 1 . 0 0 .1 0 .8 4 .0 4 .0 0 .1 - 0 . 4 - 0 . 8

      Alt 4 0 .5 - 0 . 7 - 0 . 7 - 0 . 6 - 1 . 0 0 .1 0 .8 4 .1 4 .1 0 .4 - 0 . 4 - 0 . 7

      Alt 5 0 .7 - 0 . 6 - 0 . 7 - 0 . 6 - 0 . 9 0 .1 0 .8 4 .1 4 .1 0 .2 - 0 . 3 - 0 . 6

      Alt 6 - 0 . 4 - 0 . 3 - 0 . 2 - 0 . 3 - 0 . 1 - 0 . 2 - 0 . 3 - 0 . 3 - 0 . 3 - 0 . 4 - 0 . 4 - 0 . 5

      Alt 7 0 .7 - 0 . 6 - 0 . 7 - 0 . 6 - 0 . 8 0 .1 0 .8 0 .8 3 .9 0 .2 - 0 . 1 - 0 . 6

      Alt 8 0 .7 - 0 . 5 - 0 . 4 - 0 . 5 - 0 . 9 0 .1 0 .9 0 .9 3 .9 0 .3 - 0 . 1 - 0 . 6

      Alt 9 - 3 . 5 - 1 . 5 - 1 . 6 - 1 . 9 - 3 . 6 - 0 . 7 2 .0 2 .0 0 .9 - 1 . 8 - 0 . 5 - 1 . 0

A l t e r n a t i v e O c t N o v D e c J a n F e b M a r A p r M a y J u n J u l A u g S e p

      Alt 1 7 .2 5 .4 5 .0 5 .1 6 .1 5 .8 4 .8 4 .7 4 .6 4 .8 4 .9 5 .5

A l t e r n a t i v e O c t N o v D e c J a n F e b M a r A p r M a y J u n J u l A u g S e p

      Alt 2 0 .2 0 .8 3 .8 7 .2 13 .6 4 .8 8 .5 18 .3 4 .1 - 1 . 8 - 1 . 5 - 0 . 7

      Alt 3 0 .2 0 .9 4 .0 7 .3 13 .6 4 .6 8 .6 18 .4 4 .3 - 1 . 5 - 1 . 3 - 0 . 5

      Alt 4 0 .0 0 .9 4 .0 7 .3 13 .6 4 .7 8 .6 18 .5 5 .0 - 1 . 4 - 1 . 3 - 0 . 4

      Alt 5 0 .3 0 .9 4 .1 7 .3 13 .7 4 .7 8 .6 18 .4 4 .5 - 1 . 3 - 1 . 2 - 0 . 4

      Alt 6 - 0 . 2 0 .9 4 .1 7 .8 14 .7 4 .4 6 .0 8 .5 3 .4 - 1 . 6 - 1 . 4 - 0 . 6

      Alt 7 0 .3 0 .9 4 .1 7 .4 13 .7 4 .7 8 .6 17 .8 4 .5 - 1 . 3 - 1 . 0 - 0 . 3

      Alt 8 - 0 . 1 0 .9 3 .2 5 .9 11 .9 4 .3 7 .8 17 .3 4 .4 - 0 . 6 - 0 . 9 - 0 . 4

      Alt 9 - 4 . 7 0 .2 2 .5 5 .2 9 .9 4 .2 8 .5 11 .1 2 .1 - 0 . 9 - 1 . 2 - 0 . 7

A l t e r n a t i v e O c t N o v D e c J a n F e b M a r A p r M a y J u n J u l A u g S e p

      Alt 1 7 .3 6 .1 7 .5 9 .3 11 .4 9 .7 8 .2 9 .5 8 .5 5 .4 4 .9 6 .2

A l t e r n a t i v e O c t N o v D e c J a n F e b M a r A p r M a y J u n J u l A u g S e p

      Alt 2 1 .1 - 2 . 3 - 4 . 7 - 5 . 6 -10 .1 - 3 . 1 - 4 . 6 - 4 . 1 - 2 . 6 0 .6 0 .5 - 1 . 2

      Alt 3 1 .1 - 2 . 2 - 4 . 4 - 5 . 5 -10 .0 - 3 . 1 - 4 . 6 - 4 . 0 - 2 . 5 0 .8 0 .7 - 1 . 1

      Alt 4 1 .1 - 2 . 3 - 4 . 4 - 5 . 5 -10 .0 - 3 . 1 - 4 . 5 - 4 . 0 - 2 . 5 0 .8 0 .6 - 1 . 0

      Alt 5 1 .1 - 2 . 1 - 4 . 4 - 5 . 5 -10 .0 - 3 . 1 - 4 . 5 - 4 . 0 - 2 . 4 1 .0 0 .8 - 1 . 0

      Alt 6 - 0 . 5 - 1 . 5 - 3 . 6 - 5 . 3 - 9 . 3 - 3 . 3 - 4 . 6 - 5 . 2 - 2 . 8 0 .9 0 .9 - 0 . 3

      Alt 7 1 .1 - 2 . 1 - 4 . 4 - 5 . 5 - 9 . 8 - 3 . 1 - 4 . 5 - 4 . 0 - 2 . 4 1 .0 0 .9 - 0 . 9

      Alt 8 1 .9 - 1 . 0 - 0 . 6 - 0 . 8 - 5 . 8 0 .5 - 0 . 8 0 .1 1 .7 1 .5 0 .9 0 .0

      Alt 9 - 1 . 6 - 2 . 3 - 2 . 2 - 2 . 7 - 9 . 3 - 0 . 8 0 .7 - 1 . 0 - 0 . 3 1 .1 0 .5 - 0 . 5

A v e r a g e  M o n t h l y  D r y  Y e a r  R i v e r  S t a g e  ( f t )

P e r c e n t  C h a n g e  i n  D r y  Y e a r  M o n t h l y  R i v e r  S t a g e  C o m p a r e d  t o  t h e  B a s e  C a s e  ( p e r c e n t )

A v e r a g e  M o n t h l y  W e t  Y e a r  R i v e r  S t a g e  ( f t )

P e r c e n t  C h a n g e  i n  W e t  Y e a r  M o n t h l y  R i v e r  S t a g e  C o m p a r e d  t o  t h e  B a s e  C a s e  ( p e r c e n t )

T a b l e  X I I I - 3 8

S a n  J o a q u i n  R i v e r  a t  N e w m a n  V e g e t a t i o n  I m p a c t  A n a l y s i s

7 3 - Y e a r  A v e r a g e  M o n t h l y  R i v e r  S t a g e  ( f t )

P e r c e n t  C h a n g e  i n  A v e r a g e  M o n t h l y  R i v e r  S t a g e  C o m p a r e d  t o  t h e  B a s e  C a s e  ( p e r c e n t )
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4. Geology

This analysis of geology addresses lands and soils, subsidence, soil quality, agricultural
production, and soil erosion.

a. Background and Assumptions .  The evaluation of lands and soils is based on water
availability to agricultural lands.  Urban water users tend to have priority for limited water
supplies in dry years.  Agricultural users tend to pump more groundwater in areas where it is
available at a reasonable cost.  Extensive groundwater overdraft has limited water supply in
many areas.  This analysis assumes the cumulative water supply over the period 1921-1994 is
an indicator for agriculture and that relative differences in water supply between alternatives
will result in differences in groundwater overdraft potential and agricultural production.

Subsidence has been widespread in the San Joaquin Valley and occurs locally in the
Sacramento Valley.  Water level declines due to groundwater overdraft have caused the
subsidence in most areas.  Although much of this damage has already occurred, further
damage is possible if overdraft continues to dewater aquifers.  This analysis assumes that any
alternative that reduces agricultural water supplies will lead to groundwater overdraft and
increase subsidence potential.  Damage to agriculture from subsidence includes reducing
irrigation canal capacity and increasing the need to relevel fields to maintain a uniform
gradient.

Soil quality refers to factors such as organic matter content, friability, permeability, and water
holding capacity.  Soil salinity and sodicity are also important components of soil quality.
Irrigation tends to maintain or improve soil quality in irrigated areas; however, soil salinity and
sodicity problems can also develop.  Any alternative that reduces surface water supply will
encourage the use of groundwater for irrigation.  In some areas, this will tend to lead to an
increase in soil salinity and, in some areas, sodicity because groundwater is nearly always more
saline than surface water supplies.  The following land types are most affected:  westside
alluvial fans, basin and basin rim areas, and old eastside terraces.  Any alternative that reduces
agricultural water supply will lead to increases in groundwater use and will generally increase
soil salinity and sodicity and reduce soil quality.

The study area is very dependent on irrigation water for crop production.  In years when water
is short, these shortages tend to be felt most by agricultural users.  In areas where good supplies
of groundwater are available, agricultural production is reduced slightly; however, in areas
where adequate supplies of groundwater are not available, or are too deep to pump
economically, agricultural production is severely reduced.  Because of groundwater conditions
and priority of service in certain districts, the alluvial fans on the west side of the San Joaquin
Valley tend to be affected significantly, and large tracts of idle lands are present during drought
years.

Wind erosion potential increases significantly in dry years because more lands are idle and
ground cover is sparse because of inadequate water supply.  Chronic water shortages could
increase water erosion potential if lands are abandoned or if management intensity is reduced.
Damages are most likely to occur in steeper areas where orchards have been developed and
adequate groundwater is unavailable.
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b. Impact Analysis.  Based on the delivery reductions shown in Table XIII-1, a qualitative
assessment of the impacts of the the Joint POD alternatives to lands compared to Alternative 2
are shown in Table XIII-39.  Groundwater overdraft estimates and potential water level
declines were calculated for the different alternatives and are shown in Table XIII-40.

Joint POD Alternative 1.  Joint POD Alternative 1 reflects D-1485 conditions for 1921-
1994.  Only Alternative 8 is more beneficial to land and soil resources.  California agriculture
development has taken place because of water deliveries available under this alternative.

Joint POD Alternative 2.  When compared to Alternative 1, Joint POD Alternative 2
results in a reduced water supply for agriculture.  The cumulative reduction in water supply
amounts to about 21 million acre-feet over the 1921-1994 period.  Average annual water
supplies for agriculture would be reduced about 6.7 percent.  If irrigators decided to pump
groundwater to make up the deficit, then groundwater levels may decline on average by 1.2
feet per year.

Table XIII-39  Summary of Impacts of Joint POD Alternatives on Lands
(compared to Alternative 2)

Joint POD
Alternative

Soil Quality:
Soil Salinity and

Sodicity

Erosion:
Wind and Water

Agricultural
Production

 Subsidence Potential

1 Slightly beneficial Slightly beneficial Slight increase Slightly beneficial

2 — — — —

3 Very slightly beneficial Very slightly beneficial Very slight increase Very slightly beneficial

4 Very slightly beneficial Very slightly beneficial Very slight increase Very slightly beneficial

5 Very slightly beneficial Very slightly beneficial Very slight increase Very slightly beneficial

6 Very slightly beneficial Very slightly beneficial Very slight increase Very slightly beneficial

7 Slightly beneficial Slightly beneficial Slight increase Slightly beneficial

8 Slightly beneficial Slightly beneficial Slight increase Slightly beneficial

9 Very slightly beneficial Very slightly beneficial Very slight increase Very slightly beneficial

In areas where groundwater is available, irrigators would probably pump more groundwater
in the short term; however, in the long term, the agricultural production would be reduced as
cropping patterns and irrigated acreage come into balance with the reduced water supply.
(Refer to the agricultural economics section of this report for further information on
agriculture production.)

Compared to Alternative 1, Alternative 2 would tend to decrease soil quality by increasing
soil salinity and sodicity because groundwater nearly always contains more salt than surface
water.
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Table XIII-40 Groundwater Overdraft and Water Level Decline
Resulting from Joint POD Alternatives for the 73-Year Period

Alternative
Cumulative
Deliveries

MAF1

Shortage
(Overdraft)

 MAF

Average
Annual

Overdraft
TAF2

Percent of Average
Ag. Deliveries

Annual Average
Groundwater Level

Decline3 (ft)

Agriculture
Ranking

1 412 — — — — —

2 391 21 288 6.7 1.2 8 (worst)

3 396 16 216 5.0 0.92 6

4 397 15 209 4.9 0.86 4

5 400 12 166 3.9 0.78 3

6 397 15 206 4.9 0.86 4

7 403 9 118 2.7 0.52 2

8 410 2 29 0.7 0.11 1 (best)

9 393 19 260 6.1 1.08 7

     1 Million acre-feet.
     2 Thousand acre-feet.
     3 Calculated based on 1.6 million acres agricultural service area and aquifer specific yield of 15 percent. Regional ground water flow
        systems not considered.
      73-year period ground water level decline = (Shortage/1.6)/0.15
     Assumptions:  All shortages accrue to agriculture.
                          Average agriculture deliveries - 4.3 million acre-feet.

Soil erosion potential would increase because more land would be idled and thus be
susceptible to wind erosion, especially where adequate supplies of groundwater are not
available.

Subsidence potential would increase because overdraft under this alternative could dewater
some aquifers.  Following dewatering, there is a potential for a reduction in pore space due to
aquifer consolidation.

Joint POD Alternatives 3, 4, 5, 6, and 9.  When compared to Alternative 2, Joint
POD Alternatives 3, 4, 5, 6, and 9 would cumulatively increase agricultural water supply in
the export areas by 3 million to 9 million acre-feet over the 73-year period.  Agricultural
production would increase, soil quality would improve, and soil erosion potential would
decrease.  Subsidence potential would decrease.  These alternatives are very slightly
beneficial when compared to Alternative 2.

Joint POD Alternatives 7 and 8.  Joint POD Alternatives 7 and 8 would result in
agricultural water supplies similar to Alternative 1.  When compared to Alternative 2, these
alternatives would result in improved soil quality, reduced subsidence and erosion potential,
and increased agricultural production.  Alternative 8 tends to maximize benefits to
agriculture, land, and soil resources.
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5. Energy

Joint POD alternatives will affect energy production and consumption.  This section
discusses the impact of implementing the alternatives on:  (1) hydroelectric power
availability, (2) groundwater pumping, and (3) fossil fuel consumption.  Standard outputs of
energy generation and consumption from DWR’s planning model, DWRSIM, were used to
evaluate effects on power availability.

a. Hydroelectric Power Availability.  Hydroelectric power is an important component in
California’s energy budget.  Hydroelectric generation plants provide approximately
24 percent of the State’s generation capacity.  In a typical year, in excess of $1.3 billion of
power, as measured by replacement costs, is produced (McCann 1994).  Electric utilities seek
to maximize the value of their hydroelectric power production.  Power produced during peak
energy demand periods is more valuable than that produced during lower demand periods.
Utilities generally employ hydropower to meet peak loads because it provides a low cost
energy source that can be turned on and off quickly.  Peak load periods in California
typically occur in the summer when electrical demands for groundwater pumping, air
conditioning, and industrial needs are the greatest.  Changes in the operation of hydropower
reservoirs that limit or reduce the availability of water during the peak demand period may
result in reductions in hydroelectric plant’s ability to meet peak load requirements.  This loss
of flexibility accelerates the need for additional peaking resources and increases utility costs.

The SWP and the CVP are both producers and consumers of hydroelectric power.
Hydroelectric power plants at the reservoirs produce the power and pumping plants at export
facilities consume it.  The SWP includes 22 dams and reservoirs, eight hydroelectric plants
and 17 pumping plants.  The CVP includes 19 dams and reservoirs, seven hydroelectric
power plants, two pump/generation plants, and 39 pumping plants.  The CVP is a net energy
producer, having greater production capacity than consumption.  The SWP is a net energy
consumer, primarily because of the number and size of pumped lifts required along the
length of the California Aqueduct.  Together, the SWP and CVP produce more energy than is
consumed.  The Joint POD alternatives permit increased pumping by the SWP, resulting in
higher consumption.  This higher consumption decreases the availability of energy otherwise
produced and utilized outside the SWP and CVP projects.  This loss accelerates the need for
additional resources and may increase utility costs.

Net SWP, CVP, and combined SWP and CVP energy generation were evaluated.  The values
reported are a composite index resulting from the complex interaction among the many
factors and model assumptions that affect the simulated operations of the SWP and CVP.  At
any given time it can be difficult to determine the cause of differences among alternatives.
The net values reported were calculated by subtracting energy consumption from energy
generation for each alternative and then comparing the index to that calculated for
Alternative 1.  Positive effects on this index generally occur with increases in reservoir
releases used for generation or from reductions in pumping and consumption.  Negative
effects on this index generally occur with decreased reservoir releases and increases in
pumping.
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Net CVP Hydropower Generation.  Table XIII-41 shows the average monthly
difference in net CVP energy generation for Joint POD Alternatives 2 through 9 compared to
Alternative 1 (base case) for the 73-year period of analysis.  This information is graphically
represented in Figure XIII-98.  The comparison of Alternative 2 with Alternative 1
demonstrates the effect of full implementation of the 1995 Bay/Delta Plan.  The increase in
the long-term average annual net CVP generation is consistent with similar flow objective
alternatives analyzed in Chapter VI, Section 7 and with Beck (1994) who reported that
slightly increased amounts of energy are available to the CVP from implementation of the
Bay/Delta Plan due to reduced export pumping.  Alternatives 3 through 9 show a similar
pattern of change in mean monthly net CVP energy generation to that which occurs with
implementation of the 1995 Bay/Delta Plan represented by Alternative 2.  Increases occur
from February through May, when reservoir releases are increased and pumping is curtailed
to meet 1995 Bay/Delta Plan objectives.  Decreases occur in June and from September
through January when the conditions necessary to permit wheeling exist.  Of the alternatives
that permit joint use of points of diversion, the annual difference over the 73-year period of
record shows that net energy generation for Alternatives 3 through 8 would be less than the
mean for Alternative 1.  Alternative 8, which assumes maximum wheeling, is expected to
result in the greatest decrease in net CVP energy generation.  Based on a 73-year annual
average, Alternative 9 is the only wheeling alternative expected to increase net CVP energy
generation.  The CVP remains a net energy producer for all alternatives considered.

Net SWP Hydropower Generation.  Table XIII-42 shows the average monthly
difference in net SWP energy generation for Alternatives 2 through 9 compared to
Alternative 1 for the 73-year period analysis.  All Joint POD alternatives result in an increase
in net SWP energy generation.  The greatest increase is predicted to occur with Alternative 2,
which represents implementation of the 1995 Bay/Delta Plan. The predicted increases are
less for the alternatives that allow wheeling.  The smallest net increase is predicted to occur
with Alternative 7.  This information is graphically represented in Figure XIII-99.

Net Combined SWP and CVP Hydropower Generation.  The effects on combined
net SWP and CVP energy generation are shown in Table XIII-43 and Figure XIII-100.
Alternative 2 shows the greatest increase in net energy generation because of gains in both
SWP and CVP net generation with implementation of the 1995 Bay/Delta Plan.  The gains
predicted for the SWP are greater than the reductions predicted for the CVP, resulting in a
net increase in combined  generation for Alternatives 3, 4, 5, 6, and 9.  Net combined energy
generation is predicted to be reduced under Alternatives 7 and 8 which assume combined use
would be permitted up to the SWP’s maximum pumping capacity of 10,300 cfs.

Impacts on Other Facilities.  The analysis of the flow alternatives in Chapter VI
indicates that the implementation of the 1995 Bay/Delta Plan will affect hydropower
operations other than the SWP and the CVP.  However, the implementation of any of the
Joint POD alternatives that allow wheeling would affect only the hydropower operations of
the SWP and the CVP.
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Alt Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

1 213.6 186.8 231.4 243.5 271.7 286.1 316.6 489.3 559.7 516.9 361.0 202.4

Alt Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Total

2 -19.1 3.5 -9 .4 -18.2 5.2 12.3 67.6 1.5 -19.9 10.6 19.2 -10.7 42.6

3 -27.4 -4 .5 -22.5 -29.2 -1 .7 5.2 67.1 2.8 -17.1 9.7 8.9 -15.9 -24.6

4 -31.6 -13.8 -38.4 -57.5 3.3 26.9 93.4 20.7 -15.7 7.1 2.0 -20.4 -24.1

5 -36.1 -14.2 -40.7 -59.8 13.3 26.9 70.1 3.6 -15.4 5.7 -3 .4 -20.2 -70.1

6 -18.8 -15.6 -30.2 -49.5 13.3 28.9 20.5 30.1 -9 .7 11.1 -3 .5 -20.2 -43.5

7 -53.1 -25.2 -65.9 -39.2 29.0 25.7 64.3 1.1 -23.5 -4 .7 -16.2 -26.8 -134.7

8 -40.5 -20.6 -40.2 -116.7 20.3 17.7 61.4 0.3 -10.9 -2 .5 -25.4 -31.5 -188.5

9 -32.6 -7 .8 -33.4 -57.5 13.3 32.9 92.4 20.7 -16.7 5.1 4.0 -19.4 0.9

     Note:  Negative numbers indicate less energy is produced (net) under the alternatives than the base case.

Base Case Average Monthly Net Generation (GWHrs)

Change in Net Generation from the Base Case (GWHrs)

Table XIII-41

Net CVP Energy Generation

Figure XIII-98
Net CVP Energy Generation

73-year monthly average compared to Alternative 1 (Base Case)
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Alt Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

1 -366.5 -442.8 -380.6 -280.1 -234.4 -234.3 -282.0 -213.6 -242.6 -269.3 -330.7 -436.1

Alt Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Total

2 -25.0 -2 .7 -1 .0 24.3 47.1 25.0 54.5 -8 .1 13.9 49.8 7.6 18.6 202.0

3 -25.2 -1 .2 -3 .8 20.6 47.4 21.2 55.2 -8 .3 13.9 49.3 4.4 19.4 193.0

4 -22.5 -0 .2 -8 .4 12.1 39.4 22.3 64.0 1.6 10.6 52.3 7.7 19.1 198.0

5 -23.3 2.5 -7 .5 14.5 42.3 25.6 55.8 -6 .3 15.4 48.3 1.0 23.2 191.5

6 -23.2 1.9 -18.0 8.8 43.6 18.2 47.3 8.4 15.9 54.9 7.2 21.8 186.8

7 -56.6 -26.3 -23.9 21.6 54.2 19.9 46.5 -17.6 -0 .3 51.9 -27.5 -6 .4 35.5

8 -54.4 -20.0 -19.5 9.5 54.2 21.5 46.5 -18.1 0.5 51.0 -31.0 0.4 40.6

9 -27.5 -4 .2 -16.4 14.1 40.4 24.3 62.0 -4 .4 14.6 54.3 11.7 20.1 189.0

     Note:  Negative numbers indicate less energy is produced (net) under the alternatives than the base case.

Base Case Average Monthly Net Generation (GWHrs)

Change in Net Generation from the Base Case (GWHrs)

Table XIII-42

Net SWP Energy Generation

Figure XIII-99
Net SWP Energy Generation

73-year monthly average compared to Alternative 1 (Base Case)
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Alt Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

1 -152.9 -256.0 -149.2 -36.6 37.3 51.8 34.6 275.8 317.1 247.5 30.3 -233.7

Alt Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Total

2 -44.0 0.8 -10.4 6.1 52.3 37.3 122.1 -6 .6 -6 .0 60.4 26.7 7.9 246.7

3 -52.6 -5 .7 -26.3 -8 .6 45.7 26.3 122.3 -5 .4 -3 .2 59.0 13.4 3.4 168.4

4 -54.1 -14.0 -46.8 -45.4 42.7 49.2 157.4 22.2 -5 .1 59.5 9.7 -1 .3 173.9

5 -59.5 -11.7 -48.1 -45.3 55.6 52.5 125.9 -2 .7 0.0 54.0 -2 .4 3.1 121.4

6 -42.0 -13.8 -48.2 -40.7 56.9 47.1 67.9 38.4 6.2 66.0 3.8 1.7 143.3

7 -109.7 -51.5 -89.8 -17.6 83.1 45.6 110.7 -16.5 -23.9 47.2 -43.7 -33.2 -99.2

8 -94.9 -40.6 -59.8 -107.1 74.5 39.2 107.9 -17.7 -10.4 48.5 -56.3 -31.1 -147.9

9 -60.1 -12.0 -49.8 -43.4 53.7 57.2 154.4 16.2 -2 .1 59.5 15.7 0.7 189.9

     Note:  Negative numbers indicate less energy is produced (net) under the alternatives than the base case.

Base Case Average Monthly Net Generation (GWHrs)

Change in Net Generation from the Base Case (GWHrs)

Table XIII-43

Net SWP and CVP Energy Generation

Figure XIII-100
Net SWP and CVP Energy Generation

73-year monthly average compared to Alternative 1 (Base Case)
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Mitigation.  Reductions in summer hydroelectric power production reduce the amount of
energy available for meeting summer-time peak loads.  Increasing generation from fossil fuel
power plants or from other sources including nuclear, geothermal, biomass, solar thermal, solar
photovoltaic and wind generation may make up such reductions.  However, non-mitigable
impacts would occur with increases in energy generation from fossil fuel sources.

b. Groundwater Pumping.  The analysis of alternatives in Chapter VI indicates that the
implementation of the 1995 Bay/Delta Plan may cause deficiencies in surface water deliveries.
The reductions in surface water supplies have a potential to cause an increase in groundwater
pumping.   Increased groundwater pumping may lower groundwater levels, resulting in higher
pumping lifts and, thus, further increase energy consumption.  Implementation of alternatives
that include wheeling would reduce the loss of surface water supplies and offset increases in
groundwater pumping.

Mitigation.  The increase in energy consumption due to groundwater pumping can be
partially mitigated through off-peak pumping operations.

c. Fossil Fuels.  No attempt was made to estimate the effect of the Joint POD alternatives on
fossil fuel consumption.  A qualitative assessment of the effects is difficult because decreased
hydropower generation will be offset to some extent by decreased groundwater pumping.
Overall, it is possible that fossil fuel consumption will increase significantly, but if this occurs,
the effect is unmitigable, as described in Chapter VI.

Mitigation.  The effect of increasing fossil fuel generation is not entirely mitigable,
however other sources of energy generation are available including nuclear, geothermal,
biomass, solar thermal, solar photovoltaic and wind generation.

6. Recreation

This section presents the results of the assessment of impacts to recreation that would occur
with implementation of the Joint POD.  The assessment of recreation impacts analyzes how
changes in reservoir storage would affect opportunities for water-related activities at key
recreation facilities.  Recreation impacts are assessed for the major reservoirs that are operated
by the SWP and the CVP.  The reservoirs include Shasta Lake, Lake Oroville, Folsom Lake,
and New Melones Reservoir.

The methodology for this assessment of recreation impacts is the same as described in
Chapter VI for analyzing the impacts of implementing the 1995 Bay/Delta Plan.  The
recreation impact analysis considers the frequency of occurrence with which end-of-month
storage (converted to surface elevation) falls below or, in some cases, exceeds the various
threshold levels established for each reservoir.  Tables XIII-44 through XIII-47 summarize the
frequency of occurrence in absolute numbers and as a percentage of the total number of months
in the study period.

In general, the end-of-month storage under Joint POD Alternatives 2 through 9 falls below the
threshold levels established for each reservoir more often than under Joint POD Alternative 1.
However, the differences illustrate the effects of the Bay/Delta Plan over the D-1485
objectives, and not the effects of the Joint POD.
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Table  XIII -44
Recreat ion  Impact  Assessment  for  Shas ta  Lake

Main  Area
Peak Season (May - Sept.)

F r e q u e n c y  w i t h  w h i c h  R e s e r v o i r s  a r e  b e l o w  C r i t i c a l  E l e v a t i o n  T h r e s h o l d s

Tota l

Period/Alternative M o n t h s 844 f t . 947 f t . 987 f t .

73-YEAR PERIOD 3 6 5 to ta l % tota l % tota l %

Al te rna t ive  1  (Base  Case ) 0 0 % 1 7 5 % 6 4 1 8 %
Alterna t ive  2 0 0 % 2 2 6 % 7 2 2 0 %
Alterna t ive  3 0 0 % 2 5 7 % 7 5 2 1 %

Alterna t ive  4 0 0 % 2 3 6 % 7 6 2 1 %
Alterna t ive  5 0 0 % 2 6 7 % 7 5 2 1 %
Alterna t ive  6 0 0 % 2 2 6 % 7 6 2 1 %
Alterna t ive  7 0 0 % 2 5 7 % 7 6 2 1 %

Alterna t ive  8 0 0 % 2 7 7 % 7 8 2 1 %
Alterna t ive  9 0 0 % 2 1 6 % 6 8 1 9 %

CRITICAL PERIOD 3 5
Al t e rna t ive  1  (Base  Case ) 0 0 % 9 2 6 % 2 2 6 3 %

Alterna t ive  2 0 0 % 8 2 3 % 2 3 6 6 %
Alterna t ive  3 0 0 % 1 1 3 1 % 2 4 6 9 %

Alterna t ive  4 0 0 % 1 0 2 9 % 2 4 6 9 %
Alterna t ive  5 0 0 % 1 0 2 9 % 2 4 6 9 %
Alterna t ive  6 0 0 % 8 2 3 % 2 4 6 9 %

Alterna t ive  7 0 0 % 1 0 2 9 % 2 4 6 9 %
Alterna t ive  8 0 0 % 1 0 2 9 % 2 4 6 9 %
Alterna t ive  9 0 0 % 9 2 6 % 2 1 6 0 %

Main  Area
Off-Season (Oct.- April)

F r e q u e n c y  w i t h  w h i c h  R e s e r v o i r s  a r e  b e l o w  C r i t i c a l  E l e v a t i o n  T h r e s h o l d s

Tota l

Period/Alternative M o n t h s 844 f t . 947 f t .

73-YEAR PERIOD 5 1 1 to ta l % tota l %
Al te rna t ive  1  (Base  Case ) 0 0 % 2 6 5 %

Alterna t ive  2 0 0 % 3 6 7 %
Alterna t ive  3 0 0 % 4 1 8 %

Alterna t ive  4 0 0 % 4 1 8 %
Alterna t ive  5 0 0 % 4 2 8 %
Alterna t ive  6 0 0 % 3 5 7 %

Alterna t ive  7 0 0 % 3 9 8 %
Alterna t ive  8 0 0 % 3 9 8 %
Alterna t ive  9 0 0 % 3 5 7 %

CRITICAL PERIOD 4 3
Al t e rna t ive  1  (Base  Case ) 0 0 % 1 4 3 3 %

Alterna t ive  2 0 0 % 1 5 3 5 %

Alterna t ive  3 0 0 % 1 6 3 7 %
Alterna t ive  4 0 0 % 1 6 3 7 %
Alterna t ive  5 0 0 % 1 6 3 7 %
Alterna t ive  6 0 0 % 1 5 3 5 %

Alterna t ive  7 0 0 % 1 6 3 7 %
Alterna t ive  8 0 0 % 1 6 3 7 %
Alterna t ive  9 0 0 % 1 4 3 3 %

Cr i t i ca l  E leva t ion  Thresho lds :
  <844  f t .  ms l  -  l a s t  boa t  r amp  ou t  o f  ope ra t i on

  <947  f t .  ms l  -  l imi ted  l ake  su r face  a rea  (boa t ing  cons t ra ined)
  <987  f t .  ms l  -  mar ina  r e loca t ed
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Table XIII-45
Recreation Impact Assessment for Lake Oroville 

Peak Season (April - Sept.)
F r e q u e n c y  w i t h  w h i c h  R e s e r v o i r s  a r e  b e l o w  C r i t i c a l  E l e v a t i o n  T h r e s h o l d s

Tota l

Period/Alternative M o n t h s 700 f t . 710 f t . 750 f t . 819 f t . 840 f t .

73-YEAR PERIOD 4 3 8 to ta l % tota l % tota l % tota l % tota l %
Al te rna t ive  1  (Base  Case ) 1 3 3 % 2 4 5 % 4 6 1 1 % 1 3 3 3 0 % 1 7 6 4 0 %

Alterna t ive  2 1 7 4 % 2 5 6 % 6 4 1 5 % 1 5 7 3 6 % 1 9 1 4 4 %
Alterna t ive  3 1 9 4 % 2 9 7 % 6 8 1 6 % 1 5 8 3 6 % 1 9 6 4 5 %
Alterna t ive  4 2 0 5 % 2 9 7 % 6 8 1 6 % 1 6 0 3 7 % 1 9 9 4 5 %

Alterna t ive  5 2 0 5 % 2 9 7 % 6 5 1 5 % 1 6 1 3 7 % 1 9 2 4 4 %
Alterna t ive  6 1 7 4 % 2 7 6 % 6 3 1 4 % 1 6 7 3 8 % 1 9 8 4 5 %

Alterna t ive  7 1 8 4 % 2 8 6 % 6 9 1 6 % 1 6 9 3 9 % 2 0 1 4 6 %
Alterna t ive  8 1 8 4 % 2 5 6 % 6 8 1 6 % 1 6 9 3 9 % 2 0 1 4 6 %
Alterna t ive  9 1 6 4 % 2 8 6 % 6 5 1 5 % 1 4 9 3 4 % 1 8 2 4 2 %

CRITICAL PERIOD 4 1

Al t e rna t ive  1  (Base  Case ) 2 5 % 4 1 0 % 1 2 2 9 % 3 4 8 3 % 3 6 8 8 %
Alterna t ive  2 1 2 % 3 7 % 2 1 5 1 % 3 6 8 8 % 3 6 8 8 %
Alterna t ive  3 4 1 0 % 7 1 7 % 2 4 5 9 % 3 5 8 5 % 3 6 8 8 %

Alterna t ive  4 4 1 0 % 6 1 5 % 2 3 5 6 % 3 4 8 3 % 3 6 8 8 %
Alterna t ive  5 4 1 0 % 6 1 5 % 2 3 5 6 % 3 5 8 5 % 3 6 8 8 %

Alterna t ive  6 2 5 % 4 1 0 % 1 9 4 6 % 3 6 8 8 % 3 6 8 8 %
Alterna t ive  7 2 5 % 3 7 % 2 0 4 9 % 3 6 8 8 % 3 6 8 8 %

Alterna t ive  8 2 5 % 3 7 % 2 0 4 9 % 3 6 8 8 % 3 6 8 8 %
Alterna t ive  9 3 7 % 7 1 7 % 2 2 5 4 % 2 9 7 1 % 3 1 7 6 %

Off-Season (Oct.-  March)
F r e q u e n c y  w i t h  w h i c h  R e s e r v o i r s  a r e  b e l o w  C r i t i c a l  E l e v a t i o n  T h r e s h o l d s

Tota l

Period/Alternative M o n t h s 710 f t . 750 f t .

73-YEAR PERIOD 4 3 8 to ta l % tota l %

Al te rna t ive  1  (Base  Case ) 3 9 9 % 7 7 1 8 %
Alterna t ive  2 4 2 1 0 % 8 7 2 0 %
Alterna t ive  3 5 2 1 2 % 8 9 2 0 %

Alterna t ive  4 5 3 1 2 % 8 9 2 0 %
Alterna t ive  5 5 1 1 2 % 8 8 2 0 %

Alterna t ive  6 4 0 9 % 8 8 2 0 %
Alterna t ive  7 5 2 1 2 % 8 7 2 0 %
Alterna t ive  8 5 1 1 2 % 8 8 2 0 %

Alterna t ive  9 4 7 1 1 % 8 5 1 9 %

CRITICAL PERIOD 3 7
Al t e rna t ive  1  (Base  Case ) 9 2 4 % 1 8 4 9 %

Alterna t ive  2 8 2 2 % 2 5 6 8 %
Alterna t ive  3 1 5 4 1 % 2 5 6 8 %
Alterna t ive  4 1 4 3 8 % 2 5 6 8 %

Alterna t ive  5 1 5 4 1 % 2 4 6 5 %
Alterna t ive  6 8 2 2 % 2 3 6 2 %

Alterna t ive  7 1 0 2 7 % 2 2 5 9 %
Alterna t ive  8 1 0 2 7 % 2 3 6 2 %
Alterna t ive  9 1 2 3 2 % 2 4 6 5 %

Cr i t i ca l  E leva t ion  Thresho lds :
  <700  f t .  ms l  -  dec l ine  i n  campground /p i cn i ck ing  use
  <710  f t .  ms l  -  l imi ted  boa t  r amp ava i l ab i l i ty /mar ina  r e loca t ion

  <750  f t .  ms l  -  l imi ted  l ake  su r face  a rea  (boa t ing  cons t ra ined)
  <819  f t .  ms l  -  beach  a r ea  c lo sed

  <840  f t .  ms l  -  dec l ine  in  beach  use
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Table XIII-46
Recreation Impact Assessment for Folsom Lake 

Peak Season (April - Sept.)
F r e q u e n c y  w i t h  w h i c h  R e s e r v o i r s  a r e  b e l o w  C r i t i c a l  E l e v a t i o n  T h r e s h o l d s  ( o r  > 4 5 0  f t . )  

Tota l

Period/Alternative M o n t h s 360 f t . 400 f t . 405 f t . 430 f t . > 450 f t .

73-YEAR PERIOD 4 3 8 to ta l % tota l % tota l % tota l % tota l %

Al te rna t ive  1  (Base  Case ) 3 9 9 % 7 6 1 7 % 8 5 1 9 % 1 6 7 3 8 % 1 0 1 2 3 %
Alterna t ive  2 5 6 1 3 % 1 0 6 2 4 % 1 1 3 2 6 % 1 8 0 4 1 % 9 9 2 3 %

Alterna t ive  3 6 1 1 4 % 1 0 5 2 4 % 1 1 4 2 6 % 1 8 9 4 3 % 9 9 2 3 %

Alterna t ive  4 6 1 1 4 % 1 1 1 2 5 % 1 2 2 2 8 % 1 9 3 4 4 % 9 7 2 2 %
Alterna t ive  5 5 8 1 3 % 1 1 0 2 5 % 1 2 0 2 7 % 1 9 5 4 5 % 9 8 2 2 %

Alterna t ive  6 6 1 1 4 % 1 1 8 2 7 % 1 2 7 2 9 % 2 0 2 4 6 % 9 2 2 1 %
Alterna t ive  7 6 1 1 4 % 1 1 0 2 5 % 1 2 4 2 8 % 1 9 8 4 5 % 9 6 2 2 %

Alterna t ive  8 6 8 1 6 % 1 1 8 2 7 % 1 3 1 3 0 % 2 0 4 4 7 % 8 8 2 0 %
Alterna t ive  9 5 5 1 3 % 9 8 2 2 % 1 0 9 2 5 % 1 7 2 3 9 % 1 7 1 3 9 %

CRITICAL PERIOD 4 1
Al t e rna t ive  1  (Base  Case ) 1 3 3 2 % 2 0 4 9 % 2 2 5 4 % 3 0 7 3 % 3 7 %

Alterna t ive  2 1 8 4 4 % 2 8 6 8 % 2 8 6 8 % 3 4 8 3 % 1 2 %
Alterna t ive  3 1 8 4 4 % 2 7 6 6 % 2 7 6 6 % 3 4 8 3 % 2 5 %

Alterna t ive  4 1 8 4 4 % 2 8 6 8 % 2 9 7 1 % 3 4 8 3 % 2 5 %

Alterna t ive  5 1 8 4 4 % 2 7 6 6 % 2 8 6 8 % 3 4 8 3 % 2 5 %
Alterna t ive  6 1 8 4 4 % 3 0 7 3 % 3 0 7 3 % 3 5 8 5 % 1 2 %

Alterna t ive  7 1 8 4 4 % 2 8 6 8 % 2 9 7 1 % 3 4 8 3 % 2 5 %
Alterna t ive  8 1 8 4 4 % 2 8 6 8 % 3 0 7 3 % 3 4 8 3 % 2 5 %

Alterna t ive  9 1 4 3 4 % 2 4 5 9 % 2 6 6 3 % 3 0 7 3 % 8 2 0 %

Off-Season (Oct.-  March)
F r e q u e n c y  w i t h  w h i c h  R e s e r v o i r s  a r e  b e l o w  C r i t i c a l  E l e v a t i o n  T h r e s h o l d s

Tota l

Period/Alternative M o n t h s 360 f t . 400 f t .

73-YEAR PERIOD 4 3 8 to ta l % tota l %
Al te rna t ive  1  (Base  Case ) 2 9 7 % 1 2 8 2 9 %

Alterna t ive  2 3 9 9 % 1 2 7 2 9 %

Alterna t ive  3 4 8 1 1 % 1 3 9 3 2 %
Alterna t ive  4 4 6 1 1 % 1 4 5 3 3 %

Alterna t ive  5 4 6 1 1 % 1 4 3 3 3 %
Alterna t ive  6 5 4 1 2 % 1 5 2 3 5 %

Alterna t ive  7 4 6 1 1 % 1 4 0 3 2 %
Alterna t ive  8 5 4 1 2 % 1 5 6 3 6 %

Alterna t ive  9 4 2 1 0 % 1 4 1 3 2 %

CRITICAL PERIOD 3 7

Al t e rna t ive  1  (Base  Case ) 4 1 1 % 2 6 7 0 %
Alterna t ive  2 1 2 3 2 % 2 6 7 0 %

Alterna t ive  3 1 5 4 1 % 2 8 7 6 %

Alterna t ive  4 1 5 4 1 % 2 8 7 6 %
Alterna t ive  5 1 5 4 1 % 2 7 7 3 %

Alterna t ive  6 1 9 5 1 % 2 8 7 6 %
Alterna t ive  7 1 5 4 1 % 2 7 7 3 %

Alterna t ive  8 1 6 4 3 % 2 8 7 6 %

Alterna t ive  9 1 3 3 5 % 2 7 7 3 %

Cr i t i ca l  E leva t ion  Thresho lds :

  <360  f t .  ms l  -  l a s t  boa t  r amp  ou t  o f  ope ra t i on

  <400  f t .  ms l  -  l imi ted  l ake  su r face  a rea  (boa t ing  cons t ra ined)
  <405  f t .  ms l  -  ma r ina  c lo se s

  <430  f t .  ms l  -  dec l ine  i n  campground /p i cn i ck ing  use
  > 4 5 0  f t .  m s l  -  b e a c h  a r e a  i n u n d a t e d
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Table XIII-47
Recreation Impact Assessment for New Melones Reservoir

Peak Season (April - Sept.)
F r e q u e n c y  w i t h  w h i c h  R e s e r v o i r s  a r e  b e l o w  C r i t i c a l  E l e v a t i o n  T h r e s h o l d s

Tota l

Period/Alternative M o n t h s 850 f t . 860 f t . 880 f t . 900 f t .

73-YEAR PERIOD 4 3 8 to ta l % tota l % tota l % tota l %

Al te rna t ive  1  (Base  Case ) 8 2 % 9 2 % 1 1 3 % 1 5 3 %
Alterna t ive  2 1 8 4 % 2 2 5 % 3 4 8 % 4 7 1 1 %

Alterna t ive  3 1 8 4 % 2 2 5 % 3 4 8 % 4 6 1 1 %

Alterna t ive  4 1 8 4 % 2 2 5 % 3 4 8 % 4 6 1 1 %

Alterna t ive  5 1 8 4 % 2 2 5 % 3 4 8 % 4 6 1 1 %
Alterna t ive  6 4 1 % 4 1 % 1 0 2 % 1 3 3 %

Alterna t ive  7 1 8 4 % 2 2 5 % 3 4 8 % 4 6 1 1 %

Alterna t ive  8 1 8 4 % 2 2 5 % 3 4 8 % 4 6 1 1 %

Alterna t ive  9 1 1 3 % 1 3 3 % 2 0 5 % 2 7 6 %

CRITICAL PERIOD 4 1

Al t e rna t ive  1  (Base  Case ) 0 0 % 0 0 % 0 0 % 1 2 %

Alterna t ive  2 8 2 0 % 1 0 2 4 % 1 4 3 4 % 2 0 4 9 %

Alterna t ive  3 8 2 0 % 1 0 2 4 % 1 4 3 4 % 2 0 4 9 %
Alterna t ive  4 8 2 0 % 1 0 2 4 % 1 4 3 4 % 2 0 4 9 %

Alterna t ive  5 8 2 0 % 1 0 2 4 % 1 4 3 4 % 2 0 4 9 %

Alterna t ive  6 0 0 % 0 0 % 1 2 % 3 7 %

Alterna t ive  7 8 2 0 % 1 0 2 4 % 1 4 3 4 % 2 0 4 9 %
Alterna t ive  8 8 2 0 % 1 0 2 4 % 1 4 3 4 % 2 0 4 9 %

Alterna t ive  9 3 7 % 5 1 2 % 8 2 0 % 1 2 2 9 %

Off-Season (Oct.-  March)
F r e q u e n c y  w i t h  w h i c h  R e s e r v o i r s  a r e  b e l o w  C r i t i c a l  E l e v a t i o n  T h r e s h o l d s

Tota l

Period/Alternative M o n t h s 850 f t . 860 f t .

73-YEAR PERIOD 4 3 8 to ta l % tota l %

Al te rna t ive  1  (Base  Case ) 9 2 % 1 0 2 %

Alterna t ive  2 2 2 5 % 2 6 6 %

Alterna t ive  3 2 2 5 % 2 5 6 %
Alterna t ive  4 2 2 5 % 2 5 6 %

Alterna t ive  5 2 2 5 % 2 5 6 %

Alterna t ive  6 4 1 % 4 1 %

Alterna t ive  7 2 2 5 % 2 5 6 %
Alterna t ive  8 2 2 5 % 2 5 6 %

Alterna t ive  9 1 5 3 % 1 8 4 %

CRITICAL PERIOD 3 7
Al t e rna t ive  1  (Base  Case ) 0 0 % 0 0 %

Alterna t ive  2 7 1 9 % 8 2 2 %

Alterna t ive  3 7 1 9 % 8 2 2 %

Alterna t ive  4 7 1 9 % 8 2 2 %

Alterna t ive  5 7 1 9 % 8 2 2 %
Alterna t ive  6 0 0 % 0 0 %

Alterna t ive  7 7 1 9 % 8 2 2 %

Alterna t ive  8 7 1 9 % 8 2 2 %

Alterna t ive  9 2 5 % 3 8 %

Cr i t i ca l  E leva t ion  Thresho lds :

  <850  f t .  ms l  -  l a s t  boa t  r amp  ou t  o f  ope ra t i on
  <860  f t .  ms l  -  l imi t ed  l ake  su r face  a rea  and  dec l ine  in  campground /p icn ick ing  use

  <880  f t .  ms l  -  ma r ina  c lo se s

  <900  f t .  ms l  -  dec l ine  in  beach  use
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There is little difference in recreation impacts between Joint POD Alternative 2 and Joint POD
Alternatives 3 through 9.  Joint POD Alternatives 3 through 9 generally have a slightly higher
frequency of occurrence with which end-of-month storage falls below the various thresholds
than Joint POD Alternative 2.  An exception to this is seen at New Melones Reservoir under
Joint POD Alternatives 6 and 9.  Here, the frequency of occurrence with which end-of-month
storage falls below the various thresholds is similar to Alternative 1 and lower than the other
alternatives, particularly in the critical period.  However, this is a result of implementing the
New Melones operation associated with the Letter of Intent and San Joaquin River Agreement
for Alternatives 6 and 9, respectively, and not the result of the Joint POD.

Potential impacts to recreation on the rivers below the major reservoirs as a result of
implementing the 1995 Bay/Delta Plan were assessed in Chapter VI.  In general, increased
flows would result in beneficial impacts to recreation.  River flows are not expected to change
dramatically as a result of the Joint POD alternatives and would be within the normal range
experienced on those rivers.  The principal effect of the Joint POD alternatives on river flows is
to shift the timing of releases somewhat, and these changes will not result in significant
impacts to recreation.  Based on the analysis of impacts to water levels, the Joint POD
alternatives will not result in significant impacts to recreation in the Delta.

7. Cultural Resources

This section presents the results of the assessment of impacts to cultural resources that would
occur with implementation of the Joint POD alternatives.

Federal law requires federal agencies to consider the effect of their undertakings on cultural
resources.  The National Historic Preservation Act of 1966, as amended (NHPA), is the basic
federal law governing preservation of cultural resources of national, regional, state and local
significance.  Specifically, section 106 of the NHPA requires each federal agency to consider
the effect of its actions on “any district, site, building, structure or object that is included in or
eligible for inclusion in the National Register.”  Eligible cultural resources may also include
traditional cultural properties, which are generally defined as specific locations that are
significant due to their association with cultural practices or beliefs of a living community that
are (1) rooted in the community’s history and (2) are important in maintaining the continuing
cultural identity of the community” (National Park Service, Bulletin 38).  Procedures for
meeting section 106 requirements are defined in federal regulations, at 36 CFR section 800, et
seq.  Other federal legislation further promotes and requires the protection of historic and
archaeological resources by the federal government.  Among these laws are the Archaeological
Resources Protection Act and the Native American Graves Protection and Repatriation Act for
federal lands.

a. Impacts.  All the proposed alternatives deal with changing project operations to affect
varying degrees of use of the joint points of diversion.  The reservoirs to be affected include
Lake Shasta, Lake Oroville, Folsom Lake, New Melones Reservoir, and San Luis Reservoir.
Rivers include the Sacramento, Feather, American, and Stanislaus.  No construction or ground-
disturbing activities are involved.  The maximum water surface elevation at the subject
reservoirs under all alternatives is at 100-percent capacity and will not exceed that which has
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occurred under historic operations (i.e., flood operations that completely fill the reservoir or
operations in wet years in which the reservoirs fill in the spring snowmelt).  It should be noted
that New Melones Reservoir has never filled completely (i.e., the emergency overflow spillway
has never been used), but as a practical matter can be considered to have filled completely with
its maximum elevation being only 4 feet from the elevation of the emergency spillway.  No
new lands will be inundated around the reservoirs.

River flows will also not exceed high-level flows experienced under the range of normal
associated reservoir operations.  Inundation of cultural resources adjacent to rivers is, therefore,
not expected.  Implementing the alternatives would not result in changes to reservoir operations
related to flood control.  Flood flows in the tributaries downstream from the reservoirs are a
function of hydrology and not reservoir operation.

Cropping patterns are expected to remain the same and no new lands will be brought into
production as a result of the Joint POD alternatives.  Therefore, there will be no impacts from
changes in agricultural practices due to the alternatives.  Any deficiencies in surface water
deliveries are expected to be made up to some degree by groundwater pumping. In reality, the
joint points of diversion project will allow for lower deficiencies than would otherwise be
imposed on CVP users.

Changes will occur in the minimum pool elevations at all of the reservoirs between
Alternative 1 (base case) and Alternatives 2 through 9.  Therefore, the assessment of new
impacts to cultural resources at the subject reservoirs is limited to comparing the minimum
reservoir pool elevations of Alternative 1 to the minimum reservoir pool elevations of the other
alternatives (the Area of Potential Effects).  The differences between Alternative 1 and the
other eight alternatives in minimum pool elevations for the affected reservoirs vary
significantly (see Table XIII-48).  These differences range from a minimum pool lowered by
53 feet at Folsom Lake under Alternative 8 to a minimum pool raised by 46 feet at New
Melones Reservoir under Alternative 6.  The reason for the unique, significant upward increase
at New Melones Reservoir is described in Section C (description of alternatives) of this
chapter.

An analysis of the minimum and maximum pool elevations for San Luis Reservoir is not
included because under normal operating procedures, water elevations currently fluctuate about
250 feet a year.  The range of fluctuations under the alternatives is expected to be similar to
normal fluctuations. Therefore, no new impacts are anticipated at San Luis Reservoir.
Furthermore, extensive mitigation was conducted at the site of San Luis Reservoir during
construction of San Luis Dam.  Surveys and a great deal of excavation were completed in the
1960s.  Additional surveys have been conducted since then, including one in the early 1980s
when the reservoir was drawn down to conduct repairs.   A National Register district at
San Luis Reservoir includes about eight sites, several of which are within the fluctuating
reservoir pool.
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For the purpose of this analysis, minimum simulated reservoir pool elevations for Alternative 1
are used as an impact threshold instead of historic reservoir elevations.  The analysis uses
simulated reservoir elevation from DWRSIM model output for the 73-year hydrology.  It
should be noted that short-term flood events are not captured in the monthly operation studies.
It also must be noted for all of the alternatives, minimum pool elevations occur under very
adverse hydrologic conditions, such as occurred during 1976-1977 or 1990-1991.  Actual
operations in the future under such adverse conditions may be different from those elevations
depicted because operating decisions at the time may prevent such low drawdowns.

Al te rna t ive S h a s t a O r o v i l l e F o l s o m N e w  M e l o n e s

H i s t o r i c 8 3 9 6 4 7 3 5 2 7 2 1

Al t  1 8 7 9 5 8 9 2 8 6 7 5 9

Al t  2 - 1 3 - 2 0 - 4 1

Al t  3 - 1 2 - 1 3 0 - 4 1

Al t  4 - 5 - 1 2 1 - 4 1

Al t  5 - 7 - 5 1 - 4 1

Al t  6 4 - 2 8 - 1 8 4 6

Al t  7 - 4 - 4 5 1 - 4 1

Al t  8 - 3 - 4 7 - 5 3 - 4 1

Al t  9 2 6 1 1 3

Al te rna t ive S h a s t a O r o v i l l e F o l s o m N e w  M e l o n e s

H i s t o r i c 1 0 6 7 8 9 9 4 6 9 1 0 8 4

Al t  1 1 0 6 7 9 0 0 4 6 6 1 0 8 8

Al t  2 0 0 0 0

Al t  3 0 0 0 0

Al t  4 0 0 0 0

Al t  5 0 0 0 0

Al t  6 0 0 0 0

Al t  7 0 0 0 0

Al t  8 0 0 0 0

Al t  9 0 0 0 0

D i f f e r e n c e  B e t w e e n  M i n i m u m  A n n u a l  R e s e r v o i r  E l e v a t i o n  a n d  B a s e  C a s e  ( f t )

( f t )

D i f f e r e n c e s  B e t w e e n  M i n i m u m  A n n u a l  R e s e r v o i r  E l e v a t i o n  a n d  B a s e  C a s e  ( f t )

T a b l e  X I I I - 4 8

7 3 - Y e a r  M i n i m u m  A n n u a l  R e s e r v o i r  E l e v a t i o n

7 3  Y e a r  M a x i m u m  A n n u a l  R e s e r v o i r  E l e v a t i o n  ( f t )
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In addition to the data developed for the various alternatives, Table XIII-48 also includes the
historic minimum and maximum pool elevations at the four reservoirs.  At Lake Shasta, the
historic minimum pool elevation is below the modeled minimum pool elevation for all
alternatives.  Thus, no lands in the reservoir basin will be exposed that have not already been
exposed under historic operating conditions.  At Lake Oroville, Folsom Lake, and
New Melones Reservoir, the opposite condition exists; the historic minimum pool elevations
are higher than the simulated minimum pool elevations under most alternatives.  This
indicates that the drawdowns would expose lands normally inundated within the reservoir
basin.

Table XIII-49 shows the minimum and maximum annual river stages along the American,
Feather, and Sacramento rivers.  As can be seen from the table, there is little variation in both
minimum and maximum river stages.  Therefore, no new impacts to cultural resources are
expected to occur.

The impact mechanisms related to reservoir operations that could potentially affect different
types of cultural resources under the Joint  POD alternatives are described in Chapter VI
(impact mechanisms).  These mechanisms include changes in reservoir pool elevations and
changes in recreation, including unauthorized activities (i.e., intentional vandalism and
amateur collecting).  Studies on the effects of reservoir inundation on archaeological sites
have concluded that the nature and extent of the effects depend on several factors, most
notably the location of a cultural property within the reservoir basin.  Sites within the zone of
seasonal drawdown suffer the greatest impacts, primarily in the form of erosion/scouring,
deflation, hydrologic sorting, and artifact displacement caused by waves and currents.  Sites
located lower in the reservoir, within the deep pool, were more likely to be covered with silt,
which sometimes formed a protective cap.  Sites at or near the high water line and sites
during drawdown suffered both erosion and vandalism (Waechter et al 1994).

Due to incomplete cultural resource inventories of all reservoirs, the actual effects of water
fluctuations to sites are unknown but could possibly be adverse to any cultural resources
present.  Of all the reservoirs,  New Melones has been the most comprehensively surveyed.
A number of surveys have been completed there, beginning with the Smithsonian River
Basin Survey in 1949.  To date, more than 627 historic and prehistoric sites have been
identified within the New Melones Recreation Area.  These sites range from ancient hunting
camps to 19th century gold mining boom towns, together representing approximately
10,000 years of human activity.  More than 106,000 pre-historic and historic artifacts,
records, photographs, and other data have been recovered from more than 42 sites as part of
cultural resource mitigation programs.  In the permanent pool zone below 808 feet amsl,
which would include the area of potential effect, 122 sites have been identified.  The greatest
number of documented sites (232) occur in the fluctuating pool zone between 808 and 1088
feet amsl (USBR, 1996).
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As of 1994, there were 123 known prehistoric sites within the Folsom Reservoir basin
(Waechter et al 1994).  No additional surveys have taken place since then. The recorded sites
occur between elevations 330 feet and 466 feet amsl, well above the minimum pool elevation
of any of the alternatives.  Of the recorded sites within the reservoir basin, only two had been
excavated and documented.  Undoubtedly, other sites exist that have not been recorded
especially within the area of potential effect.

Feather  River

Alternative at  Red Bluf f at  Verona

A l t  1 1 . 3 3 . 5 4 . 9

A l t  2 0 . 0 0 . 0 0 . 3

A l t  3 0 . 0 0 . 0 0 . 3

A l t  4 0 . 0 0 . 0 0 . 3

A l t  5 0 . 0 0 . 0 0 . 3

A l t  6 0 . 0 0 . 0 0 . 2

A l t  7 0 . 0 0 . 0 0 . 3

A l t  8 0 . 0 0 . 0 0 . 3

A l t  9 0 . 0 0 . 0 0 . 3

Feather  River

Alternative at  Red Bluf f at  Verona

A l t  1 1 2 . 7 2 4 . 2 3 6 . 6

A l t  2 0 . 0 0 . 0 0 . 1

A l t  3 0 . 0 0 . 0 0 . 1

A l t  4 0 . 0 0 . 0 0 . 1

A l t  5 0 . 0 0 . 0 0 . 1

A l t  6 0 . 0 0 . 0 0 . 1

A l t  7 0 . 0 0 . 0 0 . 1

A l t  8 0 . 0 0 . 0 0 . 1

A l t  9 0 . 0 0 . 0 0 . 1

Sacramento  River

a t  N a t o m a

- 0 . 1

- 0 . 1

0 . 0

American  River

a t  N a t o m a

- 0 . 1

1 . 5

- 0 . 1

American  River Sacramento  River

1 3 . 2

- 0 . 1

- 0 . 1

0 . 0

0 . 0

0 . 0

0 . 0

0 . 0

0 . 0

73-Year  Minimum Annual  River  Stage  ( f t )

Table  XIII-49

Dif ference  Between  Minimum Annual  River  Stage  and Base  Case  ( f t )

73-Year  Maximum Annual  River  Stage  ( f t )

Dif ferences  Between Minimum Annual  River  Stage  and Base  Case  ( f t )

0 . 0

0 . 0

0 . 0
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Lake Shasta, although never comprehensively surveyed, has had several individual surveys
beginning in 1941-1942 during the dam construction period.  The most extensive survey was
conducted by the U.S. Forest Service between 1976-1978 when the reservoir reached its
historic low of 839 feet amsl during a drought, which resulted in the exposure of more than
three-fourths of the total pool area.  As of 1986, there were a total of 115 recorded sites within
the Shasta Lake pool area.  These sites are located between elevation 700 feet and
1080 feet amsl (above high-water level).  Only two of the sites are located within the area of
potential effect (Henn and Sundahl 1986).

Considerable cultural resource surveys have also been conducted at Oroville Reservoir.  An
intensive archaeological program was carried out for the DWR at the Oroville Reservoir area in
conjunction with construction of the reservoir.  Between 1960 and 1967 when the reservoir was
filled, 225 sites were recorded in the project area. At least 145 of these sites were inundated.
While much information was obtained, the entire project area was not surveyed.  In particular,
no survey work was done at the recreation areas.  Since then, some additional cultural
resources survey work has been undertaken.  In the early 1990s, a whole series of sites were
resurveyed during low water levels.  These included sites along the reservoir periphery as well
as some in the basin.

b. Continuing Effects.  Under any of the alternatives, sites within the reservoir pools will be
subject to the same impacts as they have been historically.  These impacts would include
inundation and exposure during drawdowns with the resulting effects to cultural resources.

c. Impact Analysis.  Overall, based on a comparison of the predicted minimum pool
elevations under all alternatives against the historic ones, it appears that the greatest new
impacts to cultural resources are likely to occur at Oroville, Folsom, and New Melones
reservoirs.  As stated above, this is because the predicted minimum pools at these three
reservoirs would be below the historic minimums during the worst case scenarios.  Significant
new impacts at Lake Shasta are less likely because the minimum pool elevations under all
alternatives are higher than the historic minimums, and the fluctuation in simulated minimum
pool elevations is not that great.

Alternative 1.   Alternative 1 is the base case against which Joint POD Alternatives 2
through 9 are compared.  Alternative 1 would occur in the absence of a water right decision.
The 1978 Bay/Delta Plan objectives are in effect and are implemented through D-1485.

Alternative 2.  Alternative 2 represents the conditions that would exist when the 1995
Bay/Delta Plan flow objectives are fully implemented.  Minimum pool elevations would be
lower at Lake Shasta, Lake Oroville, and New Melones Reservoir; there would be no change at
Folsom Lake.  At Lake Oroville, the drop in pool minimum elevation would be only 2 feet; at
Lake Shasta, the drop would be 13 feet; and at New Melones Reservoir, the drop would be
41 feet.  These minimum pool elevations would occur between September and November.
Visitation drops off significantly after Labor Day.  The potential for hydrological and
recreational impacts, including unauthorized activities, would likely be greatest at the latter two
reservoirs.
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Alternative 3.  Under Alternative 3, minimum pool elevations would be lower at Lake
Shasta, Lake Oroville, and New Melones Reservoir; there would be a slight increase at
Folsom Lake.  At Lake Shasta and Lake Oroville, the change would be 12 and 13 feet,
respectively, while at New Melones Reservoir, the minimum pool elevation would drop
41 feet.  These minimum pool elevations would occur between September and November.
Hydrological and recreational impacts, including unauthorized activities, could occur at these
three reservoirs, with the greatest impacts likely occurring at New Melones Reservoir.

Alternative 4.  Under Alternative 4, minimum pool elevations would be lower at Lake
Shasta, Lake Oroville, and New Melones Reservoir; at Folsom Lake, the minimum pool
elevation would increase by only 1 foot.  The greatest change in minimum pool elevation
would occur at New Melones Reservoir, where it would drop 41 feet.  At Lake Shasta, the
minimum pool elevation would drop 5 feet; at Lake Oroville, it would drop 12 feet.  These
minimum pool elevations would occur between September and November.  Hydrological and
recreational impacts, including unauthorized activities, could occur at Lake Shasta, Lake
Oroville, and New Melones Reservoir, with the greatest effects likely occurring at New
Melones Reservoir.

Alternative 5.  Under Alternative 5, minimum pool elevations would be lower at Lake
Shasta, Lake Oroville and New Melones Reservoir; at Folsom Lake, the minimum pool
elevation would increase by only 1 foot.  The greatest change in minimum pool elevation
would occur at New Melones Reservoir, where it would drop 41 feet.  At Lake Shasta, the
minimum pool elevation would drop 7 feet; at Lake Oroville, it would drop 5 feet.  These
minimum pool elevations would occur between September and November.  Hydrological and
recreational impacts, including unauthorized activities, could occur at Lake Shasta, Lake
Oroville, and New Melones Reservoir, with the greatest effects likely occurring at New
Melones Reservoir.

Alternative 6.  Under Alternative 6, minimum pool elevations would drop at Lake
Oroville and Folsom Lake and increase at Lake Shasta and New Melones Reservoir.  The
greatest changes would occur at Folsom Lake, where the minimum pool elevation would
drop by 18 feet, at Lake Oroville, where the minimum pool elevation would drop by 28 feet,
and at New Melones Reservoir, where it would increase by 46 feet.  This minimum pool
elevation is significantly different than that for the other alternatives and is a result of the
reservoir operations assumed for the Stanislaus River under the Letter of Intent (see Flow
Alternative 7, Chapter II) which is different than all the other alternatives.  At Lake Shasta,
the minimum pool elevation would increase by only 4 feet.  These changes would occur
between September and November, with the exception of Folsom Lake, where the minimum
pool elevation would be reached in August.  Hydrological and recreational impacts, including
unauthorized activities, could occur at all four reservoirs, with the greatest effects likely at
Lake Oroville, Folsom Lake, and New Melones Reservoir.
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Alternative 7.  Under Alternative 7, minimum pool elevations would drop at Lake
Shasta, Lake Oroville, and New Melones Reservoir; the minimum pool elevation would
increase by only 1 foot at Folsom Lake.  The greatest differences would occur at Lake
Oroville and New Melones Reservoir, where minimum pool elevations would drop by 45 and
41 feet, respectively.  At Lake Shasta, the minimum pool elevation would drop by only
4 feet.  All of these minimum pool elevations would occur between September and
November.  Hydrological and recreational impacts, including unauthorized activities, could
occur at Lake Shasta, Lake Oroville, and New Melones Reservoir, with the greatest effects
likely at Lake Oroville and New Melones Reservoir.

Alternative 8.  Under Alternative 8, minimum pool elevations would drop at all four
reservoirs, with the greatest decreases occurring at Lake Oroville (47 feet), Folsom Lake
(53 feet), and New Melones Reservoir (41 feet).  At Lake Shasta, the decrease would be only
3 feet.  All of these minimum pool elevations would occur between September and
November, with the exception of Folsom Lake, where the minimum pool elevation would be
reached in August. Hydrological and recreational impacts, including unauthorized activities,
could occur at all four reservoirs, with the greatest effects likely at Lake Oroville, Folsom
Lake, and New Melones Reservoir.

Alternative 9.  Under Alternative 9, minimum reservoir levels at lakes Shasta, Oroville,
Folsom and New Melones are slightly higher than the base case.  Therefore there is no
impact at these reservoirs.  Additional water is supplied under this alternative by the San
Joaquin River Tributary Authority agencies to help meet the Vernalis flow objective.  New
Don Pedro Reservoir and Lake McClure are operated at lower levels than under the other
Joint Point alternatives.  For an analysis of impacts to these reservoirs, see Chapter 6.

In summary, all alternatives, with the exception of Alternative 9, have the potential to impact
cultural resources at one or more reservoirs.  These impacts are based on the worst case
scenario (i.e., drought conditions) and would occur infrequently.  Average conditions at the
reservoirs would not create these new impacts.

d. Consultation with the California State Historic Preservation Officer.  Under any
alternative involving a federal undertaking, USBR will consult with the California State
Historic Preservation Officer (SHPO) about meeting the requirements of 36 CFR 800.   At
present, it is not known which federal, state, and local agencies will be responsible for the
different undertakings required to implement each of the proposed Joint POD alternatives.
Consultation by USBR with the California SHPO will address cultural resources
identification, evaluation, effects, and possible mitigation needs.

8. Economic Analysis

a. Introduction.  This section summarizes the economic impacts of the Joint POD
alternatives.  The analysis consists of the estimation of economic impacts to agriculture,
municipal and industrial (M&I) water, and recreation under the various Joint POD
alternatives.  The analysis was limited by the following assumptions:
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• Water shortages are assumed to accrue only to agriculture south of the Delta.  It is
assumed that shortages of M&I water would be addressed by water transfers from
irrigated lands.

• Economic losses are based on average water losses over the historic timeframe, rather
than on a range of losses reflecting high, medium, and low water deliveries.

• No distinction is made between the economic value or productivity of various irrigated
agricultural lands in the CVP.  Rather, an average value based on marginal net revenue
is applied to all irrigation water.

• No attempt was made to quantify impacts of water shortages on regional economies.
Regional impacts due to reduced agricultural water deliveries are briefly addressed in
narrative.  No attempt was made to estimate impacts of costs of water transfers to urban
users.

• Impacts on agricultural land use are briefly addressed in narrative.

• No attempt was made to quantify recreation impacts.  Rather, recreation impacts at
major reservoirs are briefly addressed in narrative.  It was assumed that end-of-year
reservoir water levels are reflective of water levels throughout the year.

b. Irrigation and M&I Water Impacts.  According to delivery estimates from the
DWRSIM modeling studies, water shortages resulting from the implementation of the 1995
Bay/Delta Plan would primarily occur in areas south of the Delta.  For the most part, CVP
delivery reductions would be to the contractors in the San Luis and Delta Mendota Water
Authority service area, as they comprise the largest group of contractors south of the Delta.
Water delivery impacts are shown in Table XIII-50.  Average annual diversion under
Alternative 1 is 5.4 MAF.  Six of the alternatives (Alternatives 2 through 6, and 9) result in
annual water reductions of less than 6 percent compared to Alternative 1, and two of the
alternatives (Alternatives 7 and 8) result in comparatively no water reductions.

There are a number of potential reactions to water shortages.  For example, irrigators could
fallow acreage, change crops, pump additional groundwater, or use water transferred from
other areas.  The initial response of irrigators would probably be to pump additional
groundwater.  Eventually, this response would result in falling water tables, increased
pumping costs, increased water quality problems, and land subsidence.

Urban water utilities could address shortages through transfers of water, increased use of
recycled water, reduced water use through mandatory conservation programs, or imposition
of rationing.  Although conservation programs could address some potential losses, the most
likely responses to the majority of the losses would be those of arranging transfers or
rationing.  However, as stated in Chapter XI of this EIR, the costs of water losses (rationing)
in an M&I capacity are estimated to range from $1,400 to $2,000 per acre-foot.  By contrast,
the marginal net revenue attributable to an additional acre-foot of irrigation water in the CVP
is estimated to vary from about $50 to $275, depending on the area and on the amount by
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Table XIII-50

 Estimate of Economic Impacts of Irrigation Water Losses

under Joint POD Alternatives

Alternative
Average Annual

Shortage
(TAF)

Average Annual
Shortage

(%)

Economic Value
of Water

per Acre-foot
($)1

Annual Economic
Losses

($million)2

1

2 288 5.3 70 20.2

3 216 4.0 70 15.1

4 209 3.9 70 14.6

5 166 3.1 70 11.6

6 206 3.8 70 14.4

7 118 2.2 70   8.3

8 29 0.5 70 2.0

9 256 4.7 70  17.9

     1 When water supplies are 5-10 percent below normal.
     2 Average annual shortage (x) economic value of water per acre-foot.

which water supplies are below the amount normally available (see Chapter XI, section A.2).
Also, according to the EIR, the cost to urban districts of water transfers from agriculture vary
from about $200 to $350 per acre-foot, or an average of about $275.  Utility managers will
have strong incentives to transfer water from agricultural users rather than ration water.
Similarly, irrigators would presumably part with water that provides levels of marginal net
revenue below the price municipalities would pay.  Thus, the simplifying assumption was
made that water shortages will ultimately accrue only to agriculture.  The average economic
costs of water shortages resulting under each alternative were estimated by multiplying the
shortages by the marginal value of irrigation water on lands south of the Delta.  That value
averages about $70 per acre-foot, on a weighted average delivery basis, when water supplies
are 5-10 percent below normal.  While this simplified approach provides only a very rough
approximation of costs, it should at least provide a consistent comparison of relative costs
among alternatives.  The estimated annual losses for each alternative, which range from $2.0
to $20.2 million, are shown in Table XIII-50.

c. Impacts on Regional Economies.  Reductions in water deliveries to agriculture have
the potential, at least in the short run, to affect all sectors of the economy.  Reduced farm
production will generally result in the hiring of fewer workers.  Unless or until those workers
find new employment, consumer spending will fall, affecting retailers and other businesses.
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In addition, growers will reduce purchases of equipment and materials from suppliers,
resulting in reduced income and jobs.

Alternatives 3 through 9 would result in reduced shortages in comparison to Alternative 2;
however, none of the shortages under Alternatives 2 through 6 would exceed 6 percent of
total deliveries under Alternative 1.  Alternatives 7 and 8 essentially result in little or no
shortages in comparison to Alternative 1.  Potential marginal net revenue losses per acre-foot
of water are relatively small at such low levels of water loss.  Additionally, these impacts
would take place in a dynamic and mobile economy with a capacity for rapid adjustment to
economic changes.  Therefore, it reasonably can be assumed that impacts to regional
economies under any of the alternatives would be minimal, and all alternatives would result
in reduced losses as compared to Alternative 1.  However, those alternatives that result in
higher shortages would have a greater regional impact than the two alternatives that result in
little or no loss.

No attempt was made to address the impact on urban water users of the costs of water
transferred from agricultural users.  However, there presumably would be some increases of
costs to users.

d. Impacts on Land Use.  The relatively small average water shortages under
Alternatives 2 through 6, and 9 could potentially result in some adjustments in land use.
These adjustments could take the form of small adjustments in cropping patterns or possibly
some fallowing of lands. However, average water losses of around 5 to 6 percent should
require minimal adjustment, and that adjustment would most likely involve, as necessary,
small changes in cropping patterns.
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Volume 2 of this Final EIR contains the five technical appendices described below.  This
document is available on the internet at http://www.waterrights.ca.gov/baydelta/ and on
compact disc.  Parties on the Bay/Delta Hearing Service List are entitled to one free printed
copy.  Other parties wishing a printed copy of the document should send a written request
and $20.00, payable to the SWRCB.  Send requests to:

Nick Wilcox
State Water Resources Control Board
Division of Water Rights
P.O. Box 2000
Sacramento, CA  95812-2000

Appendix 1. Persons Contacted and Water Right Hearing Service List
Appendix 1 contains the list of parties contacted throughout the proceeding. The SWRCB
maintains three separate Bay/Delta mailing lists. In this appendix, the shorter active party list
and the longer interested party list are combined. The water right hearing service list is also
included. In addition to parties identified in this appendix, a postcard mailing was sent to all
appropriative water right holders in the Central Valley advising that a Notice of Preparation
had been prepared and was available upon request. Persons expressing interest as a result of
this mailing were added to the Bay/Delta mailing list.

Appendix 2. Modeling Assumptions
Appendix 2 contains the assumptions used to model the Flow Alternatives, the Joint Point of
Diversion Alternatives, and the Cumulative Impacts analysis. The descriptions of the
modeling assumptions were drawn from the DWRSIM web site maintained by the
Department of Water Resources. The web site containing the assumptions and all modeling
output can be found at http://wwwhydro.water.ca.gov/swrcb.html.

Appendix 3. Water Right Calculations for Flow Alternatives 3 and 4
Appendix 3 contains the information used in the water right calculations for Flow
Alternatives 3 and 4. The general methodology for the calculations is described in Chapter
IV, section G of the final EIR.

Appendix 4. Watershed Flow Obligation Calculations for Flow Alternative 5
Appendix 4 contains data used in the calculation of watershed flow obligations under Flow
Alternative 5. The general methodology for the calculation is described in Chapter II, section
E.1.e.

Appendix 5. Aquatic Resources Analysis Modeling Data
Appendix 5 contains DWRSIM model output and spreadsheet calculations for: (1) the
Sacramento River fall-run, late fall-run, winter-run, yearling spring-run, and young-of-the-
year spring-run salmon smolt survival model, (2) the San Joaquin river fall-run salmon smolt
survival model, (3) the striped bass model, (4) the water temperature analysis (5) the range of
variability analysis (RVA), and (6) reservoir habitat index calculations. The salmon and
striped bass models are described in Chapter IV, section F of the final EIR. The water
temperature model is described in Chapter IV, section E.  The RVA is described in Chapter
VI, section C.3.a. The reservoir index methodology is described in Chapter VI, section C.3.b.
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DECISION
IMPLEMENTING FLOW OBJECTIVES FOR

THE BAY-DELTA ESTUARY,
APPROVING A PETITION TO CHANGE POINTS OF DIVERSION

OF THE CENTRAL VALLEY PROJECT AND THE STATE WATER PROJECT
IN THE SOUTHERN DELTA, AND

APPROVING A PETITION TO CHANGE PLACES OF USE AND PURPOSES OF USE
OF THE CENTRAL VALLEY PROJECT

REVISED IN ACCORDANCE WITH ORDER WR 2000-02
MARCH 15, 2000

BY THE BOARD:

1.0 INTRODUCTION

In this decision, the State Water Resources Control Board (SWRCB) takes action on the following

matters:

1. This decision accepts the contributions that certain parties, through their
agreements, will make to meet the flow objectives in the Water Quality Control
Plan for the San Francisco Bay/Sacramento-San Joaquin Delta Estuary (1995
Bay-Delta Plan), and continues the interim responsibility of the Department of
Water Resources (DWR) and the United States Bureau of Reclamation (USBR)
for the remaining measures to meet the flow objectives.  This decision also
expands upon the responsibility of the DWR and the USBR, by including some
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objectives that were not included in two previous limited term orders.  The
DWR and the USBR have been meeting almost all of the objectives1 as part of
their compliance with the state and federal Endangered Species Acts.

2. This decision approves, subject to terms and conditions, the joint petition of the
DWR and the USBR to change2 points of diversion of the Central Valley
Project (CVP) and the State Water Project (SWP) in the southern Delta.

3. This decision approves, subject to terms and conditions, the petition of the
USBR to change places of use and purposes of use of the CVP.

4. This decision recognizes the San Joaquin River Agreement (SJRA) and
approves, for a period of twelve years, the conduct of the Vernalis Adaptive
Management Plan (VAMP) under the SJRA instead of meeting the objectives in
the 1995 Bay-Delta Plan.  This decision approves, subject to terms and
conditions, the petitioned water right changes needed to conduct the VAMP.

5. This decision recognizes the 1996 Memorandum of Understanding between
East Bay Municipal Utility District (EBMUD) and the California Urban Water
Agencies/Agricultural Exporters (CUWA/AG) with Respect to Bay-Delta
Obligations from the lower Mokelumne River (1996 MOU).  This decision
approves the schedule of flows attached to the 1996 MOU as the limit of the
responsibility of EBMUD, Woodbridge Irrigation District, and North San
Joaquin Water Conservation District to meet the objectives in the 1995 Bay-
Delta Plan.

6. This decision addresses the circumstances surrounding the proposed Suisun
Marsh Preservation Agreement, Amendment Three, by relieving the DWR and
the USBR of the responsibility to meet the objectives at two control stations in
the western Suisun Marsh and by allowing variability in meeting the objectives.

7. This decision recognizes the contract between DWR and the North Delta Water
Agency (NDWA) for the assurance of a dependable water supply of suitable
quality, dated January 28, 1981, and the Memorandum of Understanding
between the same parties dated May 26, 1998.  This decision approves the
proposal that DWR shall be responsible for providing any flows needed to meet
any obligation of the NDWA to meet the objectives in the 1995 Bay-Delta Plan,
so long as the 1981 and 1998 agreements remain in effect.

                                                
1  The DWR and the USBR have not been meeting the agricultural salinity objectives at the three stations in the
interior of the southern Delta.
2  The change entails adding points of diversion to the permits of both the DWR and the USBR.
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8. This decision recognizes the stipulation among the DWR, the State Water
Contractors (SWC), and Yolo County Flood Control and Water Conservation
District (Yolo), effective June 9, 1998.  This decision approves the proposal that
no requirement shall be placed upon Yolo to implement the objectives in the
1995 Bay-Delta Plan under its Cache Creek water rights, so long as the exercise
of Yolo’s Cache Creek water rights is in accordance with its existing water right
permits.

9. This decision recognizes the stipulation among the DWR, the SWC, and Solano
County Water Agency (Solano), effective August 18, 1998.  This decision
provides that no requirement is placed upon Solano to implement the objectives
in the 1995 Bay-Delta Plan under any water rights it uses to obtain water from
Putah Creek for the Solano Project, so long as the exercise of the Putah Creek
water rights is in accordance with existing water rights.

This decision is the result of a public hearing conducted by the SWRCB commencing on

July 1, 1998 and continuing for 80 days so far.  The hearing is an adjudicative proceeding, and is

governed by statutes and regulations as provided at Title 23, California Code of Regulations,

section 648.  The SWRCB issued a Notice of Public Hearing for this proceeding on

December 2, 1997, and subsequently issued a Revised Notice of Public Hearing on May 6, 1998.

The revised notice divided the hearing into phases, designated as Phases 1 through 8.  Prior to the

date of this decision, Phases 1 through 7 have been completed, including added Phases 2A and 2B.

The SWRCB has received written closing briefs and reply briefs applicable to all completed

phases.  The SWRCB has considered all of the evidence and arguments in the hearing record for

Phases 1 through 7.  Table 1, below, lists the water rights affected by this decision.

/ / /

/ / /

/ / /
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The SWRCB makes the following findings of fact and conclusions of law.

California Department of Water Resources
Application Permit License Project

A005630 016478 ---- Oroville Project
A014443 016479 ---- Oroville Project
A014445A 016481 ---- Banks Pumping Plant
A017512 016482 ---- San Luis Reservoir
A017514A 016483 ---- North Bay Aqueduct

U.S. Bureau of Reclamation
Application Permit License Project

A000023 000273 001986 Friant Project
A000234 011885 ---- Friant Project
A001465 011886 ---- Friant Project
A005626 012721 ---- Shasta Project
A005628 011967 ---- Trinity Project
A005638 011887 ---- Friant Project
A009363 012722 ---- Shasta Project
A009364 012723 ---- Shasta Project
A009366 012725 ---- Contra Costa Canal
A009367 012726 ---- Contra Costa Canal
A009368 012727 ---- Tracy Pumping Plant
A013370 011315 ---- Folsom Project
A013371 011316 ---- Folsom Project
A014858A 016597 ---- New Melones Project
A014858B 020245 ---- New Melones Project
A015374 011968 ---- Trinity Project
A015375 011969 ---- Trinity Project
A015376 011970 ---- Trinity Project
A015764 012860 ---- San Luis Reservoir
A016767 011971 ---- Trinity Project
A016768 011972 ---- Trinity Project
A017374 011973 ---- Trinity Project
A017376 012364 ---- Whiskeytown Lake
A019304 016600 ---- New Melones Project
A022316 015735 ---- Contra Costa Canal

East Bay Municipal Utility District
Application Permit License Project

A004228 002459 011109 Pardee Reservoir
A013156 010478 ---- Camanche Reservoir

Woodbridge Irrigation District
Application Permit License

A005807 003890 005945
A010240 006931 008214
A012648 007277 008215

Merced Irrigation District
Application Permit License

A001221 000912 000990
A001222 000913 002684
A001224 000914 002685
A010572 006808 006047
A016186 012825 011395
A016187 012826 011396

Oakdale and South San Joaquin Irrigation Districts
Application Permit License

A010872 009360 007856
A013310 009366 007860

Turlock and Modesto Irrigation Districts
Application Permit License

A001233 001165 005417
A014127 009320 011058

Permits and Licenses Affected by This Decision

Table 1
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2.0 BACKGROUND

2.1 Procedural History

The SWRCB has issued numerous orders and decisions regarding water quality and water right

requirements for the Bay-Delta Estuary.  The current water quality objectives are set forth in the

1995 Bay-Delta Plan, adopted May 22, 1995.  The current water right requirements, applicable

only to the water rights for the CVP and the SWP, are set forth in SWRCB Decision 1485

(D-1485) adopted in 1978, and in SWRCB Order WR 98-09 (Order WR 98-09), adopted on

December 3, 1998.3  The SWRCB adopted D-1485 to implement the objectives in the 1978 Delta

Plan.4  Order WR 98-09 supersedes SWRCB Order WR 95-6 (Order WR 95-6) and temporarily

extends the actions taken in Order WR 95-6, which the SWRCB adopted in response to a petition

filed by DWR and the USBR to change some of the requirements in D-1485.5  These orders have

temporarily removed conflicts between D-1485 and the objectives in the 1995 Bay-Delta Plan, but

Order WR 98-09 will expire on December 31, 1999.

This decision is part of the SWRCB’s implementation of the 1995 Bay-Delta Plan.  Many of the

objectives in the 1995 Bay-Delta Plan are best implemented by making changes in the flow of

water or in the operation of facilities that move water.  Accordingly, this decision amends certain

water rights by assigning responsibilities to the persons or entities holding those rights to help

meet the objectives.

                                                
3  The USBR has water right permits for much of the CVP appropriations pursuant to SWRCB Decision 990, adopted
in February 1961.  The USBR has permits to divert water from the Trinity River pursuant to SWRCB Permit Order
124.  The USBR has permits to divert water from the Stanislaus River pursuant to SWRCB Decisions 1422 and 1616.
The USBR has a permit to divert water in the Delta pursuant to SWRCB Decision 1020.  The USBR has permits to
divert water from the San Joaquin River pursuant to SWRCB Decision 935.  The DWR has permits to divert water for
the SWP appropriations from the Feather River and from the Delta pursuant to SWRCB Decision 1275, which was
revised in SWRCB Decision 1291.  D-1485 amended the SWP permits under Decision 1291 and the CVP permits
under Permit Order 124 and under Decisions 990 and 1020.
4  The full name of the 1978 Delta Plan is the Water Quality Control Plan for the Sacramento-San Joaquin Delta and
Suisun Marsh.  It was adopted in August 1978, pursuant to SWRCB Resolution No. 78-43.
5  Some objectives in the 1995 Bay-Delta Plan were not included in Order WR 95-6, but the DWR and the USBR have
made commitments to meet most of those objectives in connection with Biological Opinions under the state and
federal Endangered Species Acts.
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2.2 Physical Setting

The Bay-Delta Estuary includes the Sacramento-San Joaquin Delta, Suisun Marsh, and the

embayments upstream of the Golden Gate.  The Delta and Suisun Marsh are located where

California’s two major river systems, the Sacramento and San Joaquin rivers, converge to flow

westward through San Francisco Bay.  The watershed of the Bay-Delta Estuary is a source of

water supplies for much of the state.  The water is used for municipal, industrial, agricultural, and

environmental purposes.  The watershed is a source of drinking water for two-thirds of the state’s

population.  The SWP, operated by the DWR, and the CVP, operated by the USBR, release

previously-stored water into the Delta where they redivert the stored water and also divert natural

flow.  The water diverted by the two projects in the Delta is exported to areas south and west of the

Delta through a system of water conveyance facilities.

The waterways of the Bay-Delta Estuary and its tributaries also are used by fish and wildlife and

have other public trust values.  Some of the fish that reside in the estuary or migrate through it are

protected under the state or federal Endangered Species Act.  Additionally, migratory birds and

other animals use the marshlands of the estuary for food and habitat.

3.0 PURPOSE OF THIS PROCEEDING

The purpose of the proceeding in which this decision is made is to adopt water right decisions that

will accomplish three goals.  (1) Determine the interim and long-term responsibilities of water

right holders listed in the Revised Notice of Public Hearing to help meet the objectives set forth in

the 1995 Bay-Delta Plan.  (2) Determine whether or not to approve, subject to terms and

conditions, a joint petition of the DWR and the USBR to combine the points of diversion for the

SWP and the CVP in the southern Delta.  (3) Determine whether or not to approve, subject to

terms and conditions, a petition of the USBR to change the places of use and purposes of use in its

water right permits for operationally integrated parts of the CVP.   These goals are the subjects of

the Bay-Delta Water Rights Hearing.  This decision partially accomplishes the first goal, and

accomplishes the second and third goals.  Future decisions in this proceeding will address

completion of the first goal.

4.0 ISSUES CONSIDERED IN THE HEARING

The Revised Notice of Public Hearing, issued on May 6, 1998, lists several Key Hearing Issues.

Each of these issues is followed in the notice by an explanation of the issue, putting it into context.
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Two supplements to the Revised Notice of Public Hearing were issued, one for Phase 2A and one

for Phase 2B.  The supplemental notices included specific hearing issues for the two hearing

phases, but the issues specifically did not supersede the Key Issues in the Revised Notice of Public

Hearing.

4.1 Issues Noticed

The Key Issues for the hearing are:

a. Should the SWRCB extend the effective period of Order WR 95-6?  If yes, how
long should it be extended, and what terms and conditions should it contain?

b. What requirements for implementing the flow-dependent objectives in the 1995
Bay-Delta Plan should be adopted in a water right decision?

c. Should the SWRCB approve the petitioned changes of point of diversion under
the CVP and SWP permits?

d. Should the SWRCB approve the petitioned changes of place of use and purpose
of use of water under the CVP permits?

e. With respect to the negotiated agreements that have been reached among some
of the parties, should the SWRCB add water right terms and conditions to the
water rights of the parties to the agreements or take other actions to implement
the regulatory provisions of these agreements?

f. What evidence supports the SWRCB’s exercising its jurisdiction and taking
action regarding the water rights listed in Enclosure 2, for the purpose of
ensuring that water originating within the watersheds of the Bay-Delta Estuary
is diverted and used within the constraints of California Constitution, Article X,
section 2 (the reasonable use doctrine) and the public trust doctrine?

The hearing issues noticed for Phase 2A were:

a. What requirements for implementing the flow-dependent objectives in the 1995
Bay-Delta Plan should be adopted in a water right decision applicable to the San
Joaquin River watershed?

b. With respect to the SJRA, should the SWRCB add water right terms and
conditions to the water rights of the parties to the agreements or take other
actions consistent with the SJRA?  Should an SWRCB action consistent with
the SJRA establish or eliminate responsibility on the part of water right holders
listed in Enclosure 2a of the May 6, 1998 Revised Notice of Public Hearing,
who are not signatories to the SJRA?  Should any SWRCB action consistent
with the SJRA require that the DWR and the USBR take full responsibility for
meeting the Bay-Delta flow objectives that otherwise might be allocated to
other water right holders within the San Joaquin River watershed?

c. What evidence supports the SWRCB’s exercising its jurisdiction and taking
action regarding the water rights listed in Enclosure 2, for the purpose of
ensuring that water originating within the watersheds of the Bay-Delta Estuary
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is diverted and used within the constraints of California Constitution, Article X,
section 2 (the reasonable use doctrine) and the public trust doctrine?

The hearing issues noticed for Phase 2B were:

a. Would the petitioned changes unreasonably affect any legal user of water or
result in substantial injury to any legal user of water?

b. Would the petitioned changes unreasonably affect fish, wildlife, or other
instream beneficial uses of water?

c. Are the purposes of the petitioned changes to preserve or enhance wetlands
habitat, fish and wildlife resources, or recreation in, or on, the water?

d. If the SWRCB approves the petitioned changes, what terms and conditions will
best develop, conserve and utilize, in the public interest, the water proposed to
be used as part of the change?

e. Would the petitioned changes increase the amount of water each of the
petitioners is entitled to use?

f. Will the petitioned changes otherwise meet the requirements of Division 2 of
the Water Code?

g. Would efforts to facilitate the petitioned changes or mitigate the water supply
effects of the petitioned changes result in changes in ground water pumping
rates and quantities, implementation of water conservation measures, operation
of reservoirs, and deliveries of water?  If so, what changes would occur?

h. What are the projected amounts of water to be transferred and times of transfer
by each of the petitioners during each potential year type during the proposed
long-term change?

4.2 Parties

The parties in the Bay-Delta Water Rights Hearing are the water right holders whose exercise of

their water rights could be modified as a result of the proceeding6 and the other interested persons

and entities who stated an intent to present evidence.  Each party who participated was required to

file a Notice of Intent to Appear in the hearing.

5.0 EFFECTS OF PROPOSED SOUTHERN DELTA CHANNEL BARRIERS

A common feature of several of the proposals before the SWRCB in the Bay-Delta Water Rights

Hearing is the construction of one or more barriers in the southern Delta channels.  A principal

                                                
6  The water rights and water right holders whose exercise of their water rights could be modified as a result of the
hearing are listed in Enclosure 2 of the Revised Notice of Public Hearing.
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purpose of the head of Old River barrier is to reduce entrainment of emigrating juvenile

San Joaquin fall-run chinook salmon in the southern Delta.7  The purpose of other barriers is to

improve water levels and circulation in the southern Delta channels.  (DWR 37, pp. 4-6.)  The

decision to construct the permanent barriers will be made by the DWR and the USBR.  The DWR

and the USBR have prepared draft environmental documentation regarding the permanent barriers.

(SWRCB 87.)

The alternatives in the DEIR to implement the southern Delta salinity objectives are (1) installation

of the existing temporary barriers8 or (2) installation and operation by the SWP and CVP of the

permanent barriers proposed in the draft EIR for the Interim South Delta Program9 (ISDP) as the

preferred alternative.10  Under the latter alternative, the permanent barriers would be operated to

meet the water quality objectives at three stations in the southern Delta to the extent possible.  The

permanent barrier alternative in the SWRCB EIR does not include elements of the ISDP not

necessary to support barrier operation, and the SWRCB alternative adds operation in September,

which is not in the ISDP DEIR.  (SWRCB 7.)

The permanent barriers will offer operational flexibility that the temporary barriers do not.  The

permanent barriers will include radial gates.  The radial gates will be easily opened on the flood

portion of the tide and closed on the ebb tide.  Consequently, the operators will be able to respond

quickly to real-time monitoring results regarding fish, water levels, and water quality.  The

permanent barriers will not require annual installation.  Lastly, the permanent barriers will be able

to withstand higher flows than the temporary barriers.  (DWR 37.)

                                                
7  The head of Old River barrier keeps emigrating San Joaquin River salmon smolts in the mainstem of the river and
eliminates the Old River migratory corridor.  Smolts are more susceptible to entrainment at the export pumps if they
are diverted into Old River.  The head of Old River barrier is also used in the fall to improve flows in the San Joaquin
River near Stockton in order to improve low dissolved oxygen conditions.  In the southern Delta salmon survival is
lower than in other parts of the Delta due to increased predation and vulnerability to entrainment.
8  The existing temporary barriers would be installed regularly under Southern Delta Salinity Alternatives 1 (D-1485
flow requirements) and 2 (1995 Bay-Delta Plan objectives).
9  The ISDP includes the construction and operation of permanent barriers in the southern Delta and several other
components.
10  The permanent barriers alternative is Southern Delta Salinity Alternative 3.
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Although this decision does not order that the barriers be constructed, the benefits of the barriers

are integral to the implementation of several of the actions approved in this decision.  The benefits

of the barriers could be achieved by other means, such as increased flows through the southern

Delta and export restrictions, but these measures could result in an unreasonable use of water and a

significant reduction in water supplies south and west of the Delta.  In addition to having benefits,

the barriers will have some adverse effects, which are discussed below.

In Phase 5 of the hearing, the SWRCB received evidence on the effects of the South Delta

Temporary Barrier Project and the ISDP on delta smelt and its critical habitat, and on Sacramento

splittail.

A USFWS witness testified that the ISDP and temporary barrier programs may have significant

adverse impacts on delta smelt and its critical habitat, and on Sacramento splittail.  (USDI 16; R.T.

pp. 5461-5465.)  Much of the testimony, however, addressed impacts from components of the

ISDP program other than the permanent barriers and impacts resulting from the annual

construction of the temporary barriers.  The USFWS identified the following potential impacts of

the temporary barriers:  increased entrainment at agricultural diversions and at the CVP/SWP

facilities in the southern Delta, loss of shallow water habitat, blockage or interference with up and

downstream migration, changes in fish distribution, changes in hydrology in the central and

southern Delta, increases in water velocities in some channels, shifts in the position of X2,11

degradation of water quality, and slight changes in temperature and dissolved oxygen in the

vicinity of the barriers.  (USDI 16, p.2.)  Based on the USFWS responses to cross-examination,

however, some of the potential impacts identified above are not fully supported by the evidence.

(R.T. pp. 5512-5674.)  Nevertheless, the biological opinion issued by the USFWS for the

temporary barriers project includes several measures to minimize the incidental take of delta smelt

and Sacramento splittail.  (USDI 16b, pp.18-21.)  The DWR and the USBR will be responsible for

developing appropriate measures to reduce or avoid impacts on these species from construction

and operation of the permanent barriers.

                                                
11  X2 is the location of the 2 parts per thousand salinity contour (isohaline), one meter off the bottom of the estuary, as
measured in kilometers upstream from the Golden Gate Bridge.  The abundance of several estuarine species has been
correlated with X2.  In the 1995 Bay-Delta Plan, an electrical conductivity value of 2.64 mmhos/cm is used to
represent the X2 location.  The SWRCB does not expect changes in the location of X2 as a result of the barriers.
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The USFWS also presented testimony that construction of the permanent barriers could

temporarily reduce physical habitat for spawning and rearing due to dredging and construction of

additional levees. (USDI 16, pp.1-2; R.T. p. 5463.)  Except for San Joaquin fall-run chinook

salmon, construction and operation of the permanent barrier project would have potentially

significant adverse impacts to fish, including Sacramento fall, late fall, winter, and spring-run

chinook salmon, steelhead, striped bass, American shad, white and green sturgeon, delta smelt,

longfin smelt, and Sacramento splittail.  (USDI 16; R.T. pp. 5461-5465; SWRCB 87; SWRCB 1e,

pp. [IX-14]-[IX-18] and [IX-41]-[IX-44].)  Because the permanent barriers will be operable at

higher flows than the temporary barriers, they will be operable over a longer period each year.

This should improve protection to San Joaquin fall-run chinook salmon, but could extend the

period of potential impacts to other species.

CCWD argues that the flow barriers will degrade water quality at CCWD’s intakes and adversely

impact the Los Vaqueros Project.  The water quality at CCWD’s intakes can be affected by the

difference in water quality of the Sacramento and San Joaquin rivers, the hydrology of the Delta,12

and the design and operation of the barriers.  The permanent barriers would reduce the percentage

of high quality Sacramento River water at CCWD’s intakes and increase the percentage of lower

quality San Joaquin River water.  (R.T. pp. 3918-3925; CCWD 2.)  CCWD estimates that typical

summer operation of the three agricultural barriers in dry years would add 3 ppm of chloride at

CCWD’s Rock Slough intake and 9 ppm at the Los Vaqueros intake.  (R.T. pp. 4230-4231;

CCWD 2, p. 9.)  The estimates are based on modeling simulations performed using the Fischer

Delta Model for August 1988.  (CCWD 2, pp. 6-7.)  The expected reduction in water quality at Los

Vaqueros may lead to a reduction in the water quality benefits of the project.  CCWD argues that

this is an injury that must be mitigated.  CCWD proposes several measures it believes will mitigate

for any reduction in water quality at its intakes, but provides no evidence regarding the

appropriateness of the measures.  This decision does not require that the measures be implemented

since it does not require that the barriers be installed.

                                                
12  Delta hydrology affecting CCWD’s water quality is primarily controlled by the percentage of San Joaquin River
flow at CCWD’s pumps and SWP/CVP exports.
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The DWR and USBR currently are modifying the ISDP into a new program for the southern Delta.

Consultation is continuing among the DWR and USBR and the USFWS, NMFS, and DFG

concerning the effects of the barriers and other components of the program on aquatic resources in

the Delta.  In the absence of a final EIR for the barriers, the SWRCB cannot order their

installation.  Also, due to the evolving program status and potential for significant adverse impacts,

SWRCB action regarding the installation or operation of the temporary or permanent barriers in

the southern Delta is not ripe at this time.  The SWRCB does, however, encourage the parties

developing the program to find ways to attain the benefits of the barriers while avoiding or

mitigating the adverse effects.  The benefits of the barriers appear to outweigh the potential

impacts.

6.0 RESPONSIBILITY OF PARTIES PROPOSING THE SAN JOAQUIN RIVER
AGREEMENT, AND ALTERNATIVES TO THE AGREEMENT

As provided above, the primary purpose of the Bay-Delta Water Rights Hearing is to determine the

responsibilities of water right holders to implement the flow-dependent objectives in the 1995

Bay-Delta Plan.  Ultimately, the process will result in water right changes that will supersede D-

1485 and Order WR 98-09 as the regulatory mechanism for water rights implementation of the

flow-dependent water quality objectives for the Bay-Delta Estuary.

As an alternative approach to deciding the responsibilities of the water right holders, the SWRCB

gave the water right holders an opportunity to reach settlement agreements with other water right

holders and interested parties proposing allocations of responsibility to meet the flow-dependent

objectives in the 1995 Bay-Delta Plan.  In the Revised Notice of Public Hearing, the SWRCB

notified the parties that it would receive evidence during the hearing on any agreements presented

to it, and would consider adopting water right terms and conditions consistent with the

agreements.13  The SJRA was presented to the SWRCB as a settlement agreement proposing an

allocation of responsibility for meeting the April-May objective for pulse flows from the San

Joaquin River.  (SJRGA 2)  The SJRA also provides for some water for the October objective for

                                                
13  In the absence of an agreement, the SWRCB’s approach to allocating responsibility would be to fashion an
allocation that it believes mitigates the water right holders’ impacts on salinity and flow related impacts on the
Bay-Delta Estuary.  Such an approach would include consideration of the factors discussed in California Constitution,
Article X, section 2, the public trust doctrine, and applicable statutes, in addition to providing a reasonable method of
calculating the responsibilities of the water right holders.
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salmon attraction flows and for additional water to be used as needed by the U.S. Department of

Interior (USDI).  The SJRA would not provide water for any other potential responsibilities of

parties in the San Joaquin basin to meet the water quality objectives.

The SWRCB conducted three hearing phases to consider different aspects of the SJRA, including

an overview, receipt of evidence adverse to the SJRA, and consideration of petitions for changes in

water rights.  In Phase 2, the SWRCB received evidence addressing the SJRA.  In Phase 2, the

cases in chief primarily supported the SJRA because the SWRCB had ruled that all parties could

withhold their adversary evidence until a later phase of the hearing.  The proponents of the SJRA

coordinated their presentation of evidence.  The Environmental Defense Fund (EDF) presented a

case in chief opposing the SJRA.  South Delta Water Agency (SDWA) presented rebuttal

evidence.  Twelve parties presented oral closing arguments.  After concluding Phase 2, the hearing

officers determined that the SJRA merited further consideration.  Accordingly, the SWRCB issued

a supplemental hearing notice for Phase 2A.

In Phase 2A, the SWRCB received evidence adverse to the SJRA including evidence to support

alternatives to the SJRA, and also received additional evidence to support the SJRA.

On December 10, 1998, the water right holders who propose to supply water for instream flows in

the San Joaquin River under the SJRA filed petitions for long-term changes in their water rights

under Water Code sections 1707 and 1735 et seq.  Under section 1707, the SWRCB can approve a

change in water rights for the purpose of preserving or enhancing fish and wildlife resources in the

San Joaquin River.  Under section 1735, et seq., the SWRCB can approve a long-term change in

water rights, i.e., for a period in excess of one year.  The petitioners are Merced Irrigation District

(Merced ID),14 Turlock and Modesto Irrigation Districts (TID/MID),15 and Oakdale and South San

Joaquin Irrigation Districts (OID/SSJID).16  The San Joaquin River Exchange Contractors Water

Authority (Exchange Contractors) also filed a petition for changes, under section 1707, but later

                                                
14  Licenses 2685, 6047, and 11395 for consumptive uses and licenses 990, 2684, and 11396 for power use, issued for
Applications 1224, 10572, 16186, 1221, 1222, and 16187, respectively.
15  Licenses 5417 and 11058, issued for Applications 1233 and 14127, respectively.
16  Licenses 7856 and 7860, issued for Applications 10872 and 13310, respectively.
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withdrew it because the operations the Exchange Contractors intend to use would not require a

change in the Exchange Contractors’ pre-1914 water rights.

Under the requested long-term changes, the petitioners would add to the places of use under their

water right permits the reach of the lower San Joaquin River from their points of release to

Vernalis and would add fish and wildlife enhancement as a purpose of use.  The changes would

commence in April 2000 and continue for twelve years, through 2011.  On April 9, 1999, the Chief

of the Division of Water Rights of the SWRCB approved temporary changes for 1999 that are

similar to the changes requested under the long-term petitions for change.  (Order Authorizing

Temporary Changes in Place of Use and Purpose of Use in the San Joaquin River, dated

April 9, 1999.)

Pursuant to the SJRA,17 the petitioners along with the Exchange Contractors would

provide up to 110 taf per year during a 31-day pulse flow period in April and May of each year, for

instream flows in the lower San Joaquin River above Vernalis.  (SJRGA 2, pp. 5-6; R.T. p. 825.)

The petitioners and the Exchange Contractors would decide each year how to allocate the water

required during the pulse flow period.  The water for pulse flows would not be transferred to the

USBR and the DWR, although they would pay for its release into the river.  In addition to the

pulse flow releases, Merced ID would release 12.5 taf of water in October to attract adult salmon

returning to spawn. The only transfer of water would be from OID, which would transfer to the

USDI 15 taf of water, plus any unused portion of OID’s contribution to the pulse flow.18

In order to receive evidence so that it could consider whether the petitions for change should be

approved, the SWRCB on April 20, 1999, issued a supplemental hearing notice for Phase 2B.

Phase 2B was focused on the statutory requirements for approval of water right change petitions.

6.1 Current Implementation of the Vernalis Flow Objectives by USBR and DWR

The hearing notices applicable to Phases 2 and 2A provide for the receipt of evidence and legal

argument from parties opposing the proposal embodied by the SJRA and the VAMP, including

                                                
17  The water to be provided under the SJRA is intended to contribute flows to conduct the VAMP.
18  OID would supply up to 11 taf of water in April and May for the pulse flow.
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evidence to support alternatives to the SJRA and the VAMP.  The relevant alternatives are the

alternatives applicable to the San Joaquin River for implementing the flow objectives in the

1995 Bay-Delta Plan.19  The alternative of having the USBR and, to the extent feasible, the DWR,

be responsible for meeting the flow objectives represents the current circumstances under

Order WR 98-09 and the biological opinions issued to the projects under the state and federal

Endangered Species Acts.  It is designated as Flow Alternative 2 in the EIR.  The analysis of Flow

Alternative 2 assumes that the USBR will meet the flows using New Melones Reservoir.

Nevertheless, the USBR could choose to meet the objectives by other means, such as recirculation,

purchases from willing sellers such as the members of the SJRG, or releases from the Friant

project.  The notice for Phase 2A states that,

“Evidence in Phase 2A should address the responsibilities of the parties who are
jointly proposing the SJRA, the [DWR], and the [USBR], including any relevant
adversarial evidence supporting alternatives to the SJRA applicable to the affected
water right holders.  Evidence in Phase 2A also should address whether or not any
water right order implementing the regulatory portions of the SJRA should either
establish or eliminate any responsibility for meeting 1995 Bay-Delta Plan
objectives that might be allocated to water right holders in the San Joaquin River
watershed who are not parties to the SJRA.”

Central Delta Water Agency (CDWA) and SDWA opposed the allocation of responsibility

proposed under the SJRA, and instead recommended that no party other than the USBR and the

DWR be allocated responsibility for meeting the flow objectives in the southern Delta.

6.2 Recirculation Proposal

SDWA proposed that the SWRCB implement the flow objectives in the southern Delta by

requiring the DWR and the USBR to release water pumped from the Delta into the

San Joaquin River.  Flow Alternative 6 in the Bay-Delta EIR analyzes a variant of the SDWA

proposal.  As formulated and analyzed in the EIR, this alternative could (1) significantly reduce

the amount of water available south and west of the Delta from exports (this effect is masked in the

SWRCB’s EIR because the alternative assumes there will be full use of the joint points of

                                                
19  As provided in the Supplement to Revised Notice of Public Hearing for Phase 2A, the flow objectives in the 1995
Bay-Delta Plan include (1) the Delta outflow objectives, (2) salinity objectives in the Delta that occasionally control
Delta outflow, (3) the flow objectives on the Sacramento River at Rio Vista, (4) the flow objectives on the San Joaquin
River at Vernalis, and (5) the salinity objectives on the San Joaquin River at Vernalis.
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diversion in the southern Delta) and (2) adversely impact fish through entrainment and flow

effects.  A benefit of this alternative is that it would reduce demand on New Melones Reservoir,

thereby providing needed water for local water users and for salinity control in the southern Delta.

SDWA’s recirculation proposal calls for relaxing the export restrictions imposed under the

biological opinion issued by the USFWS for delta smelt.20  The purpose of the proposed relaxation

is to avoid water supply impacts to contractors of exported water.  The SWRCB, however, cannot

change the biological opinion.  The export restrictions in the biological opinion are more

restrictive than the 1995 Bay-Delta Plan.  SDWA suggested that if the export restrictions were not

relaxed, the USBR should purchase water from its water contractors in the San Joaquin basin.

An expert witness for the USFWS testified that recirculation of exported water could result in

adverse impacts on fishery resources in the Delta (R.T. pp. 10400-10408.)  The witness identified

potential impacts in the following areas:

1. Recirculation could cause changes in the chemical composition of water in the San
Joaquin River channel by importing water from the Sacramento River.  This could
interfere with the olfactory imprinting of juvenile salmonids produced in the basin and
result in increased straying when they return from the ocean to spawn.  Species of
concern include fall-run chinook salmon and steelhead.  (R.T. pp. 10401-10402.)

2. Recirculation could cause changes in the composition of water that reaches the Delta,
thereby affecting habitat for Delta native fish.  (R.T. pp. 10401-10402.)

3. Recirculation could cause increased entrainment of fish at the southern Delta export
facilities, particularly during the spring pulse flow period, due to the increase in exports
for recirculation.  (R.T. pp. 10401, 10404.)  Species of primary concern include salmon,
steelhead, delta smelt, Sacramento splittail, and longfin smelt.  (R.T. p. 10406.)

4. Increased exports due to recirculation might affect in-Delta hydrodynamics, which
could affect the distribution of fish and their vulnerability to entrainment.  (R.T.
pp. 10404-10405.)

5. Recirculation under the proposal would move water through the Newman Wasteway,
which might release contaminants that would impact fish.  Pesticides, chlorides, etc.
have been detected in the Wasteway.  (R.T. pp. 10406-10407.)

                                                
20  The delta smelt biological opinion effectively requires that the ratio of San Joaquin River flow to export rate be 2:1
during the April-May pulse flow.  The 1995 Bay-Delta Plan requires a 1:1 ratio.
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Based on the above concerns, the USFWS witness testified that the proposal to recirculate

exported water to meet flow objectives in the southern Delta requires substantially more scientific

evaluation and information regarding potential impacts to fishery resources.

(R.T. pp. 10407-10408.)  The USFWS witness testified that the extent of the potential impact to

salmonid imprinting was unclear.  (R.T. p. 10402.)  The SWRCB finds that a potential exists for

the recirculation proposal to result in impacts on fishery resources, but further studies are needed

to evaluate the degree of impact.  No specific data are currently available to evaluate these

impacts.

Recirculation potentially could help, under some circumstances, with meeting flow requirements

from the San Joaquin River.  Consequently, this decision requires that the USBR prepare a

feasibility study to determine whether and under what circumstances recirculation could be used.

In the study, the USBR will be required to evaluate potential and actual effects of: (1) changes in

water composition on Delta native fish and on imprinting of juvenile fall-run chinook salmon and

steelhead in the San Joaquin basin, (2) increased exports on in-Delta hydrodynamics and fish

entrainment at the SWP and CVP export facilities, (3) salt and contaminant loading in the San

Joaquin basin due to recirculation of water through the Newman Wasteway, and (4) impacts on

deliveries of water by the SWP and the CVP and, on San Luis Reservoir.  This decision requires

the USBR to develop a plan for the feasibility study in consultation with the NMFS, USFWS,

DFG, and DWR and to submit it to the SWRCB for approval by October 1, 2000.  This decision

requires the USBR to initiate the study immediately following SWRCB approval and complete all

study components within two years of approval.  This decision requires that the release of CVP

water by the Exchange Contractors in connection with the VAMP experiment be included as a

study component.

6.3 Responsibility Consistent with the SJRA, the VAMP and the Change Petitions

6.3.1 The San Joaquin River Agreement

For a twelve-year period, the SJRA proposes to allocate responsibility for meeting the April-May

pulse flow objectives in the 1995 Bay-Delta Plan to certain water right holders in the watershed of

the San Joaquin River.  (SJRGA 2, pp. 1, 5.)  It also provides for supplemental flows at other times

of the year. (SJRGA 2, pp. 10, 11.)  The SJRA provides a mechanism for conducting the VAMP,

an experiment to determine the relative impact of flow in the San Joaquin River and exports in the

Delta on chinook salmon in the lower San Joaquin River.
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The parties to the SJRA are: (1) the SJRGA,21 consisting of the Exchange Contractors and water

users receiving water from the San Joaquin River and its tributaries, (2) the United States

Department of Interior parties,22 (3) the California Resources Agency parties,23 (4) the CVP/SWP

Export Interests parties,24 and (5) the Environmental Community parties.25  (SJRGA 2, p. 1.)  The

SJRA is an agreement among some, but not all, of the parties who have an interest in the allocation

of responsibility to provide the San Joaquin River’s share of water for meeting the Bay-Delta flow

objectives.  Some of the parties oppose the SJRA proposal.

Pursuant to the SJRA, some members of the SJRGA, listed in Part 6.0 above, would provide water

for the VAMP experiment and for some other flows, including attraction flows for salmonids in

October. (SJRGA 2, p. 11.)  The members of the SJRGA who provide the water will receive $3

million per year from the USBR, to be paid from the Central Valley Project Improvement Act

(CVPIA) Restoration Fund, and $1 million per year from the DWR.  (SJRGA 2, p. 7.)  The SJRA

would assign responsibility to the DWR and the USBR to meet the flows it specifies during the

pulse flow period in the southern Delta.26  (SJRGA 2, p. 13.)

                                                
21  San Joaquin River Group Authority and its member agencies Modesto Irrigation District, Turlock Irrigation
District, Merced Irrigation District, South San Joaquin Irrigation District; the San Joaquin River Exchange Contractors
Water Authority and its member agencies Central California Irrigation District, San Luis Canal Company, Firebaugh
Canal Water District and Columbia Canal Company; the Friant Water Users Authority on behalf of its member
agencies; and the City and County of San Francisco.
22  United States Bureau of Reclamation and United States Fish and Wildlife Service.
23  California Department of Water Resources and California Department of Fish and Game.
24  State Water Contractors, Kern County Water Agency, Tulare Lake Basin Water Storage District, Santa Clara
Valley Water District, San Luis and Delta-Mendota Water Authority, Westlands Water District, and Metropolitan
Water District of Southern California.  Of these parties, the San Luis and Delta-Mendota Water Authority and
Westlands Water District did not sign the Statement of Support for the SJRA.  (SJRGA 2, p.4.)
25  The Environmental Community parties are the Natural Heritage Institute and The Bay Institute of San Francisco,
but neither of these parties signed the Statement of Support for the SJRA.  (SJRGA 2, p.5.)
26  The DWR and the USBR have committed themselves to provide “backup” during the term of the SJRA for any
responsibility that otherwise would be placed on the San Joaquin basin water right holders as a result of an allocation
of responsibility in the Bay-Delta Water Rights Hearing.  (R.T. pp. 9987-9995.)  By doing this, the DWR and the
USBR have made it possible for the SWRCB to approve the SJRA without needing to look to the non-signing water
right holders in the San Joaquin Basin for the water that would not be provided under the SJRA to meet objectives
other than the pulse flow objectives from April 15 through May 15.
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6.3.2 The VAMP Experiment

The VAMP experiment is designed to assess the effect of export pumping at various specific river

flows, which range from 3,200 cfs to 7,000 cfs.  (SJRGA 2, Appendix A, p. 3.)  Under the VAMP

experiment, the flows at Vernalis during the April-May pulse flow period could be lower than is

required by the objectives in the 1995 Bay-Delta Plan, and the export pumping rates would be

lower than the pumping rates allowed in the Plan.  The parties to the SJRA have agreed, with

certain limitations, to use the following pairs of operational constraints and export targets to

conduct an experiment on the effects of Vernalis flows and export rates during a 31-day period

between April 1 and May 31:

TABLE 2
SJRA OPERATIONAL STRUCTURE

Vernalis Target Flows (cfs)

Export limits 2,000 3,200 4,450 5,700 7,000
1,500 X X X X
2,250 X
3,000 X

(SJRGA 2, p. 8.)

The Vernalis Target Flows are to be provided as follows based on the “existing flow” at Vernalis

as defined in the SJRA:

TABLE 3
SJRA VERNALIS TARGET FLOWS

Existing Flow (cfs) Target Flow (cfs)

0-1999 2,000
2,000-3,199 3,200
3,200-4,449 4,450
4,450-5,699 5,700
5,700-6,999 7,000

7,000 or greater Existing Flow

(SJRGA 2, p. 7.)
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The target flows may be modified depending on forecasts of water year type, using the

San Joaquin Valley “60-20-20” Water Year Hydrologic Classification.27  Modifications are

accomplished by giving each water year type a numeric indicator as follows:

TABLE 4
VAMP HYDROLOGIC CLASSIFICATION

SJR Basin Classification Indicator

Wet 5

Above Normal 4

Below Normal 3

Dry 2

Critical 1

(SJRGA 2, Appendix A, p. 4.)

The SJRA provides that the target flows may be modified based on current and recent hydrologic

conditions.  If the sum of the current year’s indicator and the previous two years’ indicators is four

or less, the parties to the SJRGA will not provide flows above the existing flow.  If the sum of the

current year’s indicator and the previous year’s indicator is seven or greater, the target flow will be

one level higher than the above tables provide (i.e., if the sum of the indicators is seven and the

existing flow is 2050 cfs, the target flow is 4450 cfs).  This is referred to as a “double step”.

(SJRGA 2, p. 7.)

There are differences in the flow targets between the VAMP and the SJRA.  First, the SJRA

provides flow targets of 2,000 cfs,28 but the minimum flow targets under the VAMP are 3,200 cfs.

(R.T. pp. 974-975.)  Second, the obligation of the parties to the SJRA to provide water to meet the

flow targets is limited to 110 taf annually. (SJRA 2, pp. 5-6; R.T. p. 825.)  The SJRA calls for the

USBR to purchase water, if possible, to meet the VAMP flow targets under these two

circumstances.  Finally, the SJRA contains an exemption from the export limitations in the VAMP

                                                
27  The calculation method for the 60-20-20 Water Year Hydrologic Classification is set forth in the Order for this
decision at Figure 2.
28  SJRA flows can be lowered if the sum of the current year’s indicator and the previous two years’ indicator is four or
less, as described above.
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that can be invoked in any year when the operations plan for the year is unacceptable to the signers

of the SJRA.  (SJRGA 2, p. 9.)  The exemption might be invoked if VAMP export limitations

substantially reduce the amount of water available for export.29

The hearing record supports conduct of the VAMP experiment as set forth in Attachment A of the

SJRA.  (SJRGA 2.)  The purpose of the VAMP is to gather scientific information on the relative

effects on the survival and passage of salmon smolts through the Delta caused by (1) flows in the

lower San Joaquin River and (2) CVP and SWP export pumping rates.  (SJRGA 2, p. 3.)  The

study will be conducted during the April-May period when the 1995 Bay-Delta Plan calls for pulse

flows in the San Joaquin River at Vernalis.  Existing studies have not provided satisfactory results

on the relative effects of flows and exports on smolt passage and survival.  Additional studies are

needed to clarify these effects  (R.T. pp. 876, 883, 889.)  The VAMP experiment is a unique

opportunity for collecting data under controlled conditions because of the commitment of the

DWR and USBR to control exports and releases from New Melones Reservoir, and operate the

head of Old River barrier as needed for the experiment.  As stated by the USDI, the VAMP

provides a consistent framework for gathering this information.  (USDI 1, p. 5)

The information from the VAMP experiment should provide the SWRCB with data that can be

used to evaluate and modify, if necessary, the April-May pulse flow objectives in the 1995

Bay-Delta Plan.  The pulse flow objectives adopted in the 1995 Bay-Delta Plan are based on

limited information.  Accordingly, the 1995 Bay-Delta Plan provides that the objectives will be

reevaluated in a future review of the plan.  (SWRCB 7e, p. 28.)  Additionally, the SWRCB agreed,

in a stipulation for dismissal of action filed September 25, 1996, in San Joaquin Tributaries Assn.,

et al, v. State Water Resources Control Board, et al, Sacramento County Superior Court No.

95CS01432, to review the Vernalis flow objectives as to timing and magnitude, under Water Code

section 13240, during a future review of the 1995 Bay-Delta Plan.

As set forth in Attachment A of the SJRA, the VAMP contains no provisions for reductions in the

amounts of water to be supplied, such as those provided in the SJRA, nor are there provisions for

                                                
29  The export levels must, however, be consistent with the existing biological opinions under the state and federal
Endangered Species Acts. (SJRGA 2, p. 9.)
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increases in the experimental export rates.  Thus, the SJRA does not fully provide for conducting

the experiment as designed.  (SJRGA 2, p. 6.)  Considering the value of the information to be

obtained as a result of a fully completed VAMP experiment, the SWRCB urges the USBR to

supplement the flows provided under the SJRA as needed to ensure that the experiment is

completed.  This decision also urges that the DWR and the USBR make it a priority to ensure that

export rates during the VAMP experiment are held to the rates specified in the VAMP.

6.3.3 Terms of the SJRA

The SJRA is an agreement among its parties, and is evidence of a commitment on the part of its

parties, to provide specific amounts of water and operational measures at designated times, for the

purpose of conducting the VAMP experiment in most years.  The DWR and the USBR have made

a commitment, in the Bay-Delta Water Rights Hearing, to accept full, but temporary, responsibility

to meet the affected objectives except when the VAMP calls for variations in the pulse flow for

experimental purposes. (R.T. pp. 9987-9995; SJRGA 2, p. 15.)

The SJRGA requests that the SWRCB confirm that meeting the SJRA is the only responsibility of

its members with respect to meeting Bay-Delta objectives. (SJRGA 2, p. 15.)  Because of the

backstops to be provided by the DWR and the USBR, the SWRCB can satisfy this request without

setting additional requirements for either the SJRGA members or the other water right holders in

the San Joaquin basin.  The backstop provisions are discussed below.

Additionally, the SJRA is conditioned upon the adoption by the SWRCB of an order:

“(1) Finding that the terms of this Agreement provide environmental protection
at a level of protection equivalent to the Vernalis flow objectives of [the 1995
Bay-Delta Plan] during the Pulse Flow Period and implementation of the remaining
San Joaquin River Portion of the [1995 Bay-Delta Plan] for the duration of this
Agreement; (2) committing to expedited issuance of notice and timely completion
of appropriate hearings if objection to the operations plan described in Paragraph
6.6 are unresolved after April 10, or this Agreement should terminate; (3) enforcing
the obligations of the USBR and [DWR] under this Agreement; (4) committing to
the enforcement of Water Code [s]ection 1707, through Water Code [s]ection 1725,
1435 or similar protection by prohibiting (a) unauthorized diversions of any portion
of the flows provided by the SJRGA’s members pursuant to this agreement until
they pass Vernalis; and, (b) unauthorized diversions of any Existing Flow between
SJRGA’s members’ last point of control and Vernalis; and, (5) adding appropriate
changes to permits held by those [of] SJRGA’s members that have an obligation to
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provide water as needed to permit them to comply with the obligations imposed by
this Agreement.”

(SJRGA 2, p. 10, § 7.0.)

Paragraph 10.3 of the SJRA provides that if the SWRCB’s order is not consistent with the terms of

the SJRA, the parties to the SJRA will work to negotiate a modification of the SJRA.  The

SWRCB’s action herein recognizes the SJRA and its contribution to meeting the VAMP measures.

Based on this action, the SWRCB believes that the parties to the SJRA can implement it as they

have proposed, without changes.  With respect to the requested actions, the SWRCB finds as

follows:

6.3.3.1 SJRA CONDITION 1

Condition 1 is that the SWRCB make a finding of equivalent protection by the SJRA compared

with the objectives.  The intention of this condition apparently is to support a finding that the

SWRCB’s action will implement the objectives in the 1995 Bay-Delta Plan.  Such a finding,

however, cannot be made at this time, for the reasons set forth below.  An alternative approach

will, however, support the implementation of the SJRA.

A finding of equivalent protection would be premature at this time.  The purpose of the SJRA and

VAMP is to determine through experimentation alternative measures to protect the beneficial uses

in the 1995 Bay-Delta Plan designated to be protected by the Vernalis pulse flow objectives.  Until

the experiment is complete, there will not be adequate information to know whether the measures

provide equivalent protection.

Further, the Vernalis flow objectives in the 1995 Bay-Delta Plan do not contain a provision

allowing a different set of objectives to be met if it is demonstrated that they provide equivalent

protection for the beneficial uses protected by the objectives.  In cases where equivalent protection

can be provided, the objectives normally so state.  Instead of providing for equivalent protection,

the 1995 Bay-Delta Plan provides that the Vernalis flow objectives will be reevaluated in a future

review of the plan.  (SWRCB 7e, p. 28.)  The Plan provides that a reevaluation will be made

because the objectives are based on limited information, and require more evidence.  If the VAMP

experiment results in equivalent or better protection of the beneficial uses, the objectives can be

amended when the SWRCB reviews the 1995 Bay-Delta Plan.  Under Water Code section 13242,
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an objective can be implemented in stages over a period of time.  The VAMP experiment not only

will provide a basis to reevaluate the objectives, but also will serve as a step toward

implementation of the Vernalis pulse flow objectives.  This decision provides for staged

implementation of the Vernalis pulse flow objectives and establishes interim requirements for the

affected parties who will conduct the VAMP experiment.  This decision authorizes experimental

operations in lieu of meeting the objectives during the interim period.

Finally, the SWRCB cannot predict, based on the existing record, that the SJRA will provide

protection equivalent to the Vernalis flow objectives.  The following factors prevent such a

prediction.

1. New Melones Reservoir will be operated consistent with the USBR’s Interim
Plan of Operation at least through 1999 and possibly until the USBR develops a
long-term plan of operation.  (SJRGA 2, p. 6; USDI 4, pp. 3-4.)  At this time the
provisions of any long-term plan are unknown.

2. The SJRA calls for construction of a barrier at the head of Old River, to be
operated in conjunction with the flows provided during the April-May pulse
flow period. (SJRA 2, p. 9; R.T. pp. 906, 915, 939-940, 1049-1050.)  The
barrier would help protect San Joaquin River fall-run chinook salmon by
ensuring that they stay on the mainstem of the San Joaquin River where they are
less susceptible to entrainment at the export facilities.  Construction and
operation of this barrier, however, is not certain.

3. The maximum flows to be provided under the SJRA are lower than the flow
targets in the VAMP.  Failure to meet the VAMP flow targets may reduce the
level of protection provided by the SJRA.

4. Paragraph 6.7 of the SJRA provides that if any party to the SJRA finds that the
operations plan for the year is unacceptable, the export limits shown in Table 1,
above, will not apply during that year. (SJRGA 2, p. 9.)  Failure to meet the
VAMP export limits could reduce the level of protection provided by the
SJRA.30

The second part of Condition 1 appears to request a finding that the SJRA will satisfy all of the

prospective obligations to meet Delta objectives held by parties diverting from the San Joaquin

                                                
30  It should be recognized, however, that this provision might not result in lifting the VAMP export limits, since if
listed fish were likely to be harmed, the Endangered Species Act requirements would control the export operations.
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River.  As discussed below regarding Condition 3, the DWR and the USBR have agreed to

backstop the obligations of parties diverting from the San Joaquin River during the term of the

VAMP experiment.  Accordingly, the only obligations of the parties other than the DWR and the

USBR during the term of the VAMP experiment are those specified in the SJRA and in this

decision.

6.3.3.2 CONDITION 2 OF THE SJRA

Condition 2 is that the SWRCB commit to expedite noticing and holding a hearing if there is a

dispute over operations under the SJRA during a given year, and the dispute continues on April 10,

five days before the pulse flow is to start. (SJRGA 2, p. 9.)  Condition 2 could be triggered by

dissolution of the SJRA, in which case the DWR and the USBR have agreed to meet the flows for

two years while the SWRCB conducts a hearing and deliberates. (SJRGA 2, p. 13.)  In some cases

Condition 2 calls for a hearing within five days.  Five days is less than the minimum noticing

period for a water right hearing.  (See Wat. Code § 1340.)   Notwithstanding that some of the

actions contemplated under Condition 2 may not be possible within the time suggested, the

SWRCB will retain continuing authority over the changes authorized in this decision and delegate

authority to its staff to supervise the changes authorized to conduct the SJRA/VAMP.  For actions

triggered by dissolution of the SJRA, the SWRCB is committed to conducting necessary

proceedings and taking any appropriate action.

6.3.3.3 CONDITION 3 OF THE SJRA

Condition 3 is that the SWRCB commit to enforce the SJRA as it pertains to the DWR and USBR.

The commitments of the DWR and the USBR include backstopping both the flow and salinity

objectives at Vernalis and the San Joaquin basin’s share of Delta outflow, paying money to the

SJRGA, and varying project operations within the limits of the projects’ permits. (SJRGA 2,

pp. 7-9, 13.)

The SJRA specifies three different backstops to be provided by the DWR and the USBR.  First,

paragraphs 10.1.1 and 3.4 of the SJRA together provide that the USBR will assume responsibility

for the agricultural and fish and wildlife objectives in the 1995 Bay-Delta Plan for salinity and

flow at Vernalis.  (SJRGA 2, pp. 12-13.)  Second, paragraph 10.1.2 of the SJRA provides that the

USBR and the DWR will assume responsibility for the San Joaquin River basin share of the Delta

outflow objectives in the 1995 Bay-Delta Plan.  (SJRGA 2, p. 13.)  Third, paragraph 10 of the
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SJRA provides that if the SJRA is terminated, the USBR and the DWR will operate to provide the

San Joaquin basin share of the Delta outflow for up to two years.31  This is intended to allow

adequate time for the SWRCB to establish alternative implementation of the San Joaquin portion

of the objectives in the 1995 Bay-Delta Plan.  (SJRGA 2, p. 13.)  The DWR and the USBR have

agreed to these backstops.

This decision requires that the parties who have agreed to provide water under the SJRA provide

that water, so long as the SJRA remains in effect.  This decision also requires the DWR and the

USBR to provide backstops by ensuring, through water purchases or other measures, that the water

and operations needed to conduct the VAMP experiment as modified pursuant to the SJRA are

provided through the year 2011.  However, the SWRCB is not the appropriate forum to enforce

payments of money under the SJRA.  This is a matter between the parties, and any enforcement of

the payment provisions should be pursued in a court of law.

Considering that the SJRA limits the commitment of the SJRGA to a maximum contribution of

110 taf and caps the required contribution from water right holders in the San Joaquin basin at this

amount, parties from other watersheds of the Delta, and some water contractors, question whether

approval of the SJRA would result in the SWRCB assigning proportionately larger responsibilities

to other river basins, to ensure that the objectives will be met.  This concern applies principally to

the outflow objective, as Sacramento River water has little or no effect on flows and water quality

at Vernalis. (USDI 103, pp. 3-6; R.T. pp. 9994-10011.)  Although making the USBR responsible

for the Vernalis objectives (as a backstop) should have no impact on water users in the Sacramento

basin, making the DWR and the USBR responsible for the Delta outflow objectives (as a backstop)

could affect water users in the Sacramento basin.  A potential exists for an effect on Sacramento

basin water users because the DWR and the USBR might increase their flow contributions from

the Sacramento River system to make up any shortfall of San Joaquin River contributions to Delta

outflow, which could result in less water being available to current SWP and CVP contractors.

(USDI 103, p. 3; R.T. pp. 9987-10167.)

                                                
31  The USBR might change its New Melones operations if it backstops the obligations of the parties to the SJRA.
(R.T. pp. 1789-1790.)  As a result, there could be less water available for other obligations of the New Melones
Reservoir.  (R.T. p. 1791.)
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The USBR analyzed the effect under Flow Alternative 3 of treating the San Joaquin basin

contribution to Delta outflow as its contractual obligation, and presented evidence regarding the

effect on other parties.  Under these conditions, USBR operations to backstop the SJRA will not

cause reductions in water diversions and supplies for water right holders in the Sacramento River

basin.  (R.T. pp. 9994-10000.)   Nevertheless, the SJRA could result in CVP contractors in the

Sacramento basin receiving less water than they would receive under Flow Alternative 3.  (R.T.

pp. 10113-10118.)

The USBR intends to operate New Melones Reservoir consistent with its Interim Operations Plan

whether or not the SWRCB approves the SJRA.  In general, implementation of the SJRA in

conjunction with the Interim Operation Plan will have no impact on contractual allocations of CVP

water from New Melones Reservoir.  (USDI 4, p. 4.)  New Melones contract allocations are

specified in the Interim Operations Plan and are based on February end-of-month storage plus the

March through September forecast of inflow to New Melones Reservoir.  (USDI 4d. pp. 1-2.)

However, modeling studies showed that, under certain hydrologic and operating scenarios,

implementation of the SJRA in conjunction with the Interim Operations Plan formula could cause

February end-of-month storage to be lower than it would be without the SJRA resulting in lower

allocations to CVP contractors of New Melones.  (R.T. pp. 14042-14047, 15778, 15812.)

6.3.3.4 CONDITION 4 OF THE SJRA

This condition is that the SWRCB enforce the provisions of Water Code section 1707 with respect

to the SJRA members’ petitions for change of place of use and purpose of use in connection with

implementing the VAMP.  (SJRGA 2, p. 10.)  The SJRGA members filed their long-term water

right change petitions in December 1998, under Water Code sections 1707 and 1735.  Water Code

section 1707 allows the SWRCB to approve water right change petitions that seek, among other

things, to use water held under existing water rights to preserve or enhance instream water uses.  A

change under section 1707 allows the water right holder to avoid legally abandoning the water

when the water is released into the stream, and makes the water unavailable to other water users in

the reach of the river where it is to be used for fish. This decision approves a change in the water

right permits held by OID/SSJID, TID/MID, and Merced ID under sections 1707 and 1735.  The

SWRCB can enforce the protections provided to flows of water transferred to instream uses under
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Water Code section 1707, and will consider doing so if apparent violations are brought to its

attention.

6.3.3.5 CONDITION 5 OF THE SJRA

This request is that the SWRCB make appropriate changes in the water right permits under the

change petitions discussed in 4 above, to allow the SJRA to be implemented.  This decision

approves the change petitions, subject to terms and conditions.  The change petitions are discussed

below.

6.3.4 Findings Addressing the Petitions for Long-Term Changes

6.3.4.1 BACKGROUND

The petitions for long-term changes are described in Part 6.0 above.  The notice for Phase 2B of

the Bay-Delta Water Right Hearing, in which the SWRCB received evidence on the petitions,

listed eight issues, which are discussed below. The issues are listed under Part 4.1 above.

Before the SWRCB can approve a petition for change filed under Water Code section 1707, it is

required to make findings that the proposed change (1) will not increase the amount of water the

water right holder is entitled to use; (2) will not unreasonably affect any legal user of water; and

(3) otherwise meets the requirements of Division 2 of the Water Code.  (Wat. Code § 1707(b).)

Under Water Code section 1735, et seq., the SWRCB is required to make a finding that the change

would not result in substantial injury to any legal user of water or unreasonably affects fish,

wildlife or other instream beneficial uses of water.

In general, the agencies that petitioned for changes will not decrease consumptive use in their

districts.  Rather, the water provided under the proposed changes will come from conservation

efforts, substitute groundwater pumping, stored water or reservoir reoperation.  (SJRGA 103A,

p. [2-6].)

CDWA and SDWA argued that the proposed changes would injure other legal users of water

because the changes would result in poorer water quality at Vernalis during the summer irrigation

season.  Because the water to be supplied under the petitioned changes will not be from a reduction

in consumptive use, they attempted to show that there would be adverse effects on downstream

water right holders as a result of reduction or elimination of return flows, decreased groundwater
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accretions in the tributaries, and storage reductions in New Melones Reservoir (leading to a

decreased supply of water to meet the Vernalis salinity objective).

Computer modeling of the hydrology in the San Joaquin River, however, showed that approval of

the petitions would result in substantially similar, and in some cases improved, average monthly

flow conditions at Vernalis in all year types. (SJRGA 103, pp. 23-25, 1a-1e.)  The modeling

showed that in some winter months of wet and above normal year types, the proposed changes

resulted in lower flows at Vernalis than without the petitioned changes.  (SJRGA 103, p. 9.)

Considering the timing and the year type in which these reductions would occur, the model

indicates that no downstream water user would be deprived of water by the winter reductions.

(SJRGA 103, p. 9.)  The modeling studies also indicate that approval of the petitions would result

in improvement of overall water quality at Vernalis compared with current conditions. (SJRGA

103, p. 9.)

SDWA pointed out fifty-one instances in SJRGA’s modeling studies in which SDWA argued that

water quality at Vernalis would be impaired as a result of the petitioned changes.  (SDWA 60C,

pp. 4-5.)  Forty-four of these instances, however, were attributable to rounding errors in the

modeling studies.  In these instances, the flows at Vernalis were the same with and without the

petitioned changes.  (R.T. pp. 14059-14061; SJRGA 103C.)  The seven remaining instances

corresponded to hydrological responses to the petitioned changes.  In all seven instances, however,

the Vernalis salinity objective was met.  (R.T. pp. 14061-14062.)  Accordingly, the modeling

shows no injury to the southern Delta beneficial uses of water.

6.3.4.2 RIGHTS OF DOWNSTREAM WATER USERS CLAIMING INJURY

SDWA claims to represent all water right holders within the agency.32  (R.T. p. 16030.)  Its

assumption is that the “mass bulk” of the land is riparian.  (R.T. p. 16084.)  SDWA exhibits 60A,

60B, 61 and 62 provide information on the rights of Alex Hildebrand and Jerry Robinson.

                                                
32  Such representation may be outside SDWA’s authority and power.  Neither SDWA nor CDWA has “authority or
power to affect, bind, prejudice, impair, restrict, or limit water rights within the agency.”  (Wat. Code Appendix,
§§ 116-4.5 and 117-4.2.)  Both agencies were created for the purpose of reaching agreements with the United States
and/or the State of California to protect the water supply of the lands within the agency against intrusion of ocean
salinity, and to assure a dependable supply of water.  (Wat. Code Appendix §§ 116-4.1 and 117-4.1.)
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Additionally, some individual appropriative water rights in the southern Delta are listed on

Enclosure 2A.  Banta Carbona ID and Westside ID are districts wholly contained within the

boundaries of the SDWA with both pre-14 and post-14 appropriative rights.  (R.T. pp. 16030,

16084.)  Both districts also have contracts with the CVP for supplemental water.  No district

within the SDWA has formally requested representation by SDWA.  (R.T. p. 16031.)

Nevertheless, SDWA’s arguments regarding effects on both riparian and appropriative rights in the

Delta are discussed below.

6.3.4.2.1 Riparian Rights

Assuming that any water right holders downstream of the parties supplying water under the SJRA

have senior riparian water rights, such water right holders could require the SJRA suppliers of

water to bypass water from natural flow.  They could require this with, or in the absence of, the

petitioned changes.  Riparian right holders cannot, however, require that water stored in another

season be released for their benefit.  Water stored in another season is not natural flow of the

stream.  Riparian rights attach only to the natural flow of a stream.  Lux v. Haggin (1884) 69 Cal.

255 [4 P. 919]; Bloss v. Rahilly (1940) 16 Cal.2d 70 [104 P.2d 1049].)  Further, riparian rights do

not attach to water that has been stored upstream during an earlier period.  (Lindblom v. Round

Valley Water Co. (1918) 178 Cal. 450 [173 P. 994, 997].)  Thus, if water previously stored in

another season is flowing in the stream, that water is not available to riparian right holders.  It

follows that if previously stored water is not available to a riparian right holder, the riparian right

holder cannot be injured if the water does not arrive at the riparian right holder’s point of diversion

due to a change in the use of the stored water.  If an upstream diverter increases its use of natural

flow or detains the water as a result of a change in its water right so that it does not reach the

downstream riparian right holder at the natural time, however, and this change deprives the

downstream riparian right holder of adequate water for beneficial uses, the downstream riparian

right holder could be injured by the change.  (Scott v. Fruit Grower’s Supply Co. (1927) 202 Cal.

47 [258 P. 1095].)

The fundamental issue with respect to SDWA’s claim that its members have riparian rights that

could be impaired by the proposed changes, therefore, is whether there is sufficient natural flow to

satisfy the diversion requirements of riparian right holders in the southern Delta.  In this decision,

the natural flow is estimated using DWR unimpaired flow data. (SCWA 18, p. 49.)  Unimpaired

flow is flow in rivers and streams that would have occurred in the absence of water storage and
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diversion projects.  The unimpaired flow estimates provide a measure of total water supply

available for all uses after removing the impacts of most upstream alterations.  Channel

improvements, levees, and flood bypasses are assumed to exist. (SCWA 18, p. 3.)

The southern Delta channel depletion requirements are specified in the hearing record.

(SDWA 22; SWRCB 3j; R.T. p. 16004.)  In general, SDWA presented evidence that water quality

exceedances tend to occur in drier years.  (R.T. pp. 8389, 15999.)  Assuming that (1) all the lands

in the southern Delta are riparian, and (2) there are no riparian right holders upstream of Vernalis

with whom the southern Delta riparian right holders must share water,33 then the unimpaired flow

at Vernalis is the amount of water available for the exclusive use of the southern Delta riparian

right holders.  Using these assumptions, the following table shows the differences between

unimpaired flow and southern Delta diversion requirements using the 73-year hydrologic period.

                                                
33  This is a very conservative assumption.  Other water users upstream of Vernalis claim riparian rights.
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FIGURE 1
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In Summary:

1. On average, insufficient water is available to supply the southern Delta in
Below Normal, Dry and Critical Dry years in August, September and October.

2. On average, sufficient water is available in September only in Wet Years.

3. Insufficient water is available in July during 16 percent of years, in August
during 56 percent of years, in September during 78 percent of years, and in
October during 70 percent of years.

To the extent that other instream water users are making riparian use of water, and to the extent

that all southern Delta lands are not riparian, water is available to southern Delta water users less

often than assumed herein.

Based on this analysis, riparian rights to the waters of the San Joaquin River are inadequate to

meet the agricultural demands in the southern Delta in some months of many years.  Because a

riparian right holder’s water right cannot exceed the natural flow, it follows that whenever there is

inadequate natural flow to meet their demands, southern Delta riparian right holders cannot be

injured if they are deprived of water that exceeds the natural flow.

6.3.4.2.2 Appropriative Rights

An appropriative right holder can divert and use water on the place of use, for the purposes of use,

at the point of diversion, up to the amount authorized in the permit or license.  Appropriative water

right holders can divert and use any unappropriated water that is flowing in the stream, including

abandoned water.  Thus, if an upstream appropriator abandons stored water after using it for

hydropower generation during the summer, the water can be appropriated by a downstream

appropriator.

Appropriative rights have limits, however, that are relevant in this decision.  If the amount of

unappropriated water in the source is inadequate to satisfy senior appropriative rights, a junior

appropriator may not be able to divert any water.  Even if there is enough water for senior water

right holders, a junior appropriator may not be able to divert the maximum amount available under

the permit or license if there is not enough water left after the needs of senior water right holders

are taken into account.  Like riparians, downstream appropriators cannot require that the owner of

an upstream reservoir release water appropriated during another season.  (Lindblom, supra.)
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Further, a senior downstream appropriator can only demand that the reservoir operator bypass

water during the season when the water is present in the stream and is being diverted.  (Lindblom,

supra.)  Finally, an upstream appropriator is not required to continue to abandon stored water it has

abandoned in the past, causing an artificial flow of water.  (Stevens v. Oakdale Irrigation District

(1939) 13 Cal.2d 343 [90 P.2d 58].)

SDWA presented evidence to show that Alex Hildebrand holds water right licenses 7143 and 7144

issued on Applications 17950 and 19194, for appropriation of up to 24 acre-feet per annum (afa) at

the rate of 0.3 cfs from April 1 to November 1 of each year, and up to 40 afa at the rate of 0.5 cfs

from May 1 to November 1 of each year.  SDWA also provided evidence of water right license

3677, held by Mr. Robinson. (R.T. pp. 16013-16030.)  The SWRCB has records of other permitted

or licensed appropriative rights in the southern Delta.

If the SJRA water suppliers make water available under the petitioned changes by causing a

reduction in return flows from direct diversions of water, and conserved water is held in storage in

New Melones Reservoir, downstream appropriators could be injured.  Injury would occur under

this practice if inadequate water reaches the downstream right holders during the time period when

natural flows occur.  (Scott v. Fruit Grower’s Supply Co. (1927) 202 Cal. 47, 258 P. 1095.)  OID

and SSJID possess direct diversion rights from May 1 through October 1, and they might use these

rights to provide water under the SJRA.  Accordingly, the issue is whether the petitioned changes

would reduce flows when natural flows would occur under unimpaired circumstances.

The record is not entirely clear as to whether injury will occur to any downstream legal users of

water as a result of the petitioned changes.  Any legal injury will depend on relative seniority of

the water rights involved and the presence of natural flow.  It is unlikely, however, that either

defacto or legal injury will occur, since the water provided for instream flows will be available to

water right holders in the Delta after it passes Vernalis.

6.3.4.2.3 Effect of the Delta Protection Act

SDWA claims to represent legal users of water who would be injured as a result of the long-term

water right changes.  SDWA argues that in-Delta water users have a right to have water provided

to them by the DWR and the USBR pursuant to the Delta Protection Act, even if they have no

water available to them under riparian or appropriative water rights at a given time.  Whether or
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not the DWR and the USBR have an obligation to provide water to in-Delta water users, however,

is irrelevant to the question of whether the long-term changes will cause injury to a legal user of

water.

6.3.4.2.4 Protection of Salinity in the Southern Delta

Notwithstanding the unavailability of water to satisfy existing water rights in the southern Delta

during certain periods, the SWRCB has determined that protection of agriculture in the southern

Delta is in the public interest.  Water quality objectives have been set for this purpose, and the

USBR is responsible for meeting the Vernalis salinity objective.  The months in which the

southern Delta water users’ needs exceed their rights to water under riparian claims are the same

months in which water quality violations tend to occur.  Consequently, the southern Delta

agricultural uses should not be deprived of water of useable quality as a result of this decision.

However, the SWRCB urges the SDWA to seek water supply contracts to fill its water supply

needs during water shortages.  These shortages occur relatively frequently because of natural

changes in the water supply.

6.3.4.3 EFFECTS OF REDUCTION OR ELIMINATION OF RETURN FLOWS DUE TO WATER

CONSERVATION

SSJID has conserved water by lining canals and piping water to reduce percolation and

evaporation losses, and by constructing structures, including canal control structures and a

regulating reservoir, to control and measure water deliveries.  (SJRGA 104, pp. 4-10; SJRGA 105,

pp. 4-8.)  OID has conserved water through improved efficiencies in delivery and water use.

(SJRGA 106, pp. 1-2; R.T. pp. 16340-16341.)  The conserved water is stored in New Melones

Reservoir under OID’s account.  (R.T. p. 16279.)  The conservation measures reduce the amount

of water diverted and delivered to water users, but can also result in decreased return flows to

surface streams and a decrease in deep percolation to underlying groundwater bodies.

In the service areas of OID and SSJID, irrigated lands overlie common groundwater basins and are

linked by a network of surface streams and drains.  Return flows from this area contribute to the

supply of downstream users, to Delta outflow, and to deep percolation.  Deep percolation from

seepage and return flows is an important component of groundwater recharge in these service

areas.  The water that SSJID and OID will conserve in New Melones storage and apply to instream

use could result in diminished return flow.  Thus, downstream water users who are dependent on



36.

return flows could receive less water as a result of water conservation.  As discussed above,

however, the downstream water users can be injured only if they receive inadequate water during

times when natural flows would occur under unimpaired conditions.  Any water in the OID

conservation account would not be available to SDWA in the year of allocation.  In subsequent

years, SDWA would not have any right to the conserved water because it is stored water.

Under the proposed changes, once the water subject to the petitions for change flows past Vernalis,

it will become available to water users in the CDWA and SDWA.  Thus, the issue in the CDWA

and SDWA service areas is one of timing of the flows.  Some of the water will be released from

mid-April through mid-May during the VAMP target flow period.  This is probably earlier in the

season than the pre-conservation return flows would have appeared in the stream system.  The

additional water provided by OID would be transferred to the USBR for instream beneficial uses,

and the USDI would decide when to release it.  (R.T. pp. 15811-15812.)  If the USDI releases the

water when it can be beneficially used by water right holders downstream of Vernalis, or releases

it to meet the Vernalis salinity objective, the downstream water users would benefit from the

transfer.  However, under certain operating scenarios, this transfer of conserved water to storage in

New Melones Reservoir could reduce the amount of water available in the southern Delta.  (R.T.

pp. 16005-16006.)

No modeling analysis in the hearing record shows the changes in return flow that could be caused

by the petitioned changes.  (R.T. pp. 13942-13944; R.T. pp. 13953-13955.) Changes in timing of

return flows could deprive water users in the Delta of adequate flow for their beneficial uses, but,

as discussed above, would not necessarily interfere with the exercise of valid water rights.  This

decision requires an annual report.  The report should provide information adequate to determine

the effects of the changes in return flow.

6.3.4.4 EFFECTS OF GROUNDWATER PUMPING ON DOWNSTREAM WATER USERS

Although MID and TID pump groundwater to help meet demand during drought conditions, they

do not intend to increase their reliance on groundwater as a result of the petitioned changes, either

in frequency or in volume. (R.T. pp. 14199-14203; SJRGA 107, p. 3.)  They will meet the SJRA

releases from stored water, and will incur reductions in carryover storage of surface water if

necessary during a drought.  Consequently, there will be no adverse effect on groundwater levels

in the TID/MID service areas because of the petitioned changes.
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Under hydrological conditions when Merced ID and OID lack enough water to meet their

customers’ demands and to supply water under the SJRA, however, Merced ID and OID intend to

pump groundwater from the Merced, Modesto, and Eastern San Joaquin County groundwater

basins.  (SJRGA 103A, pp. [4-26]-[4-28].)  The Merced ID indicated it would not need to pump

groundwater to meet these demands during the next twelve years except in a significant drought.

(SJRGA 103, p. 21.)   All three of these basins are in a state of overdraft, although the severity of

the overdraft is different in each basin.  (SWRCB 65, Vol. 1, p.87.)  A discussion of the overdrafts

follows.

Regarding overdraft in the Merced Groundwater Basin, the SWRCB received contradictory

evidence.  Some testimony indicates that the groundwater basin is in relative balance and that

groundwater levels in the basin have recovered to pre-1992 drought elevations.  (SJRGA 109,

pp. 3-4.)  On the other hand, DWR Bulletin 160-93 and the Merced Groundwater Basin

Groundwater Management Plan indicate that the overdraft is worsening.  In Bulletin 160-93, the

DWR reported that overdraft in the Merced Groundwater Basin was occurring at a rate of 28 taf

per year based on 1990 demand level. (SWRCB 65, vol. I, pp. 87.)  The 1997 final draft of the

Merced Groundwater Basin Groundwater Management Plan states:

“For years, the amount of pumping has exceeded the local recharge, creating a
condition of local groundwater overdraft, although it is not considered significant at
this time.  According to the Groundwater Management Plan, the average annual
overdraft…is estimated to be about 20 taf per year.  In general, groundwater levels
have been on a steady decline since 1983, with accelerated rates of decline during
the 1987-1992 drought.” (SJRGA 111C, p. 19.)

Testimony presented by SJRGA indicates that for a 1976-77 level drought, to meet demand and

provide SJRA flows, Merced ID would need to pump an additional 74 taf of groundwater during

the two-year period. (SJRGA 103, p. 15.)  For a 1986-92 level drought, to meet demand and

provide SJRA flows, an additional 59 taf of groundwater pumping would be needed over the six-

year period. (SJRGA 103, p. 19.)  The effect of pumping an extra 133 taf on overdraft attenuated

over the 71-year hydrologic record amounts to an increase in overdraft of 2 taf per year.  This

value is a 7 to10 percent annual increase in the rate of overdraft depending on which estimate of

overdraft is used.  The EIR/EIS for the SJRA identified this impact as potentially significant, but

with mitigation, as less than significant.  (SJRGA 103A, p. ES-7.)
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The OID overlies both the Eastern San Joaquin County Groundwater Basin and the Modesto

Groundwater Basin with the Stanislaus River separating the two basins.  The overdraft in these

basins is discussed above, in Part 6.3.4.3.  Water levels suggest that the Stanislaus River is not a

gaining stream in the OID service area.  Groundwater gradients are relatively flat, and

stream/aquifer interaction probably is controlled by the river stage rather than groundwater levels.

(SJRGA 105K, App. D, p. 10.)  Thus, pumping groundwater in the amount of the water supplied

by OID under the SJRA should not affect the flow in the Stanislaus River.   Consequently, OID’s

substitution of groundwater for surface water during a drought should not impact downstream

water users.

If the SJRGA substitutes groundwater for surface water in an area such as the Merced area where

the groundwater and surface water are interconnected, and groundwater affects stream flow, the

use of the surface water elsewhere will in effect borrow local groundwater supplies against future

stream flow and/or storage in the groundwater basin.  In the Merced ID service area, the

groundwater withdrawals could lessen groundwater accretions34 to the surface streams, exacerbate

overdraft, or both.  If reductions in accretions reduce the flow in the San Joaquin River,

downstream water users could receive less water.  Additionally, as discussed below, continuing

overdrafts of groundwater may not be in the public interest.

In most of the Merced Groundwater Basin, the groundwater basin contributes water to the Merced

River.  The rate of discharge of groundwater into the river is controlled by the hydraulic gradient

from the aquifer to the river.  As discussed above, an estimated 74 taf of additional groundwater

pumping could occur during a 1976-77 level drought as a result of the petitioned changes.  This

represents a 13 percent increase in the average annual groundwater pumping from the groundwater

basin.  (SJRGA 109, p. 3; SJRGA 109B, p. 5-2.)  Although no evidence was submitted to show

how this additional pumping would affect the hydraulic gradient, there is a potential for this

increase in groundwater pumping to reduce the flow in the Merced River.

                                                
34  Groundwater accretions to surface streams contribute a portion of surface flow that is called “baseflow.”
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Any immediate effects of additional groundwater pumping on flow in the Merced River could be

minimized by pumping at a distance from the river, and, if possible, from geologic units in poor

hydraulic connection with the river.  However, it is possible that a decrease in Merced River flow

due to groundwater pumping caused by the proposed change could occur at a time when surface

flows are less than downstream demands and Delta requirements.  Such a decrease could reduce

downstream flows for other legal users of water during periods when flows otherwise would be

adequate for downstream uses.

Potential impacts from groundwater pumping could be avoided through “in-lieu recharge” and

conjunctive use programs whereby surface water in the amount needed to make up for the SJRA

contributions is subsequently provided to water users whose normal supply is groundwater.

Another approach would be direct recharge of surface water into the basin through spreading

grounds or well injection.  These actions could prevent any reductions in accretions to the

Merced River due to groundwater pumping by stabilizing water levels in the basin, and thus, the

hydraulic gradient toward the river.

Likewise, groundwater substitution in the Merced Groundwater Basin would not be in the public

interest if the pumping exacerbates overdraft conditions in the basin.  The use of groundwater to

replace surface water supplies released under the SJRA would be appropriate if conducted with an

in-lieu recharge or actual recharge program to balance the additional groundwater pumping.

Alternatively, it would be reasonable if Merced ID has a groundwater management plan under

Water Code section 10750, et seq. and/or a conjunctive use program.  Accordingly, this decision

requires that if groundwater substitution from the Merced Groundwater Basin is undertaken as a

result of the petitioned changes, measures such as in-lieu recharge or actual recharge must be

undertaken to prevent exacerbation of overdraft conditions.

6.3.4.5 EFFECTS ON DOWNSTREAM WATER USERS OF CHANGING RESERVOIR OPERATIONS

Merced ID, TID, and MID propose to release water from their reservoirs under the SJRA. If stored

water is released or inflow is bypassed, the reservoir could be filled or refilled later in the season,

reducing downstream flows at a time of year when downstream users might be deprived of flow.

(SJRGA 107, pp. 1-2; SJRGA 108, p. 1.) The petitioned changes potentially could affect the

timing of return flows derived from direct diversions by changing the timing of releases of water



40.

that otherwise would be stored in upstream reservoirs and released for power generation in the late

summer.

SDWA argues that shifting the timing of releases of water normally made in the summer for power

purposes into the spring months injures the senior water rights of the Delta riparian right holders.

(R.T. pp. 355, 15998.)  SDWA further argues that upstream water right holders have a duty to

operate their projects in a manner not detrimental to senior downstream rights. (R.T. p. 357.)

When upstream parties move summer releases into the spring, less water is available at Vernalis to

satisfy diversion requirements in the SDWA during the summer. As a result, southern Delta water

users receive less water during the summer.  (R.T. pp. 435, 8228, 16004.)

Limits in the water rights of Merced ID, TID and MID control the amount of water that these

districts can divert and use, and could limit refill of their reservoirs after they make releases under

the SJRA. Each of these districts holds water rights that allow diversion of water to storage during

part of the summer. (SWRCB 1e, Table II-5; SWRCB 6.)  By releasing stored water, however,

these districts are taking a risk that reservoir storage levels will be reduced as a result of the

petitioned changes.  (R.T. pp. 14198-14199.)  Merced ID’s License 11395 (Application 16185)

authorizes collection to storage of up to 605 taf per year.  Merced ID’s License 2685 (Application

1224) authorizes collection to storage of up to 266 taf per year.  License 11395, however, limits

the total withdrawal from storage for beneficial uses to 516.11 taf per year under Merced ID’s

licensed storage rights.  TID and MID share a water right license on the Tuolumne River.  (R.T.

pp. 14150-14151.)  TID/MID’s License 11058 (Application 14127) authorizes collection to

storage of up to 1,046.8 taf per year, with a maximum diversion of 1,371.8 taf per year.  License

11058 sets the maximum withdrawal from storage for beneficial uses at 951.1 taf per year under

Licenses 11058, 11057, 5420, and 5417.  In consideration of the limits on these licenses, the

petitioned changes will be conditioned upon these water right holders submission of an annual

report to the SWRCB, Division of Water Rights, accounting for reservoir operations.

The SJRGA modeling shows benefits to instream flow and water quality under the SJRA, but

actual operations could differ from those assumed in the model.  CDWA requested that the

changes be conditioned so that in all years when the February forecast for the San Joaquin River

unimpaired runoff is below normal, dry or critical, the petitioners must bypass all inflow to their

reservoirs during the period March through September.  The SDWA requested a condition
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requiring the petitioners to pass through their reservoirs the natural flow of the rivers at all times

that downstream channel depletion needs are not being met.  (R.T. p. 16009.)  To ensure that the

actual conditions are as close as possible to the predicted instream flow and water quality, the

petitioned changes will be conditioned to preclude reservoir refill diversions when New Melones

Reservoir is releasing water to meet the Vernalis salinity objective or when the Vernalis salinity

objective is not met.  This will help ensure that downstream legal users of water are not harmed by

refill operations resulting from the petitioned changes.

6.3.4.6 EFFECTS OF RELEASES FROM THE EXCHANGE CONTRACTORS

The member agencies of the San Joaquin River Exchange Contractors (SJREC) also will release

water pursuant to the SJRA.  Although the SJREC originally filed a change petition with the

SWRCB, the petition was withdrawn because there are no changes to the water rights of the

SJREC requiring approval of the SWRCB.

The SJREC will release water it receives under its exchange contract with the USBR.  The

maximum amount to be provided is 11 taf per year. (R.T. p. 14266.)  The SJREC agencies do not

plan to reduce consumptive use within their respective districts.  The transfer water is available

because of successful water conservation programs, including conjunctive use of surface and

groundwater, adoption of a groundwater management plan, surface water transfers, tiered water

pricing, a loan program to finance water system improvements, and a tailwater recovery program.

(R.T. pp. 14236, 14238, 14243-14248, 14252-14253; SJREC 7; SJREC 7a; SJREC 7b.)  The

SJREC expects to save 20 taf per year under the CCID tailwater recovery program.  This water

would otherwise be lost to percolation into groundwater of unusable quality in the Grasslands

Basin. (R.T. pp. 14251, 14307.)

6.3.4.7 PUBLIC INTEREST CONSIDERATIONS REGARDING SUBSTITUTION GROUNDWATER

PUMPING

Notwithstanding that groundwater pumping under the SJRA is not likely to affect flows in the

Stanislaus River, substitution of groundwater for surface water in OID’s service area during a

drought could result in adverse effects on groundwater overdraft.  The Eastern San Joaquin County

Groundwater Basin is experiencing overdraft at a rate of 70 taf per year.  (SWRCB 65, vol. 1, p.

87)  Saline water intrusion into the basin is one result of the overdraft.  The OID Groundwater

Management Plan indicates that opportunities for the development of additional conjunctive use in
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the Eastern San Joaquin County Groundwater Basin are limited. (SJRGA 106C, p. 18.)

Nonetheless, OID plans to develop groundwater supplies from this basin to replace surface water

transferred to SEWD pursuant to a proposed Water Transfer Project in addition to potentially

substituting groundwater during a drought for the surface water supplied under the SJRA.

The draft EIR for this project indicates that impacts to groundwater conditions in the OID service

area would be less than significant in the Eastern San Joaquin County Groundwater Basin.

(SJRGA 105K, Appendix D, p. 16.)  The cumulative impacts of the Water Transfer Project and the

VAMP on groundwater conditions in the OID service area also were treated as being less than

significant in the EIR.  (SJRGA 105K, p. 5.1-3.)  These findings appear to be based in part on the

concept that the Water Transfer Project as a whole will benefit the Eastern San Joaquin County

Groundwater Basin and that water level declines beneath OID will be less than one foot.

Groundwater substitution for flows provided under the SJRA, however, will not benefit the

groundwater basin.  Further, this pumping would occur in a recharge area of the critically

overdrafted basin.  Because the basin is critically overdrafted, increased groundwater pumping,

except as part of a conjunctive use or groundwater management program that prevents the

pumping from contributing to long-term overdraft, could result in injury to legal users of

groundwater.  Accordingly, the SWRCB finds that a substitution of groundwater from the Eastern

San Joaquin County Groundwater Basin to provide water for the SJRA is not in the public interest

and should not be undertaken.

Adverse effects of any groundwater substitution by OID could be eliminated if the groundwater

was pumped entirely from south of the Stanislaus River, rather than from the north side.

Conditions of overdraft in the Modesto Basin do not appear to be a significant problem.  The DWR

estimated the amount of overdraft in the Modesto Basin at 15 taf per year.  Other overdraft

estimates reported in the OID Groundwater Management Plan are much lower. Hydrologic

Consultants estimated an overdraft of 2 taf per year using a water balance method.  A third

estimate of overdraft using water levels is that the overdraft is 3 taf per year.  The OID

Groundwater Management Plan indicates that water conservation projects by the City of Modesto

should bring the basin back into balance.  (SJRGA 106C, App. A, pp. [3-34]-[3-46].)

Groundwater pumping by OID from the Modesto Basin to facilitate the SJRA water transfer in

critically dry years should not adversely impact overdraft conditions in the basin.
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6.3.4.8 EFFECTS ON FISH, WILDLIFE, OR OTHER INSTREAM BENEFICIAL USES OF WATER

As discussed above, OID/SSJID, TID/MID, and Merced ID filed long-term change petitions under

Water Code sections 1707 and 1735, et seq.  These sections require specific findings by the

SWRCB in connection with approval of a petition for change.

Under Water Code section 1707(a) a water right holder can petition the SWRCB under appropriate

provisions of the Water Code for a change in the water right for purposes that include preserving

or enhancing fish and wildlife resources.  If the purpose of the change falls under section 1707, the

water right holder can receive this section’s benefits.  A water right holder can protect water to be

dedicated to fish and wildlife use by petitioning for a change of place of use and purpose of use

before releasing the water.  If the petition is approved, the water right holder does not abandon the

water by releasing it, but continues to use the water as it flows in the stream.  Such water is

unavailable for appropriation in the stream reach between the release point and the end of the

added place of use.

Under Water Code section 1735, et seq., the SWRCB can approve a petition for a long-term

transfer if it makes specified findings, including a finding that the change of point of diversion,

place of use, or purpose of use would not unreasonably affect fish, wildlife, or other instream

beneficial uses.

The purpose of the petitioned changes is to contribute water for fish flows.  Most of the water

contributed would be released during April and May for the VAMP experiment.  The releases

would supply water to conduct experiments on the relative effects of flow, exports, and the

operation of the head of Old River barrier on survival of emigrating juvenile fall-run chinook

salmon.  (SJRGA 2, p. 3; R.T. p. 896.)  It also would provide water for instream fish flows at other

times of year.  Accordingly, the SWRCB finds that the purpose of the petitioned changes falls

within the scope of Water Code section 1707.

Under Water Code section 1735, et seq., the SWRCB must find that the proposed change would

not unreasonably affect fish, wildlife, or other instream beneficial uses.  Compared with the

current water right requirements, which do not include a requirement that the Vernalis flow

objective be met, the changes would benefit fish during periods when fish need additional flows.

(SJRGA 103, p. 9.)
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There are several ways in which implementation of the petitioned changes in connection with the

SJRA could affect instream beneficial uses.  These effects would result from changing:  (1) the

timing and magnitude of instream flows in the San Joaquin River and its tributaries, (2) export

rates from the Delta, and (3) storage levels in the major reservoirs in the basin.  These effects are

discussed below.

6.3.4.8.1 Effects on Fish of Flow Changes in the San Joaquin River at Vernalis

During the hearing, the SWRCB heard numerous points regarding the equivalence or lack of

equivalence of protection of beneficial uses under the SJRA, compared with the VAMP or the

1995 Bay-Delta Plan in the San Joaquin River at Vernalis.  (R.T. pp. 431-933, 2083-2085;

2110-2112.)

As discussed in Part 6.3.3.1, it is premature for the SWRCB to make a finding of equivalent

protection.  Rather, the question before the SWRCB is whether the proposed change will

unreasonably affect fish, wildlife or other instream beneficial uses.  The projects currently operate

under D-1485 as modified by Order WR 98-9.  Under these conditions, there are no minimum flow

objectives for the San Joaquin River at Vernalis.  The SJRA would provide minimum flows in the

San Joaquin River at Vernalis that are higher than D-1485 flows during the April-May pulse flow

period.  (SJRGA 2.)  Modeling studies conducted by the SJRGA indicate that the SJRA would

result in over a 50 percent increase in flow at Vernalis during the April and May period in critical

years and over a 70 percent increase in April-May flow in dry and below normal years compared

to the regulatory requirements that were in place during the evaluation and development of the

1994 Principles Agreement.  (SJRGA 11, p. 11.)  Compared to current conditions in the San

Joaquin basin, the SJRA results in additional flow during the pulse flow period and in October.

(SJRGA 11, p. 11.)  However, in critical years, the minimum flow targets under the SJRA (2000

cfs) are lower than those in the experimental design of the VAMP (3,200 cfs.).  (R.T. pp. 974-975.)

The SJRA provides that the USBR will assume responsibility, for the term of the Agreement, for

the San Joaquin River portion of the 1995 Bay-Delta Plan objectives that can be reasonably met

through flow measures.  A USBR witness testified that it may not be possible or prudent to meet
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all of the standards under all conditions, but that they will make their best effort to do so.35

(USDI 4, p. 4.)

Increased flows in the spring generally benefit salmon.  Increased flows in the San Joaquin River

at Vernalis during the spring months are correlated with increased numbers of adult fall-run

chinook salmon spawners returning to the basin two and a half years later, implying that smolt

survival improves with increased spring flows.  (SWRCB 7e.)  Data from recent USFWS smolt

survival experiments indicate that there is a statistically significant relationship between flow at

Stockton and absolute survival of smolts from Dos Reis or Mossdale to Jersey Point.  (USDI 1,

p. 5.)  Within the manageable range of flows less than 8,000 cfs, additional San Joaquin River flow

increases the survival of emigrating smolts.  (USDI 1, p. 5.)

The April-May pulse flow under the SJRA coincides with the spawning season of a number of

estuarine species, such as delta smelt, Sacramento splittail, and striped bass.  Higher spring flows

may improve spawning conditions for these species in the central and southern Delta and provide

transport flows out of the central Delta.  (SWRCB 7e.)

Compared to existing conditions, therefore, increased spring flows under the SJRA are expected to

result in increased survival of fall-run chinook salmon smolts emigrating from the basin, and may

improve conditions for some estuarine fish species.36

6.3.4.8.2 Effects on Fish of Export Restrictions

The VAMP export targets are a goal of the SJRA but are not required by it.37  (SJRGA 2.)  The

SWRCB urges the USBR and the DWR to meet the VAMP target objectives for Delta exports for

the April/May period, because the target objectives would provide more information regarding

fishery protection.  Export objectives in the Plan restrict exports to a maximum rate of 1,500 cfs, or

                                                
35  The SWRCB expects that the USBR will make its best efforts to meet the VAMP target flows during the pulse flow
period and to meet the objectives in the 1995 Bay-Delta Plan during other periods of the year.
36  In drier years, the VAMP would provide better conditions for these species than the SJRA, because of the higher
minimum flow provisions in those years.
37  The CVP and SWP are required, however, to meet the conditions in the biological opinion for delta smelt.
(SWRCB 174.)
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100 percent of the 3-day running average of Vernalis flow, whichever is greater (a 1:1 ratio of flow

to export).  (SWRCB 7e.)  The VAMP target objectives would always result in a flow to export

ratio of at least 1:1 and would often result in a Vernalis inflow to total export ratio of 2:1 or

greater.  (SJRGA 2.)

The lower proportion of exports under the VAMP target objectives is expected to decrease both

direct entrainment of chinook salmon at the project facilities in the south Delta and lessen net

reverse flows in south Delta channels.  (USDI 2, p. 8.)  However, the effects of exports on San

Joaquin basin smolt survival remain unclear.  (USDI 1, p. 5.) Data gathered in the past on exports

and smolt survival appear to be affected to some extent by flow.  (USDI 1, p. 5.)  The VAMP

experimental design will provide a consistent framework to develop information on the effects of

exports on smolt survival at various flow levels with the barrier in place.  (USDI 1, p. 5.)

6.3.4.8.3 Effects on Fish of Changes in Flow and Water Temperature in San Joaquin River
Tributaries

The CDWA raised questions regarding whether summer flows on the mainstem San Joaquin River

and the lower Stanislaus, Tuolumne, and Merced rivers may be reduced under the SJRA,

potentially impacting habitat for juvenile steelhead trout and chinook salmon rearing in these

streams by increasing water temperatures.  (R.T. pp. 14444, 14447-14449, 14455, 14470-14471.)

There is no evidence that implementation of the SJRA would cause summer flows to be

significantly reduced, or summer water temperatures increased, in the San Joaquin River

tributaries.  Modeling studies show that summer flows in these streams are not significantly

different under the SJRA compared to the base case.  (SWRCB 1e, Tables [VI-24]-[VI-31];

SWRCB 75a, j; SWRCB 196.)

Results of water temperature modeling indicate that implementation of the SJRA will have no

adverse effects on summer water temperatures in the lower Stanislaus River in any water year

type.  (SWRCB 196.)  In a wet year, the SJRA may result in improved temperature conditions

throughout the lower river for cold water species.  Water temperatures would be higher in the

winter and lower in the spring and summer months than under base case conditions.  In other water

year types (above normal, below normal, and critical years), water temperatures under all of the

alternatives would be similar to or lower than temperatures under the base case.
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Temperature modeling was not conducted for the lower Merced or Tuolumne rivers, but no

significant temperature impacts are anticipated on these streams due to implementation of the

SJRA.  Changes in carryover storage in New Melones Reservoir, New Don Pedro Reservoir, and

Lake McClure, which may affect the temperature of water releases to the San Joaquin River

tributaries, were also evaluated for each of the flow alternatives.  (SWRCB 1e, p. V-5,

Tables [V-3]-[V-4]; SWRCB 75a, j.)  Over the 73-year period of record, end of September

carryover storage was predicted to be slightly lower in these reservoirs under the SJRA than in the

base case condition, but by less than 10 percent in any reservoir.  These slight reductions in

carryover storage due to implementation of the SJRA are unlikely to result in significant

temperature effects in the lower rivers.

No other significant impacts of implementation of the SJRA on fish and wildlife were identified in

comparison to the D-1485 base case in the SWRCB analysis.  (SWRCB 1e, pp. [VI-40]-[VI-62],

[VI-71]-[VI-98].)

6.3.4.8.4 Value to Fisheries of the VAMP Experimental Data

The VAMP experiment is expected to provide valuable data to evaluate the relationship between

the effects of San Joaquin River flows and export rates on survival of emigrating juvenile fall-run

chinook salmon smolts during the April-May period.

Fishery experts expect the VAMP to provide protection for San Joaquin River fall-run chinook

salmon equivalent to the 1995 Bay-Delta Plan.  (DFG 13; USDI 1; USDI 2; SWC 12; (R.T.

pp. 883-908).)  Increased flows under the VAMP should provide quantifiable benefits to smolt

survival.  The VAMP provides a consistent framework for gathering valuable information on the

role of exports on smolt survival (USDI 1, p. 5; R.T. pp. 865-877.)  The VAMP has a sound

technical foundation.  (USDI 2, pp. 1, 6.)  Successful implementation would be beneficial for the

fish and wildlife resources of the state.  (DFG 13, p. 1.)

6.3.4.8.5 Summary of Fish and Wildlife Effects

Based on the foregoing discussion, the SWRCB finds that implementation of the VAMP as

supported by the SJRA will not unreasonably affect fish or wildlife resources and is consistent

with the concept of real time best management practices which can be used to determine optimum

solutions to resource problems.  The SWRCB expects the SJRA/VAMP to have beneficial effects
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on San Joaquin River fall-run chinook salmon compared to existing or D-1485 base case

conditions.  The SWRCB expects the VAMP experiment, supported by implementation of the

SJRA, to provide valuable fisheries data that will provide a basis to reevaluate the Vernalis flow

objective.

6.3.5 Summary of Findings and Actions Regarding the SJRA

The SJRA is an agreement among a number of parties to the Bay-Delta Water Rights Hearing.  Its

purpose is to contribute a quantity of water toward conducting the VAMP experiment.  The VAMP

experiment is designed to determine the relative effects of San Joaquin River flow and export

pumping rates in the southern Delta on chinook salmon.  The VAMP experiment will test

combinations of flows and exports. The parties providing water under the SJRA will contribute to

the flows to conduct the VAMP experiment, but will not always provide all the water required.

Meeting the flows specified in the VAMP will not meet the pulse flow objectives.  Further, it is not

certain that the VAMP will provide protection for the chinook salmon equivalent to that provided

by the objectives.  Conducting the VAMP will, however, provide better information than is

currently available on how large a pulse flow is needed to protect the salmon, and could provide a

basis for changes in the objectives at a future review of the Bay-Delta Plan objectives.

This decision approves the SJRA for the purpose of conducting the VAMP experiment and

authorizes a staged implementation of the Vernalis pulse flow objectives so that experimental

operations can be conducted in lieu of meeting the objectives as the first stage of implementation.

In years when the SJRA does not yield enough water to conduct the VAMP experiment, the USBR

is urged to make up the difference in flow from other sources, to ensure that the experimental data

is collected.  Also to ensure that the data is collected, the USBR and the DWR are urged to comply

with the applicable export pumping limits in the VAMP.

This decision accepts the commitments of the DWR and the USBR, for the term of the SJRA, to

provide backstops adequate to allow the conduct of the VAMP pursuant to the provisions of the

SJRA.  Appropriate terms and conditions are included to encourage the completion of the VAMP

experiment.  Some of the terms and conditions place responsibility on all SWP and CVP water

rights, but the inclusion of a term or condition in a given permit should not be construed as

requiring that the SWP or the CVP use water under that water right permit if it has another way to

meet the term or condition.  For example, the terms and conditions should not be construed as
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directing the USBR to use Friant water to meet its backstop responsibilities.  This decision also

approves the changes in purpose of use and place of use of water under water rights of OID/SSJID,

TID/MID, and Merced ID, subject to terms and conditions.  In approving the petitioned changes,

the SWRCB finds that the changes, as conditioned, will not unreasonably affect or substantially

injure any legal user of water, and will not unreasonably affect fish, wildlife, or other instream

beneficial uses of water.

7.0 RESPONSIBILITY FOR MEETING THE SUISUN MARSH OBJECTIVES

7.1 Background

The 1995 Bay-Delta Plan contains water quality objectives (salinity objectives) for locations in

Suisun Marsh for the protection of fish and wildlife beneficial uses.38  The Plan lists numeric

salinity objectives at seven locations within the marsh and a narrative objective for the brackish

tidal marsh areas.  The numeric salinity objectives can be implemented either by ensuring that

salinity does not exceed the numeric electrical conductivity values, or by providing equivalent or

better protection for fish and wildlife at the locations of the compliance stations.39  (SWRCB 7,

p. 18.)  The purpose of the marsh salinity objectives is to protect habitat for waterfowl in managed

wetlands.40

                                                
38  The Suisun Marsh salinity objectives were first adopted in the 1978 Delta Plan and were amended in the 1995
Bay-Delta Plan.  The 1995 Bay-Delta Plan added deficiency period objectives and added the narrative objective.  The
stated purpose of the Suisun marsh salinity objectives is to… “provide water of sufficient quality to the managed
wetlands to achieve soil water salinities capable of supporting the plants characteristic of a brackish marsh.”  (SWRCB
7, p. 40.)  The D-1485 objectives were based on research of Rollins and Mall (SWRCB 136; 119.) who investigated
the salinity tolerance of alkali bullrush (Scirpus maritimus) and other important waterfowl food plants in the
Suisun Marsh.  The research identified maximum mean applied water salinity that would provide an average of
90 percent of the maximum alkali bullrush seed production and a 60 percent seed germination rate.  At that time, the
D-1485 salinity objectives were thought to represent the most saline water that can be applied regularly to
well-managed wetlands without loss of alkali bullrush seed production.  (DWR 29, p. 3.)
39  The salinity objectives at S-35 and S-97 have never been implemented.  The SWRCB has extended the effective
date of required compliance at these locations by orders dated October 30, 1997, August 14, 1998, April 30, 1999 and
November 1, 1999.
40  The managed wetlands are those areas isolated from the daily tidal flux by constructed dikes.  The managed
wetlands in Suisun Marsh were once brackish tidal marsh.  Beginning in the late 1800’s people tried to reclaim the
marshland for agricultural purposes.  This proved unsuccessful, and the land was managed for waterfowl to support
numerous private duck hunting clubs.  Currently, the managed wetlands constitute nearly 90 percent of the total land
area in Suisun Marsh.  (SWRCB 153, pp. [IV-2] – [IV-8].)  Typically, managed wetlands are flooded (using gravity
flow) on high tides in early October to a depth of 12 inches.  This level is maintained through the end of hunting
season in January, after which the ponds are drained.  Some landowners leave their property at this point and do
nothing further until the following fall flooding. (R.T. p. 2203.)  Others use a variety of leach cycles coupled with
pond circulation, depending on the desired habitat. (DWR 30, Appendix B, p.10.)
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In D-1485, the SWRCB assigned sole responsibility for meeting the salinity objectives to the

DWR and the USBR (D-1485, Condition 7).  The SWRCB temporarily changed the requirements

regarding time of compliance by the DWR and the USBR to meet these objectives when it adopted

Order WR 95-6.  In Order WR 98-09, the SWRCB extended the temporary changes.  DWR, in

cooperation with the USBR, DFG, USFWS and the Suisun Resource Conservation District

(SRCD) developed in 1984 a Plan of Protection for the marsh, including an EIR, to meet the D-

1485 requirements. (SWRCB 1e, p. VII-4; SWRCB 64, p. 6.)  In 1987, the DWR, USBR, DFG

and SRCD signed the Suisun Marsh Preservation Agreement (SMPA) as a contractual framework

for implementing the Plan of Protection, including plans for physical facilities to control channel

water salinity.  The most important facility, the Suisun Marsh Salinity Control Gate (SMSCG) was

constructed and began operation in 1988. (SWRCB 1e, pp. [VII-5]–[VII-6]; DWR 30, p.3.)  The

SMSCG has proven more effective for salinity control than originally expected.  However, even

with “full-bore” SMSCG operation, DWR and USBR cannot meet the objectives at the two

western compliance stations, S-35 and S-97.

7.2 Implementation of the Numeric Objectives Using Equivalent Protection

The SMPA parties began work in 1990 on the Western Suisun Marsh Salinity Control Project, the

purpose of which was to develop facilities or activities that would achieve compliance with the

objectives in the western marsh.  Work on the western marsh project was halted in 1995 because of

changed conditions.  Delta outflows required in the 1995 Bay-Delta Plan are generally higher

during the Suisun Marsh salinity control season and therefore produce less saline conditions.  This

information, coupled with the greater than expected effectiveness of the SMSCG, convinced the

SMPA parties to begin negotiations to amend the SMPA.  These negotiations resulted in SMPA

III.  (DWR 29, pp. 4-5; DWR 30, Appendix A.)

The overall purpose of SMPA III is to provide equivalent protection to the managed wetlands

without having to construct the large-scale facilities once thought necessary.  The SMPA parties

have determined that waterfowl habitat can be adequately protected under the current salinity

regime through more efficient use of channel water and improved land management.  Studies on

properties in the eastern and western marsh have shown that consistently lower soil salinity can be

achieved when the wetlands are actively managed. (DWR 30, Appendix B, pp. 11-15.)  Leaching
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cycles and pond recirculation are critical components of active water management.  The parties

have also recognized that there can be significant variation in salinity between high and low tides.

SMPA III proposes a combination of funding and management actions that the SMPA parties

believe will protect the beneficial uses of the managed wetlands at a level that is equivalent to or

better than the channel water salinity objectives at S-35 and S-97 and at other locations throughout

the marsh.41  The SMPA parties do not assert that SMPA III provides equivalent protection with

respect to the brackish tidal marsh.  (R.T., pp. 2226-2227, 2245.)

The SMPA parties have agreed in principle to the SMPA III. (DWR 30, p. 2.)  However, full

implementation requires completion of environmental documentation under CEQA and NEPA and

consultation under the state and federal Endangered Species acts.  A draft environmental document

was circulated for public comment and a draft Biological Opinion has been prepared by DFG.

(DWR 30; DFG 26.)  The SMPA parties will not formally execute the SMPA III until the USBR

completes consultation with the USFWS under section 7 of the federal Endangered Species Act.

(16 U.S.C. § 1536.)42  If there are new requirements in the biological opinion for SMPA III, the

SMPA parties may revise SMPA III and/or its environmental documentation before executing the

agreement.  (DWR 29, p. 1; USDI 7, pp. 7-8; R.T. p. 2254.)

In the hearing, the USFWS witness testified that the historic focus in Suisun Marsh has been the

management of wetlands for waterfowl production.  The plant species thought to be important as

waterfowl food are now known to grow abundantly in other more saline parts of the estuary, and

                                                
41  The SMPA III management actions are as follows:  (1) Set channel water salinity standards consistent with the
1995 Bay-Delta Plan objectives.  (2) Convert S-35 and S-97 from compliance to monitoring stations.  (3) Set criteria
for September SMSCG operation to enable operators of managed wetlands to use lower salinity water during the fall
flood-up.  (4) Implement a water management program to help coordinate water management practices throughout the
marsh.  (5) Update individual ownership management plans.  (6) Implement a joint-use facility program to encourage
cooperative use of delivery systems.  (7) Establish a managed wetland improvement fund.  (8) Provide portable
diversion pumps to provide landowners an opportunity to apply water of lower salinity at low tides.  (9) Provide
portable drainage pumps to improve drainage capability.  (10) Realign and stabilize the Roaring River Distribution
system turnout.  (11) Establish a Drought Response Fund to mitigate landowner drought recovery activities.  In
addition to these eleven actions, the parties to the SMPA III plan to amend Article VI to broaden mitigation to include
activities emphasizing management, restoration projects, and studies to mitigate for impacts to listed and sensitive
species.  The SMPA parties have agreed that the 3 million dollars of mitigation funds remaining from the original
SMPA will be used for multi-species management and tidal marsh restoration.  (DWR 29, p. 12; R.T. p. 2208.)
42  A draft Biological Opinion on SMPA III expected to be released in mid-February 2000.
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animal matter has been determined to be a dominant component of waterfowl diet at certain times

of the year.  (USDI 7, p. 4; SWRCB 156; SWRCB 184.)  In other words, the approach to

Suisun Marsh protection has changed.  The channel water salinity objectives in the 1995

Bay-Delta Plan do not provide adequate temporal and spatial variation throughout the marsh.

Tidal marshes are inherently dynamic environments with no stable vegetation type.  The dynamic

character of tidal marshes is essential to the survival of the two resident federally listed plant

species (soft bird’s beak and Suisun thistle).  Therefore, the dampening of long-term variability in

salinity brought about by implementation of the salinity objectives may be detrimental to the

species.  (USDI 7, pp. 5-6; R.T. pp. 2287-2288.)  The USFWS supported many of the individual

actions in the SMPA III so long as the actions allow the owners of managed wetlands to produce

the same quality of habitat with water of higher salinity. (USDI 7, p. 7.)

In consideration of its ongoing consultation and the above concerns, USDI recommended that the

SWRCB not approve SMPA III at this time.  (USDI 7, p. 8; R.T. p. 2282.) USDI also recommends

that the SWRCB postpone the effective implementation date for compliance at S-35 and S-97.

(USDI 7, p. 8; R.T. p. 2282.)

Aside from USDI, the parties support all the actions proposed in SMPA III.  The City of Vallejo

and Solano Irrigation District conditioned their support on there not being an augmentation of

flows in Green Valley Creek.  (R.T. pp. 2149-2153.)

The SMPA parties’ position is that the management actions provide equivalent protection to the

managed wetlands.  They argue that the actions described in SMPA III will make better use of

available channel water and therefore adoption is in the public interest.  They argue that

conversion of S-35 and S-97 into monitoring stations can have no significant adverse effect on fish

and wildlife, as the objectives have never been in effect at those locations.  With the exception of

USBR,43 the SMPA parties request a finding that the provisions of SMPA III fulfill the SWP’s and

the CVP’s share of meeting the Suisun Marsh objectives in the 1995 Bay-Delta Plan.

(DWR 29, p. 14.)  The parties recognize that the protection afforded by the agreement cannot be

                                                
43  The USBR is a party to the SMPA III and fully supports the agreement.  The USBR’s position is that the SWRCB
should not approve the agreement until ESA consultation is complete.
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implemented until the agreement is signed, and the ESA consultation has been completed. (R.T.

p. 2254.)  DFG requested, in its closing brief, that the SWRCB adopt SMPA III by including

appropriate provisions from the SMPA III in the water right permits of the SWP and the CVP.

In general, the parties appeared to agree that in the absence of a fully executed version of

SMPA III, the effective date for compliance at stations S-35 and S-97 should be deferred.  (R.T.,

pp. 2282, 2289; USDI 7, p. 8.)  They also agree that both waterfowl and threatened and

endangered species need attention.  (DFG 22, p. 3; USDI 6, pp. 3-4.)  Finally, they support the

provision of money and resources to facilitate management actions in the managed wetlands under

SMPA III, regardless of salinity objectives.  (USDI 7, p. 7.)

7.3 Implementation of the Narrative Objective

In the 1995 Bay-Delta Plan, the SWRCB established a narrative objective for the protection of the

brackish tidal marshes of Suisun Bay.  (SWRCB 7, p. 18.)  The brackish tidal marsh provides

critical habitat to a number of species listed under the state and federal Endangered Species acts.44

(DFG 26, p. 2; USDI 7, p. 1.)

The narrative objective repeats verbatim a U.S Environmental Protection Agency (USEPA) water

quality standard for the Bay-Delta.  (40 C.F.R. § 131.37(a)(iii)(C)(3)(i) [60 Fed. Reg. 4664, 4709

(January 24, 1995)]; USDI 7d, p. 23.)   In informal consultation with USEPA regarding USEPA’s

approval of the 1995 Bay-Delta Plan, USFWS concluded that the 1995 Bay-Delta Plan would not

cause jeopardy to endangered or threatened species in the Suisun Marsh.  USFWS made this

conclusion with the provision that “a quantitative water quality standard for protection of tidal

marshes is developed and incorporated into the 1995 Bay-Delta Plan on or before the next triennial

review” of the objectives.  (USDI 7f.)

                                                
44  The species pertinent to this discussion are:  (1) The salt marsh harvest mouse (Reithrodontomys raviventris),
(2) the California clapper rail (Rallus longirostrus obsoletus), (3) the Suisun thistle (Circium hydrophilum var
hydrophilum), and (4) the soft birds beak (Cordylanthus mollis var mollis).



54.

7.4 Conclusions Regarding Suisun Marsh

The purpose of SMPA III is to protect the beneficial uses in the managed wetlands of the

Suisun Marsh at a level equivalent to the level of protection that would be provided by

implementing the numeric objectives.  If it is executed in its current form, substantial evidence in

the record shows that SMPA III, currently in draft, will provide equivalent protection to the

managed wetland beneficial use.  Consultation under the federal Endangered Species Act,

however, is not yet complete, and SMPA III may be revised as a result of the consultation.  After

the biological opinion is released,45 SMPA III will be either signed or renegotiated.  In the absence

of a signed SMPA III, the SWRCB has no assurance that equivalent protection will be provided

and, more importantly, has no executed agreement before it.

Regarding the consultation under the federal Endangered Species Act, the key area of

disagreement between the USFWS and the other parties appears to be whether the current

objectives protect the full range of biological resources in the marsh, not whether the SMPA III

would provide equivalent protection compared with the current objectives.  This is an issue for the

SWRCB’s review during a periodic review of the 1995 Bay-Delta Plan, and is not a subject for

consideration in this current SWRCB proceeding.  However, this disagreement could result in a

failure to execute SMPA III in its current form.  The SWRCB urges the parties to resolve the

disagreement and execute the SMPA III.

One aspect of the current version of SMPA III that all parties, including USFWS, agree on is that

the two western compliance stations, S-35 and S-97, should not be implemented.  The objectives at

these two stations have not been implemented since the objectives were adopted.  Consequently,

removing the requirement that the DWR and USBR meet the objectives at these stations and

instead requiring monitoring at these stations will have no adverse effect on the environment, and

could be treated as being exempt from the California Environmental Quality Act (CEQA) (Pub.

Resources Code § 21000 et seq.) in accordance with California Code of Regulations, title 14,

section 15061(b)(3).  Removing the requirement to meet the objectives at S-35 and S-97 also will

cause no change in current salinity levels or fluctuations at these stations.  No facilities have been

                                                
45  The draft biological opinion is expected to be released in mid-February, 2000.
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installed to meet the objectives at these stations.  Further, implementation of the objectives at these

stations using fresh water would require an unreasonable amount of water and might freshen the

western part of the Suisun Marsh more than is appropriate for certain species that require a

brackish marsh.  Accordingly, the SWRCB will delete the requirement that the DWR and the

USBR meet the objectives at S-35 and S-97, and will instead require the DWR and the USBR to

conduct monitoring at these stations.

The salinity modeling predicts that the objectives at various locations in the Suisun Marsh

occasionally will be exceeded.  This would happen infrequently and in small amounts, even when

the SWP and the CVP are operating the Salinity Control Gates to the maximum extent.

Nevertheless, these occurrences would violate the current terms and conditions of the SWP and

CVP water right permits.  This decision amends the terms and conditions to allow some variability

in meeting the objectives.  Under the amendments, if the objectives are exceeded while the

projects are operating the Salinity Control Gates to the maximum extent, the exceedances will not

violate the permits of the SWP and CVP.

The projects requested that the SWRCB find that implementation of SMPA III will fulfill their

entire mitigation responsibility in the Suisun Marsh.  While the record supports a finding that

SMPA III will provide equivalent protection compared with the objectives, the evidence does not

address the question of whether SMPA III fully mitigates for the impacts of the projects.

SMPA III does not address the narrative objectives for the unmanaged tidal marshlands.  When the

SWRCB adopted the 1995 Bay-Delta Plan it was unclear whether the narrative objective would be

achieved through implementation of the Delta outflow objectives.  To address this issue, the

SWRCB directed DWR to convene a Suisun Marsh Ecological Workgroup (SEW).  SEW’s task

was to identify specific measures to implement and evaluate the achievement of the narrative

objective and to develop recommendations for numeric objectives to replace it.  (SWRCB 7,

pp. 29, 40-41.)  SEW submitted an interim report to the SWRCB.  (SWRCB 153.)  In the absence

of a final report from the SEW, the evidence in the hearing record is inadequate to support

measures that will effectively and reasonably implement the narrative objective.  The USDI

recommended that the SWRCB not take action on the narrative objective in this decision.

(USDI 7, p. 7; R.T. p. 2296.)  SEW should have completed its work by the time of the next
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periodic review of the 1995 Bay-Delta Plan.  If information is available to review the narrative

objective at that time, the SWRCB will review it.

8.0 RESPONSIBILITY OF PARTIES PROPOSING AGREEMENTS IN THE
SACRAMENTO, MOKELUMNE, CALAVERAS, AND COSUMNES RIVER
WATERSHEDS

As explained in Part 6.0 of this decision, the primary purpose of the Bay-Delta Water

Rights Hearing is to determine the responsibilities of water right holders to implement the

flow-dependent objectives in the 1995 Bay-Delta Plan.  As an alternative to the SWRCB

establishing the responsibilities of the water right holders to meet the flow-dependent objectives,

the SWRCB gave the water right holders an opportunity to reach settlement agreements with other

water right holders and interested parties, proposing allocations of responsibility.  The four

agreements discussed in this part of this decision were presented to the SWRCB during Phase 4 of

the hearing.  The subject of Phase 4 was the responsibilities of the parties who are jointly

proposing agreements in the Sacramento, Mokelumne, Calaveras, and Cosumnes river watersheds,

the DWR, and the USBR, to meet the flow-dependent objectives.

8.1 Mokelumne Agreement

EBMUD holds water rights on the Mokelumne River to divert and store water at Pardee and

Camanche reservoirs.  In a license amendment proceeding before the Federal Energy Regulatory

Commission (FERC), EBMUD entered into an agreement with the USFWS and the DFG.  The

purpose of the agreement, known as the Joint Settlement Agreement (JSA), is to establish FERC

license conditions for the lower Mokelumne River Project that will protect fish and wildlife

resources in the Mokelumne River system. The JSA includes both flow and non-flow measures,

and replaces the 1961 agreement with DFG regarding flows in the lower Mokelumne River.

(EBMUD 10, p. 7; R.T. pp. 2491-2497.)  The JSA was submitted to the FERC in March 1998 with

a request to amend EBMUD’s FERC license to include the schedule of flows specified in the JSA

as the flow requirements for the project.  FERC subsequently amended the license as requested.

EBMUD currently releases the minimum fishery flows specified in the JSA.

After negotiating the JSA, EBMUD entered into an agreement with the California Urban Water

Agencies export contractors and the agricultural export contractors (CUWA/AG) to propose to the

SWRCB that the flows to be provided under the JSA will satisfy any responsibilities that the
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SWRCB may find that EBMUD has to help meet the flow-dependent objectives in the 1995

Bay-Delta Plan.  This agreement is called the 1996 Memorandum of Understanding (1996 MOU).   

In Phase 4 of the Bay-Delta Water Right Hearing, EBMUD and CUWA/AG proposed that the

flow releases to be provided under the JSA will satisfy any obligation of  EBMUD toward meeting

the Delta flow objectives in the 1995 Bay-Delta Plan.  (EBMUD 10, p. 1; R.T. p. 2428.)

The analysis of the alternatives in the EIR prepared by the SWRCB for the Bay-Delta Water

Rights Hearing includes modeling studies of the JSA flows for the Mokelumne River.  Three of

the flow alternatives under consideration by the SWRCB for implementation of the flow objectives

of the 1995 Bay-Delta Plan (Flow Alternatives 3, 4 and 5) would require EBMUD to make higher

flow releases to the Mokelumne River in summer months than are specified in the JSA.

8.1.1 Support for Finding that the MOU Satisfies Any Responsibility of EBMUD to Meet Bay-
Delta Objectives

The DWR supports the MOU.  In testimony at the hearing, the DWR agreed to provide a

proportional share of any additional flows above those set forth in the MOU that otherwise would

be assigned to EBMUD in the SWRCB decision.  (R.T. p. 2660; DWR 32, p. 3-4.)  The DWR did

not specify the exact backstop amount it was offering since the amount could vary depending on

the outcome of Phase 8 of the hearing.  The State Water Contractors support the MOU provided

that another party, such as the USBR, provides any additional flow assigned to EBMUD not

backstopped by the DWR.  Woodbridge Irrigation District (WID) supports adoption of the MOU

and requests that its responsibility to meet Delta objectives be satisfied by bypassing water

released by EBMUD to meet the “expected flows below Woodbridge” contained in the JSA.

(WID 1, pp. 1-2; R.T. 2956 pp. 12-17.)

EBMUD argues that the JSA is preferable to Flow Alternatives 3, 4, and 5, which would require

higher flow releases.  The flows in the JSA were developed based on information gathered during

extensive monitoring and research regarding anadromous fish in the lower Mokelumne River.

(R.T. pp. 2436-2441.)  EBMUD argues that additional flow releases from Camanche and Pardee

reservoirs would substantially deplete storage levels in some years, increasing the risk that water

supply will become unavailable for instream uses and increasing the likelihood that the

hypolimnion (cold water) portion of those reservoirs would be lost.  In those years, water
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temperatures in the lower Mokelumne River may be higher than with the JSA flows, and could

result in adverse impacts to habitat for chinook salmon and steelhead.  (EBMUD 6; R.T. pp. 2443-

2444, 2452-2466.)  These impacts are relatively minor.  Water temperatures resulting in

unacceptable conditions for chinook salmon and steelhead are predicted to occur in only 5 percent

of the years under Flow Alternative 3, 7 percent of the years under Flow Alternative 4, and

20 percent of the years under Alternative 5, compared to 3 percent of the years under the JSA.

(EBMUD 6, p. 27; R.T. pp. 2456-2464.)

The JSA would provide additional flows to the Delta.  EBMUD’s estimates of additional flows in

dry and critically dry years are 29 taf and 27 taf respectively.  (EBMUD 10, p. 9; R.T. p. 2403.)

EBMUD, however, analyzed the Delta inflow data in years defined as February 1 through

January 31.  Using a standard water-year format, the additional flows to the Delta resulting from

the JSA compared to the 1961 Agreement increase to 36 taf for dry years and 29 taf for critically

dry years.  (EBMUD 10, pp. 9.)  The following table shows the difference in total EBMUD

releases between Flow Alternative 3 and the JSA (JSA releases minus Alternative 3 releases).

TABLE 5

Total Camanche Reservoir Releases
Comparison of Releases under the JSA to Releases under Alternative 3 (taf)

Year
Type Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep TOTAL

Wet 0.5 1.2 4.0 1.9 2.5 0.0 0.0 1.9 -3.3 -0.8 1.1 1.1 10.4

Above
Normal

0.2 0.2 0.2 3.5 10.0 2.4 0.9 4.4 -0.6 0.3 2.2 2.8 26.3

Below
Normal

0.9 0.8 0.8 0.9 6.2 1.2 1.3 2.5 -12.3 -5.6 -4.5 1.1 -6.7

Dry 0.6 0.6 0.6 0.6 0.6 0.6 0.3 1.5 -21.9 -8.5 -9.4 0.6 -33.7

Critical 0.9 1.1 1.1 1.1 0.9 1.1 0.4 -0.3 -3.9 -7.8 -6.4 -0.1 -12.1

Note:  Negative values indicate that Flow Alternative 3 generate greater flow than the JSA in a month.

Compared with Flow Alternatives 3 and 5 for the 73-year annual average inflow to the Delta

(Table 7), over the long term, the JSA provides more inflow from September through February
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than any of the three flow alternatives.  From March through July, however, Alternative 5 provides

the most inflow.  Alternative 3 provides more inflow to the Delta than the JSA in June, July and

August.  If Flow Alternative 3 were imposed, additional average flows to the Delta would be 71 taf

for dry years and 41 taf for critically dry years compared to the 1961 Agreement.

FIGURE 2

8.1.2 Opposition to Establishing EBMUD’s Responsibility in Accordance with the JSA Flows

Some parties opposed the 1996 MOU because it lacks a complete backstop.  This opposition is

based on the concern that in the absence of a complete backstop, the SWRCB will reallocate

among other parties any remaining incremental responsibility that otherwise would be assigned to

an agreeing party.  It was suggested that if some parties did not enter into agreements, while other

parties did reach agreements, the non-agreeing parties would be assigned a disproportionately

larger responsibility than they would have if other parties had not reduced their responsibilities by

agreement.

In this case, only one party (DWR) is willing to provide a share of the backstop.  The final amount

of the backstop depends on the result of Phase 8 of the Bay-Delta Water Rights Hearing.  To

evaluate the possible amount of a backstop, this decision uses Flow Alternative 3 as a base for
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comparison.  DWR is not likely to provide more than 25 percent46 of the water needed for the

backstop.  The USBR opposes the agreement and has not offered to provide additional flow, if

needed, to backstop the agreement.  (R.T. pp. 3150-3157.)

The amount of water needed to backstop the agreement assuming adoption of Flow Alternative 3

is the difference in flow between the JSA and Flow Alternative 3 measured below Camanche Dam,

EBMUD’s last point of control.  Negative values in the table showing Camanche releases, above,

indicate the amount of the needed backstop.  For below normal, dry and critically dry years, the

amount of the backstop from June through August averages 22 taf, 40 taf, and 18 taf, respectively.

In the single worst year, 1979, the amount of the backstop would have increased to 109 taf.  The

data also show that backstop flows are occasionally needed in the summer months of above normal

and wet years.

A concern was raised that the JSA could affect endangered or threatened species such as the delta

smelt.  It does not appear from the record that the JSA would adversely affect delta smelt.

However, the USFWS, which is responsible for protecting delta smelt under the federal

Endangered Species Act, believes that Flow Alternative 5 is a better option.  Regarding the JSA

flows, USFWS issued a biological opinion under Section 7 of the Endangered Species Act on

March 23, 1998.  The biological opinion provides as follows.

“After reviewing the current status of delta smelt, the environmental baseline,
effects of the Settlement Agreement alternative and cumulative effects, it is the
Service’s biological opinion that the Settlement Agreement, as proposed, is not
likely to jeopardize the continued existence of the delta smelt or result in
destruction or adverse modification of critical habitat for delta smelt.”
(EBMUD 11.)

Nevertheless, the USFWS expressed reservations about delta smelt effects in its testimony during

Phase 4 of the hearing.  The USFWS supported Flow Alternative 5, and presented testimony to

show that flows from the Mokelumne River under the SWRCB’s Flow Alternative 5 would be

significantly greater than under the JSA, especially in the spring of critically dry years.  The

                                                
46  Under the Coordinated Operations Agreement between the DWR and the USBR, storage releases made for
compliance with Delta objectives are shared on a 25/75 basis.  Therefore, the DWR share of the backstop is likely to
be considerably less than half of the water needed to fully backstop the agreement.
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USFWS did not, however, analyze the effects of these greater flow releases on delta smelt.  (R.T.

pp. 3179-3180.)

It was argued that the JSA should not be approved until the flow requirements for achieving the

salmon doubling narrative objective are determined.  Implementing the narrative objective for

salmon protection requires a long-term process.  A period of actual operation meeting the

numerical objectives in the 1995 Bay-Delta Plan or the measures under the SJRA/VAMP, coupled

with adequate monitoring, is required before the SWRCB can determine whether additional

implementation measures are needed to meet this objective.

It was argued that the agreement should not be adopted until the flow requirements for meeting

water quality objectives in the interior of the southern Delta are determined.  Additional

Mokelumne River flows, however, are unlikely to affect the salinity at these southern Delta

stations.

The North San Joaquin Water Conservation District (NSJWCD) argued that its water supply

should be protected from the effects of the MOU.  (R.T. pp. 2988-2994.)  When the SWRCB

approved EBMUD’s water right application (for export of water) in SWRCB Decision 858, it

granted a junior permit to NSJWCD (an inbasin user) under a competing application.

(NSJWCD 2, p. 3.)  NSJWCD contends that the area-of-origin statutes were violated when

EBMUD was issued a permit.  None of the area-of-origin statutes apply to EBMUD’s water rights,

however, because EBMUD’s water right is not based on a state-filed application under Water

Code section 10500 et seq., and EBMUD also is not subject to Water Code section 11460 et seq.

The SWRCB granted a permit to EBMUD based on its municipal use being a higher beneficial use

of water than NSJWCD’s agricultural use, and found that there would be no unappropriated water

available to NSJWCD after EBMUD had completed putting its water to beneficial use.  The

SWRCB issued a temporary permit to NSJWCD for water surplus to EBMUD’s needs.

The NSJWCD also makes the area-of-origin argument regarding the SWRCB’s grant of permits to

the USBR for American River water, while denying a competing application of the NSJWCD.

(NSJWCD 2, p. 15.)  In this case, both parties were exporters, so the area-of-origin statutes again

did not apply.
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A portion of the overdrafted groundwater basin in NSJWCD’s service area is within the legal

Delta.  Thus, NSJWCD contends that this area is entitled to water, and should receive priority over

the SWP and the CVP for Delta water under the Delta Protection Statutes.  The Delta Protection

Statutes, however, protect existing water rights in the Delta.  The NSJWCD currently does not

have water rights in the Delta.  If the NSJWCD wishes to appropriate water from the Delta, it will

have to first file an application.

NSJWCD has water right permits to divert up to 80 cfs by direct diversion and 20 taf by storage

from the Mokelumne River between December 1 and July 1.  The NSJWCD also contracts for

20 taf of surplus water from EBMUD to provide deliveries outside its diversion season.

The NSJWCD contends that it will bear the burden of EBMUD’s increased fish flow releases

under the 1996 MOU because it will receive less surplus water from EBMUD.  NSJWCD further

contends that EBMUD will suffer no water supply impacts as a result of the JSA.  (NSJWCD 2,

pp. 12-13.)

One party argued that DWR cannot backstop the agreement without violating the Monterey

Agreement and the existing contracts.  The Monterey Agreement is between the DWR and its

water supply contractors.  The Monterey Agreement is not binding on the SWRCB and does not

limit the contents of a water right decision.  Water supply contracts typically include provisions

recognizing that delivery is not required when water is not available due to applicable regulatory

requirements.  (O’Neil v. United States (1995) 50 F. 3d 677.)  Even assuming the Monterey

Agreement could read as a guarantee by DWR to provide water notwithstanding limitations on its

water rights, any remedy for violation of the agreement would be between DWR and the

contractors.

WID has post-1914 water rights that are included in the Notice of Hearing for the Bay-Delta Water

Rights Hearing.  These are Licenses 5945, 8214, and 8215 (Applications 5807, 10240, and 12648,

respectively).  WID also claims pre-1914 water rights.47  WID has an agreement with EBMUD

                                                
47  The SWRCB does not have a Statement of Water Diversion and Use on file for WID’s pre-1914 water rights.  The
SWRCB urges WID to file such a statement.
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under which WID diverts 60 taf under its water right licenses and additional water when available

under its pre-1914 water rights.  When inflow to Pardee Reservoir is less than 375 taf, WID’s

diversion is reduced to 39 taf.  WID has passed a resolution stating that it will not divert the

expected flows below Woodbridge, which are identified in the JSA, if the SWRCB finds that the

JSA flows are an adequate contribution to the Delta for the Mokelumne basin as a whole.  (WID 9;

R.T. p. 2951.)

8.1.3 SWRCB Findings Regarding the Mokelumne Agreement

The flows under the JSA differ from the flows under Flow Alternatives 3 and 5.  As USFWS

argued, Alternative 5 might provide more benefit for Delta fish than the other alternatives, but it

could result in more frequent consumptive use water shortages and more instances of elevated

water temperatures affecting fish.  The SWRCB finds that the fish should be protected, but

consumptive uses nevertheless should be allowed to continue at a reasonable level.  Excessive

releases for fish at some times could result in releases of water that is too warm for fish at other

times.  The SWRCB finds that it would not be in the public interest to require more water from the

Mokelumne River system than will be provided under the JSA.  Additional releases could

exacerbate the shortages experienced by NSJWCD.  Further, any requirements imposed by the

SWRCB could be added to the JSA flows when the JSA flows are lower, but flows may not be

subtracted from the JSA when such flows are higher than the SWRCB alternatives.  This could

result in greater releases than either the JSA or the SWRCB alternatives would require alone.

Accordingly, this decision establishes EBMUD’s responsibility to help meet the Bay-Delta flow

dependent objectives consistently with the JSA provisions.  Additionally, consistent with WID’s

resolution, this decision establishes WID’s responsibility by amending WID’s water right licenses

to require that WID bypass the expected flows below Woodbridge, as defined in the JSA.  Unless

it gives further notice, the SWRCB will not revisit the water rights on the Mokelumne River in

future phases of the Bay-Delta Water Rights Hearing.

The DWR has agreed to backstop a part of any incremental responsibility to provide water from

the Mokelumne River in excess of the JSA flows.  Accordingly, this decision establishes a

responsibility for the DWR to backstop a share of any additional Mokelumne River responsibility

that the SWRCB determines after conducting further proceedings.  The USBR declined during the

hearing to provide a backstop for Mokelumne River flows.  The USBR, however, is responsible

for meeting requirements under the federal Endangered Species Act for flows, export limits, and
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salinity in the Delta.  Additionally, as discussed in Part 13 of this decision, the USBR will be

required to meet certain objectives jointly with the DWR, including objectives for operation of the

Delta Cross Channel Gates, export pumping, and Delta outflow.  Thus, in practice the USBR will

provide the flows to meet any obligation that might otherwise be allocated to Mokelumne River

water right holders.

8.2 North Delta Agreement

The DWR and the North Delta Water Agency (NDWA) entered into an MOU on May 26, 1998.

The MOU states that the DWR is responsible for any obligation imposed on NDWA to provide

flows for the 1995 Bay-Delta Plan flow objectives as long as the 1981 contract is in effect.  The

MOU applies only to the areas within the NDWA's boundaries.  The MOU does not apply to the

section of the City of West Sacramento or Maine Prairie Water District that lie outside of the

NDWA's boundaries.  The issue considered herein is whether the SWRCB should find that the

North Delta MOU fulfills NDWA's obligation to meet the 1995 Bay-Delta objectives.

The NDWA, formed in 1973, is located in the southern end of the Sacramento Valley southwest of

the City of Sacramento.  The NDWA represents Reclamation Districts 999, 2060 and 2068 as well

as the Maine Prairie Water District.  The Reclamation Districts are located entirely within the

boundaries of the NDWA, as are portions of Maine Prairie Water District and the City of West

Sacramento.  (NDWA 3, p. 1.)  The majority of the land in NDWA is used for agriculture.  The

NDWA includes approximately 302,000 acres within the northern portion of the Delta of which

approximately 72 percent are riparian, 16 percent have appropriative rights, 6 percent use

groundwater and 7 percent are nonirrigable.

The NDWA and the City of West Sacramento presented evidence during Phase 4 of the Bay-Delta

Water Rights Hearing in support of the MOU.  The NDWA entered into a contract with the DWR

in 1981, in which NDWA agreed to purchase water of specific quality and adequate quantity from

the DWR.  (NDWA 4, pp. 1-6.)  The purpose of the 1981 contract was to assure that adequate

water quality would be maintained at the respective water quality monitoring stations and to assure

the right to use water from the Delta channels for present and future needs.  (NDWA 1, pp. 3-4.)

The NDWA, Reclamation Districts, MPWD and the City of West Sacramento argue that they are

safeguarded by the 1981 Contract and the MOU from providing flows to implement the water

quality objectives of the 1995 Bay-Delta Plan.  The quantity of water used per year by NDWA
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under its appropriative water rights is outlined in the table below.  The EIR, under Flow

Alternatives 3 and 4, divides the appropriative water right holders into eight priority groups, based

on their water right priority dates.  Under Priority Groups 1, 5 and 6 the maximum cumulative

direct diversions for NDWA are 267 cfs, 441 cfs and 801 cfs respectively.  The dates for the

NDWA to divert water from the Delta include July and August, months when water rights would

be curtailed under some of the flow alternatives in the SWRCB’s EIR.  Under the MOU, any

responsibility assigned to the NDWA to implement the 1995 Bay-Delta objectives will be

backstopped by the DWR.  (DWR 33, pp. 1-2.)

Based on the agreement, the SWRCB finds that the DWR will provide the backstop for any water

assigned to the parties within the NDWA as specified in the MOU.  This decision assigns

responsibility for any obligation of the NDWA to the DWR consistent with the MOU.

/ / /

/ / /

/ / /
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TABLE 6
Appropriative Water Rights Within NDWA

Party Priority
Group

Application
Number

Primary
Diversion

Dates

Secondary
Diversion

Dates

Maximum
Direct

Diversion (cfs)

Reclamation District 999 6 A001666 5/1 to 10/31 N/A 160
Reclamation District 999 5 A004099 5/1 to 10/31 N/A 4.82
Reclamation District 999 5 A004100 5/1 to 10/31 N/A 111.8
Reclamation District 999 5 A004101 5/1 to 10/31 N/A 12.8

Reclamation District 2060 5 A003769 3/1 to 11/1 N/A 45

Reclamation District 2068 6 A002318 3/1 to 10/31 N/A 200
Reclamation District 2068 1 A019229 11/1 to 3/1 N/A 42
Reclamation District 2068 1 A024961 3/1 to 10/31 N/A 55

Maine Prairie Water
District

1 A017487 4/15 to 11/15 N/A 2

Maine Prairie Water
District

1 A017488 4/1 to 10/31 N/A 2

Maine Prairie Water
District

1 A017491 4/1 to 10/31 N/A 2

Maine Prairie Water
District

1 A017493 4/1 to 11/30 N/A 2

Maine Prairie Water
District

1 A017664 5/1 to 11/30 N/A 2

Maine Prairie Water
District

1 A018527 5/1 to 11/1 N/A 2.11

Maine Prairie Water
District

1 A020698 3/1 to 7/1 9/1 to 11/1 96

City of West Sacramento 1 A025616 1/1 to 6/30 9/1 to 12/31 62

Water under Priority 1, NDWA (cfs) 267.11

Water under Priority 5, NDWA (cfs)  441.53*

* Note: Priority Group totals are cumulative Water under Priority 6, NDWA (cfs)  801.53*

8.3 Putah Creek Agreement

The Putah Creek Stipulation is an agreement among the Solano County Water Agency (SCWA),

the DWR, and the State Water Contractors (SWC).  (SCWA 1, pp. 1-3.)  (R.T. pp. 3122-3123.)

The Stipulation is an agreement as to the facts relating to hydrologic conditions in the Putah Creek

watershed and does not provide a backstop for any water that may be required under some other

alternative.  The issue herein is whether the Stipulation satisfies any obligation that water right
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holders in the Putah Creek watershed may have to help implement the flow objectives in the

1995 Bay-Delta Plan.

The Putah Creek Basin is located on the west side of Sacramento Valley and includes the southern

part of Lake County, the northern half of Napa County and small portions of Yolo and Solano

Counties.  Prior to development, Putah Creek was an ephemeral stream.  (R.T. p. 3126.)  The

runoff was characterized by high flows of 56 taf on average during winter months and low flows

of 3 taf on average during the summer months.  Putah Creek runs generally from west to east while

the groundwater in the region flows from northwest to southeast.  Putah Creek has both gaining

and losing reaches.  (SCWA 2, attached memo p. 3.)  The gaining reach extends approximately

five miles and is situated downstream of the Putah Diversion Dam between two losing reaches,

which are also approximately five miles in length.  The percolation rate for the losing reaches is in

the range of 25-35 cfs per day.  The gaining reach rate was not provided.  (SCWA 2, attached

memo p. 5.)  Prior to the construction of the Solano Project, including Monticello Dam, in 1957

(Lake Berryessa), Putah Creek went dry in summer months of some years.  Under current

conditions, there is less flow in winter and more during the summer months than would have

occurred prior to construction of the dam.  (R.T. pp. 3126-3127.)  The USBR holds the water

rights for the Solano Project.

In SWRCB Decision 1594, the SWRCB decided that Term 91 should not be included in a water

right permit if, absent the permittee's diversion, there would be no hydraulic continuity between

the permittee's point of diversion and the Delta.  (SWRCB 5h, p. 30.)  The Putah Creek watershed

was identified in Order WR 81-15 as lacking hydraulic continuity.  (SWRCB 5k, p. 10.)  Water

right holders in the Putah Creek watershed were, however, included in Flow Alternatives 3 and 4

(SWRCB 1e, Table II-5) in this proceeding.  Under these alternatives, water right holders in the

Putah Creek watershed would be directed to curtail diversions under their water rights under

specified conditions.

SCWA argues that it should not have a responsibility to help meet the objectives in the 1995

Bay-Delta Plan because Putah Creek and its tributaries historically have had only infrequent

hydraulic continuity with the Delta during periods when bypasses of water would be needed to

meet the objectives.  (SCWA 1, p. 1.)
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In order for Putah Creek to have continuity with the Delta, the Putah Diversion Dam releases have

to exceed the average percolation rate in the losing reach of 25-35 cfs or 1.5 to 2.1 taf/month.

During the winter and spring, the percolation rate is approximately half of the average and in the

summer and fall it nearly doubles.  (SCWA 2, attached memo, p. 5.)  Putah Diversion Dam

releases into Putah Creek are not adequate to overcome the percolation rate and reach the Delta in

most years.  Even though continuity between Putah Creek and the Delta occurs during winter

months, the frequency of continuity during the summer months is too low to warrant requiring

Putah Creek flows to assist in meeting the 1995 Bay-Delta Plan objectives.

The SCWA argues that the release flows into Putah Creek from Putah Diversion Dam are greater

than the estimated unimpaired flows during many months when flow releases would be required.

(SCWA 2, p. 5; R.T. pp. 3129-3130.)  This is true.  The following figures show the average

monthly difference between Putah Diversion Dam and unimpaired flows in Putah Creek under the

five different year types.  (Positive numbers indicate releases greater than unimpaired flow.)

Average Putah Diversion Dam releases exceed unimpaired flows during the months of July and

August in all year types except for wet years.

FIGURE 3
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FIGURE 4

FIGURE 5
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FIGURE 6

FIGURE 7

The SWRCB finds that flows in Putah Creek are rarely sufficient to reach the Delta in months

when enhanced flows are needed in the Delta.  Accordingly, SCWA will not be required to provide

water to help meet the Bay-Delta objectives as a result of the current proceeding.

8.4 Cache Creek Agreement

The Cache Creek Agreement is among Yolo County Flood Control and Water Conservation

District's (YCFC&WCD), the DWR, and the SWC.  (YCFC&WCD 1, pp. 1-3.)  The Cache Creek

Basin, which encompasses 1,044 square miles, is located on the west side of Sacramento Valley
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and includes part of Yolo County and the southern portion of Lake County.  The YCFC&WCD's

service area includes the cities of Woodland, Davis and Winters as well as several unincorporated

communities within the district's boundary.  The entire population within the district is served by

groundwater but irrigation uses are supplied with both surface water and groundwater.

(YCFC&WCD 2, p. 1.)  The issue herein is whether the SWRCB should exclude the

YCFC&WCD’s water rights from flow requirements to implement the 1995 Bay-Delta Plan.

The YCFC&WCD’s water-supply system includes Clear Lake, Indian Valley Reservoir and Cache

Creek.  The peak runoff occurs earlier than the peak from the Sierra watersheds because the water

supply originates mainly from precipitation and a minimal amount of snowfall.  The summertime

operation of Clear Lake, which impounds 320 taf, is limited to withdrawals not to exceed more

than 150 taf by the Solano Decree dated April 21, 1978.  (YCFC&WCD 2, p. 1.)  The

YCFC&WCD holds riparian, pre-1914 appropriative and permitted appropriative water rights on

Cache Creek and its tributaries.  The YCFC&WCD's Permits No. 12848 and 12849 for Indian

Valley Reservoir allow for storage of 300 taf of water from the North Fork of Cache Creek and

subsequent rediversion from Cache Creek for irrigation, flood control, recreation and domestic

purposes.  (YCFC&WCD 2, p. 2.)  The YCFC&WCD also claims a pre-1914 right (S000609) to

directly divert 938 cfs from Cache Creek.  The appropriative water rights at Indian Valley

Reservoir are the only ones affected by the Bay-Delta flow alternatives.  Under the Cache Creek

Stipulation, YCFC&WCD would not be required to curtail diversions under these water rights to

implement the water quality objectives of the Bay-Delta Plan.

The only Bay-Delta flow alternatives that affect the Cache Creek watershed are Flow Alternatives

3 and 4.  Under Flow Alternatives 3 and 4, water right holders would be obligated to curtail

diversions during times when there is inadequate unimpaired flow to meet inbasin entitlements,

including the objectives in the 1995 Bay-Delta Plan.  At these times, Cache Creek has little or no

hydraulic continuity with the Delta.  The Cache Creek Stipulation would not require YCFC&WCD

to contribute to the 1995 Bay-Delta Plan flow objectives.  Further, the Cache Creek watershed,

under Order WR 81-15, has been excluded from curtailing diversions under Term 91.  (SWRCB

5k, p. 10.)

In order for Cache Creek to have hydraulic continuity with the Delta, water has to flow

approximately 20 miles in Cache Creek from Capay Diversion Dam to the Yolo Bypass.
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Approximately 75 percent of this segment is a losing reach with a percolation rate of 200 cfs.  The

water then flows into the Settling Basin, across the Yolo Bypass and into the Tule Canal, which is

connected to the Delta via the Toe Drain.  (YCFCWCD 2, p. 4.)  The USBR diverts 200 cfs of the

water exiting the southern end of Settling Basin through two culverts controlled with slide gates.

This water never reaches the Delta but rather flows down the west side of the Yolo Bypass.  When

the slide gates are closed or when the flow at the Settling Basin exceeds 200 cfs, the water may

contact the Delta.  (YCFC&WCD 2, p. 3.)  The amount of water lost to percolation and

evaporation between the Settling Basin and the Tule Canal also amounts to 200 cfs.  Consequently,

flow releases from Capay Diversion Dam of approximately 600 cfs are required to establish

contact with the Delta.  (YCFC&WCD 2, pp. 3-4.)

The estimated unimpaired flow in Cache Creek at Rumsey, obtained from DWR, confirms that in

the water years 1922 through 1993, hydraulic continuity with the Delta is attained twice in months

when bypass flows would be required.  The inflow to Indian Valley Reservoir during the same

time period is substantial enough to achieve hydraulic continuity with the Delta three times in

months when bypass flows would be required.  (YCFC&WCD 8, pp. 1-3.)  However, the

YCFC&WCD’s holds a pre-1914 water right on Cache Creek for direct diversion of 938 cfs.  Even

if the inflow to Indian Valley Reservoir were bypassed and allowed to flow down Cache Creek,

the resulting flows would not be sufficient to overcome the YCFC&WCD’s direct diversion under

this right.  Consequently, the frequency of hydraulic continuity between Cache Creek and the

Delta does not warrant including YCFC&WCD’s appropriative water rights to assist in meeting

the 1995 Bay-Delta Plan objectives.

Considering that the flows in Cache Creek are rarely sufficient to push through to the Delta, the

Cache Creek Stipulation is approved.  YCFC&WCD will not be required to provide water to help

meet the 1995 Bay-Delta Plan objectives as a result of the current proceeding.

9.0 RESPONSIBILITY FOR MEETING DISSOLVED OXYGEN OBJECTIVES

One of the subjects in Phase 5 of the Bay-Delta Water Rights Hearing was the allocation of

responsibility to implement the dissolved oxygen (DO) objective in the 1995 Bay-Delta Plan.  The

issue regarding dissolved oxygen is what requirements should be adopted in a water right decision

to implement the dissolved oxygen objectives for the San Joaquin River between Stockton and

Turner Cut.
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9.1 Background

DO is required for the respiration of aquatic organisms, including fish.  The 1995 Bay-Delta Plan

contains a DO objective of 6.0 mg/l from September through November in the lower San Joaquin

River between Stockton and Turner Cut to protect fall-run chinook salmon.  (R.T. p. 3667;

SWRCB 7, pp. 18-28.)  The Central Valley RWQCB Basin Plan contains a DO objective for the

entire Delta region of 5.0 mg/l throughout the year.  (SWRCB 7b, p. III-5.00.)

DO levels below 5.0 mg/l create an "oxygen block," which impedes upstream salmon migration.

(SWRCB 99, p. 63.)  DO levels as low as 1.5 mg/l have been recorded in the lower San Joaquin

River, and levels as low as 0 mg/l have been recorded in the Stockton ship turning basin.

(SWRCB 55, p. 3.)  Water quality conditions in the San Joaquin River typically deteriorate in the

late spring, summer, and fall when flow in the river is low, water diversion rates are high, water

temperature is high, and wastewater discharges into the river from upstream sources combine to

increase the biochemical oxygen demand (BOD).  The DO objective typically is not met in the late

summer and fall months.  (SWRCB 1e, p. X-1, Figures [X-5]-[X-19]; SWRCB 40.)

Many factors contribute to low DO levels in the lower San Joaquin River.  The most significant are

channel geometry, flow, water temperature, and BOD loading.  (R.T. pp. 4286-4288; COS 14,

p. 7.)  Channel geometry and, to a great extent, temperature are not controllable factors.  The State

and Regional Boards can partially control flow and discharges.

The principal factors affecting flow in the lower San Joaquin River are tides, exports, presence of

the barrier at the head of Old River, the approximately 1800 diversions in the Delta, and upstream

San Joaquin River flow.  Tides can change the direction of the river several times a day during

periods of low flow.  Export operations of the SWP and the CVP also strongly influence flow in

the San Joaquin River.  (DWR 37; SWRCB 63.)  The export pumping draws water from the

San Joaquin River into Old River, which decreases the flow of water past Stockton.  (SWRCB 39,

pp. 4-5.)  The net effect at Stockton is poor circulation and a decreased assimilative capacity of the

river.  (DWR 37, pp. 26-28; SWRCB 1e, p. X-3.)

Under an agreement between fishery agencies and the projects, a temporary barrier is installed at

the head of Old River in the fall in order to increase flow in the San Joaquin River past Stockton.

(R.T. pp. 3678-3679.)  When the barrier is absent, over half of the San Joaquin River flow
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measured at Vernalis flows down Old River.  (R.T. pp. 862-864; SJRGA 6, Fig. 3.2.4.)  When the

barrier is in place, water flows downstream in the mainstem of the San Joaquin River rather than

into Old River.  Monitoring data show that installation of the barrier in the fall usually improves

DO concentrations in the lower San Joaquin River, especially in years with relatively low

San Joaquin River flows, although the rate of improvement has varied.  (SWRCB 42.)  The most

pronounced beneficial effects of the barrier occur when its installation eliminates net negative

flows on the San Joaquin River.  There is no evidence in the record showing what flow is

necessary to achieve the DO objectives in the absence of a barrier.  Low DO levels have been

recorded even when San Joaquin River flows were relatively high.  (SWRCB 42.)

Sources of BOD loading to the San Joaquin River include (1) point source discharges, (2) nonpoint

sources, and (3) dredging activities.  BOD includes carbonaceous oxygen demand (CBOD) and

nitrogenous oxygen demand (nitrification of ammonia, which consumes oxygen).

Point sources of BOD include municipal and industrial discharges to the river.  Municipal and

industrial discharges include the discharges at the Stockton wastewater treatment plant (WWTP)

and upstream discharges at Modesto, Turlock and Newman.  Although discharges from all of the

treatment plants contribute to the DO problem, discharge from Stockton’s WWTP is particularly

important because of the low assimilative capacity of the river at the discharge point.  (COS 58,

p. 3.)  Stockton holds an NPDES48 permit issued by the Central Valley RWQCB.  A revised permit

was issued by the RWQCB in 1994 with more stringent effluent limitations for ammonia and

CBOD than those in the previous permit.  In response to a petition for review, the SWRCB

remanded the permit to the RWQCB for review and revision.  The SWRCB directed the RWQCB

to reconsider the CBOD and ammonia effluent limitations in the permit, taking into account new

river flow conditions that may be caused by implementation of the 1995 Bay-Delta Plan flow

objectives.  The SWRCB stayed the effluent limitations for ammonia and receiving water

limitations for DO pending the RWQCB’s review and revision.  (SWRCB 50.)  The RWQCB and

Stockton have agreed to postpone action until Stockton completes further modeling of both the

                                                
48  NPDES stands for national pollutant discharge elimination system.  NPDES permits are issued pursuant to 33
U.S.C. section 1342 and Water Code sections 13370, et seq.
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WWTP's effects on the river and the effects of implementing the 1995 Bay-Delta Plan.

(SWRCB 50.)

Nonpoint source discharges also are significant sources of BOD.  The San Joaquin River carries

substantial amounts of agricultural return water and urban runoff that together contribute nutrients,

pesticides, salts, trace elements, sediments, oil and grease and various organic toxins that affect

water quality.  (SWRCB 39, p. 6.)  Agricultural return water also contains nutrients which,

combined with the shallow depths and low flows of the river, promote high algal production.

Algal production can have considerable effects on DO in the San Joaquin River.  When river flow

transports algae to the deeper water of the San Joaquin River channel near Stockton, most of the

algal biomass dies, settles to the dark riverbed, and decomposes.  The decomposition of this algal

biomass exerts a large DO demand.  (R.T. p. 4292; COS 14, p. 3.)

Dredging in the ship channel causes further DO problems.  In the short term, dredging re-suspends

solids and constituents containing BOD into the water column.  In the long term, channel

deepening decreases DO by reducing velocities and reaeration of the water column, and increasing

oxygen demand of dying phytoplankton.  (SWRCB 39, p. 6.)  Dredging the ship channel has

reduced DO levels in the area of the Port of Stockton up to approximately 0.2 mg/l.  (R.T. p. 4373;

COS 14, p. 5.)  This reduction can be significant because DO concentrations are often already low

during the important fall period when salmon migration is occurring.  (SWRCB 1e, p. X-6;

SWRCB 7d, p. [5-23].)  To mitigate for reductions in DO concentrations that occur when the ship

channel is dredged, the U.S. Army Corps of Engineers operates a jet aeration facility in the

Stockton ship channel when DO levels at Stockton’s monitoring stations drop below 5.2 mg/l

during the fall chinook salmon run.  (SWRCB 159, p. 3.)  Modeling performed by Stockton

suggests that the addition of 4,500 pounds per day of oxygen to the Ship Channel would result in a

0.5 mg/l increase in DO at a net flow of 1,000 cfs.  The current system is designed to deliver 2,000

pounds per day.  (COS 14, p. 5.)

9.2 Ways to Meet the Dissolved Oxygen Objectives

Chapter X of the Bay-Delta EIR analyzes four alternatives for meeting the DO objective:

(1) D-1485 flows with the Head of Old River temporary barrier installed in September through

November; (2) 1995 Bay-Delta Plan flows with the head of Old River temporary barrier installed

in September through November; (3) 1995 Bay-Delta Plan flows and operation of the head of Old
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River permanent barrier during September through November; and (4) 1995 Bay-Delta Plan flows,

operation of the head of Old River permanent barrier during September through November, and

enhanced treatment of the Stockton WWTP discharge to comply with BOD limits proposed by the

Central Valley RWQCB.

The results of modeling studies show that the implementation of the 1995 Bay-Delta Plan flows

(including the operation of the head of Old River temporary barrier during September to

November) generally results in higher DO concentrations during the spring than under D-1485

flows and similar barrier operations.  However, DO concentrations are generally reduced in

summer months, particularly in August when DO concentrations are lowest.  Modeling results also

indicate that operation of the permanent barrier at the head of Old River significantly improves DO

concentrations in the lower San Joaquin River when compared to operating the temporary barrier

under the same 1995 Bay-Delta Plan hydrology.  Implementation of the proposed Central Valley

RWQCB permit conditions and the operation of a permanent barrier at the head of Old River

typically result in the highest DO concentrations during the September to November period when

the 6.0 mg/l DO objective is in place.  (SWRCB 1e, pp. [X-20]-[X-31], Figures [X-5]-[X-29];

SWRCB 40; SWRCB 185.)

In Phase 5 of the Bay-Delta Water Rights Hearing, the SWRCB received evidence on DO issues.

Several parties recommended that the SWRCB support installation and operation of the head of

Old River barrier to improve DO levels.  Stockton presented the most extensive evidence on DO.

Stockton makes the following recommendations:  (1) The SWRCB should evaluate the

appropriateness of the DO objective.  Stockton argues that the 6.0 mg/l objective should apply

only when salmon are present and temperature in the lower San Joaquin River is below 68°F.

(2) The SWRCB should await completion and implementation of a phased TMDL49 by the

RWQCB before taking additional action to improve DO levels.  (3) Install a permanent operable

gate at the head of Old River, and operate the head of Old River barrier on a real-time basis to

control DO.  (4) Continuously monitor flow, salinity, temperature, DO, and pH in the San Joaquin

                                                
49  A TMDL is a process to determine the total maximum daily load of pollutants that can be received in a waterway
while implementing the applicable water quality objectives.  TMDLs are developed in accordance with section
303(d)(1)(A) of the federal Clean Water Act.  (33 U.S.C. § 1313(d)(1)(A).)
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River as well as nutrients, volatile suspended solids (VSS), and chlorophyll to determine the

sources and timing of high organic loads.  (5) Implement effective methods to reduce nonpoint

nutrient sources.  (6) Determine the potential benefits of river aeration devices and implement

feasible measures.  (COS 10, pp. 9-11; R.T. pp. 4297-4298.)

Regarding Stockton’s first recommendation, the scope of this water right proceeding does not

include the revision of objectives.  The SWRCB could, however, consider revising the DO

objective during a periodic review of the 1995 Bay-Delta Plan.

No evidence was submitted during the Bay-Delta Water Rights Hearing that shows that operation

of the aeration device is effective.  Consultants are, however, conducting more detailed evaluations

of the feasibility of aeration methods.  (R.T. pp. 4372-4373; COS 14, p. 5.)  The addition of more

aeration devices may be an alternative way to meet the DO objectives, but the installation of more

aeration devices may have associated impacts that might require environmental documentation.

9.2.1 Flow and Barriers

Flow moving past Stockton is the largest single controllable factor that affects DO.  (R.T. p. 4295.)

Although the 1995 Bay-Delta Plan contains flow objectives for the San Joaquin River at Vernalis,

modeling shows that implementation of the 1995 Bay-Delta Plan flow objectives alone will not

significantly improve DO concentrations at Stockton.  (SWRCB 1e, pp. [X-16]-[X-27], Figures

[X-4]-[X-28]; SWRCB 40; SWRCB 185.)  A barrier50 at the head of Old River can increase flows

in the San Joaquin River at Stockton by reducing the proportion of flow that enters Old River.  If a

head of Old River barrier is constructed and is operated in conjunction with implementing the

1995 Bay-Delta Plan flow objectives, DO should improve.  (R.T. 4281.)  Modeling shows that in

September a barrier at the head of Old River can be effective in improving DO.  (SWRCB 1e, pp.

[X-20]-[X-31], Figures [X-5]-[X-29]; SWRCB 40; SWRCB 185.)

                                                
50  As discussed in Part 5 of this decision, the presence of a barrier at the head of Old River adversely affects water
levels in the southern Delta in the absence of tidal barriers and has the potential to adversely affect aquatic resources in
the Delta.  (SDWA 39, p. 4; USDI 17.)  These effects are described at a programmatic level in the SWRCB’s EIR
(SWRCB 1e) and are described at the project level in the draft EIR for the ISDP.  (SWRCB 87.)
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The benefit of the barriers to DO depends on their operation.  The draft EIR for the ISDP assumes

that the head of Old River barrier is operated principally for the purpose of improving conditions

for San Joaquin River chinook salmon, and the tidal barriers are operated principally to improve

water levels in the southern Delta.  The ISDP DEIR does not include barrier operation in

September -- when it would improve DO -- and does not evaluate the effect of barrier operations

on DO.  For reasons including the factors discussed above -- that the barriers are not planned for

DO improvement, that they may adversely affect aquatic resources, that they require tidal barriers

to protect water levels from the effects of the head of Old River barrier, and that they are not yet

analyzed at the project level in a final EIR -- this decision does not require the construction of

permanent barriers in the southern Delta channels.  Nevertheless, the SWRCB encourages the

parties involved in constructing and regulating the barriers to consider the effects of the barriers on

DO and to make their best efforts to achieve the benefits of the barriers to DO while avoiding or

mitigating their adverse effects.

9.2.2 Establishment of a TMDL

Based on the recommendation of the Central Valley RWQCB, the SWRCB has given DO a high

priority on the State's 1998 303(d) impaired water bodies list.  (COS 36.)  The Central Valley

RWQCB has committed to a TMDL process.  (COS 58; 59.)  The City of Stockton indicated it will

provide at least $500,000 to the TMDL process.  (COS 60, pp. 7-8.)  The TMDL process is an

appropriate course for long-term planning and ultimate improvement in DO concentrations.

9.2.3 Stockton WWTP

Stockton argues that further regulation of its WWTP discharges is not cost effective and would not

result in meeting the DO objective.  (COS 11; 14, pp. 6-7.)  To meet the more stringent effluent

limitations Stockton would have to issue bonds for $78 million to upgrade its treatment plant.

(COS 11, p. 2; R.T. p. 4271.)  As stated previously, the RWQCB and Stockton have agreed to

postpone action on implementation of more stringent WWTP effluent limitations until Stockton

completes further modeling of the WWTP’s effects on the river and the effects of implementation

of the 1995 Bay-Delta Plan.  Modeling shows that implementation of the Plan flows in the absence

of other actions has little effect on DO levels at Stockton.  (SWRCB 1e, pp. [X-20]-[X-31],

Figures [X-5]-[X-29]; SWRCB 40; SWRCB 185.)
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9.3 Summary

Based on the foregoing, the SWRCB will not take any water right action to meet the DO objectives

at this time.  The RWQCB should determine effluent limits based on TMDL results. The SWRCB

will wait until the RWQCB has established a TMDL and has implemented it before taking further

action to achieve the DO objectives.

10.0 RESPONSIBILITY FOR MEETING SOUTHERN DELTA SALINITY
OBJECTIVES

10.1 Background

A key issue of Phase 5 of the Bay-Delta Water Rights Hearing was how to allocate responsibility

for meeting the southern Delta salinity objectives.  The 1995 Bay-Delta Plan contains salinity

objectives for the San Joaquin River at Vernalis and for three locations within the southern Delta

(San Joaquin River at Brandt Bridge, Old River at Middle River and Old River at Tracy Road

Bridge) to protect agricultural beneficial uses of water in the southern Delta.  The objectives

provide for a maximum 30-day running average of mean daily electrical conductivity of

0.7 mmhos/cm from April through August and of 1.0 mmhos/cm from September through March

for all water year types.  (SWRCB 7e, p. 17.)  The objectives were developed following a study to

determine the water quality needs of significant crops grown in the Delta.  (SWRCB 7d.)  The

USBR currently is required, under its New Melones permits issued pursuant to D-1422 and

D-1616, to meet the salinity objective at Vernalis.  No regulatory requirement currently in place

assigns responsibility to meet the objectives at the other three locations.

In D-1422, notwithstanding that the USBR estimated that no more than 70 taf would be needed for

salinity control at Vernalis, the SWRCB required the USBR to meet the Vernalis objective,

without setting a limit of 70 taf.  (SWRCB 5f, pp. 11-13.)  In some years, water quality releases

from New Melones have exceeded the 70 taf estimate by twofold.  (USDI 4h.)

The USBR historically has met its responsibility for salinity control in the Delta by releasing water

from New Melones Reservoir as required under D-1422.  D-1422 requires releases of stored water

from New Melones Reservoir for water quality control purposes to maintain a mean monthly total

dissolved solids concentration in the San Joaquin River at Vernalis of 500 parts per million or less.

(SWRCB 5f, p. 31.)  Currently, Order WR 98-09 requires the USBR to meet instead the Vernalis

salinity objective in the 1995 Bay-Delta Plan.  The SWRCB reserved jurisdiction over the permits
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for New Melones Reservoir for the purpose of revising the release requirements for water quality

objectives.  (SWRCB 5f; p. 6.)

A USBR witness testified that the USBR intends to operate New Melones in accordance with the

New Melones Interim Operations Plan through water year 1999 and then decide whether to extend

the Interim Operations Plan.  (R.T. pp. 1821, 6518-6519.)  Under the Interim Operations Plan, the

USBR plans to allocate 70-250 taf to water quality purposes.  (R.T. p. 6294; USDI 2.)  However,

the USBR acknowledged that on occasion salinity objectives at Vernalis will not be met under its

plan.  (R.T. p. 6554; USDI 4.)

10.2 Responsibility to Meet the Vernalis Salinity Objective

10.2.1 Causes of Salinity Concentrations at Vernalis

Salinity at Vernalis is affected by the salt load and quantity of flow in the lower San Joaquin River.

High salt loads and low flows at Vernalis result from a combination of upstream water diversions,

discharges of saline drainage water to the San Joaquin River and subsurface accretions to the river

from groundwater.

10.2.1.1 EFFECTS OF UPSTREAM WATER DIVERSION AND USE

The largest diversions of water from the San Joaquin River and its tributaries are by (1) USBR at

New Melones Reservoir and Millerton Lake; (2) MID and TID at New Don Pedro Reservoir; and

(3) Merced ID at Lake McClure.  (SWRCB 6.)  Additionally, the diversions into pipelines by the

City and County of San Francisco from the Tuolumne River upstream of the Delta deplete

Vernalis flows by 240 taf.  (SWRCB 1e, Table IV-1.)  Taken together, these diversions have

significantly reduced the flows in the San Joaquin River.  (SCWA 18; SDWA 34a; SDWA 48;

SWRCB 56; SWRCB 75 a-q.)  Because of CVP diversions, alone, the flow of the San Joaquin

River at Vernalis has decreased by 550 taf per year on average with 345 taf of this decrease

occurring from April through September.  (SDWA 14.)  The water diverted from the upstream

tributaries to the lower San Joaquin River is of high quality.  Thus, these diversions result in a

substantial reduction in the assimilative capacity of the San Joaquin River.

Despite the reduction in the assimilative capacity of the San Joaquin River that results from

upstream diversions, water users in the San Joaquin basin upstream of the Delta are not necessarily

responsible for implementation of the southern Delta salinity objectives by virtue of their
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depletions.  Water diverted by the upstream parties is put to beneficial use for purposes such as

irrigation, hydropower generation, recreation, and fish and wildlife enhancement.  (SWRCB 6.)

These are reasonable and beneficial uses that contribute to ensuring that the State’s water resources

are put to beneficial use to the fullest extent of which they are capable.  (See Cal. Const., art. X,

§ 2.)  It has long been recognized that it is reasonable to expect that upstream development will

eventually reduce the amounts of water available downstream.  (Town of Antioch v. Williams Irrig.

Dist. (1922) 188 Cal. 451 [205 P. 688].)  In Antioch, the California Supreme Court held that it

would not be reasonable for an appropriator to enjoin upstream diversions so that sufficient flow

would remain to hold back salt water from the ocean.  The current situation is similar to the

Antioch case with respect to the depletion of water, since Antioch indicates that it may not be

reasonable to require junior water right holders, solely because of their depletions, to release or

bypass extra water to dilute downstream salinity.  In appropriate circumstances, of course, the

SWRCB has authority to restrict diversions or require releases to protect water quality from

seawater intrusion or loss of assimilative capacity.  (United States v. State Water Resources

Control Board (1986) 182 Cal.App.3d 82, 117 [227 Cal.Rptr. 161, 179] (“Whatever final

conclusion is to be drawn from Antioch regarding the nature and extent of common law . . . rights

to salinity control, existing constitutional and legislative authorities encompass the [SWRCB’s]

obligation to protect the quality of Delta waters.”).)  In this case, however, it is not necessary, and

would not be reasonable, to require that depletions be reduced, since the water quality objectives

can and should be attained through regulation of other controllable factors.

In this case, the depletions in the tributaries and the water right holders incurring the depletions are

not the primary cause of salinity problems.  Return flow from upstream diversions of water does

not contribute significantly to the salt loading in the San Joaquin River.  (R.T. p. 4794.)  From

1977 through 1997, return flows from the Merced, Tuolumne and Stanislaus rivers contributed

four, nine, and six percent, respectively, of the annual salt load of the river.  (SEWD 7a.)  Return

flows from the upstream segment of the San Joaquin River also contribute little to the salt in the

lower river.  As discussed below, other factors contribute far more to the salinity concentrations in

the southern Delta.

10.2.1.2 THE EFFECT OF DISCHARGES IN THE CVP SERVICE AREA ON VERNALIS SALINITY

Although water quality problems on the San Joaquin River began with the reduction of flows due

to upstream development and the advent of irrigated agriculture, they were exacerbated with
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construction of the CVP.  (R.T. pp. 3988, 4781; SDWA 39; SWRCB 1e, pp. II-15, VIII-2.)  The

CVP consists of 18 federally operated reservoirs and four reservoirs operated jointly with the

DWR.  (SWRCB 1e, p. III-5; SWRCB 167.)  The Delta-Mendota Canal and pumping plant first

began operating in 1951.  (SDWA 48, pp. 10-11.)  The San Luis Dam and the California Aqueduct

were completed in 1967.  (SWRCB 167, Technical Appendix, pp. [II-11]-[II-13].)  SDWA’s

witness testified that between 1930 and 1950 the average salt load at Vernalis was 750,000 tons

per year.  Between 1951 and 1997, the salt load has averaged more than 950,000 tons per year.

Peak loads have exceeded 1.5 million tons per year following extended droughts.  (SDWA 34A.)

Central Valley RWQCB staff testified that from the 1960s onward there has been an increase in

salt load and concentrations.  (R.T. pp. 4835-4836.)  The April through August salt load in the

1980s was 62 percent higher than the load in the 1960s and the corresponding annual load increase

was 38 percent.  (SWRCB 1e, p. VIII-11; SWRCB 97.)

Central Valley RWQCB staff described geographic sources of salinity based on historical data

from 1977 through 1997.  (R.T. p. 4791.)  The Central Valley RWQCB staff concluded that high

salinity at Vernalis is caused by surface and subsurface discharges to the river of highly saline

water.  The sources of the discharges are agricultural lands and wetlands.  (R.T. pp. 4857-4858;

SEWD 17, p. 5.)  Approximately 35 percent of the salt load comes from the northwest side of the

San Joaquin River, and approximately 37 percent of the salt load comes from the Grasslands area.

(SEWD 7a.)  These areas receive approximately 70 percent of their water supply from the CVP,

20 percent from precipitation and 10 percent from groundwater.  (SWRCB 8, p. V-11.)  The TDS

concentration of agricultural drainage water from the Grasslands area that discharges to the river

through Mud Slough is approximately 4,000 mg/l.  (R.T. p. 4869; SWRCB 1e, p. VIII-27.)  In

some cases, drainage water is more than ten times the concentration of the Vernalis salinity

standard.  (R.T. pp. 7850-7851.)

The subsurface drainage problem is region-wide.  The total acreage of lands impacted by rising

water tables and increasing salinity is approximately 1 million acres.  (SWRCB 147, p. 21.)  The

drainage problem may not be caused entirely by the farmer from whose lands the drainage water is

discharged.  In the western San Joaquin Valley, the salts originate from the application of

irrigation water and from soil minerals, which dissolve as water flows through the soil.  The salts

are stored in groundwater.  As more water is applied, hydraulic pressures increase, water moves

downgradient, and salt-laden waters are discharged through existing drainage systems and directly
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to the river as groundwater accretion.  (SJREC 5a.)  Drainage found in a farmer’s field may

originate upslope and may not have risen into the tile drains on the downslope farmer’s land but

for the pressures caused by upslope irrigation.  (SJREC 5a, pp. 27-29.)

Based on the above discussion, the SWRCB finds that the actions of the CVP are the principal

cause of the salinity concentrations exceeding the objectives at Vernalis.  The salinity problem at

Vernalis is the result of saline discharges to the river, principally from irrigated agriculture,

combined with low flows in the river due to upstream water development.  The source of much of

the saline discharge to the San Joaquin River is from lands on the west side of the San Joaquin

Valley which are irrigated with water provided from the Delta by the CVP, primarily through the

Delta-Mendota Canal and the San Luis Unit.  The capacity of the lower San Joaquin River to

assimilate the agricultural drainage has been significantly reduced through the diversion of high

quality flows from the upper San Joaquin River by the CVP at Friant.  The USBR, through its

activities associated with operating the CVP in the San Joaquin River basin, is responsible for

significant deterioration of water quality in the southern Delta.

10.2.2 Actions to Meet the Vernalis Salinity Objectives

The Vernalis salinity objectives can be achieved either by providing sufficient fresh water to dilute

upstream discharges of saline water above Vernalis or by using measures to control the discharge

of saline water to the river upstream of Vernalis.  (R.T. p. 3731.)

Some parties in the hearing suggested that the USBR should consider potential sources of dilution

water other than New Melones Reservoir.  The USBR presented testimony that it has acquired

water from other parties for the purpose of meeting flow objectives on the San Joaquin River at

Vernalis, and has considered the use of water from the Delta-Mendota Canal to meet the water

quality objectives.  The USBR has not considered using water stored in Millerton Lake because it

believes that conveyance losses due to percolation and uncontrolled diversions are in the order of

50 percent.  Because other sources of water are available, the USBR has not made an effort to

determine the actual conveyance losses that would occur if water is released from Friant for

salinity control at Vernalis.  (R.T. pp. 6545-6550.)

Westlands Water District (WWD) requested that the SWRCB not take any action that would affect

its CVP water deliveries.  If the SWRCB were to amend the CVP water right permits to require
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compliance with the southern Delta salinity objectives using only dilution water, there could be

adverse effects on the water supply of CVP contractors south of the Delta, including WWD.

Although releases of dilution water could help meet the southern Delta objectives, regional

management of drainage water is the preferred method of meeting the objectives.

Short-term management measures should include both on-farm management activities to reduce

subsurface drainage and real-time management to maximize the assimilative capacity of the river.

On-farm management of drainage water has been effective in reducing the salt load of the

San Joaquin River.  (R.T. p. 4877.)  The Grasslands Area farmers as part of the Grasslands Bypass

Project51 have established a tail water prohibition.  The prohibition results in intensive drainage

management.  (R.T. p. 5098.)  The purpose of the Grasslands Bypass Project is to reduce selenium

discharges, but there has been a decrease in salt discharges between 1995 and 1997 of almost

100,000 tons per year.  (R.T. p. 5102.)  Grasslands area farmers manage discharges of tile water

through sump management, the regulation of water levels in sumps by shutting sumps off at times.

(R.T. p. 5098.)  The farmers also recycle their tail and tile water onto their fields, although this

requires careful management to avoid crop damage.  (R.T. pp. 5108-5109; SLDMWA 10.)  WWD

has also implemented source control measures, and all farms in the WWD use on-farm tile and

tailwater management.  In WWD, the principal management tool is recycling of drainage water.

(R.T. pp. 7528-7530.)  Despite the lack of drainage, the farmers in WWD, for the time being, are

able to continue irrigated agriculture through careful water management. (R.T. p. 7305.)

The EIR for implementation of the 1995 Bay-Delta Plan includes an alternative that would restrict

the discharge of tile drainage principally to times when the assimilative capacity of the river is

adequate.  This approach would require that dischargers avoid releasing drainage at times.

(SWRCB 1e, p. VIII-27.)  The storage of drainage water in the ground and in the drains was

discussed, but the methods discussed above may be more feasible.  (R.T. p. 6007; SJREC 4a, p. 5;

SJREC 5a, pp. 21-22.)  Drainage can be delayed if it can be blended and discharged to the river

during high flows.  (SJREC 4a, p. 5; SJREC 4f.)  This kind of real-time management of tile

                                                
51  The Grasslands Bypass Project transports selenium-laden agricultural subsurface drainage and tailwater, as well as
stormwater, from 97 thousand acres in the Grassland Watershed.  The project conveys drainage water to the
San Joaquin River via the southern 28 miles of the San Luis Drain.  The project will operate through September 2001.
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drainage could occur and has the potential to reduce salinity concentration in the San Joaquin

River at Vernalis.  (R.T. p. 6010; SJREC 5a, p. 29.)

Several parties argued that the Central Valley RWQCB should adopt water quality objectives for

salinity for the San Joaquin River at locations upstream from Vernalis.  In SWRCB Order

WQ 85-1, the SWRCB directed the Central Valley RWQCB to initiate a process to develop

specific water quality objectives for the San Joaquin River basin that will result in the adoption of

appropriate basin plan amendments by the Regional Board and the development of a program to

regulate agricultural drainage discharges.  (SWRCB 5(l), p. 34.)  The Central Valley RWQCB is

currently in the process of setting salinity objectives for the San Joaquin River.  (R.T. p. 4847.)

The Central Valley RWQCB is hereby directed promptly to develop and adopt salinity objectives

and a program of implementation for the main stem of the San Joaquin River upstream of Vernalis.

As part of its implementation plan for the salinity objectives, the Central Valley RWQCB should

evaluate a program to regulate the timing of agricultural discharges to the San Joaquin River.

Drainage problems in the San Joaquin Valley threaten water quality, agriculture, fish and wildlife,

and public health.  (SWRCB 7e.)  Although current drainage programs will, in the short-term,

assist in meeting the Vernalis salinity objective, a long-term solution for drainage management

must be developed.  The USBR should reevaluate alternatives for completing a drain to discharge

salts from agricultural drainage outside of the San Joaquin Valley and pursue appropriate permits.

The operations chief for the CVP identified the drain as a tool for meeting water quality at

Vernalis.  (R.T. p. 6924.)  Other parties at the hearing supported long-term disposal outside the

San Joaquin Valley.  (R.T. pp. 3649, 3893, 7067, 7647.)  Central Valley RQWCB staff testified

regarding the need for a drain.  (R.T. p. 4789.)  The Water Quality Control Plan for the Central

Valley Region states that a valley-wide drain will be the only feasible long-term solution to

drainage problem.  (R.T. p. 4851; SEWD 35; SWRCB 7b.)  The drain has numerous benefits,

including the maintenance of productivity and the export of salts.  (R.T. p. 7563.)
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Public Law 86-488 required assurance that the San Luis Drain would be constructed.

(SJREC 4c.)52  In 1963 and 1967, the SJREC filed suit against the USBR.  The USBR assured the

judge that a drain would be constructed.  (SJREC 4e.)  Nevertheless, the USBR continues to delay

making progress on an out-of-valley drain.  (R.T. pp. 6452-6467.)  A USBR witness testified that

USBR has no specific plans to improve quality of the river upstream of Vernalis. (R.T. pp. 6466,

6554.)  The USBR has been directed by the court to initiate activities to resolve the drainage

problems in the San Joaquin Valley.  It should proceed promptly to initiate such activities and file

any necessary applications.

The USBR’s actions have caused reduced water quality of the San Joaquin River at Vernalis.

Therefore, this order amends the CVP permits under which the USBR delivers water to the

San Joaquin basin to require that the USBR meet the 1995 Bay-Delta Plan salinity objectives at

Vernalis.  The USBR has wide latitude in developing a program to achieve this result.  The USBR

could consider sources of dilution water other than New Melones Reservoir and other means of

reducing the salinity concentration in the southern Delta.  This decision conforms Condition 5 of

D-1422 to the southern Delta salinity objectives in the 1995 Bay-Delta Plan and to the current

Basin Plan.

If, in five years, modeling and planning studies indicate that salinity objectives will not be

consistently achieved, the USBR shall report to the Chief of the Division of Water Rights all

activities that were taken in attempting to meet the objectives, including out-of-valley alternatives.

10.3 Responsibility for Southern Delta Salinity Objectives Downstream of Vernalis

10.3.1 Causes of Salinity Concentrations Downstream of Vernalis

Water quality in the southern Delta downstream of Vernalis is influenced by San Joaquin River

inflow; tidal action; diversions of water by the SWP, CVP, and local water users; agricultural

return flows; and channel capacity.  (R.T. p. 3668; DWR 37, p. 8.)  The salinity objectives for the

                                                
52  In Firebaugh Canal Co., et al. v. United States of America, et al., United States Court of Appeals, Ninth Circuit,
Nos. 95-15300 and 95-16641 (opinion filed February 4, 2000), the federal Court of Appeals construed this statute in
light of subsequent legislation, holding that the USBR still has an obligation under the San Luis Act to provide
drainage service, but has discretion as to how it satisfies this requirement.
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interior southern Delta can by implemented by providing dilution flows, controlling in-Delta

discharges of salts, or by using measures that affect circulation in the Delta.

Diversions in the Delta can cause hydrodynamic changes that affect water quality.  During periods

of high exports and peak irrigation, higher quality water is drawn into the southern Delta from the

Delta cross-channel, the Mokelumne River, and Georgiana Slough.  These waters mix with and

improve the quality of San Joaquin flow.  (DWR 37, p. 8.)  However, export pumping by the SWP

and the CVP and in-Delta diversions in the southern Delta also cause null zones, areas with little or

no circulation.  These zones have little assimilative capacity for locally discharged salts.  The lack

of circulation prevents better quality water that is otherwise available from the main channels from

freshening the water in these channels.  (R.T. pp. 3816-3818; DWR 37, p. 9; SDWA 48; SDWA

34A; SDWA 27; SDWA39; SDWA 51.)

Even when salinity objectives are met at Vernalis, the interior Delta objectives are sometimes

exceeded.  (R.T. p. 3677; SWRCB 1e, Figures [IX-19]-[IX-26]; SWRCB 76.)  Exceedance of the

objectives in the interior Delta is in part due to water quality impacts within the Delta from in-

Delta irrigation activities. (R.T. p. 7794.)  SDWA argues that it does not add to the salt load;

however, agricultural activity does increase the salinity of the water in the Delta channels.

(R.T. pp. 3836-3847.)  Irrigators within the Delta could implement water management measures as

a means of controlling salt impacts within the Delta channels.  (RT pp. 7869, 7870.)

10.3.2 Actions to Meet Interior Delta Salinity Objectives

Since 1985, DWR has been working to improve conditions in the southern Delta.  In 1987, DWR

and SDWA identified flow barriers that could be constructed in the southern Delta to enhance

water levels and circulation.  The DWR, the USBR and the SDWA have agreed that the salinity

problems in the southern Delta can be mitigated using the barrier program.  (R.T. pp. 3670, 6339;

DWR 37, Attachment 1.)  The barrier program is discussed in Part 5 of this decision.  Since 1991,

DWR has been installing and operating temporary barriers to assist SDWA diversions.  Permanent

barriers are proposed as components of the preferred alternative for the ISDP.  (DWR 37.)

Although the three agencies have reached an agreement regarding the barriers, the agreement has

not been signed.  (R.T. p. 3758.)
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DWR, SDWA, Stockton, and the USDI presented evidence regarding the barriers.  The main

benefit of the barriers is improved water levels in the southern Delta.  (SWRCB 87, p. S1.)  The

barriers also benefit water quality by improving circulation in the southern Delta.  (R.T. p. 7525.)

The barriers generally improve water quality in the southern Delta because salts otherwise trapped

in the channels are transported out of the area due to the enhanced circulation.  (DWR 37,

pp. 12-13.)  The barriers reduce the amount of salt imported by way of the Delta-Mendota Canal,

which should result in some long-term improvement in the quality of the San Joaquin River.  (R.T.

p. 3905.)  The improved quality of water delivered through the Delta-Mendota Canal should result

in improvements to the salinity of drainage water that returns to the river.  (R.T. p. 3731.)

The construction of permanent barriers alone is not expected to result in attainment of the water

quality objectives.  (R.T. pp. 3672, 3710, 3787-3788; DWR 37, p. 15; SWRCB 1e,

pp. [IX 30]-[IX-41].)  The objectives can be met consistently only by providing more dilution or

by treatment.  (R.T. p. 3737.)  The modeling studies indicate that even when the barriers do not

result in attainment of the standards, water quality generally improves as a result of the permanent

barriers.  The exception is at Brandt Bridge where water quality may worsen slightly at times due

to barrier operation.  (R.T. p. 3677; DWR 37, p. 18; SWRCB 1e, Figures [IX-19]-[IX-26].)

Barriers may result in slightly worse water quality in the mainstem of the San Joaquin River in the

Delta, but the more saline water is quickly diluted.  (DWR 37.)  Modeling shows that construction

and operation of the temporary barriers should achieve water quality of 1.0 mmhos/cm at the

interior stations under most hydrologic conditions.

The DWR and the USBR are partially responsible for salinity problems in the southern Delta

because of hydrologic changes that are caused by export pumping.  Therefore, this order amends

the export permits of the DWR and of the USBR to require the projects to take actions that will

achieve the benefits of the permanent barriers in the southern Delta to help meet the 1995

Bay-Delta Plan’s interior Delta salinity objectives by April 1, 2005.  Until then, the DWR and the

USBR will be required to meet a salinity requirement of 1.0 mmhos/cm.  If, after actions are taken

to achieve the benefits of barriers, it is determined that it is not feasible to fully implement the

objectives, the SWRCB will consider revising the interior Delta salinity objectives when it reviews

the 1995 Bay-Delta Plan.  The USBR and the DWR will be responsible to take any actions

required by CEQA, NEPA, and the federal and State ESA prior to constructing the barriers.
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10.4 Summary

The 1995 Bay-Delta Plan includes salinity objectives at Vernalis on the San Joaquin River and at

three locations in the interior of the southern Delta.  Currently, the USBR is the only water right

holder with responsibility for meeting salinity objectives at Vernalis under its water rights.  Prior

to this decision, no water right holder has had responsibility under a water right permit for meeting

the three interior southern Delta salinity objectives.

Salinity problems in the southern Delta result from low flows in the San Joaquin River and

discharges of saline drainage water to the river.  The actions of the CVP are the principal causes of

the salinity concentrations exceeding the objectives at Vernalis.  Downstream of Vernalis, salinity

is influenced by San Joaquin River inflow, tidal action, diversions of water by the SWP, CVP, and

local water users, agricultural return flows, and channel capacity.  Measures that affect circulation

in the Delta, such as barriers, can help improve the salinity concentrations.

This decision requires the USBR to meet the Vernalis objective using any measures available to it.

This decision also requires the DWR and the USBR to meet a salinity requirement of

1.0 mmhos/cm at the interior southern Delta stations.  Although the salinity requirement is

applicable to all SWP and CVP water rights, it should not be construed as requiring that the SWP

or the CVP must use water from a particular source if it has another way to meet the requirement.

For example, including the salinity control requirement in the Friant permits should not be

construed as directing the USBR to use Friant water.

11.0 THE PETITION TO AUTHORIZE JOINT POINTS OF DIVERSION BY THE CVP
AND THE SWP

11.1 Background

On February 28, 1995, the DWR and the USBR filed a petition requesting, among other things,

that their water right permits authorizing diversion or rediversion of water in the southern Delta53

be amended to add the SWP’s Harvey O. Banks Pumping Plant as a point of diversion and

                                                
53  The permits subject to the petition are 16478, 16479, 16481, and 16482 (Applications 5630, 14443, 14445A, and
17512) of the DWR and 12721, 11967, 12722, 12723, 12727, 11315, 11316, 11968, 11969, 11970, 12860, 11971,
11972, 11973, and 12364 (Applications 5626, 5628, 9363, 9364, 9368, 13370, 13371, 15374, 15375, 15376, 15764,
16767, 16768, 17374, and 17376) of the USBR.
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rediversion in the USBR’s water rights and to add the CVP’s Tracy Pumping Plant as a point of

diversion and rediversion in the DWR’s water rights. 54  (SWRCB 4c.)  This use of one project’s

diversion facility by the other project is referred to as the Joint Points of Diversion (JPOD).  On

seven days during March 1999, the SWRCB conducted Phase 6 of the Bay-Delta Water Right

Hearing to receive evidence regarding the petition.

In previous actions, the SWRCB has authorized limited use of JPOD.  Under Condition 3 of

D 1485, the SWRCB authorized the USBR to use SWP facilities to recoup reductions in exports

caused by efforts to minimize diversion of striped bass from the Delta during May and June.  The

SWRCB also has occasionally issued temporary change orders allowing the SWP and the CVP to

use JPOD.  (DWR 35, Attachment 3.)  After receiving the February 1995 petition, the SWRCB

conducted an expedited hearing and on June 8, 1995 adopted Order WR 95-6, which included a

temporary conditional approval of the petition.  The expiration date of this approval was December

31, 1998.  On December 3, 1998, the SWRCB adopted Order WR 98-09, extending the temporary

approval of the JPOD until December 31, 1999.  Order WR 98-09 retains the terms and conditions

set forth in Order WR 95-6, and adds a requirement to maintain water levels in the southern Delta.

(SWRCB 5n.)

The alternatives for taking action on the petitioned changes are set forth and analyzed in the

SWRCB’s DEIR and final EIR.  The EIR analyzes the effects of approving the JPOD under seven

different operating assumptions, compared to two different baseline conditions.  Under the first

baseline (JPOD Alternative 1), the 1995 Bay-Delta Plan is not implemented, and D-1485

requirements are in effect.  Under the second baseline (JPOD Alternative 2), the 1995 Bay-Delta

Plan objectives are met by the DWR and the USBR.  (SWRCB 1e, p. XIII-5.)

11.2 SWRCB Authority Regarding Petitions for Change

The DWR and USBR filed their petitions for change in point of diversion and rediversion under

Water Code sections 1700 through 1705.  These sections govern changes in appropriative water

rights acquired under Division 2 of the Water Code.  These sections require the permission of the

                                                
54  Previously, on December 7, 1981, the DWR and the USBR filed a petition requesting approval of the JPOD.  The
USBR also requested use of the JPOD in its petition for consolidated place of use filed on September 24, 1985.
(SWRCB 4a; USDOI 10, p.1.)  The effect of this decision is to address the requests for a JPOD in all three petitions.
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SWRCB before a change can be made.  Section 1702 provides that “[b]efore permission to make

such a change is granted the petitioner shall establish, to the satisfaction of the board, and it shall

find, that the change will not operate to the injury of any legal user of the water involved.”

Section 1702 codifies the common law “no injury” rule that an appropriator can make a change in

its water right so long as the change is not injurious to other water right holders.  (See San

Bernardino v. Riverside (1921) 186 Cal. 7, 28 [198 P. 784]; Code Commission Notes to Water

Code § 1700; SWRCB Order WR 98-1, p. 5; see generally Hutchins, The California Law of Water

Rights (1956) pp. 176-177; Final Report, Governor’s Commission to Review California Water

Rights Law (1978), pp. 64-65.)  This rule requires that the change cannot adversely affect the

rights of any other water right holders, including junior appropriators.  (City of Lodi v. East Bay

Mun. Utility Dist. (1936) 7 Cal.2d 316, 340 [60 P.2d 439]; Scott v. Fruit Growers Supply Co.

(1927) 202 Cal. 47 [258 P. 1095]; Lester v. Doetsch (1935) 7 Cal.App.2d 551 [46 P.2d 786];

People’s Ditch Co. v. Foothill Irrig. Dist. (1931) 112 Cal. App. 273 [297 P. 71].)

This action is subject to CEQA.  Accordingly, the significant environmental effects of this action

are considered and mitigation is required as appropriate.  The SWRCB also has an affirmative duty

to take the public trust into account and to protect the public trust where feasible

(National Audubon Society v. Superior Court (1983) 33 Cal.3d 419, 446 [189 Cal.Rptr. 346].)  The

SWRCB must also consider the public interest.  (Wat. Code § 1243.5.)

Some of the parties in the Delta pointed out the protections afforded to Delta water users by the

Delta Protection Act, set forth at Water Code sections 12200-12205.  This decision protects the

water rights of water users in the Delta and includes terms and conditions requiring salinity control

adequate to protect the beneficial uses of water in the Delta.

The petitioners and some other parties have recommended that the SWRCB approve full use of the

JPOD, subject only to the development of an operations plan by CALFED.  As discussed below,

this decision approves the JPOD in three stages.  Operations plans and other requirements will be

imposed on changes in use of the JPOD from one stage to the next.  The operations plan must be

protective of fish and wildlife and of the rights of other legal users of the water.  It will be subject

to the approval of the Chief of the Division of Water Rights of the SWRCB.  With these

requirements, the JPOD will not cause injury to other legal users of the water, and will not have a

significant adverse effect on the environment.



92.

11.3 Positions of the Parties

In Phase 6, several parties made opening statements but did not present any evidence.  The USDI,

the DWR, the DFG, the SLDMWA, the WWD, the EDF, Trinity Co., and the Cross Valley Canal

Contractors55 (CVCC) presented evidence in cases in chief.  The SJRECWA and SDWA presented

evidence during cross-examination of other parties’ witnesses.  CCWD presented rebuttal

evidence.

The DWR, the DFG, and the USDI, representing the USBR and the USFWS, presented a joint case

in chief.  In their opening statements, the agencies requested that the SWRCB approve the petition

for JPOD, and allow it to be used up to the physical capacities of the Tracy and Banks Pumping

Plants after an operations plan is developed by CALFED.  In the interim, the agencies requested

that the SWRCB authorize use of the JPOD subject to the conditions contained in Order WR 98-9,

with the addition of diversions of water to be delivered to the USBR’s CVCC, Musco Olive and

the Veteran’s cemetery.  The USBR has dropped its original proposal to deliver water to the Tracy

golf course.  (R.T. pp. 10945-10946.)  The CVCC supports the agencies’ proposal.  In their closing

briefs, the USDI and the DWR proposed terms and conditions to carry out their proposal.  The

terms in this decision addressing the JPOD are generally consistent with the USDI and DWR

proposals.

In supporting the JPOD proposal, DFG requested that the SWRCB condition its approval of the

JPOD.  The condition would require completion of the operating plan before the JPOD could be

used to export water at diversion rates up to the physical capacities of the export facilities.  DFG

explained that certain export facility operations, including unconditional use of joint points, could

adversely impact Delta fisheries, including species protected under CESA, and that it expects the

operating plan to protect fish and to meet other CALFED goals.

The SLDMWA and WWD jointly support approval of the JPOD as described by JPOD Alternative

5 in the FEIR.  JPOD Alternative 5 would allow the use of the JPOD for any authorized beneficial

                                                
55  The Cross Valley Canal Contractors include Pixley Irrigation District, Lower Tule River Irrigation District,
Tri-Valley Water District, Rag Gulch Water District, Hills Valley Irrigation District, County of Fresno, County of
Tulare, and Kern-Tulare Water District.
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use up to the permitted diversion rates of the projects and by Public Notice 5280-A, as amended.56

(SWRCB 1e, p. XIII-6.)  SLDMWA and WWD argued that deferring approval of the petition until

an operations plan is developed is unnecessary for fishery protection.  (R.T. pp. 11460-11462,

11466.)

CCWD raised concerns regarding the impacts of expanded use of the JPOD.  CCWD expressed

concern that the use of the JPOD could impact water quality at CCWD’s diversion points on Rock

Slough and Old River.  CCWD also expressed concern that approval of expanded use of the JPOD

could adversely affect CCWD’s ability to divert water under its Los Vaqueros permits by reducing

the availability of surplus water and by changing the location of X2.  CCWD requested that terms

and conditions be included in the SWRCB’s decision to protect its rights.

The EDF supports the use of the JPOD authorized by Order WR 98-9 but opposes any approval of

expanded use of the JPOD until the environmental health of the Delta is restored.  EDF requests

that the SWRCB limit use of the JPOD.  EDF proposes that additional exports be allowed only in

connection with a comprehensive restoration program for fish in the Delta.  EDF argues that the

use of the JPOD to make up losses that result from complying with the CVPIA, the ESA, and other

State and federal laws should not be authorized.

Trinity Co. opposes approval of the petition to authorize JPOD.  Trinity Co. argues that the

environmental documentation regarding the petition is inadequate.  Trinity Co. argues that no

water is available to divert through the JPOD, that the expanded use of the JPOD will place

additional demands on the Trinity River, and that these additional demands can affect water levels

in Trinity Reservoir and temperatures downstream in the river.  Trinity Co. requests that the

SWRCB amend the USBR’s permit on the Trinity River to increase minimum stream flows, to

require compliance with temperature objectives in the North Coast RWQCB’s Basin Plan, and to

require minimum carry over storage criteria for Trinity Reservoir.  This request is for an action

                                                
56  Public Notice 5820-A Amended limits daily diversions into Clifton Court Forebay to 13,870 acre-feet and three day
average diversions to 13,250 acre-feet per day.  These amounts are based on the historical maximum diversion for the
Delta Pumping Plant complex prior to the recent addition of four new pumps.  Diversions may be increased by one-
third of the San Joaquin River flow at Vernalis during the period from mid-December to mid-March when San Joaquin
River flow exceeds 1000 cfs.
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that is outside the noticed scope of the Bay-Delta Water Rights Hearing.  Further, the requested

action would not be mitigation for the JPOD, since the JPOD is not expected to affect flows and

temperatures in the Trinity River.

SDWA opposes approval of the JPOD.  SDWA argues that use of the JPOD diminishes flows in

the mainstem San Joaquin River, lowers water levels in the southern Delta, and impacts salinity.

SDWA argues that approval of the JPOD should be conditioned upon the protection of Delta water

users because they hold riparian rights superior to the rights of the export projects.  SDWA also

argues that under the Delta Protection Act an adequate supply of water must be provided to Delta

water users without charge.  SDWA opposed delegation to CALFED of decision making to

establish an operations plan for the JPOD.

The SWC submitted a reply brief for Phase 6, in which it supports approval of the JPOD petition

as proposed by the State and federal agencies.  The SWC argues that the evidence does not support

a finding that exports of water by the projects cause entrainment of fish.

SJRGA did not oppose the JPOD and noted that approval of the JPOD is an integral part of the

SJRA, but reserved the right to challenge the JPOD in Phase 8 if the SJRA is not approved by the

SWRCB.  (R.T. p. 10908.)

EBMUD expressed concern that approval of the JPOD may affect the recovery of salmon

populations on tributaries to the Delta such as the Mokelumne River.

TCCA expressed concern that additional exports would result in less water being available for

delivery to Sacramento Valley CVP contractors.  TCCA asked that the SWRCB condition any

approval of the JPOD to require the USBR to meet its area-of-origin obligations to existing

Sacramento Valley contractors and to future water right applicants.  TCCA also requested that the

SWRCB retain jurisdiction as necessary to assure that the USBR complies with the requested

conditions.  The USBR is subject to Water Code sections 11460 and 11463, which are part of the

area of origin laws, and if it violates those sections, the SWRCB has authority to require

compliance.
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RCRC opposes the petition.  RCRC argues that there is not surplus water available to meet

anticipated additional exports under the JPOD and that the draft EIR for the project is inadequate

regarding impacts of the proposed change on the Trinity River.  RCRC argued that approval of the

JPOD would limit the transfer capacity of the projects, which would affect the ability of upstream

water users to transfer water to users south of the Delta.  Average transfer capacity declines in

comparison to JPOD Alternative 2 for JPOD Alternatives 3, 4, 5, 6, and 9.  Transfer capacity

increases under alternatives 7 and 8, which allow use of the JPOD up to the physical capacities of

the pumping plants.  (SWRCB 1e, p. XIII-14, Figure XIII-10, Figure XIII-11; SWRCB 75a-75j.)

RCRC’s point does not support denying the petition.  It merely means that the SWP and the CVP

will be able to move more of their water, rather than moving another party’s water.  This is a

matter of who gets paid for the water, not whether water can be transferred.

CDWA argues that increased exports in connection with the JPOD could impact water levels in the

southern Delta, impact salinity of the San Joaquin River and the southern Delta, and impact

fisheries as a result of entrainment or disruption of migration.  CDWA argues that increased

exports as a result of the JPOD should not be approved unless these issues are resolved.  CDWA

argues that only water that is surplus to the needs of the areas of origin can be exported under

JPOD.

11.4 Issues Raised In Opposition To JPOD Petition

Water users opposed to the JPOD alleged that approval of the petition would cause them injury.

Parties in the southern and central Delta, the Sacramento River basin, and the Trinity River basin

sought protection against several alleged adverse effects of increasing exports of water by the

DWR and the USBR.  Arguments raised by the parties opposing the petition are summarized as

follows.  (1) If the SWRCB approves the increased use of the JPOD subject only to CALFED

development and authorization of an operations plan, the SWRCB will abdicate its authority.

(2) If the JPOD is approved, it could result in CVP exports that exceed the permitted amounts and

an increase in combined exports by the SWP and the CVP.  (3) If the JPOD is approved, it could

cause adverse impacts to the environment, particularly to threatened and endangered fish species.

(4) The environmental documentation for the proposed project is inadequate.  These issues are

discussed below.
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11.5 Effects of the JPOD on the SWP and the CVP

Historically, the USBR was able to meet most of its water supply demands.  More recently,

regulatory constraints have reduced the USBR’s ability to meet these demands.  (R.T. p. 10960.)

The reliable water supply for agricultural uses south of the Delta has decreased by about

35 percent.  (R.T. pp. 11773, 11784-11785.)  These reductions are mainly the result of the

biological opinions issued under the state and federal Endangered Species Acts, the Central Valley

Project Improvement Act (Pub. L. No. 102-575, Title XXXIV.), and the outflow and export

limitations established by the 1995 Bay-Delta Plan.  (R.T. pp. 11773-11779.)  Use of the JPOD

could help the CVP contractors recover some of the lost supplies.

The DWR has experienced some of the same regulatory constraints that have affected the USBR.

However, because not all of the constraints affect the SWP and because the SWP has available

pumping capacity, it is not as severely affected as the USBR.  Although the SWP could divert

water at Tracy Pumping Plant under the JPOD, the SWP is expected to use the JPOD only when

emergency repairs are required or when the constraints on the SWP’s take of fish under the state or

federal Endangered Species Act restrict operations.  (R.T. pp. 10984-10985; DWR 35, pp. 2, 5;

SWRCB 1e, p. XIII-7.)

Use of the JPOD will have water supply and environmental benefits in the export areas because

water supply reliability for CVP contractors and wildlife refuges and wildlife management areas

south of the Delta will recover from the reductions caused by the SWP and the CVP implementing

the 1995 Bay-Delta Plan.  Approval of the JPOD would allow for restoration of these water

supplies.  (R.T. pp. 10962-10963; USDOI 10c.)  Water supply reliability will improve under the

JPOD because the CVP will be able to fill San Luis Reservoir when there are high flows in the

Delta.  (R.T. p. 10983; DWR 35, pp. 1-2.)  Also, water stored in upstream SWP and CVP

reservoirs could be moved south of the Delta by using the JPOD during summer months.  This

would increase water supply reliability if San Luis Reservoir storage were low.  (R.T. p. 10984;

DWR 35, p. 3.)  Lastly, the JPOD might help the projects continue to supply south of Delta

demands during periods when pumping must be reduced in response to emergencies or facilities

outages.  (R.T. pp. 10985-10986; DWR 35, p. 5.)

Under the JPOD, the USBR proposes that CVP diversions of water could occur at rates up to

10,600 cfs for short periods of time.  (USDI 10z.)  This would exceed the physical limitation of
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4600 cfs on current export diversions at Tracy by the USBR.  (USDI 10, p.4.)  It also would

exceed the amount the USBR is authorized to divert in connection with use of the JPOD pursuant

to Orders WR 95-6 and 98-09.  Those orders limited diversions by the USBR at both the Banks

and Tracy Pumping Plants to an average of 4600 cfs from the Delta and 4200 cfs to storage in San

Luis Reservoir over a twelve-month period.  The purpose of the diversion limitation in Orders WR

95-6 and 98-09 is to help prevent adverse effects on the environment, since no certified

environmental document specifically addressed the petitioned use of the JPOD considered in those

orders.

The USBR argues that the 4600/4200 cfs limit on diversions should not be required by the water

right permits for the CVP.  The 4600/4200 cfs limit is based on SWRCB Decision 1020 (D-1020),

adopted on June 30, 1961.  D-1020 approved a diversion of water by the USBR from Old River,

based on Application 15764 (Permit 12860).57  D-1020 approves the diversion to storage of up to

1,000,000 afa, at a maximum rate of diversion of 4200 cfs, from November 1 of each year to April

30 of the succeeding year.  It does not authorize the direct diversion portion of the application,

which was for 1500 cfs.  In the order, permit term 2 provides that, “The maximum rate of

diversion through the Delta-Mendota Canal under this permit, together with other rights of

permittee, shall not exceed 4600 cubic feet per second.”  (SWRCB 5c, p. 20.)  This language is

written as a limit on other permits held by the USBR, but it in fact is set forth only in Permit

12860.  This limit has the potential to constrain the use of Permit 12860 and the JPOD at times.

Permit term 2 in D-1020 was based on a stipulated agreement between the USBR and other

parties.  The SWRCB found that the physical capacity of the Tracy Pumping Plant and the Delta-

Mendota Canal is 4600 cfs and that more water could not be diverted through the facilities.  The

SWRCB included the limitation because of the stipulation.  There is no other basis cited in D-1020

for the restriction.  As part of the approval of the USBR’s use of the Banks Pumping Plant under

the JPOD, this decision deletes permit term 2 in D-1020.

                                                
57  Application 15764 was filed on March 8, 1954 by the Westlands Water District, and was assigned to the United
States on October 17, 1960.
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The petition for JPOD does not propose to increase diversions through the Delta-Mendota Canal

above 4600 cfs; however, the USBR’s combined diversions through Tracy and Banks Pumping

Plants will exceed 4600 cfs for any of the requested alternatives for approval of the JPOD.  Under

D-1485 conditions, the instantaneous rate of diversion reaches approximately 6000 cfs.  (USDI

10g.)  Use of the JPOD under the JPOD alternatives and under D-1485 to supply water to the

CVCC results in a diversion rate above 4600 cfs a substantial amount of the time.  (USDI 10z.)

JPOD diversions by the USBR at instantaneous combined rates above 4600 cfs have occurred

regularly in the past.  No evidence in the record indicates that combined diversions in excess of

4600 cfs necessarily cause adverse impacts to the environment or to legal water users.

Furthermore, the SWP and the CVP could, under their own rights at their own facilities, divert

water at a combined rate of 14,900 cfs.  If the USBR could not divert more than 4600 cfs at Tracy

and Banks combined, the JPOD could not be used for any purpose.  (R.T. p. 10967; USDI 10, p.4.)

Any adverse effect on the SWP of authorizing the JPOD at any level is expected to be minimal.

(USDI 10, p.3; USDI 10d.)  The projects propose that approval of the JPOD be subject to the

approval of the owner of the facility that is being used for wheeling.  DWR is the owner of the

Banks Pumping Plant, where most of the JPOD use would occur, and it has the ability to decide

whether and under what circumstances to make the facility available to another water right holder.

It is reasonable to assume that if use of the JPOD adversely affected the SWP, DWR would not

allow its use.  (R.T. pp. 10963-10964.)  Likewise, the USBR is not likely to allow the use of the

Tracy Pumping Plant under the JPOD if it would adversely affect the CVP.  This decision requires

that use of the JPOD will be subject to the approval of the owner of the facility used for wheeling.

11.6 Effect of the Proposed Change on Other Legal Users of Water

Several parties argued that approval of the petition, especially if it results in increased exports, will

injure legal users of water.  The parties argue that injury will result because the JPOD will reduce

the amount of water available to contractors in the Sacramento basin, reduce the availability of

unappropriated water, cause a lowering of water levels in the Delta, or affect the quality of water

diverted by other water users.  The bases for these arguments are discussed below.
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11.6.1 Effects on Sacramento River Water Users

Water users in the Sacramento River basin who contract with the CVP for water currently are not

receiving as much water under their contracts with the CVP as they want.  (R.T. pp. 12575, 12841,

12846; 12849, 12850; TCCA 6; TCCA 7; TCCA 8; TCCA 9.)  TCCA, in particular, wants to

contract with the CVP for additional water.  TCCA presented evidence to show that Congress

intended that its authorization of the CVP would ensure that the needs of area of origin users

would be satisfied.  (TCCA 1.)  TCCA also argued that the CVP is required, under Water Code

sections 11460, et seq., to supply water to meet the needs of water users in the Sacramento Valley.

TCCA requested that the SWRCB condition its approval of the JPOD to require that the CVP

provide adequate water to meet the demands of the members of TCCA.  In effect, TCCA is

requesting the SWRCB’s protection in two areas.  The first is to maintain full deliveries under the

existing CVP contracts, and the second is to obtain additional water delivery contracts.

TCCA’s members hold water service contracts.  (R.T. pp. 12894-12898.)  TCCA argues that

operation of CVP facilities, such as Shasta Reservoir, in conjunction with the JPOD and the

petitioned changes in place of use of the CVP may increase the likelihood that deficiencies

(reductions in water supply under the contracts) will be imposed on water service contractors

causing them injury.58  For the reasons discussed below, however, the SWRCB finds that the

JPOD will not affect existing water service contractors in the Sacramento Valley.

The effect of the JPOD on Sacramento Valley water service contractors is dependent in part on

how the USBR determines the deliveries to be made under the contracts.  Except during water

shortages, the CVP makes available to its contractors the amounts of water specified in the terms

of its water rights and water service contracts.  Amounts of water delivered to CVP water service

contractors during water shortages are based on a combination of operational objectives,

hydrologic conditions and reservoir storage conditions.  The USBR allocates shortages59 among

                                                
58  Water service contractors, however, are not the water rights holders entitled to protection under Water Code section
1702.  (See discussion in Part 12.4.3, below.)
59  By imposing requirements on the CVP, the biological opinion for winter-run chinook salmon may create water
shortages that affect annual allocations to water service contractors, including TCCA’s members.  The USBR makes
its February 15 estimate of deliverable water based on estimates of precipitation and runoff at the 90 percent
probability of exceedance.  The biological opinion adds a requirement that the USBR maintain a minimum end-of–
year carryover storage in Shasta Reservoir of 1.9 MAF.  (SWRCB 127, p. 51.)  Thus, the biological opinion may both
[footnote continues on next page]
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water service contractors within the same service area based on the terms of individual contracts

and based on CVP operational capabilities.  (SWRCB 167, pp. [III-24]-[III-25].)

A USBR witness testified that operation of the JPOD will not deprive Sacramento Valley water

users of water they otherwise would receive under existing contracts.  (R.T. pp. 11069, 11073,

11075.)

Even if additional water were available to the TCCA, its members may not be able to divert it.

Even in years when CVP supplies are available, operating restrictions at Red Bluff Diversion Dam

to improve salmon runs restrict the availability of water for diversion to contractors.

(R.T. pp. 12845.)  When the gates at the Red Bluff diversion dam are open, water must be pumped

from the river into the Tehama-Colusa Canal, which serves TCCA.  The pumps are not capable of

pumping sufficient water into the canal to deliver TCCA’s full supply.  (R.T. 12915-12916.)

Furthermore, it appears that the payment capacity of lands within TCCA is currently insufficient to

pay off CVP obligations under the existing contracts.60  (R.T. pp. 12842, 12846-7, 12850;

TCCA 19.)  Based on the evidence, factors other than the JPOD will constrain TCCA from

obtaining additional water supplies.

TCCA points out that in approving the USBR’s permits for Shasta Reservoir, the SWRCB

included Term 23, which set a time schedule for the USBR to enter into contracts with existing and

prospective water users in the Sacramento basin and in the Delta.  The last time period expired on

March 1, 1971, and has not been extended.  The basis for Term 23 may have been protection of the

public interest.  It was not, however, compelled by Water Code section 11128 in combination with

Water Code sections 11460 and 11463.  TCCA has been advised in the past that the appropriate

way to obtain additional surface water supplies under the Watershed Protection Act is to file

applications to appropriate the additional water.  (USDI 110.)

___________________________
protect carryover storage in Shasta, which benefits deliveries in the following year, and limit the CVP’s ability to
deliver water.  The effects of the biological opinion, however, would exist whether or not the CVP uses the JPOD.
60  A TCCA witness claimed that if TCCA had more water it could plant higher-value crops and increase the payment
capacity of the land.  This claim is, however, speculative, and was not supported by evidence showing that the land
involved will support higher value crops.
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11.6.2 Water Supply Effects on Contra Costa Water District

CCWD raised concerns regarding the effect of the JPOD on the availability of water for diversion

under its Los Vaqueros water right permits.  (R.T. p. 12220.)  The Los Vaqueros project was

approved by the SWRCB subject to conditions in D-1629.  D-1629 prohibits diversions by CCWD

when the DWR and the USBR have declared the Delta to be in balanced conditions under the

COA or when a diversion by CCWD under the permits would require the SWP or the CVP to

release water from storage or reduce diversions or rediversions of water in order to provide flow to

meet provisions of any state or federal law.  (SWRCB 5j, p. 94.)  In other words, CCWD can

divert only when the Delta is in excess conditions.  CCWD requested that the SWRCB condition

the approval of the JPOD so that it will not affect the amount of water available for diversion by

CCWD under its permits.

Under Water Code section 1702, before it can grant permission to make a change in point of

diversion, the SWRCB must find that the change will not operate to the injury of any legal user of

the water involved.  The projects propose to use the JPOD to increase their diversions to storage in

San Luis Reservoir during the winter when the Delta is in excess conditions.  Operations under

Order WR 95-6 (JPOD Alternative 4) result in diversions during periods of excess conditions of

about 100 taf greater than they would be if the 1995 Bay-Delta Plan were implemented without

JPOD approval (JPOD Alternative 2).  (R.T. p. 10972.)  JPOD diversions could increase under the

petitioned changes, and would occur during the same period of time that CCWD is diverting water

under Permits 20749 and 20750.  CCWD is a legal user of the water involved.  Use of the JPOD

could result in the Delta being in balanced conditions at times when it would not have been in

balanced conditions in the absence of the JPOD.  Therefore, the JPOD could impact the ability of

CCWD to divert as much water as it could divert without the JPOD.  (SWRCB 75 a, b, e-g.)

Because the JPOD is a change that could injure another legal user of the water, the increment of

diversions of water under the JPOD that exceeds JPOD diversions under D-1485 will be junior in

priority to CCWD’s permits at times when the Delta otherwise would be in excess conditions.  To

avoid impacts to CCWD during use of the JPOD, the SWRCB will require the DWR and the

USBR to determine when balanced conditions would have occurred in the absence of the JPOD.  If

the Delta would be in balanced conditions as a result of using the JPOD, and the Delta would not

be in balanced conditions without the JPOD, then use of the JPOD by the DWR at Tracy or by the

USBR at Banks will be junior to diversions by CCWD.
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11.6.3 Effects on Uses of Water in the Delta

11.6.3.1 WATER LEVEL IMPACTS

SDWA claims that it is adversely affected by the existing and proposed use of JPOD.  The claim is

based on impacts to water levels and salinity in the southern Delta.  First, SDWA contends that

low water levels adversely affect its members.  SDWA argues that approval of the petition will

further reduce water levels within the channels of the SDWA.  (R.T. pp. 3812, 3819-3820,

3826-3827.)

Water levels in the southern Delta are affected by diversions at project export facilities, but are

affected by other factors as well.  The other factors include:  low river flows entering the southern

Delta canals; local channel depletions by agricultural diversions; natural tidal variations, especially

during periods of extreme low tides; fluctuations in atmospheric pressure, local wind direction and

velocity; and limited channel capacities.  (R.T. p. 3369.)  Approval of the JPOD can affect

diversions at project export facilities and flows entering southern Delta channels.  Approval of the

petition would not, however, affect other factors.

The USBR modeled the effect of the JPOD on water levels in the southern Delta using the same

assumptions regarding barrier construction as in the EIR.  (R.T. p. 11004; USDI 11.)  At stations

located downstream from the barriers, water levels basically remain the same or are slightly

increased, as compared to D-1485 conditions.  Reductions in water levels shown in the modeling

are usually associated with JPOD Alternatives 7 and 8, which assume that installation of

permanent barriers would allow a 10,300 cfs pumping rate at Banks.  (R.T. 11004; USDI 11, p.1.)

When water level impacts occur, the impact usually is the result of implementing the plan, not as a

result of the JPOD.  (USDI 11b-11l.)

JPOD use consistent with SWRCB Order WR 95-6 (JPOD Alternative 4) can cause incremental

impacts over those caused by implementation of the 1995 Bay-Delta Plan.  These incremental

impacts are shown on the following table.

/ / /

/ / /

/ / /
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TABLE 7

WATER LEVEL CHANGES DUE TO JPOD ALTERNATIVE 4

Location Month(s)
Approximate

Decline in Water
Levels (inches)

Middle River upstream of the barrier June and July 1

Old River upstream of the barrier May 2

Old River upstream of the barrier June 3

Old River upstream of the barrier July and August 2

Old River upstream of the barrier September 3

Grant Line west of Tracy Road Bridge June <1

Grant Line east of Tracy Road Bridge June <1

Grant Line east of Tracy Road Bridge September 2

Old River east of Tracy Road Bridge May - September 2

Middle River near Undine Bridge June 2

Old River upstream of the confluence
with Middle River

January 2

Old River downstream of the
confluence with the San Joaquin River

December 2

SDWA argued that the modeling impacts are unreliable because the results do not reflect historic

conditions.  Evidence suggests that the modeled water levels are slightly higher than actual

conditions.  (SDWA 57.)  The value of the model output, however, is in its comparison of water

levels among the alternatives rather than its comparison of the predicted water levels.

No testimony identifies either the magnitude of water level declines that cause injury to the

southern Delta diverters or the months in which injury has occurred.  Water users in the southern

Delta testified that they have, in the past, experienced water level problems.  Irrigation usually

occurs in March through November.  (R.T. pp. 324, 331, 334.)  Irrigation can also occur in

December, January and February (R.T. p. 331).  Therefore, it can be assumed that water level

changes during any month can potentially affect southern Delta diversions.

In Phase 1 of the hearing, farmers in the southern Delta testified that without the tidal barriers in

place, Middle River goes dry.  Also, Grant Line Canal water levels drop to low levels west of the

barrier regardless of barrier operation.  (R.T. pp. 325-336.)  Based on this testimony, the SWRCB,
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in Order WR 98-9, conditioned the temporary approval of the JPOD upon the preparation of a

response plan to demonstrate that water levels in the central and southern Delta are not lowered to

elevations that cause impacts to pumping as a result of the use of the JPOD.  This term limits

export pumping at certain times, but the effect of the term is not known and the parties provided no

additional evidence regarding this issue.

Modeling indicates that there is no significant difference in the impact to southern Delta users

from approving the JPOD at the USCOE-authorized pumping level (JPOD Alternative 5)

compared to approving it at the level authorized by Order WR 95-6 (JPOD Alternative 4).  (USDI

11b-11l.)   However, approval of the JPOD in combination with implementation of the SJRA

(JPOD Alternative 9) has the potential to lower water levels beyond the levels existing under

Order WR 95-6, especially in the months of September, October and November.  (USDI 11b-11e.)

Unlimited JPOD pumping with the three permanent barriers in place could result in impacts to

water levels at some locations in the southern Delta (JPOD Alternatives 7 and 8).  This is

particularly true during the summer months at locations between the barriers and the export

pumps.  (USDI 11b; 11d; 11f; 11h.)   Water levels at these locations generally decline by less than

five inches.  At Grant Line west of Tracy Road Bridge water levels may decline over a foot.

Evidence in the record shows that Mr. Robert Ferguson diverts water from the affected portion of

Grant Line Canal.  (R.T. pp. 334-336.)  The Delta Atlas indicates other irrigation diversions also

are located between the proposed barrier locations and the export pumps; however, the other

diverters have not claimed injury and the impact to them is unknown.  (SWRCB 63, p. 32.)

Impacts on Grant Line canal could be reduced if the barrier was located farther to the west.

At most other locations, the effect of unlimited use of the JPOD (JPOD Alternatives 7 and 8) on

water levels can be mitigated, and if the three permanent barriers are constructed, water level

increases resulting from the permanent barriers are in the order of three to four feet.  (USDI 11c;

11e; 11g; 11i, 11j; 11k; 11l.)  Temporary barriers at Old and Middle rivers are less effective in

raising water levels in the southern Delta than the operation of permanent barriers at those

locations and a permanent barrier on Grant Line Canal.  (SWRCB 1e, Figures [IX-6]-[IX-15];

SWRCB 76.)   To protect water levels in the southern Delta, the SWRCB will limit the use of

JPOD to the diversion rates specified by PN 5820-A Amended unless permanent barriers or

equivalent measures are operated to maintain water levels for agricultural diversions.
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Prior to using the JPOD, the DWR or the USBR will be required to consult61 with SDWA and

prepare and submit to the Chief of the Division of Water Rights a response plan specifying actions

the DWR or the USBR will take to ensure that water levels in southern Delta Channels are not

lowered to elevations inadequate for diversion of water for agricultural uses because of increased

pumping resulting from the use of the JPOD.  The DWR or the USBR will not be authorized to

divert water using the JPOD until the response plan has been approved by the Chief of the

Division of Water Rights.  The DWR or the USBR will be required to implement the response

plan.

11.6.3.2 DELTA SALINITY

CCWD, SDWA, and CDWA argued that approval of the JPOD petition could adversely affect

salinity in the Delta to their detriment.

CCWD asserted that JPOD pumping could impact water quality at its Rock Slough intake and at

the intake for the Los Vaqueros system on Old River, and that these impacts could occur when

water is available for refilling Los Vaqueros Reservoir.  CCWD also argued that CCWD’s

customers who have their own diversion points could suffer an impact in terms of water quality if

joint point operations cause a change in the location of X2.  No evidence was submitted regarding

these customers or the potential for impact.  Dr. David Briggs, on behalf of CCWD, testified that

use of the JPOD could cause increased sea water intrusion, which would affect the quality of water

available to CCWD, and could affect refill operations under CCWD’s biological opinion under the

ESA.  (R.T. p. 12221.)

The biological opinion restricts CCWD from refilling Los Vaqueros Reservoir during the months

of February through May if a salinity level known as X262 is east of Chipps Island.  In January,

June, and August, CCWD is restricted from filling Los Vaqueros if X2 is east of Collinsville.

Further restrictions apply in December if Delta smelt are present at the intake on Old River and X2

                                                
61  Such consultation does not require the approval of SDWA before the response plan is submitted to the Chief of the
Division of Water Rights.
62 See Part 5, above, for an explanation of X2.
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is east of Collinsville.  (R.T. pp. 12222-12223.)  On average, X2 is always to the west of those

stations during those months.  (SWRCB 1e, Table XIII-16; SWRCB 75a, 75b, 75k-75q.)  Average

conditions can mask effects, however.  The following table indicates the months and years when

X2 is expected to shift to the east due to use of the JPOD such that diversions by CCWD might be

affected.  All of the shifts indicated in the table below occur during excess conditions when

CCWD is allowed to pump at Old River.  Shifts in December will only affect CCWD if Delta

smelt are present at the Los Vaqueros intake.  X2 may shift to the east in other years during the

months when the biological opinion affects CCWD’s diversions, but either the pumping

restrictions on CCWD also would occur under D-1485 conditions or the shift does not trigger a

pumping restriction.

/ / /

/ / /

/ / /
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TABLE 8

SHIFTS IN X2 UNDER JPOD THAT AFFECT CCWD’S DIVERSION

Assumed JPOD Export Conditions Month
Number of Occurrences
(Water Years in which

impact occurs)

JPOD to CVCC only (JPOD
Alternative 3)

January 2 (1947, 1961)

SWRCB order WR 95-6 (JPOD
Alternative 4)

December
January
February

3 (1954, 1959, 1981)
3 (1937, 1947, 1961)
2 (1947, 1976)

PN 5820-A and SJRA (JPOD
Alternative 9)

December
January
February
March

2 (1954, 1981)
1 (1947)
2 (1947, 1976)
1 (1964)

PN 5820-A Amended (JPOD
Alternative 5)

December
January
February

3 (1954, 1959, 1981)
3 (1937, 1947, 1961)
1 (1947)

Physical Capacity of Pumping Plants
(JPOD Alternative 7)

December

January
February
March
May
August

8 (1922, 1927, 1928, 1947,
1954, 1964, 1981, 1994)

4 (1926, 1937, 1947, 1961)
1 (1988)
1 (1955)
1 (1945)
1 (1958)

Physical Capacity of Pumping Plants
at 2020 demand level (JPOD
Alternative 8)

December
January

February
March
May
August

4 (1922, 1927, 1947, 1954)
5 (1926, 1937, 1947, 1961,
1990)

1 (1988)
1 (1955)
1 (1945)
1 (1958)

Unlimited approval of the JPOD petition is likely to affect the ability of CCWD to divert water at

Old River to Los Vaqueros Reservoir because of restrictions under the biological opinion for Los

Vaqueros Reservoir.  Approval of the JPOD at the pumping rate currently authorized by the

USCOE (JPOD Alternatives 5 and 9) would cause no additional injury to CCWD compared to the

salinity impacts caused by operation under Order WR 95-6 (JPOD Alternative 4).  This is because

the biological opinion would restrict CCWD diversions in more months under JPOD Alternative 4.

Approval of the JPOD up to the physical capacity of the pumping plants (JPOD Alternatives 7 and
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8) could result in additional impacts to CCWD.  To prevent injury to CCWD as a result of these

restrictions, this decision requires the DWR and the USBR to determine when X2 will shift solely

as a result of use of the JPOD, preventing CCWD from diverting water at Old River.  At those

times, use of the JPOD will be junior to diversions by CCWD to Los Vaqueros Reservoir.

Approval of the JPOD petition is not expected to adversely affect water quality at either CCWD’s

Rock Slough intake or at its intake on Old River.  At Rock Slough, water quality generally

improves substantially during the summer months and worsens during the winter months as a

result of implementing the 1995 Bay-Delta Plan.  Use of the JPOD somewhat reduces the salinity

improvements resulting from the Bay-Delta Plan.  (SWRCB 1e, Figures [XIII-12]-[XIII-21];

SWRCB 75; SWRCB 76.)  However, chloride levels at CCWD’s intakes are less than the

objective of 250 mg/l in every month.  (SWRCB 75k-q.)  The SWRCB’s EIR shows that the

municipal water quality objective at Rock Slough is exceeded in December.  This is due, however,

to differences between methods used to calculate salinity in the models used for the EIR’s

preparation.  (R.T. p. 12249; SWRCB 1e, p. VI-11; SWRCB 75; SWRCB 76.)  In actuality, the

projects are operated to meet salinity objectives at Rock Slough as well as at the export pumps, and

the objective should not be exceeded.  Therefore, there should be no significant adverse effect on

water quality at CCWD’s Pumping Plants as a result of approving the petition.

Water users in the SDWA also asserted that approval of the JPOD would adversely impact them

due to salinity increases.  The evidence does not support this conclusion.  Under average flow

conditions, exceedances of the southern Delta salinity objective that occur as a result of the JPOD

in June, July and August would also have occurred under D-1485 conditions.  Furthermore,

salinity generally is improved as a result of implementing the 1995 Bay-Delta Plan.  Where

conditions have worsened, they worsen due to implementation of the 1995 Bay-Delta Plan or due

to restrictions on New Melones Reservoir releases for salinity control (JPOD Alternatives 6 and 9),

not due to JPOD.  (SWRCB 1e, Figures [XIII-57]-[XIII-72]; SWRCB 75; SWRCB 76.)  A minor

exception occurs at Brandt Bridge.  During above normal years in August at Brandt Bridge,

salinity is slightly higher under SWRCB Order WR 95-6 conditions (JPOD Alternative 4).

(SWRCB 1e, Figure XIII-62; SWRCB 75; SWRCB 76.)  In July and August of dry years, salinity

at Brandt Bridge increases as a result of allowing exports to increase to the physical capacity of the

pumping plant.  However, the resulting exceedance of the objective is so slight as to be within

modeling error.  (SWRCB 1e, Figure XIII-63, SWRCB 76.)
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Trinity Co. argues that approving the JPOD petition may exacerbate drainage and water quality

problems in the western San Joaquin Valley.  Trinity Co. alleges that increased deliveries to the

San Luis Unit of the CVP, and particularly to WWD, result in increased discharges to the

San Joaquin River of saline and contaminant-laden drainage water.  However, exports are not

expected to increase over the levels authorized under D-1485 as a result of the JPOD.

(SWRCB 1e, Table XIII-12; SWRCB 75; USDI 10d.)  Furthermore, a significant portion of the

water delivered as a result of the JPOD is served to the CVCC.  (USDI 10d.)  Drainage resulting

from the CVCC service area does not return to the San Joaquin River except under flood

conditions.  The remaining water will normally be delivered to the WWD.  (WWD 7, p. 4.)  Lands

within WWD’s service area do not discharge drainage water, tailwater, or tile water outside the

boundary of WWD.  (R.T. pp. 7232-7233, 7245, 7302-7305.)

11.7 Effects on Fish, Wildlife, and Other Instream Beneficial Uses of the Water

11.7.1 Effect on Refuges

The USDI argued that approval of the JPOD petition will benefit wildlife refuges in the

San Joaquin Basin.  A USBR witness testified that “[T]o the extent that we use Banks, we use it

first to meet the Cross Valley Canal contract.  The remaining use of the joint point of diversion in

our studies was used to reduce whatever deficiencies there would be on our deliveries south of the

Delta as a whole.  And those deliveries are for water supply purposes and for environmental

purposes on refuges in the San Joaquin Valley.”  (R.T. pp. 10970-10971.)

11.7.2 Effects on Aquatic Resources

The DWR presented testimony that the JPOD will not have an unreasonable effect on the

environment and may be used to benefit fish by adjusting pumping so that it occurs during seasons

that avoid or reduce impacts.  (R.T. pp. 10984, 11056-11059; DWR 35, pp. 3-4; DWR 36, pp. 2-

4.)  Shifting pumping from one point of diversion to the other can also benefit fish if the fish are

not uniformly distributed or if predators are present at one facility and not the other.  (R.T. pp.

10984, 11055, 11059-11061; DWR 35, p. 2; DWR 36, pp. 1-2, 4-6.)  Lastly, the JPOD can be used

by the projects as a tool to avoid impacts to the fish screens that occur as a result of aquatic weeds

or mitten crabs.  (R.T. pp. 11378, 11061; DWR 36, pp. 6-7.)
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The DFG, the USFWS, and the EDF raised concerns regarding the potential impacts of

implementation of JPOD pumping on chinook salmon and other aquatic resources in the Delta and

in upstream areas.  The testimony and evidence submitted by the parties pertains mainly to the

effect of increased exports on chinook salmon.  Chapter XIII of the FEIR evaluates potential

impacts of the JPOD on aquatic resources.

11.7.2.1 ENTRAINMENT EFFECTS ON CHINOOK SALMON IN THE DELTA

SWP and CVP export pumping from the Delta can adversely affect fish and wildlife resources in

the Delta, including spring-run chinook salmon (listed as threatened under the CESA and ESA)

and winter-run chinook salmon (listed as endangered under the CESA and ESA).  Increased export

pumping and changes in the timing of export pumping relative to the presence of certain fish

species in the Delta from use of the JPOD may exacerbate those significant adverse effects. (DFG

27 (Revised); SWRCB 1e, pp. [XIII-64]-[XIII-68]; SWRCB 5n, p. 30; SWRCB 7e, pp. 14-15, 19;

USDI 12 (Revised); USDI 17.)  Potential adverse impacts to fish from export pumping include

decreases in salmon smolt survival during outmigration from changes in hydrologic patterns in the

Delta (increases in net reverse flows), entrainment at the export pumps, and increased predation at

the pumps.  (R.T. pp. 12071-12080, 12089-12090, 12105-12106; DFG 27 (Revised), pp. 2-4.)

Based on recent studies using coded wire tagged (CWT) late fall-run chinook salmon smolts, there

is greater mortality of CWT smolts released in Georgiana Slough, which migrate through the

Central Delta, than for those released at Ryde, which migrate down the mainstem Sacramento

River.  (USDI 12a and 12b.)  In addition, survival of CWT smolts released in Georgiana Slough

generally decreases as exports increase, suggesting that, as more water is exported, fish diverted

into the central Delta experience greater mortality.  (USDI 12 (Revised).)  WWD and SLDMWA,

in cross examination, questioned the experimental design and significance of the relationship

between export rates and smolt survival found in the USFWS studies.  (R.T. pp. 12008-12062.)

However, testimony by the USFWS and DFG indicates that, despite variability in the data due to

uncontrolled factors, there is an inverse relationship between Delta exports and smolt survival.

(R.T. 12003-12007; DFG 27 (Revised); USDI 12 (Revised).)

Increases in exports from November through January associated with use of the JPOD, compared

to implementation of the 1995 Bay-Delta Plan without the JPOD, have the greatest potential to

adversely impact anadromous salmonids.  (USDI 12 (Revised).)  Yearling spring-run, late-fall and
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fall-run chinook salmon smolts, and winter-run chinook salmon fry may be present in the Delta in

the November to January period and may have lower survival with the use of the JPOD.  (USDI 12

(Revised).)

Spring-run salmon emigration through the Delta may occur anytime from October through June.

(DFG 27 (Revised), p. 4.)  For yearling spring run, migration may begin in October, typically

peaks in November and December, and typically ends by February.  Spring-run fry may appear in

the Delta in January.  (DFG 27 (Revised), p. 4.)  Smolt emigration through the Delta occurs

throughout the spring and is essentially completed by the end of June.  (DFG 27 (Revised), p. 5.)

The USFWS and DFG testimony primarily addressed the potential for increased exports associated

with use of the JPOD to impact fishery resources in the fall and winter months (November through

January) compared to the Bay-Delta Plan condition.  Compared to operation under the 1995 Bay-

Delta Plan without the JPOD (JPOD Alternative 2), exports generally increase in the October

through January period and decrease in February and March. (SWRCB 1e, Table XIII-12;

SWRCB 75.)  However, compared to the D-1485 base case (JPOD Alternative 1), use of the JPOD

would generally cause a decrease in average Delta exports in August, September, November and

February, March, and April and an increase in exports in October, January, June and July.  In

December, exports will decrease if pumping is restricted by the USCOE pumping limit (JPOD

Alternative 5), but will increase if pumping is allowed to occur up to the physical capacity of the

pumps (JPOD Alternatives 7 and 8).  In May, exports generally will decrease under Order WR 98-

09 conditions, but will increase under other conditions.

Potential effects of the use of JPOD on the through-Delta survival of chinook salmon (Sacramento

River fall-run, late fall-run, spring-run, and winter-run, and San Joaquin River fall-run) were

analyzed using survival models developed by the USFWS.  (SWRCB 1e, pp. [XIII-64]-[XIII-68];

SWRCB 75; SWRCB 113.)  The model was developed based on studies conducted by the USFWS

that showed that survival of smolts migrating through the Delta is inversely related to several

factors, including SWP/CVP exports during the migration period.  For all Sacramento River runs,

smolt survival improved or did not change compared to operations under D-1485 for all levels of

JPOD use, and there were no discernible differences between the JPOD alternatives and

implementation of the 1995 Bay-Delta Plan alone.  (SWRCB 1e, pp. [XIII-64]-[XIII-67]; SWRCB

75, SWRCB 113.)  For San Joaquin River fall-run, survival indices were generally lowest in the
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D-1485 base case (JPOD Alternative 1); with use of the JPOD, indices were slightly higher under

Order 95-6 (JPOD Alternative 4) and SJRA requirements (JPOD Alternative 9).  (SWRCB 1e, pp.

[XIII-65], [XIII-67]-[XIII-68]; SWRCB 75; SWRCB 113.)

This conclusion is also supported by earlier modeling of Sacramento River fall, late fall, and

winter-run chinook smolt survival rates through the Delta (SWRCB 1e, Figures [XIII-86]-

[XIII-88]; USDI 11n), which showed that there were only small differences among alternative

levels of JPOD use on modeled survival of these runs.  (R.T. p. 11456.)  The USBR testified that

modeled survival rates for these runs vary only slightly between use of the JPOD under Order 98-

09 and use of the JPOD as restricted by the permitted pumping limits (JPOD Alternative 5).  (R.T.

pp. 11453-11455; SWRCB 1e, Figures [XIII-86]-[XIII-88].)

In general, the impacts of increased exports in the fall and winter months would be offset by

reduced exports in the spring months (February, March, and April) with the use of JPOD,

compared to implementation of the 1995 Bay-Delta Plan alone or meeting D-1485 requirements.

Reduced spring exports may reduce entrainment in the critical period for spawning, rearing, and

outmigration of many aquatic species in the Delta.  (SWRCB 1e, pp. [XIII-63], [XIII-73];

DWR 35; USDI 10.)  Survival of juvenile steelhead during the peak emigration period from

February through April will likely improve compared to operation under D-1485 as a result of

implementing the 1995 Bay-Delta Plan, even with approval of the JPOD, because Delta exports

will generally be lower in this period.  (SWRCB 1e, pp. [XIII –68].)

In summary, increased export pumping from use of the JPOD may significantly impact survival of

juvenile chinook salmon emigrating through the Delta, particularly in the November through

January period.  (DFG 27 (Revised); USDI 12 (Revised).)  Although use of the JPOD would not

increase exports compared to operation under D-1485 in November, exports would increase

compared to D-1485 in January and in December if pumping is allowed to occur up to the full

physical capacity of the pumps.  Compared to implementation of the 1995 Bay-Delta Plan alone,

use of the JPOD would generally increase Delta exports from October through January.  To reduce

or avoid potential significant impacts to juvenile chinook salmon emigrating through the Delta,

approval of the JPOD is conditioned upon the protection of chinook salmon from potential impacts

of increased exports.  The state and federal agencies will be required to submit an operations plan

for this and other purposes.
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11.7.2.2 ENTRAINMENT EFFECTS ON OTHER FISH SPECIES IN THE DELTA

Effects of use of the JPOD on young-of-the-year striped bass abundance were evaluated using a

multiple regression relating total YOY abundance at 38 mm. to the mean April-July San Joaquin

River flow past Jersey Point, net Delta outflow, and total Delta exports.  (SWRCB 1e,

pp. [XIII-68]-[XIII-69].)  Compared to operation under D-1485, the YOY index improved under

all proposed JPOD scenarios in dry and critical year types and declined in wet and above normal

year types.  In below normal year types, improvements occurred if pumping was limited to

permitted pumping limits, but otherwise declines occurred.  In all but critical year types, approval

of the JPOD up to the physical capacities of the pumping plants (JPOD Alternatives 7 and 8)

generally resulted in lower indices than when JPOD was restricted to USCOE regulatory levels

(JPOD Alternative 5).  Approval of JPOD consistent with SWRCB Order 95-6 (JPOD

Alternative 4) or the SJRA (JPOD Alternative 9) resulted in slightly higher predicted indices of

YOY striped bass abundance.  The observed differences were due primarily to changes in Delta

exports from April to July.  (SWRCB 1e, p. [XIII-69].)

Implementation of the JPOD is not expected to have significant effects on delta smelt since Delta

exports are generally reduced in the spring months and the mean monthly position of X2 is not

significantly different from the position predicted for the 1995 Bay-Delta Plan with no use of the

JPOD.  (SWRCB 1e, p. XIII-69; SWRCB 75.)

11.7.2.3 EFFECTS OF CHANGES IN DELTA OUTFLOW

Delta outflow is expected to change with the implementation of the JPOD alternatives but the

effects are not expected to be as significant as entrainment effects.  Delta outflow generally

decreases compared to operation under the D-1485 base case in October, December, and January

and generally increases in all other months.  (SWRCB 1e, pp. [XIII-64], [XIII-74].)

For longfin smelt, Sacramento splittail, starry flounder, and Crangon franciscorum, abundance

indices show significant positive relationships with Delta outflow in the spring months.  No

significant differences were observed in the modeled abundance of these species between the

JPOD alternatives and the D-1485 and 1995 Bay-Delta Plan alternatives.  (SWRCB 1e,

pp. [XIII-70]-[XIII-72].)
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11.7.2.4 EFFECTS OF CHANGES IN WATER TEMPERATURE IN UPSTREAM AREAS

Under certain hydrologic conditions, use of the JPOD is predicted to result in higher water

temperatures in the Sacramento, lower American, and lower Feather rivers than in the base cases

without JPOD pumping.  (USDI 10; SWRCB 1e, pp. [XIII-81], [XIII-84]; SWRCB 75;

SWRCB 196.)  Athough these modeled temperature differences are unlikely to result in significant

impacts to aquatic resources, this decision requires that the operations plan for the JPOD include

measures to ensure that aquatic resources are not impacted by changes in water temperature in

upstream areas as a result of the use of the JPOD.

11.7.2.5 SUMMARY OF FISHERY IMPACTS

The use of JPOD could cause potential significant impacts on aquatic resources.  However, the use

of JPOD pumping if appropriately conditioned, could benefit fishery resources by providing

greater operational flexibility to avoid impacts during critical time periods.

For most aquatic species, implementation of JPOD at rates of diversion no higher than the

pumping limits currently authorized by the USCOE permit (JPOD Alternatives 5 and 9) is

predicted to have no significant effects compared to use of the JPOD consistent with Order

WR 98-09 (JPOD Alternative 4).  This level of implementation is recommended in the State and

federal agencies’ joint proposal.  For San Joaquin fall-run chinook salmon, through-Delta survival

is predicted to be slightly lower if JPOD is approved up to the currently permitted limits of the

pumps.  However, this slight difference is insignificant.  In most water year types, predicted

young-of-the-year striped bass abundance is also lower at this level of approval than under

Order WR 98-09 (JPOD Alternative 4).

For most aquatic species, implementation of JPOD at the physical pumping capacity of the SWP

and CVP is predicted to have no significant effects compared to approval of JPOD at regulatory

capacities.  Young-of-the-year striped bass abundance is predicted to be lower at the physical

pumping capacities than at the permitted limits.  This impact can be mitigated through additional

stocking of striped bass.

11.8 Summary

The petition is approved in three stages up to the physical capacity of the pumping plants.
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1. The first stage is use of the JPOD to serve CVCC contractors, Musco Olive
and the Veteran’s Cemetery; and to make up export reductions taken to
benefit fish.  Until an operations plan is submitted and approved by the
Executive Director of the SWRCB use of the JPOD shall be limited to the
first stage except for exemptions noted below.  Make up operations in the
first stage shall not cause an increase in annual exports above that which
would have been exported without use of the JPOD.  The SWRCB finds,
based on the above discussion, that approval of the JPOD at this level with
the response plan described in 11.6.3.1, will not injure any legal user of
water and will not have a significant adverse effect on fish and wildlife.

2. The second stage is use of the JPOD for any authorized purpose under the
permits, up to the limits specified in the current USCOE permit.  Use of the
JPOD at the second stage will be subject to the preparation and
implementation of an operations plan acceptable to the Executive Director
of the SWRCB that provides adequate protection to aquatic resources and
other legal users of water.  DWR will be the state lead agency for any
required environmental documentation under CEQA for the operations plan.

3. The third stage is use of the JPOD for any authorized purpose under the
permits, up to the physical capacity of the pumping plants.  Use of the JPOD
at the third stage will be subject to the operation of barriers or other
mechanisms to protect water levels in the southern Delta, an operations plan
acceptable to the Executive Director of the SWRCB that adequately protects
aquatic resources and other legal users of water, and certification of a
project-level EIR by the DWR for the ISDP or other barriers project.

The operations plans shall be prepared in consultation with the USFWS, NMFS, and DFG and

shall include measures for the protection of aquatic resources and their habitat.

The Executive Director of the SWRCB will be authorized to grant short-term exemptions to the

limits in stages 1 and 2 before the barriers are constructed, for the purpose of (1) conducting a

recirculation study as discussed in Part 6 of this decision, or (2) other purposes as the

Executive Director of the SWRCB deems appropriate.

12.0 THE PETITION TO CHANGE AND CONSOLIDATE PLACES OF USE AND
PURPOSES OF USE OF WATER UNDER CERTAIN PERMITS OF THE CVP

12.1 Background

On September 24, 1985, the USBR filed a petition requesting, among other things, that the place of

use and purposes of use of water under its CVP water right permits be changed.  This petition is

referred to as the consolidated place of use (CPOU) petition.  Originally, the USBR sought to

(1) consolidate the authorized places of use of CVP water so that all permits and licenses for the
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specified projects have the same place of use, (2) expand the authorized place of use, (3) conform

the purposes of use, and (4) extend the time to complete full beneficial use of water under the

permits.63  The SWRCB gave notice of the petition on July 29, 1986, and thereafter received

protests.  The USBR then began preparing documentation for an EIR (CPOU EIR) on the proposed

action, with the SWRCB serving as the lead agency under CEQA.  On June 15, 1995, the USBR

amended its petition to (1) exclude the permits on the Black Butte and New Melones projects from

the petition and (2) reduce the requested expansion area from about 4 million acres to 851,513

acres that are located outside the authorized place of use but are eligible to receive CVP water

under existing contracts with the USBR.  The sixteen permits currently subject to the change

petition are listed on page 2 of this decision.

On June 26, 1996, the USBR asked the SWRCB to consider the request for a time extension

separately from the balance of the petition.  Consequently, the time extension is not discussed in

either this decision or the CPOU EIR.

The CPOU EIR contains both project level and programmatic analyses.  It analyzes, at the project

level, the petitioned consolidation of the places of use, conformance of the purposes of use, and

expansion of the place of use to include all of the lands outside the authorized place of use where

CVP service already has encroached (encroachment lands).  This decision addresses the project

level actions.64

By notices dated December 2, 1997 and May 6, 1998, the SWRCB gave notice that it would hear

certain issues concerning the CPOU petition in the Bay-Delta Water Rights Hearing.  On nine days

in March and April 1999, the SWRCB conducted Phase 7 of the Bay-Delta Water Rights Hearing

to receive evidence regarding the CPOU petition.  The hearing notices stated that approval of the

                                                
63 The petition filed September 24, 1985 included one of the USBR’s requests for a change of point of diversion to
allow CVP use of the DWR’s Banks Pumping Plant in the southern Delta.  The petition for change of point of
diversion is considered in Part 11 of this decision.
64 The CPOU EIR also analyzes, at the programmatic level, the further expansion of the place of use to include the
lands (expansion lands) outside the authorized place of use that have never received CVP water but are entitled to
service under an existing CVP water service contract.  The CPOU EIR discussion of the expansion lands is
programmatic because future land and water uses in those areas cannot be readily determined, and would require
speculation.  More detailed site-specific environmental documents may be necessary before the SWRCB can authorize
delivery of water to the expansion lands.
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change petition would (1) consolidate the places of use of many of the CVP water right permits,

(2) expand the places of use to include areas where CVP water is being used outside an authorized

place of use, and (3) conform all of the purposes of use under the CVP permits that are subject to

the CPOU petition.  Recognizing the programmatic nature of the discussion of the expansion lands

in the CPOU EIR, the hearing notices did not include consideration of adding the expansion lands

to the place of use.  The expansion lands can be considered in future proceedings when any

required environmental documentation has been prepared.  The SWRCB expects that

environmental documentation for the expansion lands will be prepared by the local public agencies

seeking to expand the place of use into previously unserved areas.

12.2 SWRCB Authority Regarding Petitions for Change

The USBR filed the CPOU petition under Water Code sections 1700 through 1705.  These sections

govern changes in appropriative water rights acquired under Division 2 of the Water Code.  These

sections require the permission of the SWRCB before a change can be made.  Section 1702

provides that “[b]efore permission to make such a change is granted the petitioner shall establish,

to the satisfaction of the board, and it shall find, that the change will not operate to the injury of

any legal user of the water involved.”  As discussed in Part 11 of this decision, section 1702

codifies the common law “no injury” rule prior to the Water Commission Act that an appropriator

can make a change in its water right so long as the change is not injurious to other legal users of

water.  The issues regarding effects of the CPOU on other legal users of water are discussed

below.

This action is subject to CEQA.  Accordingly, the significant environmental effects of this action

are considered and mitigation is required as appropriate.  The SWRCB also has an affirmative duty

to take the public trust into account and to protect the public trust where feasible (National

Audubon Society v. Superior Court (1983) 33 Cal.3d 419, 446 [189 Cal.Rptr. 346].)  The SWRCB

must also consider the public interest.  (Wat. Code § 1243.5.)  The environmental effects of

approving the petitioned changes considered in Phase 7 and the mitigation measures for the

changes are discussed in Part 14 of this decision.

12.3 Current and Added Places of Use

A number of water users with lands outside the existing places of use depicted in the CPOU DEIR

presented evidence to show that they had been using water in these areas for many years, often
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since the inception of the CVP.  The primary concern of these parties was that they should not be

outside the place of use at the conclusion of this proceeding.  Further, they argued that they should

not be required to provide mitigation for any increase in the place of use to encompass their

lands.65

The parties receiving CVP water on land outside the identified place of use questioned the

accuracy of the place of use boundaries.  During Phase 7, it became apparent that the maps

prepared by the USBR to depict the boundaries of the currently authorized places of use were not

consistent with the official place of use maps in the files of the SWRCB.

Consequently, the SWRCB received in evidence the official place of use maps and based its

technical analysis on a comparison of the official maps with the areas currently being served by the

CVP.  The results are depicted in the CPOU final EIR (CPOU FEIR).  The analysis shows that

seven of the twenty-six CVP contractors whose use of water was addressed in the CPOU DEIR as

encroachment outside the place of use are entirely within the current place of use.66  No further

consideration is required herein regarding the service areas of these contractors.

Within the remaining nineteen CVP contractors’ areas, the acreage of encroached lands is

substantially less than was indicated in the CPOU DEIR.  The total acreage encroached is

79,432 acres.

The following discussion addresses the finding required under Water Code section 1702.

                                                
65  For purposes of distinguishing between lands outside the authorized place of use that are subject to the petitioned
changes, this decision and the CPOU EIR use the term “encroachment lands” or “encroached lands” to denote the
lands outside the authorized place of use that currently are receiving CVP water.
66  These contractors are Bella Vista Water District, Mountain Gate Community Services District, Shasta Community
Services District, Shasta County Service Area No. 6 – Jones Valley, Shasta County Service Area No. 25 – Keswick,
City of Shasta Lake, and Silverthorn Summer Homes, Inc.
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12.4 Effects on Other Legal Users of Water

12.4.1 Effect of Consolidation of Places of Use

Currently, the authorized places of use in the USBR’s water right permits do not all cover the same

area.  Because the USBR commingles its water from several large reservoirs and diversion works,

and because separate permits for these facilities have different requirements, the USBR finds it

impractical and infeasible to ensure that water appropriated under a specific permit is delivered

only to lands within the place of use specified in the permit.  Accordingly, the USBR’s practice is

to deliver water from any source to any location within its service area without ensuring that water

appropriated under a specific permit is delivered only to places specified in the permit.  (R.T. pp.

12425-12426.)  To the extent that the USBR delivers water to places outside a permitted place of

use, however, it is operating inconsistently with the terms and conditions of the permit.

Additionally, water used outside the place of use cannot be counted in determining the maximum

amount of water that is used under a permit when the SWRCB issues a water right license.  Thus,

if this change were not made, a license granted to the USBR in the future might exclude some of

the water diverted and used under a permit, because the water has not been used in the authorized

place of use.  The purpose of consolidating the places of use is to ensure that all water appropriated

by the USBR under its permits is used within the authorized place of use.  Thus, the USBR is

requesting that the SWRCB expand the place of use of each of the sixteen water right permits

listed in the petition for change so that all these permits have the same place of use.

Several parties, including Trinity Co., TCCA, CDWA, and SDWA objected to the consolidation of

places of use because of concerns that this would increase the amount of water being delivered.

Trinity County was concerned about increasing the amount of water diverted from the Trinity

River.  Trinity County also argued that the CVP permits should be amended to prevent further use

of Trinity River water on the west side of the San Joaquin Valley because of salinity impacts in

those areas.

TCCA particularly objected to increasing the place of use of Shasta project water through

consolidation, because of a concern that reductions in deliveries of water under other permits could

increase the amount of Shasta water exported from the watershed.  TCCA invoked the watershed

of origin protections under Water Code section 11460, et seq.
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CDWA and SDWA were concerned about an increase in the amount of water exported from the

Delta, which CDWA argued could cause impacts to water levels, salinity, and fish.

TCCA presented its arguments regarding the watershed of origin protections in Phase 7 of the

Bay-Delta Water Rights Hearing, although TCCA specified that its arguments were applicable to

both the petitioned JPOD considered in Phase 6 and to the changes of place of use considered in

Phase 7.   TCCA’s arguments are discussed in Part 11 of this decision, at 11.6.1.

Although each of these parties expressed concern that the consolidation of the places of use will

result in increased diversions and uses of water, no evidence is in the record that consolidation of

the places of use will have this effect. 67  Approving this petition will not increase the amount of

water that can be diverted from the Delta.  First, the USBR already operates its Tracy diversion

facilities at full capacity, and this petition does not involve increases in exports.  Second, the

USBR has adequate water rights under its permits to satisfy more than all of the water uses in the

export areas.  (SWRCB 2, App. P. A-24.)  Third, water allocations to CVP contractors are limited

by the contracts.  (R.T. pp. 12632-12634.)  With these circumstances, the amount of water

delivered to CVP contractors in export areas will not increase due to approval of the CPOU

petition.  Likewise, it is not likely to decrease if the petitioned consolidation is denied.  Because

the agricultural contractors south of the Delta receive less water from the CVP than their demands,

they could use all of their contractual supplies within the current place of use.  (WWD 14, p. 4;

R.T. pp. 13026-13028, 13248.)  As discussed above, the USBR’s existing practice is consistent

with consolidation of the places of use.  The current situation is therefore a de facto consolidation,

and approving it should have no effect on the USBR’s operations.

The concerns expressed by Trinity Co., that additional water could be diverted from the Trinity

River as a result of the consolidation of the places of use, is unfounded.  The USBR’s diversions

from the Trinity River are restricted under federal law, and it is unlikely that the USBR could

increase its diversions of Trinity River water.  Further, as discussed above, the CVP deliveries will

not increase as a result of approving the CPOU petition.

                                                
67 The JPOD petition, not the CPOU petition, is related to export quantities.  The potential for increases in water
exports resulting from approval of the JPOD is discussed in Part 11 of this decision.
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Based on the foregoing, the SWRCB finds that the consolidation of the places of use under the

sixteen CVP permits will not cause injury to other legal users of water.  Accordingly, the

consolidation is approved.

12.4.2 Effects of Including the Encroachment Lands in the Place of Use

The current places of use of the USBR’s sixteen permits subject to the petition do not include all of

the places where the USBR currently delivers CVP water.  The USBR seeks to have these

additional places added to the overall place of use of all sixteen permits.

Three of the parties who opposed consolidating the place of use also opposed increasing the place

of use to include the encroachment areas.  These parties are Trinity Co., SDWA, and CDWA.  The

objections of these parties were the same as their objections regarding the consolidation of places

of use.  As is the case with consolidation of the places of use, there is no evidence in the record

that shows there will be an increase in the diversion and use of water by the CVP as a result of

including the encroachment areas in the place of use.  These areas already are being served, and

because of other constraints on the ability of the CVP to deliver water, deliveries are not expected

to increase as a result of adding the encroachment areas to the place of use.  Nor, as discussed

above, will the diversions from the Trinity River be increased by this change.

The parties receiving water from the CVP generally supported increasing the place of use to

include areas currently receiving CVP water.  Some supported additional increases as well.  As

discussed above, however, the CPOU EIR analyzes the environmental effects of expansion at the

programmatic level, which does not provide enough information to approve the expansion areas

under CEQA.  Accordingly, the expansion areas cannot be added to the CVP place of use at this

time.  Expansion areas can be added on a case-by-case basis in the future, subject to appropriate

CEQA documentation and the approval of the SWRCB under Water Code section 1700, et seq., or

other provisions of the Water Code.

For the same reasons that the consolidation of places of use will not cause injury to other legal

users of water, adding the encroachment lands will not cause injury to other legal users of water.

Therefore, this decision approves the addition of all of the encroached lands to the CVP place of

use.  As discussed in Part 14 of this decision, the USBR will be responsible for mitigating the
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environmental effects of this change unless USBR demonstrates to the SWRCB that the

encroachment is not subject to CEQA because it occurred before the effective date of CEQA, or

that an exemption from mitigation requirements is justified because the impacts of encroachment

have already been mitigated.  The figures attached to this decision depict the overall place of use

of the sixteen CVP permits and the nineteen contractors’ service areas where encroachment has

occurred.  The figures show the place of use with and without approval of the encroachment areas.

The San Luis Water District argued that the SWRCB should not require mitigation of

encroachment addressed in a prior CEQA document.  This decision does not require mitigation

where, based on CEQA or other applicable requirements, the impacts of encroachment have

previously been mitigated.  The existence of a prior CEQA document that addresses a project

involving some of the encroachment lands, by itself, does not preclude this decision from requiring

mitigation for that encroachment.  This decision requires mitigation based on the SWRCB’s

authority to protect public interest and to protect public trust uses, and not solely on CEQA

requirements.  In addition, this decision involves a different project, because it applies to

encroachment lands in all areas of the State receiving CVP water, than other projects that may

have been addressed by prior CEQA documents but involve service within individual water

districts.  Even if the same project were involved for purposes of CEQA, the SWRCB could be

held responsible for adopting appropriate mitigation requirements for any impacts identified as

significant in the CPOU EIR, including impacts that were not treated as significant in a prior EIR

certified by another agency.  The current law establishing a conclusive presumption that an EIR is

adequate for use by a responsible agency if no action is commenced during the allowable time

period for challenging the lead agency’s action did not take effect until 1978, and would not apply

to earlier CEQA documents.  (See Pub. Resources Code § 21167.2; Stats. 1977, c. 1200, p. 4004,

§ 18.)

12.4.3 Effects of Changing the Purposes of Use

Currently, the purposes of use among the USBR’s sixteen permits subject to the CPOU petition are

not uniform.  Among the sixteen permits, the existing purposes of use are irrigation (12 permits),

domestic (12 permits), municipal (7 permits), industrial (7 permits), fish and wildlife enhancement

(2 permits), salinity control (3 permits), water quality control (4 permits), stock watering

(3 permits), and recreation (8 permits).  (SWRCB 2, Table 3-2, pp. [3-7]-[3-8].)  Changing the

purposes of use as petitioned would have the effect of making the permits consistent with the
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USBR’s current operations, in which the USBR operates the CVP as an integrated project.  It

would allow the USBR to deliver water for irrigation, for example, under four permits to

appropriate water from the American, Sacramento, and Trinity rivers, and from Rock Slough in the

Delta.  It would allow the USBR to deliver water for municipal use from these sources under nine

of the sixteen permits subject to the change petition.  It also would allow the USBR to maintain

control over water it releases into a river for fish and wildlife enhancement, as in the case of the

releases to be made for the VAMP experiment discussed in Part 6 of this decision.68

WWD objects to changing the purposes of use of the permits, arguing that this would cause injury

to it and other CVP contractors.  WWD argues that CVP contractors are legal users of water

entitled to the protection of Water Code section 1702.  As discussed below, however, a person or

entity can use water legally without being a “legal user of water” within the meaning of

Water Code section 1702.  WWD further argues that if the changes in purposes of use are

approved the USBR will reduce the amount of water delivered to the contractors and will use the

remaining water for other purposes.  WWD argues that its water supply will be reduced because

the USBR will use water that otherwise would be delivered to WWD for purposes of meeting

requirements under the federal Endangered Species Act and under the 1992 Central Valley Project

Improvement Act.  In reply briefs, WWD was joined in its contentions by several of the other CVP

contractors in the San Joaquin Valley.  SDWA takes the position, without specifying any particular

harm, that changing the purposes of use would allow the USBR meet new obligations under

federal law instead of meeting existing obligations, and claims that this will occur at the expense

of other parties.  SDWA has not established that the change of purpose of use will injure any water

rights it may have.  Accordingly, this decision does not include further discussion of SDWA’s

position.

Before examining whether CVP contractors are legal users of water entitled to protection under

Water Code section 1702, this decision examines whether the petitioned change in purposes of use

would be the cause of the effects WWD asserts will occur.  Whether or not the CVP contractors

                                                
68  Specifically, the releases of CVP water to be made by the Exchange Contractors under the SJRA and for the
purpose of the recirculation study required by this decision will require that CVP water be released into the
San Joaquin River for the purpose of fish and wildlife enhancement.
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are entitled to protection under section 1702, the SWRCB has authority to apply public interest

considerations to its decisions.

WWD’s witness testified that WWD had received its full contractual allotment of 1,150,00069 afa

of CVP water in most years prior to enactment of the federal Central Valley Project Improvement

Act (CVPIA) (Pub. L. 102-575, 106 Stat. 4600, § 3402) in 1992.  Since 1990, WWD has received

full deliveries only in 1996 and in 1999. (WWD 14, p. 5; 10, p. 2.)  WWD presented evidence to

show that since enactment of the CVPIA, it expects reductions in its CVP supply even in wet

years, averaging 25 to 35 percent.  (WWD 7, p. 2; 10, p. 5.)  Federal Endangered Species Act

requirements commencing in 1992 also caused reductions in the supply.  (WWD 14, p. 6; 10, p. 2.)

WWD blames the reductions in supply it has experienced since 1992 on USBR’s use of water for

fish and wildlife enhancement.

In response to WWD’s assertions regarding the cause of reductions in CVP water supplies, USDI

makes two points:  (1) The SWRCB’s approval of the petitioned change of purpose of use will not

involve an actual change in the ongoing operation of the CVP, since it is impractical for the USBR

to tie each purpose of use to a specific permit.  (R.T. 12336.)  (2) The CVP contractors, including

WWD, are not entitled to a fixed supply of water in every year under their contracts. USDI pointed

out that the contracts and the provisions of the Barcellos judgment expressly allow the USBR to

reduce deliveries because of a shortage resulting from any cause.  USDI interprets the contracts as

allowing it to reduce water deliveries to its contractors when it is required to do so under federal

laws.70  The contractual requirements are a federal law matter between the USBR and the

contractor.  We note, however, that a federal court has addressed this issue with respect to the

delivery of water to Area I of WWD, and has held that the USBR is not liable for damages arising

from shortages in water deliveries resulting from any cause.  (O’Neill v. United States (1995) 50

F.3d 677.)

                                                
69  WWD’s contractual allotment is in two parts: a 1963 contract for 900 taf and a judgment in Barcellos and Wolfson,
Inc. v. Westlands Water District, Civ. No. F-79-106 EDP (E.D. CA) that provides WWD an additional 250 taf.
70  The water right permits held by the USBR pursuant to the water right decisions cited by WWD all recognize that
deliveries of water by the USBR to public agencies are subject to the contractual provisions between the USBR and
the public agencies.  (SWRCB Decisions 893, at term 16; 990 at term 29, and 1020 at term 13.)
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USDI argues that the USBR is subject to Congressional directives under both the CVPIA and the

federal Endangered Species Act (16 U.S.C. § 1531, et seq.).  These laws, and actions that have

been taken under these laws, require the USBR to deliver certain quantities of water to wildlife

refuges and wildlife management areas and to forego certain water diversions.  USDI argues that

the SWRCB should approve the petitioned changes so that in satisfying its obligations under

federal law, the USBR operates consistently with its water right permits.  In effect, USDI is saying

that it is required by federal law to operate in a way that causes shortages of water deliveries to its

contractors, and that it will continue to do so whether or not the SWRCB approves the petitioned

changes in purpose of use.  If the USBR is bound by federal law to operate in this manner, the

SWRCB’s approval of the changes cannot be the cause of the shortages.  Considering the potential

for federal preemption of state requirements, the SWRCB herein examines the state laws and

permit requirements as well as federal requirements.

WWD argues that the CVPIA does not preempt Water Code section 1702.  (WWD ignores,

however, any preemptive effect of the federal Endangered Species Act, which has played a major

role in USBR’s increased use of water for fish and wildlife purposes.)  In the absence of a federal

preemption, USBR is required, by section 8 of the Reclamation Act of 1902 (43 U.S.C. § 383) to

comply with the requirements of state law.  (See California v. United States (1978) 438 U.S. 645,

674.)  Section 3411 of the CVPIA provides:

“Notwithstanding any other provision of this title, the Secretary shall, prior to the
reallocation of water from any purpose of use or place of use specified within
applicable Central Valley Project water rights permits and licenses to a purpose of
use or place of use not specified within said permits or licenses, obtain a
modification in those permits and licenses, in a manner consistent with the
provisions of applicable state law, to allow such change in purpose of use or place
of use.”  (CVPIA, Pub. L. 102-575, 106 Stat. 4600, § 3411(a).)

In effect, the USBR is seeking herein to satisfy this requirement.

Turning to the no-injury rule in section 1702, two questions arise.  First, does the USBR require a

change in purpose of use if it foregoes diversions or abandons water it has previously

appropriated?  If it does not require a change, then approving the change in purpose of use will not

harm the CVP contractors.  Second, are CVP contractors protected from changes in the amount of

their contractual water supplies by Water Code section 1702?
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Regarding the first question, in some circumstances the USBR would not need changes in its water

right permits before it could release flows or change its operations to benefit fish and wildlife.  A

water right permit is an authorization to take and use water only to the extent and for the purpose

allowed in the permit.  (Wat. Code § 1381.)  Water right permits establish limits on taking and

using water through terms and conditions.  Terms and conditions establish the maximum amount

of water that can be taken and used, subject the permitted diversions to the rights of senior water

right holders, specify where water can be diverted and used, specify the purposes for which it can

be used, and establish other limits.  A permit does not, however, require that a permittee take or

use the water authorized under the permit.71

Thus, in the absence of a federal preemption of permit terms restricting the purpose of use, the

USBR could, at least for a period of time, meet some of its federal obligations to protect fish and

wildlife.  For example, such obligations might include actions that involve releases of water into a

river, where the USBR abandons the water and does not attempt to subsequently reclaim the water,

or actions in which, through its operations, it foregoes diverting water that is available to it.  The

disadvantages of this approach are (1) the USBR could not object if a junior appropriator

downstream of the point of abandonment took the water and used it, and (2) in the absence of a

water right change that adds a purpose of use for fish and wildlife enhancement, the USBR could,

over time, forfeit a portion of its water rights.  (Wat. Code § 1241.)

Regarding the second question, WWD argues that it is the water right holder, and that the USBR is

merely a trustee.  Trustee language appears in only one of the water right decisions cited by

WWD, SWRCB Decision 893 (D-893). In D-893, both permits for the Folsom Project are granted

to the United States as “trustee for the benefit of the public agencies of the State together with the

landowners and water users within such public agencies as shall be supplied with the water

appropriated under the permits.”  These are the only permits cited by WWD in which the United

States is designated as a trustee, and the language in these permits indicates that the trust

                                                
71  The remedies for not using a permit are that the SWRCB will either revoke the permit or find that the water right
has reverted, making the water available for another water right applicant.  (Wat. Code §§ 1241 and 1410 et seq.)  A
water right does not revert in less than five years, however, and the SWRCB’s decision as to the existence of a
reversion is discretionary.  Likewise, the SWRCB’s revocation of a permit is discretionary.  In either case, the facts
and circumstances would be considered in reaching a decision.
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responsibility extends not just to the recipients of water, but to all the public agencies of the state.72

WWD relates the trustee designation to statements in Ivanhoe Irr. Dist. v. All Parties and Persons

(1957) 47 Cal.2d 597, 625-626 [306 P.2d 824] rev’d 357 U.S. 275 [78 S.Ct. 1174]. (Ivanhoe

involved a contract dispute in which the USBR had made a contract but had not yet obtained a

water right.)  In Ivanhoe, the California Supreme Court stated in dicta that the state of California is

a trustee for the benefit of the people of the state, all of whom are water users.  The court went on

to say that if the United States administers the trust by developing, conserving, and distributing

water, it steps into the shoes of the state as a trustee.  D-893 was adopted in the year following the

California Ivanhoe decision.  Thus, the trustee status accorded to the USBR in D-893 apparently is

meant to place the USBR in the shoes of the State of California, which has statutory and common

law public trust responsibilities.  These responsibilities are not the trust responsibilities of a

fiduciary acting for the benefit of another, but are governmental responsibilities that include the

ability to choose among actions to carry out the greater public benefit.  (National Audubon Society

v. Superior Court (1983) 33 Cal.3d 419, cert. denied, 464 U.S. 977.)  Accordingly, the trust

language is of no help to WWD in claiming the USBR’s water rights.

Title to the water rights under the permits is held by the USBR.  The USBR obtained many but not

all of the water right permits that are subject to the change petition pursuant to SWRCB Decisions

893, 990, and 1020.  These decisions adopt numerous permit terms.  WWD argues that terms

common to these decisions provide that the right to use the water for irrigation shall be appurtenant

to the land on which it is applied, and that because the right to use water for irrigation is

appurtenant to the land where it is used, the contractors hold the water right.  Except in the case of

the two Folsom permits (Permits 11315 and 1131673), the permit terms cited by WWD accord this

appurtenant aspect only to irrigation use and not to municipal, stock watering, domestic, industrial,

or other uses.  In each case, the permit terms that address appurtenance provide, “shall be

appurtenant to the land on which said water shall be applied, subject to continued beneficial use

                                                
72  These permits include a term that restricts the place of use, until 1968, to Placer, Sacramento, and San Joaquin
counties, to give these counties an opportunity to execute contracts with the USBR before other areas are served on a
permanent basis.  WWD is not located in these areas, so it is arguable that WWD would not be the intended primary
beneficiary of any trust responsibility.
73  Permit 11316 does not include irrigation as a purpose of use.
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and the right to change the point of diversion, place of use and purpose of use, as provided in

Chapter 10 of Part 2 of Division 2 of the Water Code of the State of California, . . .”

An appurtenance is a right, privilege, or property that is incidental to the enjoyment of a more

important right, such as land ownership.  (American Heritage Dictionary, 2d College Ed.; Black’s

Law Dictionary, Rev’d 4th Ed.)  In contrasting a riparian right with an appropriative right, the

California Supreme Court has stated:  “The right to the waters of a stream is real property, a part of

the realty of the riparian lands originally, and a part of the realty as an appurtenance to any other

lands to which it may be rightfully taken when the riparian rights have been divested in favor of

the user on nonriparian land.”  (Palmer v. Railroad Commission (1914) 167 Calif. 163, 173 [138

P. 997, 1001].)  It is apparent that the court believed that an appropriative right is not part and

parcel of the land, while a riparian right is part and parcel of the land.  Consistently, the law of

appropriative rights does not require that an appropriator own the land on which water is used.

(See, generally, Hutchins, The California Law of Water Rights (1956) pp. 70-71.)  In particular, an

appropriator can appropriate water that the appropriator does not use, but rather provides to

another.  (Joerger v. Pacific Gas & Elec. Co. (1929) 207 Cal. 8, 34, 276 Pac. 1017.)  Thus, even if

water use is appurtenant to the enjoyment of a particular property, that does not mean that the

owner of that property is the water right holder.74  Further, the permit language does not dictate the

quantity of water to be delivered to any end user.  An appurtenance can remain appurtenant even if

it is diminished.  In effect making the water right appurtenant to land insofar as it is used for

irrigation is a designation of a place of use of the water.

The phrase that follows the appurtenance language in each of the cited decisions is instructive.  It

provides that the right is “subject to continued beneficial use and the right to change the point of

diversion, place of use, and purpose of use, as provided in Chapter 10 of Part 2 of Division 2 of the

Water Code of the State of California . . . .”  Under the terms of Water Code section 1700 et seq.,

                                                
74  In another context, the Court of Appeal recognized that the USBR is the water right holder.  (County of San Joaquin
v. SWRCB (1997) 54 Cal.App.4th 1144 [63 Cal.Rptr.2d 277].)  The court observed:  “appellants assert the Bureau
‘holds only legal title to the water’ and ‘has no substantial interest in the water,’ emphasizing the Bureau ‘uses no
water.’  The argument is highly misleading:  the fact the Bureau does not consume water is not synonymous with
having no substantial interest in the water.  The Bureau has appropriative water rights in the Central Valley Project.
(United States v. State Water Resources Control Bd. (1986) 182 Cal.App.3d 82, 106, 227 Cal.Rptr. 161.)  The Bureau
owns the CVP facilities, has operational control and responsibilities relating to flood control, water supply, power
generation, and fish and wildlife mitigation.”  (Id. at 1156 n. 12 [63 Cal.Rptr.2d at 285 n. 12].)
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only water right holders are able to change their use of water.  In this context, the permit term

clearly contemplates that the USBR will be able to change its use of water under state law.  This is

a further affirmation that the USBR is the water right holder.

Finally, federal law does not support WWD’s argument.  Under Israel v. Morton (9th Cir. 1977)

549 F.2d 128, 132, there can be no vesting of state law water rights by beneficial users of

federally-provided water.  In Israel, the court drew a distinction between appropriation of water

from the natural watercourse and the receipt of developed water from the United States.  The court

stated that the terms upon which the water can be put to use, and the manner in which rights to

continued use can be acquired are for the United States to fix.  Finally, title to the water rights

under the permits is held by the USBR, not by the contractors.  (Ivanhoe Irrigation Dist. v.

McCracken (1958) 357 U.S. 275, 290-291 [78 S.Ct. 1174, 1183]; Ivanhoe Irrigation Dist. v. All

Parties and Persons (1960) 53 Cal.2d 692, 703-704, 715-716 [350 P.2d 69, 75, 82-83, 3 Cal.Rptr.

317, 323, 330-331].)

Taken to its logical end, WWD’s argument that the end users of water are the water right holders

would mean that instead of having a relatively few water purveyors subject to statewide regulatory

authority of the SWRCB, there would be millions of water right holders.  Instead of regulating the

purveyors of water, the SWRCB would regulate the use of water at the end of pipes and canals in

individuals’ homes, businesses, and farms.

In view of the foregoing discussion, the SWRCB finds that section 1702 is not an appropriate basis

for WWD to raise this issue, which essentially is a dispute between a contractor and its water

supplier.  This decision does not preclude water service contractors from protesting changes in

existing water rights or applications for new water rights.  Such contractors can file protests based

on public interest grounds or on environmental and public trust grounds.  Water service contractors

may also file protests based on injury to the water right holder on whom they rely for deliveries

under their water service contracts.  Application of the “no injury” rule is not the proper basis for

determining contractual or other claims between a water service contractor and the water right

holder who supplies water under contract where those claims are not based on the proprietary

water rights of the water service contractor.  Where a water right holder proposes or agrees to a

change, there can be no injury to that water right holder.  Therefore, where a change is proposed

by a water right holder, any protest based on the potential for reduced deliveries to water service
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contractors, whose contractual entitlements are dependent on the water rights of the water right

holder, must be based on other legal grounds.  The petitioned change of purpose of use will allow

the USBR to operate efficiently without violating its water right permits.  Accordingly, the

petitioned change of purpose of use is approved.

13.0 RESPONSIBILITIES OF DWR AND USBR

The primary subject of the Bay-Delta Water Rights Hearing is the assignment of responsibility for

meeting the objectives in the 1995 Bay-Delta Plan.  Another subject is whether and under what

conditions to extend the changes in the water rights of the DWR and the USBR under Order WR

95-6 (extended by Order WR 98-09).  Order WR 98-09 will expire on December 31, 1999.  The

responsibilities of the DWR and the USBR were addressed throughout the seven phases of hearing

conducted so far.  Other parts of this decision address a number of responsibilities of the USBR

and the DWR for meeting objectives in the 1995 Bay-Delta Plan.  Nevertheless, the operational

objectives and some of the flow-dependent objectives that were changed in the 1991 water quality

control plan or in the 1995 Bay-Delta Plan are not directly addressed in other parts of this decision.

Orders WR 95-6 and WR 98-09 temporarily replaced the requirements in D-1485 for striped bass

spawning, Suisun Marsh, and operational constraints (export rates and Delta Cross Channel

Operations) with objectives from the 1995 Bay-Delta Plan.  The additional flow-dependent

objectives for fish and wildlife currently are being met by the DWR and the USBR pursuant to

their obligations under the state and federal Endangered Species Acts.  The questions addressed in

this part of this decision are (1) which of the otherwise unallocated objectives should be

implemented permanently by the DWR and the USBR, and (2) should the DWR and the USBR be

required, in the interim until the responsibilities to meet the flow-dependent objectives are

permanently allocated, to implement all of the flow-dependent objectives that are not allocated to

another party in this decision?

With the certification of a final EIR that addresses implementation of the changes the SWRCB

made in these objectives when it adopted the 1995 Bay-Delta Plan, these revised objectives can

now be made a permanent part of the water right permits of the DWR and the USBR.  The

objectives in the 1995 Bay-Delta Plan have been determined to ensure the reasonable protection of

beneficial uses and the prevention of nuisance.  (Wat. Code section 13241.)  The flow-dependent

objectives, including the objectives for operational constraints, in the 1995 Bay-Delta Plan are to

be implemented through amendments to existing water rights.
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The remaining phase of hearing, Phase 8, will address the responsibilities to provide water to meet

the flow-dependent objectives in the Delta.  The question for Phase 8 will be how to allocate that

responsibility among the parties in the watersheds where this decision does not establish or

eliminate either long-term or permanent responsibilities for all of the parties.  Stated another way,

what part of the flows, if any, currently being provided by the DWR and the USBR should instead

be provided by other parties?

13.1 Responsibility for Meeting Objectives Requiring Operation of Facilities

Only the DWR and the USBR can implement the objectives for operational constraints in the 1995

Bay-Delta Plan.  The objectives for export pumping rates are the responsibility of each of the two

projects at their respective facilities.  The objectives for Delta Cross Channel operation are the sole

responsibility of its owner, the USBR.  The DWR and the USBR have been operating in

accordance with these objectives since the SWRCB adopted the 1995 Bay-Delta Plan.

The evidence in the record supports making these changes permanent.  Accordingly, this decision

amends the permits of the USBR that include diversion of water through the Delta Cross Channel

and the permits of both the USBR and the DWR that include diversions of water in the southern

Delta to require that the Delta Cross Channel objectives and the objectives for export pumping

rates be met.

13.2 Responsibility for Meeting Flow Objectives

The DWR and the USBR currently have the responsibility to meet all the flow-dependent

objectives adopted by the SWRCB in the 1978 water quality control plan for the Delta and for

Suisun Marsh.  This responsibility is pursuant to D-1485 and, for the Vernalis salinity objective,

D-1422.  Interim SWRCB Order WR 95-6, followed by interim Order WR 98-09, requires the

DWR and the USBR to meet some but not all of the changes in the flow-dependent objectives

adopted by the SWRCB in the 1995 Bay-Delta Plan.  As discussed above, the flow-dependent

objectives are to be met through amendments to existing water rights.  The DWR and the USBR

are meeting the remaining objectives as part of their current obligation under the federal and state

Endangered Species Acts.  It is in the public interest that these objectives continue to be

implemented while the SWRCB conducts further proceedings to reach a final determination as to

the responsibilities of parties to help meet these objectives.  Meeting these objectives protects fish



132.

and wildlife in the Bay-Delta Estuary, and ensures that water users such as CCWD who divert

water from the Delta continue to receive water of adequate quality and quantity.  For example,

meeting the objectives ensures that water users whose authorization to divert water is dependent on

the position of X2 are not prevented from diverting water because of a failure to implement the

Delta outflow objective.

Therefore, on an interim basis, this decision requires that the DWR and the USBR meet all

flow-dependent numeric objectives in the 1995 Bay-Delta Plan that are not assigned to other

parties.  This includes the Delta outflow objectives and the flow objectives at Rio Vista on the

Sacramento River, and requires the USBR to meet the flow objectives at Vernalis except for the

April/May pulse flows, which are addressed elsewhere in this decision.

Shortly after this decision is adopted, the SWRCB intends to commence Phase 8 of the Bay-Delta

Water Rights Hearing to determine the permanent allocations of responsibility with respect to the

Sacramento River basin, the Cosumnes River, and the Calaveras River to meet the flow-dependent

objectives.  The SWRCB will consider a permanent allocation of responsibility with respect to the

San Joaquin River basin after the SJRA has expired.  The allocation of responsibility in this

decision for the Mokelumne River is permanent and will not be revisited in the current proceeding.

14.0 COMPLIANCE WITH THE CALIFORNIA ENVIRONMENTAL QUALITY ACT

14.1 Environmental Documentation for Responsibilities to Meet Objectives in the 1995
Bay-Delta Plan

Under the California Environmental Quality Act (CEQA), the SWRCB is the lead agency for

preparation of environmental documentation for the actions taken in this decision.  This decision

conditionally approves the petitions for change of place of use and purpose of use of water

appropriated by Merced ID, OID/SSJID, and TID/MID; conditionally approves the joint petition

filed by the DWR and the USBR for combined points of diversion in the Delta; and conditionally

approves the petition for change in place and purpose of use and extension of time filed by the

USBR.  This decision also continues the responsibility of the DWR and the USBR to meet the

objectives in the 1995 Bay-Delta Plan.  Two EIRs prepared by the SWRCB cover the actions taken

in this decision.  One EIR (referred to as EIR) addresses (1) alternatives for assigning

responsibility to water right holders in the watershed of the Bay-Delta Estuary to meet the flow,

operational, and water quality requirements in the 1995 Bay-Delta Plan and (2) the combined use
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of the CVP and the SWP points of diversion in the Delta.  The other EIR prepared by the SWRCB

addresses a petition to change the places and purposes of use of water right permits held by the

USBR for the CVP (referred to as CPOU EIR).

Although the Bay-Delta EIR analyzes the effects of several alternatives for assigning responsibility

to water right holders in the watershed of the Bay-Delta Estuary, this decision does not cover all of

the potential assignments of responsibility discussed in the Bay-Delta EIR.  CEQA contemplates

that serial decisions may be made relying upon a single EIR.  (Cal. Code Regs., tit. 14, §§ 15165,

15168.)  The findings in Part 14 of this decision address only the environmental effects of the

actions taken in this decision.  Despite the concerns voiced by some parties whose responsibilities

have not yet been addressed or have not been finally addressed, the determinations herein under

CEQA apply only to the actions taken in this decision and do not apply to any future decision on

the overall project described in the Bay-Delta EIR.  With respect to actions taken in any future

SWRCB decision that relies upon the Bay-Delta EIR certified on December 29, 1999, or upon the

December 29, 1999 EIR and a supplement, a new limitations periods will commence at the time of

each future decision for parties to request reconsideration of the decision by the SWRCB and to

seek judicial review of the decision based on any causes of action under either CEQA75 or under

provisions governing petitions for writ of mandate.  When the SWRCB adopts a new decision that

is subject to CEQA, the SWRCB will file a new notice of determination under CEQA.  Any new

notice of determination for a decision that relies on the Bay-Delta EIR certified on

December 29, 1999, or on that EIR as supplemented, will state that the Bay-Delta EIR is relied

upon by the SWRCB in adopting the decision.

Two environmental documents address the environmental effects of the proposed changes in place

of use and purpose of use submitted by Merced, OID/SSJID, and TID/MID.  These documents are

a final Environmental Impact Report/Environmental Impact Statement (EIR/EIS) prepared by the

proponents of the SJRA, which the SJRGA certified in early April 1999.  (SJRGA 103A.)  The

second document is the EIR prepared by the SWRCB. (SWRCB 1e.) Under the EIR/EIS, the

USBR filed a record of decision for the project on April 12, 1999.  On February 19, 1999, the

                                                
75  A cause of action under CEQA filed by a party seeking judicial review may include, but is not limited to, any
challenge regarding the adequacy of the Bay-Delta EIR, as it may be supplemented, to support the decision.
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SJRGA approved the project and made findings regarding the significant environmental impacts of

the project pursuant to 14 Cal. Code Regs. Section 15092.  (SJRA 112b.)  The SJRGA filed a

notice of determination with the State Clearinghouse on February 26, 1999.  (SJRGA 112a.)

On July 27, 1995, the SWRCB distributed a Notice of Preparation of an EIR for the development

of a water right decision to implement requirements for the 1995 Bay-Delta Plan and for the

petition for JPOD.  The SWRCB held public workshops on four days in August, September, and

November 1995.  Based on comments received at these workshops, the SWRCB issued a revised

NOP in December 1995.  The SWRCB held additional workshops throughout 1996.  The SWRCB

released the DEIR for Implementation of the 1995 Bay-Delta Water Quality Control Plan,

Volume I (Chapters I through XII) in November 1997.  The SWRCB released Volumes II

(Chapter XIII - Alternatives for Implementing the Joint Points of Diversion76) and

III (Appendices) on December 15, 1997.  The SWRCB circulated the DEIR to interested parties

for a 45-day review commencing with the release of Volumes II and III, with comments due by

January 30, 1998.  The SWRCB subsequently extended the comment period on the DEIR to

April 1, 1998.  The SWRCB released Volume IV of the Draft EIR on May 26, 1998.  Volume IV

revises Chapters V, VI, and XIII of the earlier volumes.  Comments on Volume IV were due by

July 13, 1998.  The SWRCB received 104 comment letters on the Draft EIR, on behalf of 125

parties.  The SWRCB reviewed and prepared responses to all comments on the environmental

effects of the proposed project, and on November 15, 1999, the SWRCB released a final EIR

consisting of three volumes: (1) the final EIR, (2) technical appendices, and (3) responses to

comments.  The final EIR was certified immediately preceding adoption of this decision.

The County of Trinity and the RCRC argued that the DEIR is inadequate with respect to the JPOD

because it does not address impacts of approving the petition on the Trinity River.  In response, a

USBR witness testified that the Trinity River is operated to meet the water quality objectives and

the federal flow requirements for the Trinity River.  (R.T. p. 12203.)  All of the JPOD alternatives

assume that minimum instream flow requirements in the Trinity River are 340 taf per year.  (R.T.

p. 12204; SWRCB 75a, b, k-q.)  The operation of Trinity Reservoir affects the amount of water

                                                
76  The USBR prepared the draft of Chapter 13 of the EIR, which addresses the JPOD.
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available to the Central Valley portion of the CVP.  If the minimum instream flows of the

Trinity River are increased, less water will be available to divert from the Trinity River to the

Sacramento River and thus to CVP contractors through the JPOD.  Therefore, the Trinity River

flows are expected to have an effect on the JPOD, but the JPOD is not anticipated to have an effect

on Trinity River flows.  Furthermore, deliveries under the range of alternatives in the FEIR, with

the exception of JPOD Alternative 8, are all less than the deliveries authorized by D-1485.

Therefore, no adverse impact to the Trinity River will occur.  JPOD Alternative 8 assumes a year

2020 level of demand.  (SWRCB 75.)  The other JPOD studies assume a 1995 demand level.

(SWRCB 75.)  Even with the additional demand, use of the JPOD is not expected to affect Trinity

flows because the USBR operates Trinity Reservoir to meet the flow requirements.

DFG argued that the DEIR was inadequate because it did not evaluate impacts to temperature or to

spring-run salmon.  The FEIR includes the requested evaluation.

CDWA argues that the base case in the EIR should include export restrictions imposed by the

USFWS service in its biological opinion for Delta smelt and water dedicated to the environment

under the CVPIA.  The base case does not include the export restrictions imposed by the USFWS

because the restrictions could change at any time in response to changes in operations plans used

by the USBR and the DWR.  The rules for dedicating water to the environment under the CVPIA

have changed during the course of the Bay-Delta Water Rights Hearing.  The base case represents

the permanent circumstances that would exist in the absence of the current temporary fixes.

EDF argued that the DEIR identified significant impacts of unrestricted use of the JPOD, and that

restrictions should apply.  The impacts to the environment of approving the JPOD are discussed in

Part 10 of this decision.  The USBR’s position is that the environmental effects of approving the

petition are adequately disclosed in the Draft EIR.  (USDI 10, p. 3.)  The USBR presented

evidence to show that approval of the JPOD, by itself, will not result in an unreasonable effect on

the environment.  (USDI 10, pp. 5, 8; USDI 11, p. 2.)  The SWRCB finds that the environmental

effects of the JPOD are adequately disclosed in the EIR.
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14.2 Environmental Documentation for Changes in Places and Purposes of Use of CVP
Water Right Permits

On December 1, 1986, the SWRCB issued a Notice of Preparation of an EIR for a petition filed by

the USBR to change the places and purposes of use of the CVP water right permits (CPOU EIR).

On December 11, 1997, the SWRCB released a DEIR addressing the pending petition.  The DEIR

was circulated to interested parties with a 45-day comment period that ended on January 30, 1998.

The SWRCB received 54 comment letters.  The SWRCB reviewed and prepared responses to all

comments on the environmental effects of the proposed project.  On November 15, 1999,the

SWRCB released a final CPOU EIR that incorporated responses to comments on the DEIR.  The

final EIR was certified immediately preceding adoption of this decision.

In the Final CPOU EIR, corrections have been made to the authorized place of use boundary.

(SWRCB 2a, pp. 2-1 to 2-51.)   These corrections modify the acreage of land located outside the

POU as presented in the DEIR. All values presented in the final EIR reflect the mapping

corrections to the existing authorized POU boundary.  While the encroachment acreages have

decreased from the DEIR to FEIR due to the new GIS mapping, the CEQA findings regarding

significant effects resulting from encroachment remain unchanged. (SWRCB 2a, pp. 2-53 to 2-55.)

Unless the USBR demonstrates to the SWRCB that some of the encroachments resulting from

CVP deliveries are not subject to CEQA, or have been mitigated, the USBR will be required to

mitigate for all the encroachment land that was first converted to irrigated agriculture due to CVP

water deliveries.

The CPOU EIR is both a programmatic and project-specific environmental document.  Two levels

of analytical detail were used because of differing levels of information available to characterize

impacts to the encroachment lands versus the expansion lands.

1. Impacts to encroachment lands were discussed at the project-specific level because

they have occurred and the impacts can be readily identified and characterized.

2. Potential impacts to expansion lands were discussed at a programmatic level because

the locations of future deliveries of CVP water cannot be readily determined at this

time and would require speculation.  Prior to SWRCB authorization to deliver CVP

water to expansion lands, more detailed site-specific environmental documentation
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meeting CEQA requirements may be required of the water districts or local land-use

authorities.

14.3 Significant Environmental Effects of This Decision

CEQA establishes a duty for public agencies to avoid or minimize environmental damage if

feasible.  (Cal. Code Regs., tit. 14, § 15092.)  If a final EIR identifies one or more significant

environmental impacts of a project, a public agency must make written findings for each

significant impact and must explain each finding.  (Cal. Code Regs., tit. 14, § 15091.)  In deciding

whether and how to approve the project, the SWRCB must consider the environmental effects of

the project as disclosed in the final EIRs.  The SWRCB is responsible for mitigating or avoiding

only the environmental effects of the parts of the project it decides to approve.  The SWRCB must

make findings of overriding considerations for effects within its responsibility that it cannot avoid

or mitigate.  (Cal. Code Regs., tit. 14, § 15093.)

Public Resources Code section 21081.6(a) requires that if a public agency makes changes or

alterations in a project to mitigate or avoid the significant adverse environmental effects of the

project, it must adopt a monitoring or reporting program to ensure compliance with the changes or

alterations.  This decision contains terms and conditions to implement a mitigation and monitoring

plan for identified significant environmental effects that are within the SWRCB’s responsibility.

Additionally this decision requires the DWR and the USBR to report to the Chief of the Division

of Water Rights annually on their activities under the mitigation and monitoring plan and on the

implementation of each mitigation measure.  This decision also indicates which mitigation

measures are not within the SWRCB’s authority to implement.  Finally, this decision identifies

significant effects on the environment that are unavoidable but are acceptable due to overriding

considerations.

The CPOU EIR analyzes and discloses the significant environmental effects of the USBR’s

petition to consolidate and conform 16 of its Central Valley Project (CVP) water rights permits.

The final CPOU EIR: (1) identifies and considers the environmental consequences of

implementing the pending petition and alternatives; (2)  identifies measures to mitigate or avoid

potential significant adverse effects on the environment and (3) identifies actions that require

additional or subsequent environmental documentation associated with approving future site-
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specific changes to the place of use that are not known at this time to either the SWRCB or

Reclamation.

The final EIR addresses the environmental effects of implementing the project.  For the purposes

of CEQA, the project is defined as the adoption by the SWRCB of a water right decision that

(1) allocates responsibility to implement the objectives in the 1995 Bay-Delta Plan and (2) may

authorize the combined use of the DWR and USBR points of diversion in the southern Delta.  No

new impacts were disclosed in the final EIR that were not disclosed in the draft EIR.  The potential

adverse environmental effects of the project are discussed below.

This decision discusses the benefits and the potential adverse environmental effects, of installing

and operating barriers in the southern Delta.  The discussion of barriers in the final EIR is

programmatic.  The SWRCB will not take action regarding the barriers in this decision.

Additional environmental documentation for the barriers will be completed by the DWR and the

USBR, or by some other agency.  Actions that may be necessary to mitigate for construction and

operation of the barriers are the responsibility of other parties.

This decision also discusses the Suisun Marsh Preservation Agreement Amendment III as a means

of implementing the salinity objectives at compliance stations S-35 and S-97 in the Suisun Marsh.

This decision establishes a new effective date for compliance at these locations.  These objectives

will not take effect until after the SWRCB has conducted a periodic review of the 1995 Bay-Delta

Plan objectives.  As these objectives have never been implemented, an extension of time for

compliance will have no adverse effect on the environment.

14.3.1 Fish and Aquatic Resources

Export pumping by the SWP and the CVP adversely impacts fish and aquatic resources in the

Delta, including species listed under the state and federal Endangered Species Acts. Meeting the

flow objectives generally results in lower exports in the spring months than in the base case

(D-1485).  This should reduce entrainment at the project pumps and reduce the adverse effects of

reverse flows in the critical period for spawning and rearing of many aquatic species in the Delta.

However, in some months, the flow objectives result in higher Delta exports and greater reverse

flows than in the base case, which may result in increased entrainment of aquatic organisms at the

Delta export facilities.
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The abundance of many Delta species shows a significant positive relationship with Delta outflow

in the spring months.  In the spring months, Delta outflow under the flow objectives is greater than

in the base case, which may improve conditions for spawning and survival of aquatic resources.

Delta outflow generally is lower under the flow objectives in October through January than in the

base case, and thus may have an adverse impact.

Overall, implementation of the flow objectives is predicted to have beneficial effects on aquatic

resources due to changes in Delta outflow and exports, when compared to the base case.  Species

that may be benefited include: chinook salmon, steelhead, longfin smelt, Sacramento splittail,

starry flounder, Crangon franciscorum, and Neomysis mercedis.

Implementing the flow objectives may result in significant impacts to warm water reservoir

fisheries at one or more upstream reservoirs, due to reduced or more widely fluctuating storage

levels.

The JPOD may result in increased entrainment and other export-related effects in the Delta in the

July to January period (except September) due to increased Delta exports compared to Bay-Delta

Plan conditions without use of JPOD.  Survival of yearling spring-run chinook salmon emigrating

through the Delta may be reduced because their emigration period (fall and winter) coincides with

the period of increased exports.  However, exports would be reduced in the spring months under

the JPOD compared to the base conditions, potentially reducing entrainment in the critical period

for spawning, rearing, and outmigration of many aquatic species in the Delta.

The JPOD may also result in significant impacts to reservoir fisheries at one or more upstream

reservoirs due to reduced, or more widely fluctuating, storage levels.

Mitigation:  In general, impacts to reservoir fisheries are temporary and mitigable.  If significant

effects on reservoir fisheries are observed as a result of implementation of the flow objectives or

the JPOD, mitigation could include:  (1) additional fish planting, (2) habitat improvement through

planting of shoreline vegetation, (3) addition of habitat structures, or (4) improved management of

shoreline grazing practices.  This decision requires that the DWR and the USBR develop and
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implement an operations plan that will protect aquatic resources in upstream areas from impacts of

the JPOD.

If operations under the JPOD result in increased entrainment, regulatory constraints could be

applied to operations on a real-time basis to reduce or avoid impacts. This decision requires the

DWR and the USBR to develop and implement an operations plan to protect aquatic resources

from any significant impacts of increased exports.  The plan shall include a description of the

actions to be implemented to avoid, or minimize, the effects of JPOD operations if monitoring

indicates that impacts to important species are occurring, or are likely to occur.  Measures that can

be used to reduce or avoid entrainment include:  (1) switching diversions between SWP and CVP

facilities if entrainment is high at one of the facilities, (2) modification of required export/inflow

ratios, (3) re-operation of the Delta Cross Channel gates, (4) or reduction or termination of

increased exports resulting from use of the JPOD.

14.3.2 Terrestrial Endangered Species

The conversion of 45,390 acres of native vegetation for agricultural purposes in the Central Valley

was facilitated by the delivery of CVP water to certain water service contractors whose boundaries

are partially outside the authorized CVP place of use.  This land conversion has had adverse

impacts on plant and animal species formerly inhabiting those lands.

Mitigation:  As mitigation for delivery of CVP water to the encroachment lands, this decision

requires the USBR to provide compensation for lost habitat with the exception of any lands that

qualify for an exemption from CEQA because the encroachment occurred prior to the effective

date of CEQA or because the encroachment has been mitigated already.  Specifically, the USBR

must delineate existing habitats of the affected special status species and in consultation with the

DFG and the USFWS develop a mitigation plan satisfactory to the SWRCB.  This decision

requires that the mitigation plan be developed and completed on a specified schedule.  This

decision also requires a mitigation monitoring and reporting program to ensure continued

protection and enhancement of special status species.  This mitigation requirement is based both

on CEQA requirements and on the SWRCB’s authority to protect the public interest and to protect

public trust uses.



141.

14.3.3 Energy

Increased groundwater pumping to replace surface water supplies may result in increased pumping

lifts and increases in energy consumption.  Under the SJRA, water storage during peak power

producing months is reduced by up to 17 percent and Merced River flows are reduced in some

months of above normal water years.  Decreased storage at Lake McClure and reduced Merced

River flows significantly reduce the potential for power production.  Overall, the alteration of

hydroelectric power generation schedules along with increased groundwater pumping may result

in the increased consumption of fossil fuels, thereby increasing air pollution.

Mitigation:  These impacts can be partially mitigated through off-peak pumping operations and

use of alternative energy sources.  Impacts to reservoir storage in general, and Lake McClure

storage and Merced River flows in particular, are unavoidable and unmitigable.  Feasible

mitigation requires real-time operational decisions that are not susceptible to control by mitgation

requirements.  These decisions are the responsibility of the reservoir operators.  It is not feasible

for the SWRCB to require actions to mitigate those potential impacts to energy consumption and

production.

14.3.4 Recreation

Implementation of the flow objectives could result in impacts to recreation in the Delta.  Closure

of the Delta Cross Channel gates impedes navigation between the Sacramento and Mokelumne

rivers.  This impact is unmitigable.  Implementation of the flow objectives may improve the fish

populations in the Delta, resulting in increased sport fishing opportunities.

Implementation of the flow objectives could result in adverse impacts to recreation at some

reservoirs in the upstream area.  Each flow alternative can have the effect of lowering water levels

earlier in the season, for longer periods, or below the levels than would otherwise occur at certain

reservoirs under the base case.  Lowered reservoir elevations can substantially decrease

opportunities for public recreational use by reducing water surface area and shoreline and by

making access to the water more difficult. Use of the JPOD further reduces reservoir levels in

Lake Oroville and Folsom Lake in the off-season during critically dry periods.
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Extreme drawdowns can force the closure of marinas and boat launch ramps, resulting in a loss of

access for boating and fishing.  These conditions can reduce visitor use levels and attendant

revenues.

Mitigation:  Modification or relocation of facilities (such as boat ramps and marinas) to

accommodate lower water levels would help to reduce or avoid significant impacts to recreation at

reservoirs that are adversely impacted.  Performance of mitigation activities is required of the

reservoir owners.

14.3.5 Scenic Quality

Implementations of the flow alternatives may result in temporary degradation of the scenic quality

at one or more reservoirs in the upstream area, as water levels may be lower for longer periods.

Mitigation:  Any significant impacts to scenic quality are unavoidable and unmitigable during the

temporary periods when they occur.

14.3.6. Cultural Resources

Implementation of the flow objectives and the JPOD has the potential to result in impacts to

cultural resources at various reservoirs in the upstream areas.  Most of the changes that might

result in impacts would occur at the CVP and SWP reservoirs.  Cultural resources sites within the

reservoir pools of the CVP and SWP reservoirs will continue to be subjected to the same types of

impacts as they have been historically (i.e., inundation and exposure during drawdowns), but under

the JPOD the frequency, extent, and duration of such drawdowns may increase significantly for

some reservoirs as compared to the base case.  Sites within the zone of seasonal fluctuation or

drawdown suffer the greatest impacts, primarily in the form of erosion/scouring, deflation,

hydrologic sorting, and artifact displacement, caused by waves and currents.  There also is the

possibility of impacts to cultural resources due to increased opportunities for off-highway-vehicle

traffic and other forms of vandalism to occur when reservoir levels are low.  Implementation of the

flow objectives by the CVP and the SWP is ongoing.  No additional impacts to cultural resources

are expected to occur at reservoirs as a result of this decision that will not occur as a result of

ongoing actions under existing approvals.
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Mitigation:  Inventory and evaluate cultural resources at affected reservoirs.  Preserve and protect

the resources in place where possible, or excavate and document the historic values and

information.  Implementation of these mitigation activities is currently required of the USBR in

connection with the JPOD under federal requirements.  Additionally, the DWR is required to

conduct surveys and mitigation at Oroville Reservoir in connection with its construction of the

reservoir.  Any requirement that could be imposed under this decision would not add to the

existing mitigation requirements.  Accordingly, no additional mitigation is required of the USBR

and the DWR by this decision.  Any needed mitigation for the changes authorized under the SJRA

are the responsibility of the reservoir owners with respect to impacts resulting from ongoing

operations.  The EIR/EIS for the SJRA indicates that no significant impacts will occur to cultural

resources, so no mitigation is required by this decision.

14.3.7 Groundwater

Decreases in surface water deliveries due to implementation of the flow objectives and the SJRA

are likely to result in increased groundwater use.  Increased groundwater use can cause land

subsidence, groundwater overdraft, groundwater quality degradation, and declines in agricultural

productivity.  Under some circumstances, subsidence can lead to irreversible loss of storage

capacity in an aquifer.  This loss of capacity is unmitigable after it occurs.  In addition, approving

the SJRA and the associated petitions could result in significant impacts to groundwater resources

in the overdrafted Merced and Eastern San Joaquin County Groundwater Basins if groundwater is

pumped to meet the target flows, or the water sales aspects, of the agreement.

Mitigation:  Impacts to groundwater can be mitigated through conservation and water transfers.

In addition, land subsidence impacts can be mitigated by limiting groundwater pumping and land

retirement.  Overdraft and groundwater quality deterioration impacts can be mitigated by

adopting groundwater management plans, establishing a groundwater management agency by

statute, and conjunctive use programs.  Decreased agricultural productivity can be mitigated by

blending groundwater supplies with surface water supplies, and shifting to salt tolerant crops.

These mitigation measures are the responsibility of other parties.

To protect groundwater resources from impacts due to approving the SJRA and associated

petitions, this decision includes a prohibition on pumping from the critically overdrafted Eastern

San Joaquin County Groundwater Basin for the purpose of providing target flows or the sale of
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water to the USBR.  To protect groundwater resources in the Merced Groundwater Basin, this

decision prohibits the pumping of groundwater for the purpose of providing target flows, or the

sale of water under the agreement, unless an equivalent amount of surface water is either

recharged into the basin, or in-lieu recharge occurs, prior to providing flow or water sales

pursuant to the SJRA.

14.3.8 Land Use Impacts

All of the Flow Alternatives result in significant water delivery reductions in the SWP and CVP

service areas, when compared to the base case.  Implementation of the SJRA could reduce

deliveries to irrigation customers in the OID, SSJID, and Merced ID service areas.  Water

delivery reductions can cause, in turn, significant environmental impacts.  Reduced surface

supplies could result in crop shifts and land fallowing within the SWP and the CVP service areas

and within Merced ID, OID and SSJID.

Mitigation:   A number of actions could be taken on a local level to reduce the effects of reduced

deliveries from the Delta.  Such actions include increased urban and agricultural conservation,

increased groundwater management efforts, water recycling and water transfers.  In addition,

actions such as the JPOD, the ISDP and increased south of Delta offstream storage could

increase the overall yield of the system.  Exactly how local agencies will react to reduced water

supplies is difficult to predict and is not under the control of the SWRCB.  The SWRCB is not

proposing to initiate the ISDP or additional offstream storage as part of implementing the 1995

Bay-Delta Plan.  This decision requires mitigation for the effects of the JPOD.

14.4 Statement of Overriding Considerations

This decision requires that conditions be added to the water right permits or licenses of specific

water right holders to mitigate the potential adverse effects of this decision.  Nevertheless, some

of the significant adverse environmental effects of this decision are either unavoidable, or other

parties are responsible for carrying out potential mitigation measures.  The following significant

adverse environmental effects are unavoidable or are the responsibility of others:

• Potential impacts to land use in the export areas are only partially mitigable.
Any significant impacts will be the result of the reactions of local agencies to
interim implementation of the flow alternatives and the SJRA.  Mitigation for
local decisions is the responsibility of local agencies in the export areas.
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• Potentially significant impacts to aquatic resources in affected reservoirs with
implementation of the 1995 Bay-Delta Plan or use of the JPOD will be the
result of operational choices made by the reservoir operators.  This decision
requires mitigation for the effects of the JPOD.  To the extent that this
mitigation does not fully mitigate the effects of the JPOD on aquatic resources
in reservoirs, mitigation of the impacts is the responsibility of the DWR and
USBR.

• Potentially significant impacts to energy generation and use will be in part the
result of operational decisions by reservoir operators.  Mitigation of any
significant impacts is the primary responsibility of the operators, but to the
extent the SWRCB is responsible, the SWRCB finds that the overriding
considerations below require this action.

• The potentially significant impact to the usability of recreational facilities at
affected reservoirs is in part dependent on operational decisions by the
reservoir owners and operators, and mitigation for discretionary operations is
the responsibility of the reservoir owners or operators.  Mitigation measures
for the JPOD are required in this decision.

• If significant impacts occur to scenic quality at affected reservoirs due to
lower water levels, these impacts are unavoidable and unmitigable.

• The potentially significant impacts to cultural resources within reservoirs are
dependent on operational decisions.  Mitigation is currently required of the
USBR under federal law for effects caused by the JPOD.  No additional
mitigation is necessary for the JPOD.  Mitigation by the SWRCB is not
feasible for operational reactions to requirements in this decision involving
ongoing implementation of the flow alternatives, and will remain the
responsibility of the reservoir owners or operators.

• The potentially significant impacts resulting from increased groundwater use
due to approving the change petitions for the SJRA can be mitigated in the
areas where they occur, through appropriate management practices.  This
decision orders mitigation for some of the impacts, but mitigation of any
impacts to agricultural productivity caused by operational decisions are the
responsibility of the water districts and their members.

The SWRCB finds that the benefits to fish and wildlife in the Bay-Delta Estuary of

implementing the 1995 Bay-Delta Plan are highly important to the protection of not only the fish

and wildlife, but also the stability of the water supply of millions of California citizens in the

areas that receive water from the Delta watershed.  In the absence of implementation of the

1995 Bay-Delta Plan, fish and wildlife resources and water quality in the Delta could decline,

and the measures to reverse the decline of fish and wildlife, particularly those that are threatened

or endangered under the state or federal Endangered Species Act, could result in severe and

unpredictable water shortages.  To the extent that this decision does not fully mitigate the

adverse effects of this actions, as discussed above, the SWRCB finds that overriding
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considerations of the greater public interest requires this action.  Implementing the objectives is

in the greater public interest.  The environmental, economic, and social benefits of implementing

the 1995 Bay-Delta Plan outweigh the potential adverse environmental effects that are not

avoided or fully mitigated.

ORDER

IT IS HEREBY ORDERED that License 1986 (Application 23) and Permits 11315, 11316,

11885, 11886, 11887, 11967, 11968, 11969, 11970, 11971, 11972, 11973, 12364, 12721, 12722,

12723, 12725, 12726, 12727, 12860, 15735, 16597, 16600 and 20245 (Applications 13370,

13371, 234, 1465, 5638, 5628, 15374, 15375, 15376, 16767, 16768, 17374, 17376, 5626, 9363,

9364, 9366, 9367, 9368, 15764, 22316, 14858A, 19304, and 14858B, respectively) of the

U.S. Bureau of Reclamation (USBR) and Permits 16478, 16479, 16481, 16482, and 16483

(Applications 5630, 14443, 14445A, 17512, and 17514A, respectively) of the California

Department of Water Resources (DWR) shall be amended by adding the following terms and

conditions.∗  These Permits (CVP and SWP licenses and permits) are hereby ordered replaced

with new updated and amended permits that will contain the terms and conditions specified

herein and all current terms and conditions set forth in the original permits and subsequent

decisions and orders.

1. Licensee/Permittee shall ensure that the water quality objectives for municipal and
industrial beneficial uses and agricultural beneficial uses for the western Delta, interior
Delta and export area as set forth in Tables 1 and 2, attached, are met on an interim basis,
not later than November 30, 2001, until the Board adopts a further decision in the
Bay-Delta Water Rights Hearing assigning responsibility for meeting these objectives.77

 
2. Licensee/Permittee shall ensure that the water quality objectives for Delta outflow and for

Sacramento River flow at Rio Vista for fish and wildlife beneficial uses as set forth in
Table 3, attached, are met on an interim basis, not later than November 30, 2001, until the
Board adopts a further decision in the Bay-Delta Water Rights Hearing assigning
responsibility for meeting these objectives.78

 

                                                
∗∗  Table 1 on page 4 of this decision lists the projects associated with these water rights.
77  This condition does not mandate that the Licensee/Permittee use water under this license/permit if it uses other
sources of water or other means to meet this condition.
78  This condition does not mandate that the Licensee/Permittee use water under this license/permit if it uses other
sources of water or other means to meet this condition.
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3. Licensee/Permittee shall implement the water quality compliance and baseline monitoring
plan set forth in Table 5 on an interim basis, including construction, maintenance and
operation of all necessary devices, until the Board adopts a further decision in the Bay-
Delta Water Rights Hearing assigning responsibility for meeting the requirements in
Table 5.

 
4. Licensee/Permittee shall:

a. In consultation with the U.S. Fish and Wildlife Service (USFWS), Department of
Fish and Game (DFG), San Joaquin River Group Authority (SJRGA), City and
County of San Francisco (CCSF), and CVP/SWP Export Interests, prepare a fishery
monitoring plan for the Vernalis Adaptive Management Plan (VAMP) experiment
consistent with the SJRA and with the findings in this decision.  The plan shall
specify study objectives, sampling locations, methodology, and sampling periods.
The monitoring plan shall be submitted to the Executive Director of the SWRCB
for approval within 60 days after the date of this order.

b. Conduct the fishery monitoring studies according to the monitoring plan for the
duration of the VAMP/SJRA study period, and submit results to the Executive
Director of the SWRCB on an annual basis.  A monitoring report summarizing the
study methodology and results from each year’s experiment shall be submitted to
the Executive Director of the SWRCB by December 31 of each year.  A final report
shall be submitted to the Executive Director of the SWRCB no later than eight
months following completion of the VAMP experiment.

5. The continuing authority condition shall be updated to read as follows:

Pursuant to California Water Code Sections 100 and 275 and the common law public
trust doctrine, all rights and privileges under this permit, including method of
diversion, method of use, and quantity of water diverted, are subject to the continuing
authority of the Board in accordance with law and in the interest of the public welfare
to protect public trust uses and to prevent waste, unreasonable use, unreasonable
method of use, or unreasonable method of diversion of said water.

The continuing authority of the Board may be exercised by imposing specific
requirements over and above those contained in this permit with a view to
eliminating waste of water and to meeting the reasonable water requirements of
permittee/licensee without unreasonable draft on the source.  Permittee may be
required to implement a water conservation plan, features of which may include but
not necessarily be limited to: (1) reusing or reclaiming the water allocated; (2) using
water reclaimed by another entity instead of all or part of the water allocated;
(3) restricting diversions so as to eliminate agricultural tailwater or to reduce return
flow; (4) suppressing evaporation losses from water surfaces; (5) controlling
phreatophytic growth; and (6) installing, maintaining, and operating efficient water
measuring devices to assure compliance with the quantity limitations of this permit
and to determine accurately water use as against reasonable water requirement for
the authorized project.  No action will be taken pursuant to this paragraph unless the
Board determines, after notice to affected parties and opportunity for hearing, that
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such specific requirements are physically and financially feasible and are
appropriate to the particular situation.

The continuing authority of the Board also may be exercised by imposing further
limitations on the diversion and use of water by the permittee in order to protect
public trust uses.  No action will be taken pursuant to this paragraph unless the
Board determines, after notice to affected parties and opportunity for hearing, that
such action is consistent with California Constitution Article X, Section 2; is
consistent with the public interest; and is necessary to preserve or restore the uses
protected by the public trust.

(0000012)

6. The water quality objectives condition shall be updated to read as follows:

The quantity of water diverted under this permit is subject to modification by the Board if,
after notice to the permittee/licensee and an opportunity for hearing, the Board finds that such
modification is necessary to meet water quality objectives in water quality control plans
which have been or hereafter may be established or modified pursuant to Division 7 of the
Water Code.  No action will be taken pursuant to this paragraph unless the Board finds that:
(1) adequate waste discharge requirements have been prescribed and are in effect with
respect to all waste discharges which have any substantial effect upon water quality in the
area involved, and (2) the water quality objectives cannot be achieved solely through the
control of waste discharges.

(0000013)

7. Said permits/licenses are amended to include the following Endangered Species condition:

This permit does not authorize any act which results in the taking of a threatened or
endangered species or any act which is now prohibited, or becomes prohibited in the future,
under either the California Endangered Species Act (Fish and Game Code sections 2050 to
2097) or the federal Endangered Species Act (16 U.S.C.A. sections 1531 to 1544).  If a
“take” will result from any act authorized under this water right, the permittee/licensee
shall obtain authorization for an incidental take prior to construction or operation of the
project.  Permittee/Licensee shall be responsible for meeting all requirements of the
applicable Endangered Species Act for the project authorized under this permit/license.

8. SWRCB Decision 1485 (D-1485) ordered that certain terms and conditions in this
license/permit be added or amended.  Except as amended or deleted herein, the terms and
conditions set forth in D-1485 remain in this license/permit.  The terms and conditions in
D-1485 numbered 2, 3, 4, 5, and 8 are rescinded.

9. Condition 6 of D-1485 is amended to read:

Upon request to and approval of the Executive Director of the SWRCB, variations in flow
for experimental purposes for protection and enhancement of fish and wildlife may be
allowed; provided that such variations in flow shall not cause violations of municipal,
industrial and agricultural objectives in Tables 1 and 2.
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10. Condition 7 of D-1485 is amended to read:

For the protection of Suisun Marsh, Licensee/Permittee shall report to the Board by
September 30 of each year on progress toward implementation of mitigation facilities and
on water quality conditions in the Suisun Marsh during the previous salinity control season.

11. To ensure compliance with the water quality objectives, to identify meaningful changes in
any significant water quality parameters potentially related to operation of the SWP or the
CVP, and to reveal trends in ecological changes potentially related to project operations,
Licensee/Permittee shall, independently or in cooperation with other agencies or
individuals:

a. Perform the Water Quality and Baseline Monitoring program described in Table 5
and in Figure 4 of this Order.

b. Conduct ongoing and future monitoring surveys as recommended by the DFG, the
USFWS or the National Marine Fisheries Service (NMFS), and acceptable to the
Executive Director of the SWRCB concerning food chain relationships, fisheries
impacts, or impacts to brackish tidal marshes, as they are affected by operations of
the SWP or the CVP in the Delta and Suisun Marsh.

c. Licensee/Permittee shall make available to the Board and others interested parties
the results of the above monitoring as soon as practicable.  Timely posting of this
information on the Internet will satisfy this requirement.  Licensee/Permittee shall
submit to the Executive Director of the SWRCB, by December 1 of each year,
annual reports summarizing the previous calendar year’s findings and detailing
future study plans.

d. If Licensee/Permittee anticipates violations of the water quality objectives or if such
violations have occurred, Licensee/Permittee shall provide immediate written
notification to the Executive Director of the SWRCB.

e. Licensee/Permittee shall evaluate the Water Quality Compliance and Baseline
Monitoring once every three years to ensure that the goals of the monitoring
program are attained.  Licensee/Permittee shall report to the Executive Director of
the SWRCB the conclusions based upon this evaluation.  Licensee/Permittee may
propose appropriate modifications of the program for concurrence of the Executive
Director of the SWRCB.

IT IS FURTHER ORDERED that Permits 11315, 11316, 11967, 11968, 11969, 11970, 11971,

11972, 11973, 12364, 12721, 12722, 12723, 12727, and 12860 (Applications 13370, 13371, 5628,

15374, 15375, 15376, 16767, 16768, 17374, 17376, 5626, 9363, 9364, 9368, and 15764,

respectively)*of the USBR (CVP except New Melones and Friant) shall be amended by adding the

following terms and conditions:
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1. In addition to all other points of diversion and rediversion authorized by this permit,
Permittee may divert or redivert water up to 10,350 cfs at the Harvey O. Banks Pumping
Plant (Banks Pumping Plant), located within the NW ¼ of the SE ¼ of Projected Section
20, T1S, R3E, MDB&M and at Italian Slough, located within NW ¼ of the NE ¼ of
Projected Section 24, T1S, R3E, MDB&M, subject to the permission of the Department of
Water Resources.  This authorization has three stages corresponding to export rates and
limitations on the purposes for which Permittee is authorized to divert or redivert water at
the Banks Pumping Plant.

a. All stages of this authorization are subject to the following terms and conditions:
 

 (1) Diversion by the USBR at Banks Pumping Plant is not authorized when the
Delta is in excess conditions79 and such diversion causes the location of
X280 to shift upstream so far that:

 
 (a) It is east of Chipps Island (75 river kilometers upstream of the

Golden Gate Bridge) during the months of February through May, or

 (b) It is east of Collinsville (81 kilometers upstream of the Golden Gate
Bridge) during the months of January, June, July, and August, or

 (c) During December it is east of Collinsville and Delta smelt are
present at Contra Costa Water District’s point of diversion under
Permits 20749 and 20750 (Application 20245).

 
 (2) Any diversion by Permittee at the Banks Pumping Plant that causes the

Delta to change from excess to balanced conditions81 shall be junior in
priority to Permits 20749 and 20750 of the Contra Costa Water District.
 

 (3) Permittee may divert or redivert water at Banks Pumping Plant only if a
response plan to ensure that water levels in the southern Delta will not be
lowered to the injury of water users in the southern Delta has been approved
by the Executive Director of the SWRCB.  Permittee shall prepare the
response plan with input from the designated representative of the South
Delta Water Agency.

 
 (4) All other provisions of the above permits are met.

 
 (5) Permittee shall develop a response plan to ensure that the water quality in

the southern and central Delta will not be significantly degraded through

                                                
79  Excess conditions exist when upstream reservoir releases plus unregulated natural flow exceed Sacramento Valley
inbasin uses, plus exports.
80  For the purposes of this term, X2 is the most downstream location of either the maximum daily average or the
14-day running average of the 2.64 mmhos/cm isohaline.
81  Balanced conditions exist when it is agreed by the SWP and the CVP that releases from upstream reservoirs plus
unregulated flow approximately equal the water supply needed to meet Sacramento Valley inbasin uses, plus exports.
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operations of the Joint Points of Diversion to the injury of water users in the
southern and central Delta.  Such a plan shall be prepared with input from
the designated representative of the Contra Costa Water District and
approved by the Chief, Division of Water Rights.

 
b. In Stage 1, Permittee is authorized to divert or redivert water at the Banks Pumping

Plant to serve the Cross Valley Canal contractors and Musco Olive, and to support a
recirculation study.82

Permittee also is authorized to divert or redivert water at the Banks Pumping Plant to
recover export reductions taken to benefit fish, if exports by the Permittee at the
Tracy Pumping Plant are reduced below the applicable export limits set forth in
Table 3, attached.

(1) The authorization to divert or redivert water for the recovery of export
reductions at the Banks Pumping Plant under Stage 1 is subject to the
following provisions:

(a) Recovery of export reductions shall not cause an increase in annual
exports above that which would have been exported without use of
the Banks Pumping Plant.

(b) Recovery of export reductions using the Banks Pumping Plant shall
occur within twelve months of the time the exports are reduced.

(c) Before Permittee diverts or rediverts water at Banks Pumping Plant,
Permittee shall consult with DFG, USFWS, and NMFS.
Consultation with the CALFED Operations Group established under
the Framework Agreement will satisfy this requirement.  Permittee
shall submit agreements on coordinated operations under this
authorization to the Executive Director of the SWRCB for approval
and shall also submit complete documentation showing that no
additional water will be exported because of the use of the Banks
Pumping Plant, including the method used to make this
determination.  Authority is delegated to the Executive Director of
the SWRCB to act on the proposal if the conditions set forth above
are met.

(2) The Executive Director of the SWRCB is authorized to grant short-term
exemptions to the export limits in Stage 1, for the purpose of (a) conducting
the recirculation study discussed below, or (b) other purposes as the
Executive Director of the SWRCB deems appropriate, provided that such

                                                
82  The recirculation study is described in Term 2 below.



152.

exemptions will not have a significant adverse effect on the environment
and will not cause injury to other legal users of water.

c. In Stage 2, Permittee will be authorized to divert or redivert water at the Banks
Pumping Plant for any purpose authorized under the above permits, subject to the
following.

(1) Permittee shall develop in consultation with the DWR, the DFG, the
USFWS and the NMFS an operations plan to protect fish and wildlife and
other legal users of water.  The operations plan shall be submitted to the
Executive Director of the SWRCB for approval at least 30 days prior to use
by the USBR of Banks Pumping Plant.  The plan shall include, but not be
limited to, the following elements:

(a) The plan shall include specific measures to avoid or minimize the
effects of the export operations at Banks Pumping Plant on
entrainment and through-Delta survival of chinook salmon.  The
plan shall include monitoring of environmental conditions and fish
abundance at upstream locations, as appropriate, to determine
vulnerability of chinook salmon to entrainment at Banks Pumping
Plant.  The plan shall include monitoring of entrainment at Banks
Pumping Plant.  The plan shall include the frequency and method of
data collection.

(b) The plan shall include minimum survival levels for chinook salmon.
The minimum survival levels shall be used to trigger consultation
with fishery agencies regarding data evaluation and decision making
to minimize or avoid the impact of pumping at Banks Pumping
Plant.  The plan shall identify the consultation process that will be
used including identifying the parties who will consult, how they
will be notified, and a time schedule for decision making.

(c) The plan shall include specific measures at Trinity, Shasta, or
Folsom Reservoirs when Permittee is using Banks Pumping Plant, to
avoid or minimize adverse effects to chinook salmon if upstream or
Delta monitoring indicates that such impacts are occurring.
Measures may include the reoperation of the Delta Cross Channel
Gates, increasing Delta outflow, or reducing exports at Banks
Pumping Plant.

(d) The plan shall include operating criteria to ensure that use of the
JPOD does not significantly impact aquatic resources in upstream
areas due to changes in flow, water temperature, and reservoir water
levels.

(e) The plan shall include specific measures to protect other legal users
of water.
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(f) The plan shall include specific measures to mitigate significant
effects on recreational and cultural resources at affected reservoirs.

(2) Diversions or rediversions of water by the Permittee at Banks Pumping
Plant shall not result in daily diversions into Clifton Court Forebay in excess
of 13,870 acre-feet or three-day average diversion of 13,250 acre-feet/day,
except during the period from mid-December to mid-March when San
Joaquin River flow at Vernalis exceeds 1000 cubic feet per second (cfs),
during which time diversions into Clifton Court Forebay may be increased
by one-third of the San Joaquin River flow at Vernalis.

(3) The Executive Director of the SWRCB is authorized to grant short-term
exemptions to the export limits in Stage 2, for the purpose of (a) conducting
the recirculation study discussed below, or (b) other purposes as the
Executive Director of the SWRCB deems appropriate, provided that such
exemptions will not have a significant adverse effect on the environment
and will not cause injury to other legal users of water.

d. In Stage 3, Permittee will be authorized to divert or redivert water at the Banks
Pumping Plant for any authorized purpose under the above permits, up to the
physical capacity of the Banks Pumping Plant, subject to completion of the
following measures.

(1) Permittee shall prepare an operations plan acceptable to the Executive
Director of the SWRCB, that will protect aquatic resources and their habitat
and will protect other legal users of water.  The operations plan shall include
the same elements required for Stage 2.  Permittee shall prepare the
operations plan in consultation with the DWR, USFWS, NMFS, and DFG.

(2) Permittee shall protect water levels in the southern Delta through measures
to maintain water levels at elevations adequate for diversion of water for
agricultural uses.  This requirement can be satisfied through construction
and operation of three permanent tidal barriers in the southern Delta or
through other measures that protect water quality in the southern and central
Delta and protect water levels at elevations adequate to maintain agricultural
diversions.  If construction and operation of tidal barriers is used as a basis
for Stage 3 operation, such construction and operation shall be subject to
certification of a project-level Environmental Impact Report by the DWR
that discloses the impacts of the tidal barriers.

2. Permittee shall prepare a Plan of Action (POA) for a recirculation analysis alternative to
evaluate the feasibility and impacts of recirculating water from the Delta Mendota Canal
through the Newman Wasteway.  The POA shall be submitted for approval by the
Executive Director of the SWRCB by October 1, 2000.  The purpose of the POA will be to
develop a thorough workplan for determining the feasibility of use of recirculation as a
method for meeting and/or augmenting the Vernalis objectives and San Joaquin water
quality objectives.

The POA shall include tasks for the evaluation of:
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a. Potential impacts of changes in water composition on Delta native fish and
on imprinting of juvenile fall-run chinook salmon and steelhead in the San
Joaquin basin;

b. Potential effects of increased exports on in-Delta hydrodynamics and fish
entrainment at the SWP and CVP export facilities;

c. Potential effects of salt and contaminant loading in the San Joaquin basin
due to recirculation of water through the Newman Wasteway;

d. Impacts on water deliveries to exchange contractors and other contractors
receiving water from the Delta Mendota Canal, the State Aqueduct, and San
Luis Reservoir;

e. The capacity of the physical facilities to implement recirculation.  A
description of  any needed structural/channel modifications, a cost estimate,
and a determination of potential conserved water over other alternatives to
meet Delta flow and VAMP requirements shall be provided; and

f. Potential for improvements in water quality in the San Joaquin River as a
result of recirculation.

Permittee shall develop the POA in consultation with the DWR, SDWA, NMFS,
USFWS, and DFG.  It shall include a schedule for milestones and due dates for
implementation, and identify a funding source(s) for the study.  The POA study
shall be completed within two years of approval of the POA.  Permittee shall
submit semi-annual reports to the Executive Director of the SWRCB on study
progress and results.  A final report summarizing analyses, results, and conclusions
shall be submitted to the Executive Director of the SWRCB within six months after
the recirculation analysis is completed.

3. Licensee/Permittee shall ensure that the San Joaquin River salinity; eastern Suisun Marsh
salinity; western Suisun Marsh salinity at Chadbourne Slough, at Sunrise Duck Club
(station S-21), and Suisun Slough near Volanti Slough (station S-42); export limits; and
Delta Cross Channel Gates closure objectives for fish and wildlife beneficial uses as set
forth in Table 3, attached, are met.
 
 If any Suisun Marsh salinity objectives at the above locations are exceeded at a time when
the Suisun Marsh Salinity Control Gates are being operated to the maximum extent, then
such exceedances shall not be considered violations of this permit/license.  A detailed
operations report acceptable to the Executive Director of the SWRCB regarding Suisun
Marsh Salinity Control Gate operation and a certification from the parties that the gates
were operated to the extent possible must be submitted to receive the benefit of this
exception.

4. Permittee is jointly responsible with the DWR for providing Delta flows that otherwise
might be allocated to Mokelumne River water right holders.
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IT IS FURTHER ORDERED that Permits 16478, 16479, 16481, and 16482 (Applications 5630,

14443, 14445A, and 17512, respectively) * of the DWR (SWP permits) are amended by adding the

following terms and conditions:

1. In addition to all other points of diversion and rediversion authorized by this permit,
Clifton Court Forebay, located within the NW ¼ of the SE ¼ of Projected Section 20, T1S,
R4E, MDB&M is added as a point of diversion and point of rediversion.

 
2. In addition to all other points of diversion and rediversion authorized by this permit,

Permittee may divert or redivert water up to 4,600 cfs at the Tracy Pumping Plant, located
within the SW ¼ of the SW ¼ of Projected Section 31, T1S, R4E, MDB&M subject to the
permission of the USBR.  This authorization has three stages corresponding to export rates
and limitations on the purposes for which Permittee is authorized to divert or redivert water
at the Tracy Pumping Plant.

a. All stages of this authorization are subject to the following terms and conditions:

(1) Diversion by the DWR at Tracy Pumping Plant is not authorized when the
Delta is in excess conditions83 and such diversion causes the location of
X284 to shift upstream so far that:

 
 (a) It is east of Chipps Island (75 river kilometers upstream of the

Golden Gate Bridge) during the months of February through May, or

 (b) It is east of Collinsville (81 river kilometers upstream of the Golden
Gate Bridge) during the months of January, June, July, and August,
or

 (c) During December it is east of Collinsville and Delta smelt are
present at CCWD’s point of diversion under Permits 20749 and
20750 (Application 20245).

 
(2) Any diversion by Permittee at the Tracy Pumping Plant that causes the Delta

to change from excess to balanced conditions85 shall be junior in priority to
Permits 20749 and 20750 of the Contra Costa Water District.

 
(3) Permittee may divert or redivert water at Tracy Pumping Plant only if a

response plan to ensure that water levels in the southern Delta will not be

                                                
83  Excess conditions exist when upstream reservoir releases plus unregulated natural flow exceed Sacramento Valley
inbasin uses, plus exports.

 84  For the purposes of this term, X2 is the most downstream location of either the maximum daily average or the
14-day running average of the 2.64 mmhos/cm isohaline.

 85  Balanced conditions exist when it is agreed by the SWP and the CVP that releases from upstream reservoirs plus
unregulated flow approximately equal the water supply needed to meet Sacramento Valley inbasin uses, plus exports.
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lowered to the injury of water users in the southern Delta has been approved
by the Executive Director of the SWRCB.  Permittee shall prepare the
response plan with input from the designated representative of the SDWA.

(4) All other provisions of the above permits are met.

(5) Permittee shall develop a response plan to ensure that the water
quality in the southern and central Delta will not be significantly
degraded through operations of the Joint Points of Diversion to the
injury of water users in the southern and central Delta.  Such a plan
shall be prepared with input from the designated representative of
the Contra Costa Water District and approved by the Chief, Division
of Water Rights.

b. In Stage 1, Permittee is authorized to divert or redivert water at the Tracy Pumping
Plant to recover export reductions taken to benefit fish, if exports by the Permittee
at the Banks Pumping Plant are reduced below the applicable export limits set forth
in Table 3, attached.

(1) The authorization to divert or redivert water at the Tracy Pumping Plant
under Stage 1 is subject to the following provisions:

(a) Recovery of export reductions shall not cause an increase in
annual exports above that which would have been exported
without use of the Tracy Pumping Plant.

(b) Recovery of export reductions using the Tracy Pumping Plant shall
occur within twelve months of the time the exports are reduced.

(c) Before Permittee diverts or rediverts water at Tracy Pumping Plant,
Permittee shall consult with DFG, USFWS, and NMFS.
Consultation with the CALFED Operations Group established under
the Framework Agreement will satisfy this requirement.  Permittee
shall submit agreements on coordinated operations under this
authorization to the Executive Director of the SWRCB for approval
and shall also submit complete documentation showing that no
additional water will be exported because of the use of the Tracy
Pumping Plant, including the method used to make this
determination.  Authority is delegated to the Executive Director of
the SWRCB to act on the proposal if the conditions set forth above
are met.

(2) The Executive Director of the SWRCB is authorized to grant short-term
exemptions to the export limits in Stage 1, for purposes as the Executive
Director of the SWRCB deems appropriate, provided that such exemptions
will not have a significant adverse effect on the environment and will not
cause injury to other legal users of water.
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c. In Stage 2, Permittee will be authorized to divert or redivert water at the Tracy
Pumping Plant for any purpose authorized under the above permits, subject to the
following.

(1) Permittee shall develop in consultation with the USBR, the DFG, the
USFWS and the NMFS an operations plan to protect fish and wildlife and
other legal users of water.  The operations plan shall be submitted to the
Executive Director of the SWRCB for approval at least 30 days prior to use
by the DWR of Tracy Pumping Plant.  The plan shall include, but not be
limited to, the following elements:

(a) The plan shall include specific measures to avoid or minimize the
effects of the export operations at Tracy Pumping Plant on
entrainment and through-Delta survival of chinook salmon.  The
plan shall include monitoring of environmental conditions and fish
abundance at upstream locations, as appropriate, to determine
vulnerability of chinook salmon to entrainment at Tracy Pumping
Plant.  The plan shall include monitoring of entrainment at Tracy
Pumping Plant.  The plan shall include the frequency and method of
data collection.

(b) The plan shall include minimum survival levels of protection for
chinook salmon.  The minimum survival levels shall be used to
trigger consultation with fishery agencies regarding data evaluation
and decision making to minimize or avoid the impact of pumping at
Tracy Pumping Plant.  The plan shall identify the consultation
process that will be used including identifying the parties who will
consult, how they will be notified, and a time schedule for decision
making.

(c) The plan shall include specific measures at Oroville Reservoir, to
avoid or minimize any adverse effects to chinook salmon when
Permittee is using Tracy Pumping Plant, if upstream or Delta
monitoring indicates that such impacts are occurring.  Measures may
include the reoperation of the Delta Cross Channel Gates, increasing
Delta outflow, or reducing exports at Tracy Pumping Plant.

(d) The plan shall include operating criteria to ensure that use of the
JPOD does not significantly impact aquatic resources in upstream
areas due to changes in flow, water temperature, and reservoir water
levels.

(e) The plan shall include specific measures to protect other legal users
of water.

(f) The Plan shall include specific measures to mitigate significant
effects on recreation and cultural resources at affected reservoirs.
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(2) The Executive Director of the SWRCB is authorized to grant short-term
exemptions to the export limits in Stage 2, for purposes as the Executive
Director of the SWRCB deems appropriate, provided that such exemptions
will not have a significant adverse effect on the environment and will not
cause injury to other legal users of water.

d. In Stage 3, Permittee will be authorized to divert or redivert water at the Tracy
Pumping Plant for any authorized purpose under the above permits, up to the
physical capacity of the Tracy Pumping Plant, subject to completion of the
following measures.

(1) Permittee shall prepare an operations plan acceptable to the Executive
Director of the SWRCB that will protect aquatic resources and their habitat
and will protect other legal users of water.  The operations plan shall include
the same elements required for Stage 2.  Permittee shall prepare the
operations plan in consultation with the USBR, USFWS, NMFS, and DFG.

(2) Permittee shall protect water levels in the southern Delta through measures to
maintain water levels at elevations adequate for diversion of water for
agricultural uses.  This requirement can be satisfied through construction and
operation of three permanent tidal barriers in the southern Delta or through
other measures that protect water quality in the southern and central Delta
and protect water levels at elevations adequate to maintain agricultural
diversions.  If construction and operation of tidal barriers is used as a basis
for Stage 3 operation, such construction and operation shall be subject to
certification of a project-level Environmental Impact Report by Permittee
that discloses the impacts of the tidal barriers.

3. Licensee/Permittee shall ensure that the San Joaquin River salinity; eastern Suisun Marsh
salinity; western Suisun Marsh salinity at Chadbourne Slough, at Sunrise Duck Club
(station S-21), and Suisun Slough near Volanti Slough (station S-42); and export limits for
fish and wildlife beneficial uses as set forth in Table 3, attached, are met.

If any Suisun Marsh salinity objectives at the above locations are exceeded at a time when
the Suisun Marsh Salinity Control Gates are being operated to the maximum extent, then
such exceedances shall not be considered violations of this permit/license.  A detailed
operations report acceptable to the Executive Director of the SWRCB regarding Suisun
Marsh Salinity Control Gate operation and a certification from the parties that the gates
were operated to the extent possible must be submitted to receive the benefit of this
exception.

4. Permittee is jointly responsible with the USBR for providing Delta flows that otherwise
might be allocated to Mokelumne River water right holders.

5. Permittee shall provide water to meet any responsibility of water right holders within the
North Delta Water Agency to provide flows to help meet the 1995 Bay-Delta Water
Quality Control Plan objectives as long as the 1981 contract between North Delta Water
Agency and the DWR is in effect.
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6. This permit is conditioned upon implementation of the water quality objectives for
agricultural beneficial uses in the southern Delta, as specified in Table 2, attached, at the
following locations in the southern Delta:

a. San Joaquin River at Brandt Bridge (Interagency Station No. C-6);

b. Old River near Middle River (Interagency Station No. C-8; and

c. Old River at Tracy Road Bridge (Interagency Station No. P-12).

Permittee has latitude in its method for implementing the water quality objectives at
Stations C-6, C-8, and P-12, above; however, a barrier program in the southern Delta may
help to ensure that the objectives are met at these locations.  If Permittee exceeds the
objectives at stations C-6, C-8, or P-12, Permittee shall prepare a report for the Executive
Director.  The Executive Director will evaluate the report and make a recommendation to
the SWRCB as to whether enforcement action is appropriate or the noncompliance is the
result of actions beyond the control of the Permittee.

IT IS FURTHER ORDERED that Permit 12860 (Application 15764) * of the USBR shall be

amended by deleting Permit Term 2, which corresponds to Term 2 in SWRCB Decision 1020.

IT IS FURTHER ORDERED that License 1986 (Application 23) and Permits 11315, 11316,

11885, 11886, 11887, 11967, 11968, 11969, 11970, 11971, 11972, 11973, 12364, 12721, 12722,

12723, 12725, 12726, 12727, 12860, and 15735 (Applications 13370, 13371, 234, 1465, 5638,

5628, 15374, 15375, 15376, 16767, 16768, 17374, 17376, 5626, 9363, 9364, 9366, 9367, 9368,

15764, and 22316, respectively) of the USBR (CVP except New Melones) are amended by adding

the following permit condition:

1. This permit is conditioned upon implementation86 of the water quality objectives for
agricultural beneficial uses in the southern Delta, as specified in Table 2, attached, at the
following locations in the southern Delta:

a. San Joaquin River at Airport Way Bridge, Vernalis (Interagency Station No. C-10);

b. San Joaquin River at Brandt Bridge (Interagency Station No. C-6);

c. Old River near Middle River (Interagency Station No. C-8); and

                                                
86  This condition does not mandate that the Licensee/Permittee use water under this license/permit to meet this
condition if it uses other sources of water or other means to meet this condition.



160.

d. Old River at Tracy Road Bridge (Interagency Station No. P-12).

Licensee/Permittee has latitude in its method for implementing the water quality objectives
at Stations C-6, C-8, and P-12, above; however, a barrier program in the southern Delta
may help to ensure that the objectives are met at these locations.  If Licensee/Permittee
exceeds the objectives at stations C-6, C-8, or P-12, Licensee/Permittee shall prepare a
report for the Executive Director.  The Executive Director will evaluate the report and
make a recommendation to the SWRCB as to whether enforcement action is appropriate or
the noncompliance is the result of actions beyond the control of the Licensee/Permittee.

Licensee/Permittee shall, at all times, meet the Vernalis water quality objectives for
agricultural beneficial uses at Vernalis.  Licensee/Permittee may meet these objectives
through flows or other measures.  Licensee/Permittee shall develop a program under which
it will meet these objectives consistently.  Licensee/Permittee shall conduct modeling and
planning studies to evaluate the effectiveness of its program to meet the Vernalis water
quality objectives.  If, within five years, Licensee/Permittee has not developed a program
under which it will consistently achieve the Vernalis objectives, Licensee/Permittee shall
report to the Executive Director of the SWRCB all actions it has taken in attempting to
meet the objectives, including drainage and management alternatives.  The Executive
Director of the SWRCB will evaluate the report and will decide whether further action
should be taken by the SWRCB to ensure that the objectives are met.

Licensee/Permittee also shall report any expected noncompliance as soon as possible.  The
report of actions taken shall be submitted within three months following the period in
which the requirements are not met.

IT IS FURTHER ORDERED that Permits 16597 and 16600 (Applications 14858A and 19304,

respectively) * of the USBR (New Melones storage) are amended as follows:87

1. Term 1988 of these permits is replaced with the following term:

In conjunction with other measures to control salinity, Permittee shall release water from
New Melones Reservoir to maintain the Vernalis agricultural salinity objective specified in
Table 2, attached.

Permittee shall release water from New Melones Reservoir for water quality purposes so as
to maintain a dissolved oxygen concentration in the Stanislaus River as specified in the
Water Quality Control Plan for the Sacramento and San Joaquin river basins.

                                                
87  Conditions 1, 2, and 3 below do not mandate that the Permittee use water under these permits to meet these
conditions if it uses other sources of water or other means to meet these conditions.
88  Term 19 in these permits corresponds to Condition 5 of Water Right Decision 1422.
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Licensee/Permittee shall, at all times, meet the Vernalis water quality objectives for
agricultural beneficial uses at Vernalis.  Licensee/Permittee may meet these objectives
through flows or other measures.  Licensee/Permittee shall develop a program under which
it will meet these objectives consistently.  Licensee/Permittee shall conduct modeling and
planning studies to evaluate the effectiveness of its program to meet the Vernalis water
quality objectives.  If, within five years, Licensee/Permittee has not developed a program
under which it will consistently achieve the Vernalis objectives, Licensee/Permittee shall
report to the Executive Director of the SWRCB all actions it has taken in attempting to
meet the objectives, including drainage and management alternatives.  The Executive
Director of the SWRCB will evaluate the report and will decide whether further action
should be taken by the SWRCB to ensure that the objectives are met.

Permittee also shall report any expected noncompliance as soon as possible.  The report of
actions taken shall be submitted within three months following the period in which the
requirements are not met.

In addition, Permittee shall ensure that the water quality objectives for agricultural
beneficial uses in the southern Delta, as specified in Table 2, attached, are met at the
following locations:

a. San Joaquin River at Brandt Bridge (Interagency Station No. C-6);

b. Old River near Middle River (Interagency Station No. C-8); and

c. Old River at Tracy Road Bridge (Interagency Station No. P-12).

Permittee has latitude in its method for implementing the water quality objectives at
Stations C-6, C-8, and P-12, above; however, a barrier program in the southern Delta may
help to ensure that the objectives are met at these locations.  If Permittee exceeds the
objectives at stations C-6, C-8, or P-12, Permittee shall prepare a report for the Executive
Director.  The Executive Director will evaluate the report and make a recommendation to
the SWRCB as to whether enforcement action is appropriate or the noncompliance is the
result of actions beyond the control of the Permittee.

2. Permittee shall, on an interim basis until the Board adopts a decision assigning permanent
responsibility for meeting the water quality objectives:

a. Ensure that the water quality objective for fish and wildlife beneficial uses for
San Joaquin River flow at Airport Way Bridge, Vernalis set forth in Table 3 is met,
with the exception that during the April-May pulse flow period while the SJRA is in
effect, experimental target flows set forth in (b) below may be provided in lieu of
meeting this objective.

 
b. During the April-May pulse flow period while the SJRA is in effect, maintain San

Joaquin River flows at Airport Way Bridge, Vernalis, as follows, in lieu of meeting
said river flow objective:
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Existing Flow (cfs) Target Flow (cfs)

0-1,999 2,000
2,000-3,199 3,200
3,200-4,449 4,450
4,450-5,699 5,700
5,700-6,999 7,000

7,000 or greater Existing Flow

During years when the sum of the current year’s 60-20-20 indicator and the
previous year’s 60-20-20 indicator is seven (7) or greater, target flows shall be one
step higher than those required by the above table.  The Permittee is not required to
meet the target flow during years when the sum of the current year’s
60-20-20 indicator and the previous two years’ 60-20-20 indicator is four (4) or
less, using the following table.

SJR Basin 60-20-20
Classification

60-20-20
Indicator

Wet 5

Above normal 4
Below normal 3

Dry 2
Critical 1

3. If the San Joaquin River Agreement (SJRA) is dissolved by the signatory parties before it
expires, then Permittee shall meet the San Joaquin River flow objective set forth in Table 3
until the Board establishes alternative implementation of the San Joaquin River flow
objective.

IT IS FURTHER ORDERED that Permit 20245 (Application 14858B) * of the USBR (New

Melones direct diversion) is amended by replacing Condition 2189 of that permit as follows:

1. For the protection of water quality, no diversion is authorized for consumptive uses under
this permit unless the San Joaquin River at Airport Way Bridge, Vernalis, salinity objective
for agricultural beneficial uses, as specified in Table 2, attached, is met and the dissolved
oxygen objectives in the Stanislaus River are met as specified in the Water Quality Control
Plan for the Sacramento and San Joaquin River basins.

Licensee/Permittee shall, at all times, meet the Vernalis water quality objectives for
agricultural beneficial uses at Vernalis.  Licensee/Permittee may meet these objectives

                                                
89  Term 21 in this permit corresponds to Condition 12 of Water Right Decision 1616.
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through flows or other measures.  Licensee/Permittee shall develop a program under which
it will meet these objectives consistently.  Licensee/Permittee shall conduct modeling and
planning studies to evaluate the effectiveness of its program to meet the Vernalis water
quality objectives.  If, within five years, Licensee/Permittee has not developed a program
under which it will consistently achieve the Vernalis objectives, Licensee/Permittee shall
report to the Executive Director of the SWRCB all actions it has taken in attempting to
meet the objectives, including drainage and management alternatives.  The Executive
Director of the SWRCB will evaluate the report and will decide whether further action
should be taken by the SWRCB to ensure that the objectives are met.

Permittee also shall report any expected noncompliance as soon as possible.  The report of
actions taken shall be submitted within three months following the period in which the
requirements are not met.

In addition, Permittee shall ensure that the water quality objectives for agricultural
beneficial uses in the southern Delta, as specified in Table 2, attached, are met at the
following locations:

a. San Joaquin River at Brandt Bridge (Interagency Station No. C-6);

b. Old River near Middle River (Interagency Station No. C-8); and

c. Old River at Tracy Road Bridge (Interagency Station No. P-12).

Permittee has latitude in its method for implementing the water quality objectives at
Stations C-6, C-8, and P-12, above; however, a barrier program in the southern Delta may
help to ensure that the objectives are met at these locations.  If Permittee exceeds the
objectives at stations C-6, C-8, or P-12, Permittee shall prepare a report for the Executive
Director.  The Executive Director will evaluate the report and make a recommendation to
the SWRCB as to whether enforcement action is appropriate or the noncompliance is the
result of actions beyond the control of the Permittee.

IT IS FURTHER ORDERED that Permits 12721, 11967, 12722, 12723, 12725, 12726, 12727,

11315, 11316, 11968, 11969, 12860, 11971, 11973, 12364, 15735, (Applications 5626, 5628,

9363, 9364, 9366, 9367, 9368, 13370, 13371, 15374, 15375, 15764, 16767, 17374, 17376, and

22316, respectively) of the USBR involved in the petitioned changes of place and purposes of use

shall be amended as follows:

1. The purpose of use is identified as:  Irrigation, Domestic, Municipal, Industrial, Fish and
Wildlife Enhancement, Salinity Control, Water Quality Control, Stockwatering and
Recreation.

2. The place of use is situated within portions of the following counties, as shown on USBR
Map No. 214-208-12581 on file with the Board, and as further delineated in the GIS maps
on file with the Board and attached to this Order.
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Alameda Madera Santa Clara
Butte Merced Shasta
Colusa Napa Solano
Contra Costa Placer Stanislaus
El Dorado Sacramento Sutter
Fresno San Benito Tehama
Glenn San Francisco Trinity
Kern San Joaquin Tulare
Kings San Mateo Yolo

3. Except as provided below, Permittee shall provide compensation and habitat values
equivalent to those that were associated with the lands (encroachment lands) that were
receiving CVP water prior to being added to a CVP place of use on
December 29, 1999, provided that such lands were converted from native habitat as a
result of application of CVP water.  The maximum total habitat compensation required
by this term is the equivalent of the 45,390 acres of habitat identified in the final EIR
for the Consolidated and Conformed Place of Use as having been converted from native
habitat as a result of the delivery of CVP water.  The habitat compensation shall consist
substantially of the following mix of habitats:

• 3 acres of valley-foothill hardwood-conifer
• 1 acre of mixed chaparral
• 4,278 acres of valley-foothill riparian/fresh emergent wetland
• 17,944 acres of annual grassland
• 23,165 acres of alkali scrub

In any event, the acreage set aside for habitat compensation pursuant to this condition
shall not exceed 45,390 acres, less any reductions approved by the Executive Director
in accordance with the following guidelines.  If approved by the Executive Director of
the SWRCB, the maximum amount of habitat compensation and acreage set forth
above may be reduced at the rate of one acre for one acre if the Permittee demonstrates
that one or more of the following circumstances exist with respect to a specified
encroached area within the 45,390 acres:  (1) the encroachment is not subject to CEQA
because it occurred prior to the effective date of CEQA; (2) the encroachment has been
previously mitigated through measures equivalent to the habitat compensation that
would satisfy this permit term; and (3) the encroachment occurred after the land
involved was converted to agriculture from native habitat.

For the purpose of providing habitat values that compensate for those associated with
the converted lands subject to this term, Permittee shall identify, define and delineate
existing habitats of special status plant and animal species within the habitat types listed
above in consultation with DFG and the USFWS.  Upon delineation of these habitats,
Permittee shall develop, in consultation with DFG and the USFWS, an upland species
Habitat Management Plan (HMP) with specific mitigation measures, funding methods
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and schedules.  Suitable mitigation for the impacts to the habitat converted, up to
mitigation for 45,390 acres of habitat, could consist of several different programs to
acquire, maintain, and restore the habitat values needed to support the listed species that
were previously found on these lands.  Measures to obtain these habitat values could
include, but are not limited to:

a. Acquiring lands for habitat restoration for the listed species.

b. Implementing management programs to enhance existing habitat values for the listed
species.

c. Acquiring development rights or easements to control land use activities to be
consistent with target species needs and habitat requirements.

The HMP proposed by the Permittee shall be submitted to the Executive Director of the
SWRCB for review and approval within 18 months from the date of this order.  If the
Permittee elects to provide compensation through habitat acquisition, the acreage acquired
shall be deemed to provide, for each habitat type acquired, equivalent habitat values to
those lost through conversion of an equal acreage of that habitat type to irrigated
agriculture, except where the Permittee demonstrates that a lesser acreage of replacement
habitat will provide habitat of equivalent value to the acreage that has been converted.  The
funding of habitat and species mitigation measures identified in the HMP shall focus on
and be consistent with existing or future Habitat Conservation Plans for special status
terrestrial species and their habitats.

Changes in the HMP may be made through a process of adaptive management after
consultation with the DFG and the USFWS and approval by the Executive Director of the
SWRCB.

Permittee shall be responsible for compliance with federal and state environmental laws
and any permits necessary to carry out specific mitigation measures in the HMP approved
by the Board.  Any reductions in the habitat compensation due to the encroachment
preceding CEQA, or due to previous mitigation equivalent to the habitat compensation
required herein, or due to the encroachment having occurred after the land involved was
converted to irrigated agriculture from native habitat, shall be subject to notice to interested
parties.  Reductions in habitat compensation may be approved by the Executive Director of
the SWRCB unless there are objections.  If objections are filed, the SWRCB will decide
whether the habitat compensation can be reduced.

4. Permittee shall complete the mitigation identified in the HMP within ten years of the date
of this order.  An extension for the completion of any remaining mitigation at the end of the
ten years may be granted by the Executive Director of the SWRCB after a showing of good
cause.  At the time of the request for an extension, the Permittee shall be required to
provide to the Executive Director of the SWRCB a revised HMP that identifies specific
mitigation measures, funding methods and schedules developed in consultation with DFG
and the USFWS.  The revised HMP must demonstrate the ability of the permittee to
complete the mitigation obligation during the extension period.  The extension period may
not exceed an additional ten years.
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5. Permittee, in consultation with DFG and the USFWS, shall develop and fund a Monitoring
and Reporting Program (MRP) to ensure the continued protection, preservation or
enhancement of special status species’ habitats in the mitigation areas.  The MRP shall be
submitted to the Executive Director of the SWRCB for review and approval within
18 months from the date of this order.

Permittee shall provide annual reports to the Board, DFG and the USFWS that track the
ongoing progress of the HMP.  The annual reports are due on or before April 15 of each
year. The MRP shall continue for a minimum of ten years following the completion of the
last mitigation actions identified in the HMP.

Permittee shall file with the Executive Director of the SWRCB a final MRP that
demonstrates the Permittee has completed the HMP mitigation actions and has met its
mitigation obligation pursuant to the approval of the petition to add the encroachment lands
to the Place of Use.

IT IS FURTHER ORDERED that Licenses 990, 2684, 2685, 6047, 11395, and 11396

(Applications 1221, 1222, 1224, 10572, 16186, and 16187, respectively) of the Merced Irrigation

District, Licenses 7856 and 7860 (Applications 10872 and 13310, respectively) of the Oakdale and

South San Joaquin Irrigation Districts, and Licenses 5417 and 11058 (Applications 1233 and

14127, respectively)
*
 of the Turlock and Modesto Irrigation Districts shall be amended by adding

the following conditions which shall expire on December 31, 2011 or at such time as the

San Joaquin River Agreement (SJRA) is terminated, whichever occurs first.

1. In addition to all other places of use authorized by this license, the reach of river between
Licensee’s point of diversion and Vernalis on the San Joaquin River is added as a place of
use.

2. In addition to all other purposes of use authorized by this license, the purposes of use shall
include Fish and Wildlife Enhancement.

3. The flows provided by Licensee pursuant to the SJRA will satisfy any responsibility of
Licensee to meet the objectives in Tables 1, 2, and 3, attached.  When the SJRA expires or
is terminated, the Board will give notice and will commence a proceeding to determine the
responsibility of Licensee to meet the objectives.

4. Except as provided below, while the SJRA is in effect, Licensee shall meet the following
target flows for the protection of fish and wildlife beneficial uses on the San Joaquin River
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at Airport Way Bridge, Vernalis during the 31-day pulse flow period in April and May90  of
each year while the SJRA is in effect.  The target flow shall be based on the existing flow,
as defined below.

Existing Flow91  (cfs) Target Flow (cfs)

0-1999 2,000
2,000-3,199 3,200
3,200-4,449 4,450
4,450-5,699 5,700
5,700-6,999 7,000

7,000 or greater Existing Flow

The total amount of water provided under licenses 990, 2684, 2685, 6047, 11395, 11396, 7856,
7860, 5417, and 11058, together, to meet the target flows is not required to exceed 110,000
acre-feet annually.  Water provided by the Licensee shall be measured at the Licensee’s last
point of control.

During years when the sum of the current year’s 60-20-2092 indicator and the previous year’s
60-20-20 indicator is seven (7) or greater, target flows shall be one step higher than those
required by the above table.  The Licensee is not required to meet the target flow during years
when the sum of the current year’s 60-20-20 indicator and the previous two years’ 60-20-20
indicator is four (4) or less, using the following table.

                                                
 90  The timing of the 31-day pulse flow is to be determined by the San Joaquin River Technical Committee (SJRTC).
The SJRTC is composed of technical experts appointed by the parties to the SJRA to implement the VAMP
experiment and other technical activities that its members deem appropriate to meet the goals of the SJRA.
91  “Existing flows” will be determined by the SJRTC.  Existing flow is defined as the forecasted flows in the
San Joaquin River at Vernalis during the pulse flow period that would exist absent the SJRA or water acquisitions,
including but not limited to the following:

1. Tributary minimum instream flows pursuant to Davis-Grunsky, Federal Energy Regulatory Commission, or
other regulatory agency orders existing on the date of this agreement;

2. Water quality or scheduled fishery releases from New Melones Reservoir;

3. Flood control releases from any non-federal storage facility required to be made during the pulse flow period
pursuant to its operating protocol with the U.S. Army Corps of Engineers in effect when the SJRA is
executed;

4. Uncontrolled spills not otherwise recaptured pursuant to water right accretions (less natural depletions) to the
system; and/or

5. Local runoff.
92  The computation method for the 60-20-20 indicator is provided in Figure 2, attached.



168.

SJR Basin 60-20-20 Classification 60-20-20 Indicator

Wet 5

Above Normal 4

Below Normal 3

Dry 2

Critical 1

5. Licensees shall determine the 60-20-20 indicator for each year while the SJRA is in effect,
using the table below. The most current DWR forecast of the San Joaquin Valley water
hydrologic classification will be used.
 

6. Licensees shall coordinate water release planning for the April-May pulse flow period with
the DWR, the USBR, the U.S. Fish and Wildlife Service, the National Marine Fisheries
Service, and the California Department of Fish and Game.

7. Annually, Licensees shall submit an operations report to the Executive Director of the
SWRCB by January 30 of the year following each year of operation under the SJRA.
The report shall identify (a) the source and quantity of water released from storage, or
storage and direct diversions foregone to meet the April-May pulse flow objective in the
San Joaquin River at Airport Way Bridge in Vernalis; (b) the time period when this water
was released from storage, or not diverted; (c) a monthly accounting of reservoir
operations to refill reservoir storage; (d) the source and quantity of water transferred to
the USBR pursuant to the terms of the SJRA; (e) the quantity, timing, and location of
groundwater extractions made to maintain water supply deliveries due to the SJRA; (f)
the time period in which water sold to the USBR was released from storage or not
diverted; and (g) an analysis showing that all storage releases, storage and direct
diversions foregone, and replenishment operations listed above were performed within
the limits, terms and conditions of these licenses.

8. Licensees shall notify the Board immediately upon termination of the SJRA if such
occurs in advance of December 31, 2011.

9. Pursuant to Water Code sections 100 and 275 and the common law public trust doctrine,
all rights and privileges under this long term change order, including method of
diversion, method of use, and quantity of water diverted or rediverted, are subject to the
continuing authority of the Board in accordance with law and in the interest of the public
welfare to protect public trust uses and to prevent waste, unreasonable use, unreasonable
method of use, or unreasonable method of diversion of said water.

The continuing authority of the Board also may be exercised by imposing specific
requirements over and above those contained in this Order with a view to minimize waste
of water and to meet reasonable water requirements without unreasonable draft on the
source.

10. The Board reserves jurisdiction over the long-term changes authorized in this Order, to
supervise the diversion, release, and use of water under this Order and to coordinate or
modify terms and conditions, for the protection of other legal users of water, fish, wildlife,
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instream beneficial uses, and the public interest as future conditions may warrant.  The
Board delegates authority to the Executive Director of the SWRCB to take actions under
this reservation of jurisdiction when the action is consistent with this Order.

11. This Order does not authorize any act which results in the taking of a threatened or
endangered species or any act which is now prohibited, or becomes prohibited in the future,
under either the California Endangered Species Act (Fish and Game Code sections 2050 to
2097) or the federal Endangered Species Act (16 U.S.C.A. sections 1531 to 1544).  If a
“take” will result from any act authorized under this Order, the Licensee shall obtain
authorization for an incidental take prior to construction or operation.  Licensee shall be
responsible for meeting all requirements of the applicable Endangered Species Act for the
long-term changes authorized under this Order.

IT IS FURTHER ORDERED that Licenses 990, 2684, 2685, 6047, 11395, and 11396

(Applications 1221, 1222, 1224, 10572, 16186, and 16187, respectively) * of the Merced Irrigation

District be amended by adding the following conditions which shall expire on December 31, 2011

or at such time as the San Joaquin River Agreement (SJRA) is terminated, whichever occurs first:

1. Licensee is authorized to provide 12,500 acre-feet of water above the existing flow
delivered at the last point of control for release to the Merced River during October of all
years.

2. If groundwater substitution is used in response to meeting flow obligations of Licensee
under the SJRA, and the result is exacerbation of groundwater overdraft in the Merced
Groundwater Basin, Licensee shall take measures to recharge the incremental increase in
the amount of groundwater pumped as a result of the authorized change.  Prior to pumping
groundwater as a result of the authorized change, Licensee shall provide to the Executive
Director of the SWRCB a recharge plan specifying the amount of groundwater to be
pumped, the location of the pumping, and the location and method of recharge that will be
undertaken to balance the groundwater pumping.  The plan shall contain an analysis of how
the recharge program will prevent overdraft or a decrease in flow in the Merced River due
to the groundwater pumping.  Upon approval of the plan by the Executive Director of the
SWRCB, Licensee shall implement the plan.

3. At times when the USBR is releasing water from New Melones Reservoir for the purpose
of meeting the Vernalis salinity objective, or when Standard Permit Term 93 is in effect, or
when salinity objectives at Vernalis are not being met, Licensee shall not replenish
(1) stored water or foregone diversions provided for the April-May pulse flow or the
October target flow at Vernalis, or (2) water transferred to the USBR pursuant to the SJRA.
The Executive Director of the SWRCB is delegated authority to ensure that this condition
is not used by the USBR to increase the obligation of Licensee.

IT IS FURTHER ORDERED that Licenses 7856 and 7860 (Applications 10872 and 13310,

respectively)* of the Oakdale and South San Joaquin Irrigation District shall be amended by adding
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the following conditions which shall expire on December 31, 2011 or at such time as the

San Joaquin River Agreement (SJRA) is terminated, whichever occurs first:

1. While the SJRA is in effect, Licensee Oakdale Irrigation District is authorized to provide
15,000 acre-feet of water to the USBR annually.  In addition, Licensee is authorized to
provide the difference between the water released by the Licensee to meet its share of the
San Joaquin River Flow objective and 11,000 acre-feet.  Such water may be made available
to the USBR at New Melones Reservoir for any authorized purpose of the New Melones
Reservoir project while the SJRA is in effect.

2. Licensees shall not extract groundwater from the Eastern San Joaquin County
Groundwater Basin to provide water for flow and water transfer obligations of the
Oakdale Irrigation District under the SJRA.  Also, extractions from this basin shall not be
used to replace deliveries foregone due to these obligations.

IT IS FURTHER ORDERED that Licenses 5417 and 11058 (Applications 1233 and 14127,

respectively) of the Modesto and Turlock Irrigation Districts shall be amended by adding the

following condition which shall expire on December 31, 2011 or at such time as the San Joaquin

River Agreement (SJRA) is terminated, whichever occurs first.

At times when the USBR is releasing water from New Melones Reservoir for the purpose of
meeting the Vernalis salinity objective, or when Standard Permit Term 93 is in effect, or when
salinity objectives at Vernalis are not being met, Licensees shall not replenish (1) stored water or
foregone diversions provided for the April/May pulse flow at Vernalis, or (2) water transferred to
the USBR pursuant to the San Joaquin River Agreement.  The Executive Director of the SWRCB
is delegated authority to ensure that this condition is not used by the USBR to increase the
obligation of Licensee.

IT IS FURTHER ORDERED that License 11109 and Permit 10478 (Applications 4228 and

13156)* of the East Bay Municipal Utilities District shall be amended by adding the following

conditions:

1. Permittee/Licensee shall provide the "Release from Camanche Dam" into the Mokelumne
River in accordance with the schedule set forth below. The water year types are defined
below.

/ / /
/ / /
/ / /
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NORMAL & ABOVE NORMAL YEARS

 
 
 

 Mokelumne River Minimum Flow Schedule (1)
       

 
FALL RUN CHINOOK

SALMON

LIFE STAGE

PERIOD NOTE* DAYS RELEASE FROM
CAMANCHE DAM

(CFS)

 

       
  Adult Immigration  10/1-10/15  (2)  15  325  

       
  Spawn/Incubation  10/16-10/31  (2)  16  325  
   11/1-11/30  (3)  30  325  
   12/1-12/31  (3)  31  325  

       
  Incubation/Alevin  1/1-1/31  (3)  31  325  
   2/1-2/28  (3)  28  325  

       
  Fry Rearing  3/1-3/31  (3)  31  325  
   4/1-4/15  (4),(5)  15  325  
   4/16-4/30  (4),(5)  15  325  

       
  Fry Rearing/Juvenile Rearing  5/1-5/31  (5)  31  325  
  Outmigration  6/1-6/30  (5)  30  325  

       
  Oversummer  7/1-9/30   92  100  
       

       
       

 Notes*  (1) Due to changes in water conditions or to optimize fishery conditions, EBMUD may modify Flow Standards upon
written concurrence of DFG and USFWS, provided the total quantity of water released for fishery purposes in Normal and
Above year types is not less than the quantity provided by this flow schedule.

  (2) During October, EBMUD will maintain minimum flows of 325 cfs below Camanche Dam and 100 cfs below WID's
dam in Normal and Above year types.

  (3) During the period when WID dam boards are pulled out and Lodi Lake is empty (approximately Nov. 1 through March
31), EBMUD shall make minimum releases of 325 cfs from Camanche Dam in Normal and Above year types.  This
release from Camanche dam is expected to provide at least 100 cfs below WID dam during this period.  However,
EBMUD shall not be obligated to increase releases above 325 cfs during this period in Normal and Above year types.

  (4) During April, EBMUD will maintain minimum flows of 325 cfs below Camanche Dam and 150 cfs below WID's dam
in Normal and Above year types.

  (5) For the months of April, May, and June during Normal and Above year types, additional release of up to 200 cfs is
required depending on combined Pardee and Camanche storage levels relative to the maximum allowable for the end of the
prior month as follows:

  Less than 10 TAF below maximum allowable storage (BMAS), additional release is 200 cfs for subsequent month.

       10 TAF <= BMAS < 20 TAF, additional release is 150 cfs for subsequent month.

       20 TAF <= BMAS < 30 TAF, additional release is 100 cfs for subsequent month.

       30 TAF <= BMAS < 40 TAF, additional release is  50 cfs for subsequent month.
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 Below Normal Year
 Mokelumne River Minimum Flow Schedule (1)

       
 

FALL RUN CHINOOK

SALMON

LIFE STAGE

PERIOD NOTE* DAYS RELEASE FROM
CAMANCHE DAM

(CFS)

 

       

  Adult Immigration  10/1-10/15  (2)  15  250  

       

  Spawn/Incubation  10/16-10/31  (2)  16  250  

   11/1-11/30  (3)  30  250  

   12/1-12/31  (3)  31  250  

       

  Incubation/Alevin  1/1-1/31  (3)  31  250  

   2/1-2/28  (3)  28  250  

       

  Fry Rearing  3/1-3/31  (3)  31  250  

   4/1-4/15  (4),(5)  15  250  

   4/16-4/30  (4),(5)  15  250  

       

  Fry Rearing/Juvenile
Rearing

 5/1-5/31  (5)  31  250  

  Outmigration  6/1-6/30  (5)  30  250  

       

  Oversummer  7/1-9/30   92  100  

       
 Notes*  (1) Due to changes in water conditions or to optimize fishery conditions, EBMUD may modify Flow Standards upon

written concurrence of DFG and USFWS, provided the total quantity of water released for fishery purposes in Below
Normal year types is not less than the quantity provided by this flow schedule.

  (2) During October, EBMUD will maintain minimum flows of 250 cfs below Camanche Dam and 100 cfs below WID's
dam in Below Normal year types.

  (3) During the period when WID dam boards are pulled out and Lodi Lake is empty (approximately Nov. 1 through March
31), EBMUD shall make minimum releases of 250 cfs from Camanche Dam in Below Normal year types.  This release
from Camanche dam is expected to provide at least 100 cfs below WID dam during this period.  However, EBMUD shall
not be obligated to increase releases above 250 cfs during this period in Below Normal year types.

  (4) During April, EBMUD will maintain minimum flows of 250 cfs below Camanche Dam and 150 cfs below WID's dam
in Below Normal year types.

  (5) For the months of April, May, and June in Below Normal year types, additional release of up to 200 cfs is required
depending on combined Pardee and Camanche storage levels relative to the maximum allowable for the end of the prior
month as follows:

  Less than 10 TAF below maximum allowable storage (BMAS), additional release is 200 cfs for subsequent month.

       10 TAF <= BMAS < 20 TAF, additional release is 150 cfs for subsequent month.  
       20 TAF <= BMAS < 30 TAF, additional release is 100 cfs for subsequent month.  
       30 TAF <= BMAS < 40 TAF, additional release is  50 cfs for subsequent month.  
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 Dry Year
 Mokelumne River Minimum Flow Schedule (1)

       

 
FALL RUN CHINOOK

SALMON

LIFE STAGE

PERIOD NOTE* DAYS RELEASE FROM
CAMANCHE DAM

(CFS)

 

       
  Adult Immigration  10/1-10/15  (2)  15  220  

       
  Spawn/Incubation  10/16-10/31  (2)  16  220  
   11/1-11/30  (3)  30  220  
   12/1-12/31  (3)  31  220  

       
  Incubation/Alevin  1/1-1/31  (3)  31  220  
   2/1-2/28  (3)  28  220  

       
  Fry Rearing  3/1-3/31  (3)  31  220  
   4/1-4/15  (4)  15  220  
   4/16-4/30  (4)  15  220  

       
  Fry Rearing/Juvenile
Rearing

 5/1-5/31   31  220  

  Outmigration  6/1-6/30  (5)  30  100  

       
  Oversummer  7/1-9/30   92  100  

       
       

 Notes*  (1) Due to changes in water conditions or to optimize fishery conditions, EBMUD may modify Flow
Standards upon written concurrence of DFG and USFWS, provided the total quantity of water released for
fishery purposes in Dry year types is not less than the quantity provided by this flow schedule.

  (2) During October, EBMUD will maintain minimum flows of 220 cfs below Camanche Dam and 80 cfs
below WID's dam in Dry year types.

  (3) During the period when WID dam boards are pulled out and Lodi Lake is empty (approximately Nov. 1
through March 31), EBMUD shall make minimum releases of 220 cfs from Camanche Dam in Dry year
types.  This release from Camanche dam is expected to provide at least 80 cfs below WID dam during this
period.  However, EBMUD shall not be obligated to increase releases above 220 cfs during this period in Dry
year types.

  (4) During April, EBMUD will maintain minimum flows of 220 cfs below Camanche Dam and 150 cfs
below WID's dam in Dry year types.

  (5) During June, Outmigrating smolts will be trapped, tagged, and transported around the Delta in Dry year
types with approval of the Partnership Steering Committee created under the 1998 Joint Settlement
Agreement.
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 Critically Dry Year
 Mokelumne River Minimum Flow Schedule (1)

       

 
FALL RUN CHINOOK

SALMON

LIFE STAGE

PERIOD NOTE* DAYS RELEASE FROM
CAMANCHE DAM

(CFS)

 

       
  Adult Immigration  10/1-10/15  (2)  15  100  

       
  Spawn/Incubation  10/16-10/31  (2)  16  130  
   11/1-11/30  (3)  30  130  
   12/1-12/31  (3)  31  130  

       
  Incubation/Alevin  1/1-1/31  (3)  31  130  
   2/1-2/28  (3)  28  130  

       
  Fry Rearing  3/1-3/31  (3)  31  130  
   4/1-4/15  (4)  15  130  
   4/16-4/30  (4)  15  130  

       
  Fry Rearing/Juvenile
Rearing

 5/1-5/31  (5)  31  100  

  Outmigration  6/1-6/30  (5)  30  100  

       
  Oversummer  7/1-9/30   92  100  

       
       

 Notes*  (1) Due to changes in water conditions or to optimize fishery conditions, EBMUD may modify Flow Standards upon
written concurrence of DFG and USFWS, provided the total quantity of water released for fishery purposes in Critically-
Dry year types is not less than the quantity provided by this flow schedule.

  (2) During October, EBMUD will maintain minimum flows of 130 cfs below Camanche Dam and will maintain minimum
flows of 15 cfs from Oct. 1-15 and 75 cfs from Oct. 16-31 below WID dam in Critically Dry year types.

  (3) During the period when WID dam boards are pulled out and Lodi Lake is empty (approximately Nov. 1 through March
31), EBMUD shall make minimum releases of 130 cfs from Camanche Dam in Critically Dry year types.  This release
from Camanche dam is expected to provide at least 75 cfs below WID dam during this period.  However, EBMUD shall
not be obligated to increase releases above 130 cfs during this period in Critically-Dry year types.

  (4) During April, EBMUD will maintain minimum flows of 130 cfs below Camanche Dam and 75 cfs below WID's dam in
Critically-Dry year types.

  (5) During May and June, outmigrating smolts will be trapped, tagged, and transported around the Delta in Critically-Dry
year types with approval of the Partnership Steering Committee created under the 1998 Joint Settlement Agreement.
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Water Year Type Determination

 Year Type  Normal/Above  Below Normal  Dry  Critically Dry

 Oct. - Mar. (1)

(Pardee/Camanche
Storage)

 Max Allowable (2)  Max Allowable
to

400 TAF

 399 TAF
to

270 TAF

 269 TAF
or

Less

 Apr. - Sep. (3)

(Unimpaired
runoff)

 890 TAF
or

More

 889 TAF
to

500 TAF

 499 TAF
to

300 TAF

 299 TAF
or

Less (4)

     
 (1)  October through March minimum flows are determined by total Pardee and Camanche storage on November 5th.

 (2)  Maximum allowable storage on November 5th, shall be determined in accordance with the Army Corps of Engineer's
Water Control Manual for Camanche Dam and Reservoir dated September 1981.

 (3)  April through September minimum flows are determined by the water year unimpaired runoff into Pardee Reservoir as
forecasted by DWR in the April 1st Bulletin 120 Report except when combined Pardee/Camanche Nov. 5 storage is
projected to be less than 200 TAF.
 
 (4)  April through September minimum flows shall be critically dry whenever Nov. 5 combined Pardee/Camanche storage
is projected to be 200 TAF or less based on the runoff forecast in DWR Bulletin 120, beginning April 1st.

 
2. This permit/license does not authorize any act which results in the taking of a threatened or

endangered species or any act which is now prohibited, or becomes prohibited in the future,
under either the California Endangered Species Act (Fish and Game Code sections 2050 to
2097) or the federal Endangered Species Act (16 U.S.C.A. sections 1531 to 1544). If a
“take” will result from any act authorized under this water right, the Permittee/Licensee
shall obtain authorization for an incidental take prior to construction or operation.
Permittee/Licensee shall be responsible for meeting all requirements of the applicable
Endangered Species Act for the project authorized under this permit/license.

(0000014)

3. The continuing authority condition shall be updated to read as follows:

Pursuant to California Water Code Sections 100 and 275 and the common law public trust
doctrine, all rights and privileges under this permit, including method of diversion, method of
use, and quantity of water diverted, are subject to the continuing authority of the Board in
accordance with law and in the interest of the public welfare to protect public trust uses and
to prevent waste, unreasonable use, unreasonable method of use, or unreasonable method of
diversion of said water.

The continuing authority of the Board may be exercised by imposing specific requirements
over and above those contained in this permit with a view to eliminating waste of water and
to meeting the reasonable water requirements of Permittee/Licensee without unreasonable
draft on the source.  Permittee/Licensee may be required to implement a water conservation
plan, features of which may include but not necessarily be limited to: (1) reusing or
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reclaiming the water allocated; (2) using water reclaimed by another entity instead of all or
part of the water allocated; (3) restricting diversions so as to eliminate agricultural tailwater
or to reduce return flow; (4) suppressing evaporation losses from water surfaces;
(5) controlling phreatophytic growth; and (6) installing, maintaining, and operating
efficient water measuring devices to assure compliance with the quantity limitations of this
permit and to determine accurately water use as against reasonable water requirement for
the authorized project.  No action will be taken pursuant to this paragraph unless the Board
determines, after notice to affected parties and opportunity for hearing, that such specific
requirements are physically and financially feasible and are appropriate to the particular
situation.

The continuing authority of the Board also may be exercised by imposing further
limitations on the diversion and use of water by the permittee in order to protect public
trust uses.  No action will be taken pursuant to this paragraph unless the Board determines,
after notice to affected parties and opportunity for hearing, that such action is consistent
with California Constitution Article X, Section 2; is consistent with the public interest; and
is necessary to preserve or restore the uses protected by the public trust.

(0000012)

4. The water quality objectives condition shall be updated to read as follows:

The quantity of water diverted under this permit is subject to modification by the Board if,
after notice to the Permittee/Licensee and an opportunity for hearing, the Board finds that
such modification is necessary to meet water quality objectives in water quality control plans
which have been or hereafter may be established or modified pursuant to Division 7 of the
Water Code.  No action will be taken pursuant to this paragraph unless the Board finds that:
(1) adequate waste discharge requirements have been prescribed and are in effect with
respect to all waste discharges which have any substantial effect upon water quality in the
area involved, and (2) the water quality objectives cannot be achieved solely through the
control of waste discharges.

(0000013)

5. Permittee/Licensee may reschedule or modify the specified flow releases required by this
order, but the total quantity of water released in any year shall not be less than the quantity
of water that would have been provided pursuant to the flow schedule specified in this
order for the water year type in which the resheduling or modification occurs.  Thirty days
prior to rescheduling or modifying the specified flow releases, Permittee/Licensee shall
submit to the Executive Director of the SWRCB an operations plan acceptable to the
Executive Director of the SWRCB that specifies the release schedule for that year.
Permittee/Licensee shall also submit a written concurrence to the operations plan signed by
a representative of the DFG and the USFWS.

6. For the protection of fish, Permittee/Licensee shall:

(a) Make river flow changes gradually.  During the October 16 through March 31
spawning and incubation period, flows shall not decrease by more than 50 cfs per
day.  During other periods, flows shall not decrease by more than 100 cfs per day.
This requirement does not apply during emergency conditions or when flood
control releases are being made.



177.

(b) Use its best efforts to maintain a minimum of 28 taf of hypolymnetic volume in
Camanche Reservoir through October whenever Pardee Reservoir volume exceeds
100 taf.

(c) Take action to maintain dissolved oxygen and to reduce hydrogen sulfide levels in
the Camanche Reservoir hypolimnion during the period from May through October
by using its Hypolimnetic Oxygenation System (HOS).

IT IS FURTHER ORDERED that the Licenses 5945, 8214, 8215 (Applications 5807, 10240 and

12648) * of the Woodbridge Irrigation District shall be amended by adding the following

condition:

1. Licensee shall curtail its diversions at Woodbridge Dam that exceed its Permanent
Regulated Base Supply entitlement released from Camanche Dam under its 1965
Agreement with EBMUD adequately to ensure that the following flows are met below
Woodbridge Diversion Dam.  The minimum bypass will be reevaluated and possibly
amended if the Joint Settlement Agreement is amended for the lower Mokelumne River.

 
 

Water Year Type Determination

 Year Type  Normal/Above  Below Normal  Dry  Critically Dry

 Oct. - Mar. (1)

(Pardee/Camanche
Storage)

 Max Allowable (2)  Max Allowable
to

400 TAF

 399 TAF
to

270 TAF

 269 TAF
or

Less

 Apr. - Sep. (3)

(Unimpaired
runoff)

 890 TAF
or

More

 889 TAF
to

500 TAF

 499 TAF
to

300 TAF

 299 TAF
or

Less (4)

     
 (1)  October through March minimum flows are determined by total Pardee and Camanche storage on November 5th.

 (2)  Maximum allowable storage on November 5th, shall be determined in accordance with the Army Corps of Engineer's
Water Control Manual for Camanche Dam and Reservoir dated September 1981.

 (3)  April through September minimum flows are determined by the water year unimpaired runoff into Pardee Reservoir as
forecasted by DWR in the April 1st Bulletin 120 Report except when combined Pardee/Camanche Nov. 5 storage is
projected to be less than 200 TAF.
 
 (4)  April through September minimum flows shall be critically dry whenever Nov. 5 combined Pardee/Camanche storage
is projected to be 200 TAF or less based on the runoff forecast in DWR Bulletin 120, beginning April 1st.
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 Required Flow Below Woodbridge Irrigation District Diversion Dam (cfs)
  Water Year Type

 Period  Normal and
Above

 Below Normal  Dry  Critically Dry

 
 10/1-10/15

 
 100

 
 100

 
 80

 
 15

 
 10/16-10/31
 11/1-11/30
 12/1-12/31

 
 100
 100
 100

 
 100
 100
 100

 
 80
 80
 80

 
 75
 75
 75

 
 1/1-1/31
 2/1-2/28

 
 100
 100

 
 100
 100

 
 80
 80

 
 75
 75

 
 3/1-3/31
 4/1-4/15

 4/16-4/30

 
 100
 150
 150

 
 100
 150
 150

 
 80

 150
 150

 
 75
 75
 75

 
 5/1-5/31
 6/1-6/30

 
 300
 300

 
 200
 200

 
 150
 20

 
 15
 15

 
 7/1-9/30

 
 25

 
 20

 
 20

 
 15

 
2. This license does not authorize any act which results in the taking of a threatened or

endangered species or any act which is now prohibited, or becomes prohibited in the future,
under either the California Endangered Species Act (Fish and Game Code sections 2050 to
2097) or the federal Endangered Species Act (16 U.S.C.A. sections 1531 to 1544).  If a
“take” will result from any act authorized under this water right, the licensee shall obtain
authorization for an incidental take prior to construction or operation.  Licensee shall be
responsible for meeting all requirements of the applicable Endangered Species Act for the
project authorized under this permit.

(0000014)

3. The continuing authority condition shall be updated to read as follows:

Pursuant to California Water Code Sections 100 and 275 and the common law public trust
doctrine, all rights and privileges under this license, including method of diversion, method
of use, and quantity of water diverted, are subject to the continuing authority of the Board in
accordance with law and in the interest of the public welfare to protect public trust uses and
to prevent waste, unreasonable use, unreasonable method of use, or unreasonable method of
diversion of said water.

The continuing authority of the Board may be exercised by imposing specific requirements
over and above those contained in this license with a view to eliminating waste of water
and to meeting the reasonable water requirements of Licensee without unreasonable draft
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on the source.  Licensee may be required to implement a water conservation plan, features
of which may include but not necessarily be limited to:  (1) reusing or reclaiming the water
allocated; (2) using water reclaimed by another entity instead of all or part of the water
allocated; (3) restricting diversions so as to eliminate agricultural tailwater or to reduce
return flow; (4) suppressing evaporation losses from water surfaces; (5) controlling
phreatophytic growth; and (6) installing, maintaining, and operating efficient water
measuring devices to assure compliance with the quantity limitations of this permit and to
determine accurately water use as against reasonable water requirement for the authorized
project.  No action will be taken pursuant to this paragraph unless the Board determines,
after notice to affected parties and opportunity for hearing, that such specific requirements
are physically and financially feasible and are appropriate to the particular situation.

The continuing authority of the Board also may be exercised by imposing further
limitations on the diversion and use of water by the Licensee in order to protect public trust
uses.  No action will be taken pursuant to this paragraph unless the Board determines, after
notice to affected parties and opportunity for hearing, that such action is consistent with
California Constitution Article X, Section 2; is consistent with the public interest; and is
necessary to preserve or restore the uses protected by the public trust.

(0000012)

/ / / /

/ / / /

/ / / /

/ / / /

/ / / /

/ / / /

/ / / /

/ / / /
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4. The water quality objectives condition shall be updated to read as follows:

The quantity of water diverted under this permit is subject to modification by the Board if,
after notice to the Licensee and an opportunity for hearing, the Board finds that such
modification is necessary to meet water quality objectives in water quality control plans
which have been or hereafter may be established or modified pursuant to Division 7 of the
Water Code.  No action will be taken pursuant to this paragraph unless the Board finds that:
(1) adequate waste discharge requirements have been prescribed and are in effect with
respect to all waste discharges which have any substantial effect upon water quality in the
area involved, and (2) the water quality objectives cannot be achieved solely through the
control of waste discharges.

(0000013)

CERTIFICATION

The undersigned, Administrative Assistant to the Board, does hereby certify that the foregoing is a
full, true, and correct copy of a decision duly and regularly adopted at a meeting of the State Water
Resources Control Board held on December 29, 1999, and revised pursuant to Order WR 2000-02
at a meeting of the State Water Resources Control Board held on March 15, 2000.

AYE: James M. Stubchaer
Mary Jane Forster
John W. Brown
Arthur G. Baggett, Jr.

NO: None

ABSENT: None

ABSTAIN: None

                                                                           
Maureen Marché
Administrative Assistant to the Board



181.

TABLE 1
WATER QUALITY OBJECTIVES FOR

MUNICIPAL AND INDUSTRIAL BENEFICIAL USES

COMPLIANCE
LOCATION

INTERAGENCY
STATION
NUMBER
(RKI [1]) PARAMETER DESCRIPTION (UNIT)

WATER
YEAR

TYPE [2]
TIME

PERIOD VALUE

Contra Costa Canal at
Pumping Plant #1

-or-
San Joaquin River at
Antioch Water Works

Intake

C-5
(CHCCC06)

D-12 (near)
(RSAN007)

Chloride (Cl−) Maximum mean daily 150 mg/l Cl−

for at least the number of days
shown during the Calendar Year.
Must be provided in intervals of not
less than two weeks duration.
(Percentage of Calendar Year
shown in parenthesis)

W
AN
BN
D
C

No. of days each Calendar
Year ≤ 150 mg/l Cl−

240 (66%)
190 (52%)
175 (48%)
165 (45%
155 (42%)

Contra Costa Canal at
Pumping Plant #1

-and-
West Canal at mouth of
Clifton Court Forebay

-and-
Delta-Mendota Canal at

Tracy Pumping Plant
-and-

Barker Slough at North
Bay Aqueduct Intake

-and-
Cache Slough at City of

Vallejo Intake [3]

C-5
(CHCCC06)

C-9
(CHWST0)

DMC-1
(CHDMC004)

----
(SLSAR3)

C-19
(SLCCH16)

Chloride (Cl−) Maximum mean daily (mg/l) All Oct-Sep 250

[1]  River Kilometer Index station number.
[2]  The Sacramento Valley 40-30-30 water year hydrologic classification index (see Figure 1) applies for determinations of water year type.
[3]  The Cache Slough objective to be effective only when water is being diverted from this location.
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TABLE 2
WATER QUALITY OBJECTIVES FOR AGRICULTURAL BENEFICIAL USES

COMPLIANCE
LOCATION

INTERAGENCY
STATION
NUMBER
(RKI [1]) PARAMETER

DESCRIPTION
(UNIT) [2]

WATER
YEAR

TYPE [3]
TIME

PERIOD VALUE

WESTERN DELTA

Sacramento River
at Emmaton

D-22
(RSAC092)

Electrical Con-
ductivity  (EC)

Maximum 14-day running
average of mean daily EC
(mmhos/cm)

W
AN
BN
D
C

0.45 EC
April 1 to

date shown
Aug 15
Jul 1

Jun 20
Jun 15

----

EC from date
shown to
Aug 15 [4]

----
0.63
1.14
1.67
2.78

San Joaquin River
at Jersey Point

D-15\
(RSAN018)

Electrical Con-
ductivity  (EC)

Maximum 14-day running
average of mean daily EC
(mmhos/cm)

W
AN
BN
D
C

0.45 EC
April 1 to

date shown
Aug 15
Aug 15
Jun 20
Jun 15

----

EC from date
shown to
Aug 15 [4]

----
----
0.74
1.35
2.20

INTERIOR DELTA

South Fork Mokelumne River
at Terminous

C-13
(RSMKL08)

Electrical Con-
ductivity  (EC)

Maximum 14-day running
average of mean daily EC
(mmhos/cm)

W
AN
BN
D
C

            0.45 EC
April 1 to

date shown
Aug 15
Aug 15
Aug 15
Aug 15

----

   EC from date
shown to
Aug 15 [4]

----
----
----
----
0.54

San Joaquin River
at San Andreas Landing

C-4
(RSAN032)

Electrical Con-
Ductivity  (EC)

Maximum 14-day running
average of mean daily EC
(mmhos/cm)

W
AN
BN
D
C

0.45 EC
            April 1 to

date shown
Aug 15
Aug 15
Aug 15
Jun 25

----

EC from date
shown to
Aug 15 [4]

----
----
----
0.58
0.87

SOUTHERN DELTA

Maximum 30-day running
average of mean daily EC
(mmhos/cm)

All Apr-Aug
Sep-Mar

0.7
1.0

San Joaquin River at
Airport Way Bridge, Vernalis

-and-
San Joaquin River at
Brandt Bridge site[5]

-and-
Old River near
Middle River [5]

-and-
Old River at

Tracy Road Bridge [5]

C-10
(RSAN112)

C-6
(RSAN073)

C-8
(ROLD69)

P-12
(ROLD59)

Electrical Con-
ductivity  (EC)

EXPORT AREA

All Oct-Sep 1.0Electrical Con-
ductivity  (EC)

Maximum monthly
average of mean daily EC
(mmhos/cm)

West Canal at mouth of
Clifton Court Forebay

-and-
Delta-Mendota Canal at

Tracy Pumping Plant

C-9
(CHWST0)

DMC-1
(CHDMC004)

[1]   River Kilometer Index station number.

[2] Determination of compliance with an objective expressed as a running average begins on the last day of the averaging period.  The averaging period commences
      with the first day of the time period for the applicable objective.  If the objective is not met on the last day of the averaging period, all days in the averaging
      period are considered out of compliance.

[3]  The Sacramento Valley 40-30-30 water year hydrologic classification index (see Figure 1) applies for determinations of water year type.

[4]  When no date is shown, EC limit continues from April 1.

[5]  The 0.7 EC objective becomes effective on April 1, 2005.  The DWR and the USBR shall meet 1.0 EC at these stations year round until April 1, 2005.  The 0.7 EC objective is
replaced by the 1.0 EC objective from April through August after April 1, 2005 if permanent barriers are constructed, or equivalent measures are implemented, in the southern
Delta and an operations plan that reasonably protects southern Delta agriculture is prepared by the DWR and the USBR and approved by the Executive Director of the SWRCB.
The SWRCB will review the salinity objectives for the southern Delta in the next review of the Bay-Delta objectives following construction of the barriers.
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TABLE 3
WATER QUALITY OBJECTIVES FOR FISH AND WILDLIFE BENEFICIAL USES

COMPLIANCE LOCATION

INTERAGENCY
STATION
NUMBER
(RKI [1]) PARAMETER

DESCRIPTION
(UNIT) [2]

WATER
YEAR TYPE

[3]
TIME

PERIOD VALUE

SAN JOAQUIN RIVER SALINITY

San Joaquin River at and between
Jersey Point and Prisoners Point

[4]

D-15 (RSAN018)
-and-

D-29 (RSAN038)

Electrical
Conductivity

(EC)

Maximum 14-day
running average of
mean daily
EC(mmhos/cm)

W,AN,BN,D Apr-May 0.44  [5]

EASTERN SUISUN MARSH SALINITY

Sacramento River at Collinsville
-and-

Montezuma Slought at National
Steel
-and-

Montezuma Slough near Beldon
Landing

C-2 (RSAC081)

S-64 (SLMZU25)

S-49 (SLMZU11)

Electrical
Conductivity

(EC)

Maximum monthly
average of both
daily high tide EC
values
(mmhos/cm), or
demonstrate that
equivalent or better
protection will be
provided at the
location

All Oct
Nov-Dec

Jan
Feb-Mar
Apr-May

19.0
15.5
12.5
8.0
11.0

WESTERN SUISUN MARSH SALINITY

Chadbourne Slough
at Sunrise Duck Club

-and-
Suisun Slough, 300 feet
south of Volanti Slough

S-21
(SLCBN1)

S-42
 (SLSUS12)

Electrical
Conductivity

(EC)

Maximum monthly
average of both
daily high tide EC
values
(mmhos/cm), or
demonstrate that
equivalent or better
protection will be
provided at the
location

All but
deficiency
period [6]

Deficiency
Period [6]

Oct
Nov
Dec
Jan

Feb-Mar
Apr-May

Oct
Nov

Dec-Mar
Apr
May

19.0
16.5
15.5
12.5
8.0
11.0

19.0
16.5
15.6
14.0
12.5
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TABLE 3 (continued)
WATER QUALITY OBJECTIVES FOR FISH AND WILDLIFE BENEFICIAL USES

COMPLIANCE LOCATION

INTERAGENCY
STATION

NUMBER(RKI 1[]) PARAMETER
DESCRIPTION

(UNIT) [2]

WATER
YEAR TYPE

[3]
TIME

PERIOD VALUE

DELTA OUTFLOW
Net Delta
Outflow Index
(NDOI) [7]

Minimum monthly
average [8] NDOI
(cfs)

All Jan 4,500 [9]

All Feb-Jun [10]
W,AN Jul 8,000

BN 6,500
D 5,000
C 4,000

W,AN,BN Aug 4,000
D 3,500
C 3,000
All Sep 3,000

W,AN,BN,D Oct 4,000
C 3,000

W,AN,BN,D Nov-Dec 4,500
C 3,500

RIVER FLOWS

Sacramento River at Rio Vista D-24
(RSAC101)

Flow rate Minimum monthly
average [11] flow

rate  (cfs)

All
W,AN,BN,D

C
W,AN,BN,D

C

Sep
Oct

Nove-Dec

3,000
4,000
3,000
4,500
3,500

San Joaquin River at Airport Way
Bridge, Vernalis

C-10
(RSAN112)

Flow rate Minimum monthly
average [12] flow

rate  (cfs) [13]

W,AN
BN,D

C

W
AN
BN
D
C
All

Feb-Apr 14
and

May 16-Jun

Apr 15-
May 15 [14]

Oct

2,130 or 3,420
1,420 or 2,280
710 or 1,140

7,330 or 8,620
5,730 or 7,020
4,620 or 5,480
4,020 or 4,880
3,110 or 3,540

1,000 [15]

EXPORT LIMITS

Combined
export rate
[16]

Maximum 3-day
running average
(cfs)

Maximum percent of
Delta inflow diverted
[19] [20]

All

All

All

Apr 15-
May 15 [17]

Feb-Jun

Jul-Jan

[18]

35% Delta inflow [21]

65% Delta inflow

DELTA CROSS CHANNEL GATES CLOSURE

Delta Cross Channel at Walnut
Grove

–– Closure of
gates

Closed gates All Nov-Jan
Feb-May 20

May 21-
Jun 15

[22]
----

[23]
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Table 3 Footnotes

[1] River Kilometer Index station number.

[2] Determination of compliance with an objective expressed as a running average begins on the last
day of the averaging period.  The averaging period commences with the first day of the time period
of the applicable objective.  If the objective is not met on the last day of the averaging period, all
days in the averaging period are considered out of compliance.

[3] The Sacramento Valley 40-30-30 Water Year Hydrologic Classification Index (see Figure 1) applies
unless otherwise specified.

[4] Compliance will be determined at Jersey Point (station D15) and Prisoners Point (station D29).

[5] This standard does not apply in May when the best available May estimate of the Sacramento River
Index for the water year is less than 8.1 MAF at the 90% exceedence level.  [Note:  The Sacramento
River Index refers to the sum of the unimpaired runoff in the water year as published in the DWR
Bulletin 120 for the following locations:  Sacramento River above Bend Bridge, near Red Bluff;
Feather River, total unimpaired inflow to Oroville Reservoir; Yuba River at Smartville; and American
River, total unimpaired inflow to Folsom Reservoir.]

[6] A deficiency period is:  (1) the second consecutive dry water year following a critical year; (2) a dry
water year following a year in which the Sacramento River Index (described in footnote 5) was less
than 11.35 MAF; or (3) a critical water year following a dry or critical water year.  The determination
of a deficiency period is made using the prior year’s final Water Year Type determination and a
forecast of the current year’s Water Year Type; and remains in effect until a subsequent water year
is other than a Dry or Critical water year as announced on May 31 by DWR and USBR as the final
water year determination.

[7] Net Delta Outflow Index (NDOI) is defined in Figure 3.

[8] For the May-January objectives, if the value is less than or equal to 5,000 cfs, the 7-day running
average shall not be less than 1,000 cfs below the value; if the value is greater than 5,000 cfs, the 7-
day running average shall not be less than 80% of the value.

[9] The objective is increased to 6,000 cfs if the best available estimate of the Eight River Index for
December is greater than 800 TAF.  [Note:  The Eight River Index refers to the sum of the
unimpaired runoff as published in the DWR Bulletin 120 for the following locations:  Sacramento
River flow at Bend Bridge, near Red Bluff; Feather River, total inflow to Oroville Reservoir; Yuba
River flow at Smartville; American River, total inflow to Folsom Reservoir; Stanislaus River, total
inflow to New Melones Reservoir; Tuolumne River, total inflow to Don Pedro Reservoir; Merced
River, total inflow to Exchequer Reservoir; and San Joaquin River, total inflow to Millerton Lake.]

[10] The minimum daily net Delta outflow shall be 7,100 cfs for this period, calculated as a 3-day running
average.  This requirement is also met if either the daily average or 14-day running average EC at
the confluence of the Sacramento and the San Joaquin rivers is less than or equal to 2.64
mmhos/cm (Collinsville station C2).  If the best available estimate of the Eight River Index (described
in footnote 9) for January is more than 900 TAF, the daily average or 14-day running average EC at
station C2 shall be less than or equal to 2.64 mmhos/cm for at least one day between February 1
and February 14; however, if the best available estimate of the Eight River Index for January is
between 650 TAF and 900 TAF, the Executive Director of the SWRCB is delegated authority to
decide whether this requirement applies.  If the best available estimate of the Eight River Index for
February is less than 500 TAF, the standard may be further relaxed in March upon the request of the
DWR and the USBR, subject to the approval of the Executive Director of the SWRCB. The standard
does not apply in May and June if the best available May estimate of the Sacramento River Index
(described in footnote 5) for the water year is less than 8.1 MAF at the 90% exceedence level.
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Under this circumstance, a minimum 14-day running average flow of 4,000 cfs is required in May
and June.  Additional Delta outflow objectives are contained in Table 4.

[11] The 7-day running average shall not be less than 1,000 cfs below the monthly objective.

[12] Partial months are averaged for that period.  For example, the flow rate for April 1-14 would be
averaged over 14 days.  The 7-day running average shall not be less than 20% below the flow rate
objective, with the exception of the April 15-May 15 pulse flow period when this restriction does not
apply.

[13] The water year classification for the San Joaquin River flow objectives will be established using the
best available estimate of the 60-20-20 San Joaquin Valley Water Year Hydrologic Classification
(see Figure 2) at the 75% exceedence level.  The higher flow objective applies when the 2-ppt
isohaline (measured as 2.64 mmhos/cm surface salinity) is required to be at or west of Chipps
Island.

[14] This time period may be varied based on real-time monitoring.  One pulse, or two separate pulses of
combined duration equal to the single pulse, should be scheduled to coincide with fish migration in
San Joaquin River tributaries and the Delta.  The USBR will schedule the time period of the pulse or
pulses in consultation with the USFWS, the NMFS, and the DFG.  Consultation with the CALFED
Operations Group established under the Framework Agreement will satisfy the consultation
requirement.  The schedule is subject to the approval of the Executive Director of the SWRCB.

[15] Plus up to an additional 28 TAF pulse/attraction flow during all water year types.  The amount of
additional water will be limited to that amount necessary to provide a monthly average flow of 2,000
cfs.  The additional 28 TAF is not required in a critical year following a critical year.  The pulse flow
will be scheduled by the DWR and the USBR in consultation with the USFWS, the NMFS and the
DFG.  Consultation with the CALFED Operations Group established under the Framework
Agreement will satisfy the consultation requirement.

[16] Combined export rate for this objective is defined as the Clifton Court Forebay inflow rate (minus
actual Byron-Bethany Irrigation District diversions from Clifton Court Forebay) and the export rate of
the Tracy pumping plant.

[17] This time period may be varied based on real-time monitoring and will coincide with the San Joaquin
River pulse flow described in footnote 18.  The DWR and the USBR, in consultation with the
USFWS, the NMFS and the DFG, will determine the time period for this 31-day export limit.
Consultation with the CALFED Operations Group established under the Framework Agreement will
satisfy the consultation requirement.

[18] Maximum export rate is 1,500 cfs or 100% of 3-day running average of San Joaquin River flow at
Vernalis, whichever is greater.  Variations to this maximum export rate may be authorized if agreed
to by the USFWS, the NMFS and the DFG.  This flexibility is intended to result in no net water supply
cost annually within the limits of the water quality and operational requirements of this plan.
Variations may result from recommendations of agencies for protection of fish resources, including
actions taken pursuant to the State and federal Endangered Species Act.  Any variations will be
effective immediately upon notice to the Executive Director of the SWRCB.  If the Executive Director
of the SWRCB does not object to the variations within 10 days, the variations will remain in effect.
The Executive Director of the SWRCB is also authorized to grant short-term exemptions to export
limits for the purpose of facilitating a study of the feasibility of recirculating export water into the San
Joaquin River to meet flow objectives.

[19] Percent of Delta inflow diverted is defined in Figure 3.  For the calculation of maximum percent Delta
inflow diverted, the export rate is a 3-day running average and the Delta inflow is a 14-day running
average, except when the CVP or the SWP is making storage withdrawals for export, in which case
both the export rate and the Delta inflow are 3-day running averages.
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[20] The percent Delta inflow diverted values can be varied either up or down.  Variations are authorized
subject to the process described in footnote 18.

[21] If the best available estimate of the Eight River Index (described in footnote 9) for January is less
than or equal to 1.0 MAF, the export limit for February is 45% of Delta inflow.  If the best available
estimate of the Eight River Index for January is greater than 1.5 MAF, the February export limit is
35% of Delta inflow.  If the best available estimate of the Eight River Index for January is between
1.0 MAF and 1.5 MAF, the DWR and the USBR will set the export limit for February within the range
of 35% to 45%, after consultation with the USFWS, the NMFS and the DFG.  Consultation with the
CALFED Operations Group established under the Framework Agreement will satisfy the consultation
requirement.

[22] For the November-January period, close Delta Cross Channel gates for a total of up to 45 days.  The
USBR will determine the timing and duration of the gate closure after consultation with the USFWS,
the NMFS and the DFG. Consultation with the CALFED Operations Group established under the
Framework Agreement will satisfy the consultation requirement.

[23] For the May 21-June 15 period, close Delta Cross Channel gates for a total of 14 days.  The USBR
will determine the timing and duration of the gate closure after consultation with the USFWS, the
NMFS and the DFG.  Consultation with the CALFED Operations Group established under the
Framework Agreement will satisfy the consultation requirement.
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Wet

Above
Normal

Below
Normal

Dry

           YEAR TYPE 2

               All Years for All Objectives

Critical

Index
Millions of Acre-

Feet

7.8

6.5

5.4

9.2

Figure 1
Sacramento Valley

Water Year Hydrologic Classification

Year classification shall be determined by computation of the following equation:

INDEX  =  0.4 * X + 0.3 * Y + 0.3 * Z

Where: X =  Current year’s April – July
Sacramento Valley unimpaired runoff

Y =  Current October – March
Sacramento Valley unimpaired runoff

Z =   Previous year’s index1

The Sacramento Valley unimpaired runoff for the current water
year (October 1 of the preceding calendar year through September
30 of the current calendar year), as published in California
Department of Water Resources Bulletin 120, is a forecast of the sum
of the following locations: Sacramento River above Bend Bridge,
near Red Bluff; Feather River, total inflow to Oroville  Reservoir;
Yuba River at Smartville ; American River, total inflow to Folsom
Reservoir.  Preliminary determinations of year classification shall be
made in February, March, and April with final determination in May.
These preliminary determinations shall be based on hydrologic
conditions to date plus forecasts of future runoff assuming normal
precipitation for the remainder of the water year.

Index
Classification   Millions of Acre-Feet (MAF)

Wet……………… Equal to or greater than 9.2

Above Normal….. Greater than 7.8 and less than 9.2

Below Normal….. Equal to or less than 7.8 and greater than 6.5

Dry…………….... Equal to or less than 6.5 and greater than 5.4

Critical………..… Equal to or less than 5.4

 1
 A cap of 10.0 MAF is put on the previous year’s index (Z) to account for required flood control reservoir releases during wet years.

 2  The year type for the preceding water year will remain in effect until the initial forecast of unimpaired runoff for the current water year is
available.
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Wet

Above
Normal

Below
Normal

Dry

YEAR TYPE 2

All Years for All Objectives

Critical

Index
Millions of Acre-

Feet

3.1

2.5

 2.1

3.8

Figure 2
San Joaquin Valley

Water Year Hydrologic Classification

Year classification shall be determined by computation of the following equation:

INDEX  =  0.6 * X + 0.2 * Y + 0.2 * Z

Where:   X  =  Current year’s April – July
San Joaquin Valley unimpaired runoff

 Y  =  Current October – March
San Joaquin Valley unimpaired runoff

       Z  =  Previous year’s index1

The San Joaquin Valley unimpaired runoff for the current water
year (October 1 of the preceding calendar year through September 30 of
the current calendar year), as published in California Department of Water
Resources Bulletin 120, is a forecast of the sum of the following
locations: Stanislaus River, total flow to New Melones Reservoir;
Tuolumne River, total inflow to Don Pedro Reservoir; Merced River, total
flow to Exchequer Reservoir; San Joaquin River, total inflow to Millerton
Lake. Preliminary determinations of year classification shall be made in
February, March, and April with final determination in May.  These
preliminary determinations shall be based on hydrologic conditions to
date plus forecasts of future runoff assuming normal precipitation for the
remainder of the water year.

Index
Classification   Millions of Acre-Feet (MAF)

Wet……………… Equal to or greater than 3.8

Above Normal….. Greater than 3.1 and less than 3.8

Below Normal….. Equal to or less than 3.1 and greater than 2.5

Dry………………. Equal to or less than 2.5 and greater than 2.1

Critical………….. Equal to or less than 2.1

1
 A cap of 4.5 MAF is put on the previous year’s index (Z) to account for required flood control reservoir releases during wet years.

2   The year type for the preceding water year will remain in effect until the initial forecast of unimpaired runoff for the current
water year is available.
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Figure 3
NDOI and PERCENT INFLOW DIVERTED 1

The NDOI and the percent inflow diverted, as described in this footnote, shall be computed daily by the
DWR and the USBR using the following formulas (all flows are in cfs):

where DELTA INFLOW = SAC + SRTP + YOLO + EAST + MISC + SJR

SAC = Sacramento River at Freeport mean daily flow for the previous day; the 25-hour tidal
cycle measurements from 12:00 midnight to 1:00 a.m. may be used instead.

SRTP = Sacramento Regional Treatment Plant average daily discharge for the previous week.
YOLO = Yolo Bypass mean daily flow for the previous day, which is equal to the flows from the

Sacramento Weir, Fremont Weir, Cache Creek at Rumsey, and the South Fork of Putah
Creek.

EAST = Eastside Streams mean daily flow for the previous day from the Mokelumne River at
Woodbridge, Cosumnes River at Michigan Bar, and Calaveras River at Bellota.

MISC = Combined mean daily flow for the previous day of Bear Creek, Dry Creek, Stockton
Diverting Canal, French Camp Slough, Marsh Creek, and Morrison Creek.

SJR = San Joaquin River flow at Vernalis, mean daily flow for the previous day.

where NET DELTA CONSUMPTIVE USE = GDEPL - PREC

GDEPL = Delta gross channel depletion for the previous day based on water year type using the
DWR's latest Delta land use study.2

PREC = Real-time Delta precipitation runoff for the previous day estimated from stations within
the Delta.

and where DELTA EXPORTS 3 = CCF + TPP + CCC + NBA

CCF = Clifton Court Forebay inflow for the current day.4

TPP = Tracy Pumping Plant pumping for the current day.
CCC = Contra Costa Canal pumping for the current day.
NBA = North Bay Aqueduct pumping for the current day.

  1 Not all of the Delta tributary streams are gaged and telemetered.  When appropriate, other methods of estimating stream flows,
such as correlations with precipitation or runoff from nearby streams, may be used instead.

       2 The DWR is currently developing new channel depletion estimates.  If these new estimates are not available, DAYFLOW
channel depletion estimates shall be used.

       3 The term "Delta Exports" is used only to calculate the NDOI.  It is not intended to distinguish  among the listed diversions with
respect to eligibility for protection under the area of origin provisions of the California Water Code.

 4 Actual Byron-Bethany Irrigation District withdrawals fro m Clifton Court Forebay shall be subtracted from Clifton Court
Forebay inflow.  (Byron-Bethany Irrigation District water use is incorporated into the GDEPL term.

NDOI = DELTA INFLOW - NET DELTA CONSUMPTIVE USE - DELTA EXPORTS

PERCENT INFLOW DIVERTED = (CCF + TPP) ÷ DELTA INFLOW
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Table 4. Number of Days When Maximum Daily Average Electrical 
Conductivity of 2.64 mmhos/cm Must Be Maintained at Specified Location 

Number of Days When Maximum Daily Average Electrical Conductivity of 2.64 mmhos/cm Must Be 
Maintained at Specified Location 

[a]
 

  

Chipps Island 

  

Port Chicago 

  

Port Chicago 

PMI
[b]

 (Chipps Island Station D10) PMI
[b]

 (Port Chicago Station C14)
 [d]

 PMI
[b]

 (Port Chicago Station C14)
[d]

 

(TAF)   (TAF)   (TAF)   

 FEB MAR APR MAY JUN  FEB MAR APR MAY JUN  FEB MAR APR MAY JUN 

≤ 500 0 0 0 0 0 0 0 0 0 0 0 5250 27 29 25 26 6 

750 0 0 0 0 0 250 1 0 0 0 0 5500 27 29 26 28 9 

1000 28[c] 12 2 0 0 500 4 1 0 0 0 5750 27 29 27 28 13 

1250 28 31 6 0 0 750 8 2 0 0 0 6000 27 29 27 29 16 

1500 28 31 13 0 0 1000 12 4 0 0 0 6250 27 30 27 29 19 

1750 28 31 20 0 0 1250 15 6 1 0 0 6500 27 30 28 30 22 

2000 28 31 25 1 0 1500 18 9 1 0 0 6750 27 30 28 30 24 

2250 28 31 27 3 0 1750 20 12 2 0 0 7000 27 30 28 30 26 

2500 28 31 29 11 1 2000 21 15 4 0 0 7250 27 30 28 30 27 

2750 28 31 29 20 2 2250 22 17 5 1 0 7500 27 30 29 30 28 

3000 28 31 30 27 4 2500 23 19 8 1 0 7750 27 30 29 31 28 

3250 28 31 30 29 8 2750 24 21 10 2 0 8000 27 30 29 31 29 

3500 28 31 30 30 13 3000 25 23 12 4 0 8250 28 30 29 31 29 

3750 28 31 30 31 18 3250 25 24 14 6 0 8500 28 30 29 31 29 

4000 28 31 30 31 23 3500 25 25 16 9 0 8750 28 30 29 31 30 

4250 28 31 30 31 25 3750 26 26 18 12 0 9000 28 30 29 31 30 

4500 28 31 30 31 27 4000 26 27 20 15 0 9250 28 30 29 31 30 

4750 28 31 30 31 28 4250 26 27 21 18 1 9500 28 31 29 31 30 

5000 28 31 30 31 29 4500 26 28 23 21 2 9750 28 31 29 31 30 

5250 28 31 30 31 29 4750 27 28 24 23 3 10000 28 31 30 31 30 

≤ 5500 28 31 30 31 30 5000 27 28 25 25 4 >10000 28 31 30 31 30 

 
[a] The requirement for number of days the maximum daily average EC (EC) of 2.64 mmhos per centimeter (mmhos/cm) 

must be maintained at Chipps Island and Port Chicago can also be met with maximum 14-day running average EC of 
2.64 mmhos/cm, or 3-day running average NDOIs of 11,400 cfs and 29,200 cfs, respectively.  If salinity/flow objectives 
are met for a greater number of days than the requirements for any month, the excess days shall be applied to meeting 
the requirements for the following month.  The number of days for values of the PMI between those specified in this table 
shall be determined by linear interpolation. 

[b] PMI is the best available estimate of the previous month's Eight River Index.  (Refer to Footnote 10 for Table 3 for a 
description of the Eight River Index.) 

[c] When the PMI is between 800 TAF and 1000 TAF, the number of days the maximum daily average EC of 2.64 
mmhos/cm (or maximum 14-day running average EC of 2.64 mmhos/cm, or 3-day running average NDOI of 11,400 cfs) 
must be maintained at Chipps Island in February is determined by linear interpolation between 0 and 28 days. 

[d] This standard applies only in months when the average EC at Port Chicago during the 14 days immediately prior to the 
first day of the month is less than or equal to 2.64 mmhos/cm. 
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Table 5.  Water Quality Compliance and Baseline Monitoring

 Station
Number

Station
Description Cont.

Rec.1
Physical/
Chem-

ical2

Multi-
para-

meter3

Phyto-
plank-

ton4

Zoo-
plank-

ton4
Ben-
thos4

C2         nn Sacramento River @ Collinsville *

C3         ÙÙ Sacramento River @ Greens Landing * * *

C4         nn San Joaquin River @ San Andreas Ldg. *

C5         nn Contra Costa Canal @ Pumping Plant #1 *

C6         nn San Joaquin River @ Brandt Bridge site *

C7         ÙÙ San Joaquin River @ Mossdale Bridge *

C8         nn Old River near Middle River *

C9          • West Canal at mouth of CCForebay Intake * *

C10        • San Joaquin River near Vernalis * *

C13        nn Mokelumne River @ Terminous *

C14        nn Sacramento River @ Port Chicago *

C19        nn Cache Slough @ City of Vallejo Intake *

D4         ÙÙ Sacramento River above Point Sacramento * * * *

D6         ÙÙ Suisun Bay @ Bulls Head Pt. nr. Martinez * * * * *

D7         ÙÙ Grizzly Bay @ Dolphin nr. Suisun Slough * * * *

D8         ÙÙ Suisun Bay off Middle Point near Nichols * * *

D10        • Sacramento River @ Chipps Island * *

D12        • San Joaquin River @ Antioch Ship Canal * *

D15        nn San Joaquin River @ Jersey Point *

D16        ÙÙ San Joaquin River @ Twitchell Island * *

D22        • Sacramento River @ Emmaton *

D24        • Sacramento River below Rio VistaBridge * *

D26        ÙÙ San Joaquin River @ Potato Point * * *

D28A     ÙÙ Old River near Rancho Del Rio * * * * *

D29        nn San Joaquin River @ Prisoners Point *

D41        ÙÙ San Pablo Bay near Pinole Point * * *

D41A      ÙÙ San Pablo Bay nr. mouth of Petaluma R. *

DMC1     • Delta-Mendota Canal at Tracy Pump. Plt. *

P8          ÙÙ San Joaquin River @ Buckley Cove * * * * *

P12        nn Old River @ Tracy Road Bridge *

MD10    ÙÙ Disappointment Slough near Bishop Cut * * *

S21        nn Chadbourne Slough @ Sunrise Duck Club *

S35        ÙÙ Goodyear Sl. @ Morrow Is. Clubhouse *

S42        • Suisun Slough 300' so. of Volanti Slough * *

S49        nn Montezuma Slough near Beldon Landing *

S64        nn Montezuma Slough @ National Steel *

S97         ÙÙ Cordelia Slough @ Ibis Club *

NZ032    ÙÙ Montezuma Slough, 2nd bend from mouth *

(continued)

nn  Compliance monitoring station          ÙÙ   Baseline monitoring station             •  Compliance and baseline monitoring station
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Table 5.  Water Quality Compliance and Baseline Monitoring (continued)

 Station
Number

Station
Description Cont.

Rec.1
Physical/

Chem-
ical2

Multi-
para-

meter3

Phyto-
plank-

ton4

Zoo-
plank-

ton4
Ben-
thos4

---       nn Sacramento R. (I St. Bridge to Freeport)
(RSAC155)

*

---      ÙÙ San Joaquin R. (Turner Cut to Stockton)
(RSAN050-RSAN061)

*

---       nn Barker Sl. at No. Bay Aqueduct
(SLBAR3)

*

---       ÙÙ Water supply intakes for waterfowl
management areas on Van Sickle Island
and Chipps Island

*

nn  Compliance monitoring station          ÙÙ   Baseline monitoring station             •  Compliance and baseline monitoring station

1 Continuous recorder only (EC, dissolved oxygen, and/or temperature).  For municipal and
industrial intake chlorides objectives, EC can be monitored and converted to chlorides.

2 Physical/chemical monitoring is conducted monthly at discrete sites and includes the following
parameters:  water column depth, secchi, nutrient series (inorganic and organic N-P), water
temperature, dissolved oxygen, electrical conductivity, turbidity, and chlorophyll a.  In addition, on-
board recording for vertical and horizontal profiles is conducted intermittently for the following
parameters:  water temperature, dissolved oxygen, electrical conductivity, turbidity, and
chlorophyll a.

3 Multi-parameter monitoring is conducted continuously and provides telemetered data on the
following parameters:  water temperature, pH, dissolved oxygen, electrical conductivity, turbidity,
chlorophyll a, wind speed and direction, solar radiation, air temperature, and tidal elevation.

4 Sampling occurs monthly at discrete sites.
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Preface 
The Bureau of Reclamation (Reclamation) and the California Department of Water Resources 
(DWR) propose to operate the Central Valley Project (CVP) and State Water Project (SWP) to 
divert, store, re-divert, and convey CVP and SWP (Project) water consistent with applicable law 
and contractual obligations. These operations are summarized in this biological assessment (BA) 
and described in more detail in Chapter 2. 

This BA is intended to provide a thorough analysis of the continued long-term operations of the 
CVP and SWP and the effects of those operations on listed species and designated Critical 
Habitat. The document is divided into chapters. Chapter 1 outlines the statutory, regulatory and 
other parameters that influence Project operations. Chapter 2 is the complete project description. 
Chapters 3 and 4 address basic biology, life history, and baseline of Central Valley steelhead and 
factors that may influence their distribution and abundance. Chapters 5 and 6 address basic 
biology, life history, and baseline of winter-run Chinook and Coho salmon and factors that may 
influence their distribution and abundance. Chapter 7 addresses basic biology, life history, and 
baseline of delta smelt and factors that may influence their distribution and abundance. Chapter 8 
addresses basic biology, life history, and baseline of green sturgeon and factors that may 
influence their distribution and abundance. Chapter 9 articulates the assumptions made in the 
modeling used in the effects analysis. Chapters 10 through 13 are the effects analyses. Chapter 
14 addresses effects of Project operations on southern Killer Whales. Chapter 15 is the summary 
of the effects analyses and effects determinations. Chapter 16 addresses Essential Fish Habitat. 
Chapter 17 addresses technical assistance for longfin smelt. Chapter 18 is a discussion of 
ongoing actions to improve habitat and lessen Project impacts. 

The CVP and the SWP are two major inter-basin water storage and delivery systems within 
California that divert and re-divert water from the southern portion of the Sacramento-San 
Joaquin Delta (Delta). Both CVP and SWP include major reservoirs upstream of the Delta, and 
transport water via natural watercourses and canal systems to areas south and west of the Delta. 
The CVP also includes facilities and operations on the Stanislaus and San Joaquin Rivers. The 
major facilities on these rivers are New Melones and Friant Dams, respectively. 

The projects are permitted by the California State Water Resources Control Board (SWRCB) to 
store water during wet periods, divert water that is surplus to the Delta, and re-divert Project 
water that has been stored in upstream reservoirs. Both projects operate pursuant to water right 
permits and licenses issued by the SWRCB to appropriate water by diverting to storage or by 
directly diverting to use and re-diverting releases from storage later in the year. As conditions of 
their water right permits and licenses, the SWRCB requires the CVP and SWP to meet specific 
water quality, quantity, and operational criteria within the Delta and on various project-
controlled rivers. Reclamation and DWR closely coordinate the CVP and SWP operations, 
respectively, to meet these conditions.  

The project description for this BA includes the ongoing operations of the CVP and SWP and 
potential future actions that are foreseeable to occur within the period covered by the project 
description. Inclusion of future activities in the project description does not constitute agency 
approval of those actions. Any future actions will be required to comply with all applicable laws, 
including those regarding agency decision making, before those actions are approved or 
implemented. The Biological Opinions (BOs) issued by the United States Fish and Wildlife 
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Service (FWS) and National Marine Fisheries Service (NMFS) in compliance with the Federal 
Endangered Species Act (ESA) as a result of this Section 7 consultation will be considered in the 
decision making process on future actions as the BOs will analyze the effects of those potential 
actions on listed species. 

The proposed action in this consultation includes activities undertaken by DWR in operating the 
SWP. As such, DWR will also consult with the California Department of Fish and Game (DFG), 
as may be appropriate, to address applicable requirements of the California Endangered Species 
Act (CESA). This BA will serve to describe the proposed SWP activities to be consulted under 
CESA. 

The listed species and designated Critical Habitat to be analyzed in this document have been 
derived from species lists provided by FWS and NMFS. The species analyzed in this document 
under the jurisdiction of FWS are delta smelt. The species analyzed in this document under the 
jurisdiction of NMFS are: winter-run Chinook salmon, spring-run Chinook salmon, Coho 
salmon, Central Valley steelhead, green sturgeon, and southern Killer Whales. Supplemental 
information regarding longfin smelt is also provided. 
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Chapter 1  Summary of Legal and Statutory 
Authorities, Water Rights, and Other Obligations 
Relevant to the Action 

Introduction 
The Bureau of Reclamation (Reclamation) and the California Department of Water Resources 
(DWR) propose to operate the Central Valley Project (CVP) and State Water Project (SWP) to 
divert, store, and convey CVP and SWP (Project) water consistent with applicable law and 
contractual obligations. These operations are summarized in this biological assessment (BA) and 
described in more detail in Chapter 2. 

The CVP and the SWP are two major inter-basin water storage and delivery systems that divert 
and re-divert water from the southern portion of the Sacramento-San Joaquin Delta (Delta). Both 
CVP and SWP include major reservoirs upstream of the Delta, and transport water via natural 
watercourses and canal systems to areas south and west of the Delta. The CVP also includes 
facilities and operations on the Stanislaus and San Joaquin Rivers. The major facilities on these 
rivers are New Melones and Friant Dams1, respectively. 

The projects are permitted by the California State Water Resources Control Board (SWRCB) to 
store water during wet periods, divert water that is surplus to the Delta, and re-divert Project 
water that has been stored in upstream reservoirs. Both projects operate pursuant to water right 
permits and licenses issued by the SWRCB to appropriate water by diverting to storage or by 
directly diverting to use and re-diverting releases from storage later in the year. As conditions of 
their water right permits and licenses, the SWRCB requires the CVP and SWP to meet specific 
water quality, quantity, and operational criteria within the Delta. Reclamation and DWR closely 
coordinate the CVP and SWP operations, respectively, to meet these conditions.  

The project description for this BA includes the ongoing operations of the CVP and SWP and 
potential future actions that are foreseeable to occur within the period covered by the project 
description. Inclusion of future activities in the project description does not constitute agency 
approval of those actions. Any future actions will be required to comply with all applicable laws, 
including those regarding agency decision making, before those actions are approved or 
implemented. The Biological Opinions (BOs) issued as a result of this Section 7 consultation 
will be considered in the decision making process on future actions as the BOs will analyze the 
effects of those potential actions on listed species. 

The proposed action in this consultation includes activities undertaken by DWR in operating the 
SWP that potentially affect State listed species under the California Endangered Species Act 
(CESA). CESA allows California Department of Fish and Game (DFG), upon request of DWR, 

                                                 
1 While part of the CVP, the Friant Division operations are not included in the action for the purposes of Section 7 
consultation. 
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to determine if Federal incidental take statements and biological opinions obtained through 
Federal consultation are consistent with State law. As such, DWR intends to submit the 
Biological Opinions to DFG for a consistency determination review pursuant to the California 
Endangered Species Act (CESA). 

Relationship to CVP Operations Criteria and Plan 
Reclamation periodically updates the CVP Operations Criteria and Plan (CVP-OCAP). The most 
recent CVP-OCAP, covering the years 1991-2003, was completed in 2004. The 2004 CVP-
OCAP describes the laws, regulations and other criteria applicable to operations of the CVP that 
were in effect during the 1991-2003 period. In addition, the 2004 CVP-OCAP was used to guide 
development of the project description included in Chapter 2 of this BA. However, the project 
description included in Chapter 2 of this BA is different from the 2004 CVP-OCAP in that the 
project description in this BA looks at the present and future long-term operations of the CVP 
and SWP. While this process is often referred to as the OCAP consultation, that name is a 
misnomer. The consultation focuses on the effects of the continued long-term coordinated 
operation of the CVP and SWP. The laws, regulations, policies, guidelines and other criteria for 
operations described in the CVP-OCAP which are currently in effect are incorporated into the 
Project Description of this BA and accurately reflected in the modeling described in Chapter 9.  

Legal and Statutory Authorities 
Legal and statutory authorities and obligations, water rights, and other obligations guide the 
Project agencies’ proposed action. This section of the BA elaborates on those authorities, 
responsibilities, and obligations. 

CVP 

The CVP is the largest Federal Reclamation project and was originally authorized by the Rivers 
and Harbors Act of 1935. The CVP was reauthorized by the Rivers and Harbors Act of 1937 for 
the purposes of “improving navigation, regulating the flow of the San Joaquin River and the 
Sacramento River, controlling floods, providing for storage and for the delivery of the stored 
waters thereof, for construction under the provisions of the Federal Reclamation Laws of such 
distribution systems as the Secretary of the Interior (Secretary) deems necessary in connection 
with lands for which said stored waters are to be delivered, for the reclamation of arid and 
semiarid lands and lands of Indian reservations, and other beneficial uses, and for the generation 
and sale of electric energy as a means of financially aiding and assisting such undertakings and 
in order to permit the full utilization of the works constructed.” This Act provided that the dams 
and reservoirs of the CVP “shall be used, first, for river regulation, improvement of navigation 
and flood control; second, for irrigation and domestic uses; and, third, for power.” 

The CVP was reauthorized in 1992 through the Central Valley Project Improvement Act 
(CVPIA). The CVPIA modified the 1937 Act and added mitigation, protection, and restoration 
of fish and wildlife as a project purpose. Further, the CVPIA specified that the dams and 
reservoirs of the CVP should now be used “first, for river regulation, improvement of navigation, 
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and flood control; second, for irrigation and domestic uses and fish and wildlife mitigation, 
protection and restoration purposes; and, third, for power and fish and wildlife enhancement.” 

CVPIA includes authorization for actions to benefit fish and wildlife intended to implement the 
purposes of that Title. Specifically, Section 3406(b)(1) is implemented through the Anadromous 
Fish Restoration Program (AFRP). The AFRP objectives, as they relate to operations, are 
explained below. CVPIA Section 3406(b)(1) further provides for modification of the CVP 
operations to meet the fishery restoration goals of the CVPIA, so long as the operations are not in 
conflict with the fulfillment of the Secretary’s contractual obligations to provide CVP water for 
other authorized purposes. The U.S. Department of the Interior’s (Interior) decision on 
Implementation of Section 3406(b)(2) of the CVPIA, dated May 9, 2003, provides for the 
dedication and management of 800,000 acre-feet (af) of CVP yield annually by implementing 
upstream and Delta actions. Interior manages and accounts for (b)(2) water pursuant to its May 
9, 2003 decision and the Ninth Circuit’s decision in Bay Inst. of San Francisco v. United States, 
66 Fed.Appx. 734 (9th Cir. 2003), as amended, 87 Fed. Appx. 837 (2004). Additionally, Interior 
is authorized to acquire water to supplement (b)(2) water, pursuant to Section 3406(b)(3).  

There are several other statutes that have authorized the construction, operation, and maintenance 
of various divisions of the CVP. In these authorizations, Congress has consistently included 
language directing the Secretary to operate the CVP as a single, integrated project. 

SWP 

DWR was established in 1956 as the successor to the Department of Public Works for authority 
over water resources and dams within California. DWR also succeeded to the Department of 
Finance’s powers with respect to State application for the appropriation of water (Stats. 1956, 
First Ex. Sess., Ch. 52; see also Wat. Code Sec. 123) and has permits for appropriation from the 
SWRCB for use by the SWP. DWR’s authority to construct State water facilities or projects is 
derived from the Central Valley Project Act (CVPA) (Wat. Code Sec. 11100 et seq.), the Burns-
Porter Act (California Water Resources Development Bond Act) (Wat. Code Sec. 12930-12944), 
the State Contract Act (Pub. Contract Code Sec. 10100 et seq.), the Davis-Dolwig Act (Wat. 
Code Sec. 11900-11925), and special acts of the State Legislature. Although the Federal 
government built certain facilities described in the CVPA, the Act authorizes DWR to build 
facilities described in the Act and to issue bonds. See Warne v. Harkness, 60 Cal. 2d 579 (1963). 
The CVPA describes specific facilities that have been built by DWR, including the Feather River 
Project and California Aqueduct (Wat. Code Sec. 11260), Silverwood Lake (Wat. Code Sec. 
11261), and the North Bay Aqueduct (Wat. Code Sec. 11270). The Act allows DWR to 
administratively add other units (Wat. Code Sec. 11290) and develop power facilities (Wat. Code 
Sec. 11295).  

The Burns-Porter Act, approved by the California voters in November 1960 (Wat. Code Sec. 
12930-12944), authorized issuance of bonds for construction of the SWP. The principal facilities 
of the SWP are Oroville Reservoir and related facilities, and San Luis Dam and related facilities, 
Delta facilities, the California Aqueduct, and the North and South Bay Aqueducts. The Burns-
Porter Act incorporates the provisions of the CVPA. 
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DWR is required to plan for recreational and fish and wildlife uses of water in connection with 
State-constructed water projects and can acquire land for such uses (Wat. Code Sec. 233, 345, 
346, 12582). The Davis-Dolwig Act (Wat. Code Sec. 11900-11925) establishes the policy that 
preservation of fish and wildlife is part of State costs to be paid by water supply contractors, and 
recreation and enhancement of fish and wildlife are to be provided by appropriations from the 
General Fund. 

ESA 

Federal agencies have an obligation to ensure that any discretionary action they authorize, fund, 
or carry out is not likely to jeopardize the continued existence of any endangered or threatened 
species or destroy or adversely modify its critical habitat unless that activity is exempt pursuant 
to the Federal ESA 16 U.S.C. §1536 (a)(2); 50 Code of Federal Regulations (CFR) §402.03. 
Under Section 7(a)(2), a discretionary agency action jeopardizes the continued existence of a 
species if it “reasonably would be expected, directly or indirectly, to reduce appreciably the 
survival and recovery of a listed species in the wild by reducing the reproduction, numbers, or 
distribution of the species” 50 CFR §402.02.  

Through this consultation, Reclamation will comply with its obligations under the ESA, namely, 
to: (1) avoid any discretionary action that is likely to jeopardize continued existence of listed 
species or adversely affect designated critical habitat; (2) take listed species only as permitted by 
the relevant Service; (3) and use Reclamation’s authorities to conserve listed species. 
Reclamation also is proposing actions to benefit the species under its existing authorities and 
consistent with its 7(a)(1) obligation to conserve and protect listed species. Section 7(a)(1) alone 
does not give Reclamation additional authority to undertake any particular action, regardless of 
its potential benefit for endangered species. The SWP operations are coordinated with CVP 
operations and as such, are consulted on as part of the proposed action described in this BA. The 
coordinated operations of the CVP and SWP are subject to measures and/or alternatives required 
under the Federal biological opinions. 

Recent Court Rulings 

On December 14, 2007, the United States District Court for the Eastern District of California 
issued an Interim Remedial Order in Natural Resources Defense Council, et al. v. Kempthorne, 
1:05-cv-1207 OWW GSA (E.D. Cal. 2007), to provide additional protection of the Federally-
listed delta smelt pending completion of a new Biological Opinion for the continued operation of 
the CVP and SWP.  The Interim Remedial Order remains in effect until the U.S. Fish and 
Wildlife Service (FWS) issues a new Biological Opinion for the continued operation of the CVP 
and SWP, which must be completed by September 15, 2008.  A motion to extend the time for 
completion was filed on July 29, 2008.  FWS has requested additional time to complete the 
Biological Opinions to December 15, 2008.  

On April 16, 2008, the United States District Court for the Eastern District of California issued a 
Memorandum Decision and Order on the Cross-Motions for Summary Judgment filed in Pacific 
Coast Federation of Fishermen Association, et al. v. Gutierrez, 1:06-cv-245-OWW-GSA (E.D. 
Cal. 2008).  The Court found that the Biological Opinion issued by the National Marine Fisheries 
Service (NMFS) in 2004 was invalid.  An evidentiary hearing followed resulting in a Remedies 
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Ruling on July 18, 2008.  The ruling concluded that the court needed further evidence to consider 
the Plaintiffs’ proposed restrictions on CVP/SWP project operations.  A Scheduling Order was 
filed by the court on July 24, 2008 and a further status conference is set for September 4, 2008 
with evidentiary hearings to begin sometime in October 2008.   

The California Endangered Species Act (CESA) provides the Department of Fish and Game 
(DFG) authority to authorize the take of endangered species incidental to an otherwise lawful 
activity. Pursuant to CESA, activities that impact State listed species must minimize and fully 
mitigate the impacts of the authorized take and the measures required to meet this obligation 
shall be roughly proportional in extent to the impact of the authorized taking on the species. 
Under Fish and Game Code Section 2080.1, DFG may determine that an incidental take 
statement and biological opinion issued pursuant to FESA is consistent with CESA and that no 
other State authorization or approval is required for the activity.  

State-listed Species 

On February 20, 2008, the California Fish and Game Commission issued an emergency 
regulation pursuant to Fish and Game Code section 2084 authorizing take of longfin smelt by the 
SWP and also imposing restrictions on the SWP under certain conditions for the purpose of 
protecting longfin smelt. Cal. Code Regs. tit. 14, § 749.3. Issuance of the emergency regulation 
followed the decision of the Commission to designate the longfin smelt as a candidate for listing 
under the California Endangered Species Act. The emergency regulation requires DWR to 
modify the operations of the SWP to meet prescribed flow ranges in Old and Middle Rivers that 
could go beyond the requirements imposed by the Interim Remedial Order described above and 
that are designed to protect larval and juvenile longfin smelt. The emergency regulation is 
effective until August 27, 2008 and has been extended into November 2008, with an option for 
one further extension into February 2009.   

Federal Power Act 

SWP 

DWR operates Oroville’s facilities as a multipurpose water supply, flood management, power 
generation, recreation, fish and wildlife enhancement, and salinity control project. The Federal 
Power Act (FPA) requires that DWR have a license from the Federal Energy Regulatory 
Commission (FERC) to operate the Oroville Facilities, FERC No. 2100. For the past 50 years, 
DWR has operated the Oroville Facilities under a license issued by the Federal Power 
Commission, precursor to FERC, that expired on January 31, 2007. Prior to expiration, DWR 
filed an application for a new license with FERC for the continued operation of the facilities, and 
FERC initiated a formal license proceeding on DWR’s application. On March 24, 2006, DWR 
filed a comprehensive settlement agreement with FERC that is intended to result in the issuance 
of a new license for up to 50 years. Signatories to the agreement include: DWR, Interior, United 
States Forest Service, NMFS, Pacific Gas and Electric (PG&E), State Water Contractors, and 
American Rivers. The settlement agreement is currently pending before FERC. DWR is 
operating the Oroville Facilities pursuant to an annual license issued by FERC until such time as 
FERC issues a new license for the facilities.  
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Tribal Water Rights and Trust Resources 
The Yurok and Hoopa Valley Tribes have fishing rights to take anadromous fish within their 
reservations. See Memorandum from the Solicitor to the Secretary, Fishing Rights of the Yurok 
and Hoopa Valley Tribes, M-36979 (October 4, 1993). These rights were secured to the Yurok 
and Hoopa Valley Tribes through a series of nineteenth century executive orders. Their fishing 
rights “include the right to harvest quantities of fish on their reservations sufficient to support a 
moderate standard of living.” Id. at 3. 

The executive orders that set aside what are now the Yurok and Hoopa Valley Reservations also 
reserved rights to an in-stream flow of water sufficient to protect the Tribes’ rights to take fish 
within their reservations. See Colville Confederated Tribes v. Walton, 647 F.2d 42, 48 (9th Cir.), 
cert. Denied, 454 U.S. 1092 (1981). Although the Tribes’ water rights are presently unquantified, 
there are rights vested in 1891, at the latest, and perhaps as early as 1855. See, e.g., United States 
v. Adair, 723 F.2d 1394 (9th Cir. 1983). 

Water Rights 

CVP 

Federal law provides that Reclamation obtain water rights for its projects and administer its 
projects pursuant to State law relating to the control, appropriation, use, or distribution of water 
used in irrigation, unless the State law is inconsistent with clear Congressional directives. See 43 
United States Code (U.S.C.) §383; California v. United States, 438 U.S. 645, 678 (1978); appeal 
on remand, 694 F.2d 117 (1982). Reclamation must operate the CVP in a manner that does not 
impair senior or prior water rights.  

Reclamation was issued water rights by SWRCB to appropriate water for the CVP. Many of the 
rights for the CVP were issued pursuant to SWRCB Decision (D)-990, adopted in February 
1961. Several other decisions and SWRCB actions cover the remaining rights for the CVP. 
These rights contain terms and conditions that must be complied with in the operation of the 
CVP. Over time, SWRCB has issued further decisions that modify the terms and conditions of 
CVP water rights. In August 1978, SWRCB adopted the Water Quality Control Plan (WQCP) 
for the Delta and Suisun Marsh, which established revised water quality objectives for flow and 
salinity in the Delta and Suisun Marsh. In D-1485, also adopted in August 1978, SWRCB 
required Reclamation and DWR to operate the CVP and SWP to meet all of the 1978 WQCP 
objectives, except some of the salinity objectives in the southern Delta. In addition, SWRCB, 
issued D-1594 in November 1983, and Order WR 84-2 in February 1984, defining Standard 
Permit Term 91 to protect CVP and SWP stored water from diversion by others. Permit terms 
and requirements, as they relate to operations, are discussed in the CVP-OCAP. In 1991, 
SWRCB adopted a WQCP that superseded parts of the 1978 plan, but SWRCB did not revise the 
water rights of DWR and Reclamation to reflect the objectives in the 1991 plan. 

On May 22, 1995, SWRCB adopted a WQCP for the San Francisco Bay/Sacramento-San 
Joaquin Delta (Bay-Delta) Estuary (1995 Bay-Delta Plan). The 1995 Bay-Delta Plan superseded 
both the 1978 and 1991 plans. On December 29, 1999, SWRCB adopted (and then revised on 
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March 15, 2000) D-1641, amending certain terms and conditions of the water rights of the SWP 
and CVP. D-1641 substituted certain objectives adopted in the 1995 Bay-Delta Plan for water 
quality and flow objectives required to be met as terms and conditions of the water rights of the 
DWR and Reclamation. Permit terms and requirements, as they relate to operations, are 
discussed below. On December 13, 2006, SWRCB adopted an amended WQCP for the Bay-
Delta, which became effective June, 2007. The SWRCB resolution adopting the WQCP stated 
that SWRCB did not believe there were any substantive changes to water quality standards from 
the 1995 Bay-Delta Plan. 

SWP 

Under California law, diversions of appropriated water since 1914 require a permit from the 
SWRCB. DWR has SWRCB permits and licenses to appropriate water for the SWP. These 
permits have terms that must be followed by DWR as the permit holder. The SWRCB has issued 
several decisions and orders that have modified DWR’s permits, many of which are the same 
decisions and orders that affect Reclamation CVP operations. These water right decisions, WR 
Order 98-09, D1485, and D1641 are described above and discussed below.  

Water Contracts 

CVP 

As the divisions of the CVP became operational, Reclamation entered into long-term contracts 
with water districts, irrigation districts, and others for delivery of CVP water. Approximately 
250 contracts provide for varying amounts of water. Most of these contracts were for a term of 
40 years.  The nature of the contracts vary, as some of the contracts were entered into with 
entities which claim water rights senior to the CVP, while other contracts are for water service.  
Some of the contracts, including the Sacramento River Settlement contracts, the San Joaquin 
Exchange Contracts, and certain refuge contracts, have defined minimum deliveries.  The 
modeling described in Chapter 9 accurately represents CVP operations which incorporates 
Reclamation’s obligations and priorities for delivery under these different types of contracts.  

Reclamation renewed numerous contracts in 2005 following issuance of the 2004 NMFS and 
2005 FWS BOs regarding the long-term operations of the CVP and SWP. Following reinitiation 
of this Section 7 consultation, and as appropriate, Reclamation has executed interim water 
service contracts. Reclamation has an obligation to deliver water to the CVP contractors in 
accordance with contracts between Reclamation and the contractors. The execution of long-term 
CVP contracts in the future will be the subject of  separate Section 7 consultations and, therefore, 
is not included as part of the current proposed action. 

Pursuant to the Interim Remedial Order issued by Judge Wanger on December 14, 2007, Natural 
Resources Defense Council, et al. v. Kempthorne, 1:05-cv-1207 OWW GSA (E.D. Cal. 2007), 
Reclamation is prohibited from executing “any long-term water service contracts with CVP 
contractors until the [FWS’] New Biological Opinion” for the long-term operations of CVP and 
SWP is completed. Judge Wanger ordered that FWS complete the new BO by September 15, 
2008.  
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SWP 

In the 1960s, DWR entered into long-term water supply contracts with 32 water districts or 
agencies to provide water from the SWP. Over the years, a few of these water agencies have 
been restructured, and today DWR has long-term water supply contracts with 29 agencies and 
districts. These 29 contractors supply water to urban and agricultural water users in Northern 
California, the San Francisco Bay Area, the San Joaquin Valley, and Southern California. Of the 
contracted water supply, approximately three-quarters goes to municipal and industrial (M&I) 
users, and one-quarter goes to agricultural users. Through these contracts, the SWP provides 
water to approximately 23 million people in California, about 60% of the state’s population. The 
contracts are in effect for the longest of the following periods: the project repayment period that 
extends to the year 2035; 75 years from the date of the contract; or the period ending with the 
latest maturity date of any bond issued to finance project construction costs. 

Monterey Amendment 

In 1994, DWR and most SWP contractors entered into an agreement known as the Monterey 
Amendment (a title based on the location of negotiations for the agreement). The agreement 
resolved long-term water allocation disputes and established a new water management strategy 
for the SWP. Key principles of the agreement include: (1) changes in allocation methods, 
including elimination of the agriculture-first-cut in times of shortage so that shortages are 
allocated proportionally to all SWP contractors based on Table A amounts; (2) water supply 
management measures including Castaic Lake and Perris reservoir management and out-of-
service-area storage programs.  The provisions of the SWP water supply contracts, including the 
Monterey Amendment, provide a means for facilitating the transfer and storage of water and for 
allocating water available to the SWP based on demand, water conditions, and regulatory 
constraints. As described in the Draft EIR for the Monterey Amendment (page 2-11), Article 6 of 
each contract includes a Table A amount which is used as a basis for determining the share of 
costs paid for by each contractor and for determining how to allocate the total SWP water supply 
among contractors in years when there is not enough water to meet all the contractors requests.  
Article 21 water is water that is excess to all other SWP needs and is available for allocation after 
all these needs have been met.  It is still subject to all applicable regulatory constraints. 

As used in the SWP water supply contracts, Article 21 water is water that is available after other 
priorities are fulfilled, such as filling of SWP reservoirs and Table A requested deliveries.  Prior 
to the Monterey Amendment, there were several classifications of water surplus to these 
priorities. The Monterey Amendment deleted some of these classifications and consolidated 
others.  Therefore it only changed the name of this class of water and how it is allocated among 
the SWP contractors; it did not create a new class of water. 

Availability of Article 21 water in the Delta usually occurs during the January to April period 
and is dependent on hydrology and allowable pumping from the Delta.  For example, Article 21 
water was limited by hydrology from 1988 to 1995 due to the 1987-1992 drought and a dry year 
in 1994.  However, due to a more favorable hydrology from 1996 through 2005 and due to 
increased water demands overall, Article 21 deliveries averaged 163,000 acre feet.  This increase 
was not caused by the change in name of “surplus water” but to hydrologic conditions and 
overall water demand.  A portion of this increased demand is due to the fact that the Monterey 
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Amendment did “pre-approve” storage of SWP supplies in locations outside of the SWP 
contractors’ service areas.  It is this linkage between additional storage opportunities that is 
related to the impact of the Monterey Amendment on Delta pumping amounts and timing.  

Power Contracts 

CVP 

In 1978, Contract 8-07-20-P0004 between the Western Area Power Administration (Western) 
and PG&E was entered into to provide transmission wheeling services from the Reclamation’s 
New Melones generators to the CVP transmission system at the Tracy Substation. This contract 
expires in 2028.  

A second contract with PG&E (Contract #14-06-200-2207A) provides for transmission wheeling 
of CVP generation to Reclamation’s share of the San Luis Facilities that include Dos Amigos, 
Gianelli, and O’Neill Pumping Plants as well as many small canal-side pumping plants. In 
addition, this contract provides transmission-wheeling services from Reclamation’s share of the 
Gianelli and O’Neill Pumping Plants (when they are operating as generators) to the Tracy 
Substation. This contract expires in 2016. 

SWP 

DWR has authority to include as part of SWP facilities the construction of such plants and works 
for generation of electric power and distribution and to enter into contracts for the sale, use, and 
distribution of the power as DWR may determine necessary (Wat. Code Sec. 11295 and 11625). 
The SWP power plants generate about half of the energy it needs to move water within the State. 
Because the SWP consumes more power than it generates, it meets its remaining power needs by 
purchasing energy or making energy exchanges with other utilities. 

Other Agreements 
The CVP and SWP divert water from the Sacramento River and the Delta. Reservoir releases and 
Delta exports must be coordinated to ensure that the projects operate within agreed upon 
procedure and in a manner consistent with terms and conditions imposed in the Projects’ water 
right permits and licenses. Below are summaries of agreements that impact operations of the 
CVP and/or the SWP.  

Coordinated Operations Agreement (COA) 

The Coordinated Operation Agreement (COA) between the United States of America and DWR 
to operate the CVP and the SWP was signed in November 1986.  Congress, through Public Law 
99-546 authorized and directed the Secretary to execute and implement the COA.   The COA 
defines the rights and responsibilities of the CVP and SWP with respect to in-basin water needs 
and provides a mechanism to account for those rights and responsibilities.   

Under the COA, Reclamation and DWR agree to operate the CVP and SWP under balanced 
conditions in a manner that meets Sacramento Valley and Delta needs while maintaining their 
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respective annual water supplies as identified in the COA. Balanced conditions are defined as 
periods when the two Projects agree that releases from upstream reservoirs, plus unregulated 
flow, approximately equal water supply needed to meet Sacramento Valley in-basin uses and 
Project exports. Coordination between the two projects is facilitated by implementing an 
accounting procedure based on the sharing principles outlined in the COA. During balanced 
conditions in the Delta when water must be withdrawn from storage to meet Sacramento Valley 
and Delta requirements, 75 percent of the responsibility to withdraw from storage is borne by the 
CVP and 25 percent by the SWP. The COA also provides that during balanced conditions when 
unstored water is available for export, 55 percent of the sum of stored water and the unstored 
export water is allocated to the CVP, and 45 percent is allocated to the SWP. Although the 
principles were intended to cover a broad range of conditions, changes introduced by past BOs, 
SWRCB D-1641, and CVPIA were not specifically addressed by the COA. However, these 
variances have been addressed by Reclamation and DWR through mutual informal agreements. 

The COA is the federal nexus for ESA Section 7 consultation on operations of the SWP.  
Because of commitment expressed in the COA and the Congressional mandate to Reclamation to 
operate the CVP in conjunction with the SWP, the operations of the two projects are linked and 
are best analyzed together. 

CALFED 

In the August 28, 2000, CALFED Bay-Delta Program (CALFED) Record of Decision (ROD), 
Reclamation, DWR and other State and Federal agencies committed to implementing a long-
term plan to restore the Bay-Delta. CALFED is a 30-year Program guided by four major resource 
management objectives in achieving a Delta that has a healthy ecosystem and can supply 
Californians with the water they need—water supply reliability, ecosystem restoration, water 
quality, and levee system integrity. These objectives are further addressed through 11 Program 
elements as a way of sustaining CALFED’s long-held approach of fulfilling its objectives in a 
concurrent and balanced manner—water management, storage, conveyance, ecosystem 
restoration, environmental water account, levee system integrity, watershed management, water 
supply reliability, water use efficiency, water quality, water transfers, and science. 

The ROD describes a strategy for implementing an overall plan to fix the Delta and identifies 
complementary actions the CALFED Agencies will also pursue in coordination with programs 
developed in the plan and in support of the stated goals. Nothing in the ROD is intended to, nor 
does, affect the regulatory responsibilities of individual CALFED Agencies (ROD, page 5). 

A legal action was filed in September 2000 challenging the ROD where a judgment resulted 
holding the PEIS/R satisfied the requirements of CEQA.  An appeal followed and the trial court 
ruling was reversed.  The Appellate Court decision was appealed to the California Supreme 
Court that issued a decision on June 5, 2008 holding the CALFED final PEIS/R complied with 
CEQA.  A second case was filed in Federal court; however, that litigation has been stayed 
pending resolution of the State court case. 

Several forums and teams developed under the CALFED collaborative agreements and resulting 
ROD continue to progress and contribute to the adaptive water management in the Delta. These 
include the Water Operations Management Team (WOMT), Integrated Water Operations and 
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Fisheries Forum (IWOFF), Data Assessment Team (DAT), Salmon Decision Tree and the Delta 
Smelt Working Group (DSWG). Although many of these entities originated from CALFED, they 
are included in regulatory requirements of the SWRCB and previous BOs. 

Coordinated Water Operations 

The Implementation Memorandum of Understanding (MOU), also signed on August 28, 2000, 
memorialized the operations decision-making process that had evolved through the CALFED 
Operations Coordination Group (Ops Group) process, including an Operations Decision Making 
Process (Attachment D of the ROD). This process consists of staff-, stakeholder-, and policy-
level forums for addressing operational issues. This MOU was amended in September 2003, but 
the Ops Group process was not affected. 

One of these forums, the Water Operations Management Team (WOMT), consists of managers 
of Reclamation, FWS, NMFS, DFG, DWR, and the U.S. Environmental Protection Agency 
(EPA). WOMT provides a frequent opportunity for managers to discuss CVP/SWP operations 
and related fishery issues. WOMT typically meets weekly to discuss current fishery data, staff 
and group recommendations on fish protections and CVP/SWP operations. In the case of 
operations or actions affecting Federally listed fish species, WOMT makes recommendations to 
the appropriate fishery regulatory agency for a final determination on fishery protection actions. 
The WOMT decisions are posted on-line and any change from formal recommendations is 
described in the notes. 

The Ops Group was established by the 1994 Framework Agreement. The Ops Group (consisting 
of DWR, DFG, SWRCB, Reclamation, FWS, NMFS, and EPA) coordinates the operations of the 
projects with fisheries protection and implementation of the CVPIA. Shortly after its formation, 
the Ops Group provided a forum for stakeholders to provide input into the operations decision 
process. The Ops Group also established three teams to facilitate the decision-making process, 
data exchange, and information dissemination. The CVPIA Section 3406(b)(2) Implementation 
Team (B2IT) assists Interior with implementation of CVPIA Section 3406(b)(2). The DAT is an 
agency-driven group that includes stakeholder participation to review biological data and provide 
input to Reclamation and DWR on potential actions that could be implemented to protect fish. 
The IWOFF is a stakeholder-driven forum to aid information dissemination and facilitate 
discussion regarding operation of the CVP and SWP, and has been meeting since 1995. 

The Ops Group developed and implements the Chinook Salmon Protection Decision Process. 
The process includes monitoring of environmental conditions and salmon movement, data 
assessment procedures, specific indicators that spring-run Chinook are entering the Delta from 
upstream or being entrained at the SWP or CVP export facilities, and operational responses to 
minimize the effects of SWP and CVP facilities on emigrating spring-run salmon. The Ops 
Group’s decision-making process is also used for protection of other Chinook salmon runs. 

The Ops Group also created the DSWG, a team of fish biologists from participating agencies 
who review current data on delta smelt and longfin smelt, and make recommendations to FWS 
and DFG for the protection of the delta smelt and longfin smelt respectively. 
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Environmental Water Account 

The Environmental Water Account (EWA) is a cooperative management program described in 
the CALFED ROD. The purpose of EWA is to provide protection to the fish of the Bay-Delta 
estuary through environmentally beneficial changes in SWP/CVP operations at no 
uncompensated water cost to the Projects’ water users.  

The use of EWA assets used historically and projected in a limited use has been included in 
some operations studies to reflect current operational flexibility to reduce incidental take of listed 
species and to provide for restoration and recovery of such species. Inclusion of the EWA in this 
description of present and future actions for CVP and SWP operations does not represent a 
decision on the future implementation of EWA.  Federal funding of EWA is authorized through 
2010 and DWR anticipates allocation of Yuba Water (See Yuba Accord section below) for EWA 
purposes and continuation of the use of operational flexibility, calling this a “limited EWA” in 
this BA.  The EWA agencies have completed an EIR/EIS for the potential extension of an EWA 
to 2011, but have yet to decide on its size and scope.   

Trinity River 

In December 2000, Interior signed the Record of Decision (ROD) for the Trinity River Mainstem 
Fishery Restoration Environmental Impact Statement (EIS) and EIR. The ROD was the 
culmination of years of studies on the Trinity River. The ROD adopted the preferred alternative, 
a suite of actions that included a variable annual flow regime, mechanical channel rehabilitation, 
sediment management, watershed restoration, and adaptive management. 

The EIS/EIR was challenged in Federal District Court. (Westlands Water District, et al. v. United 
States Dept. of the Interior, 275 F.Supp.2d 1157 (E.D. Cal, 2002)). Initially, the District Court 
limited increased flows to the Trinity River called for by the ROD until preparation of a 
supplemental environmental document was completed. On July 13, 2004, the Ninth Circuit 
reversed that part of the decision, ruling that Reclamation did not need to prepare a supplemental 
environmental document. (Westlands Water District, et al. v. United States Dept. of the Interior, 
376 F.3d 853 (9th Cir. 2004)). Consequently, Reclamation has been and continues to implement 
the flows described in the Trinity ROD and has included the Trinity ROD flows as part of this 
proposed action on which Reclamation is consulting. In the same decision, the Ninth Circuit 
affirmed the District Court’s ruling invaliding certain terms and conditions imposed in the 
biological opinions applicable to the ROD (Id.)  

San Joaquin River Agreement 

The San Joaquin River Agreement (SJRA) includes a 12-year experimental program providing 
for increased flows and decreased Delta exports in the lower San Joaquin River during a 31-day 
pulse flow period during April-May. It also provides for the collection of experimental data 
during that time to further the understanding of the effects of flows, exports, and the Head of Old 
River Barrier on salmon survival. This experimental program is commonly referred to as the 
Vernalis Adaptive Management Program (VAMP). The SJRA also provides water for flows at 
other times on the Stanislaus, Merced, and lower San Joaquin Rivers. The SJRA establishes a 
management and technical committee to oversee, plan, and coordinate implementation of 
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activities required under the SJRA. Reclamation, DWR, FWS, DFG, and NMFS are signatories 
to the SJRA; other signatories include San Joaquin River water rights (SJRWR) holders, CVP 
and SWP water contractors, and other stakeholders. The signatory SJRWR holders formed the 
San Joaquin River Group Authority to coordinate implementation of their responsibilities under 
the SJRA. Under the SJRA, Reclamation and DWR purchase water for VAMP flows from the 
SJRWR holders of up to 110,000 af may be provided for VAMP during April-May with an 
additional 27,500 af that may be provided at other times. In certain “double-step” years, up to an 
additional 47,000 af may need to be acquired to fully meet VAMP flow objectives. This water 
would be provided under supplemental agreements separate from the SJRA. The SJRA will 
expire on December 31, 2009 unless extended pursuant to the conditions of the agreement. 

The Yuba Accord 

On December 4, 2007, DWR and the Yuba County Water Agency (YCWA) entered into a water 
purchase agreement to provide water supplies through 2025. The agreement provides for DWR 
to pay for eight years of transfers for the use in a limited EWA process and for certain dry-year 
supplies for SWP and CVP contractors. YCWA will provide transfer water by releasing stored 
water in New Bullards Bar Reservoir for EWA purposes and will implement groundwater 
substitution in the drier years to produce the water that will go to the water contractors. In March 
2008, the SWRCB approved YCWA’s petitions to allow the water to be transferred at the SWP 
and CVP Delta facilities and to permit YCWA operations under their water right permits 
pursuant to specified flows for fish on the lower Yuba River. The transferred water will include 
water released to meet instream flow needs on the lower Yuba River pursuant to the Yuba 
Accord Fisheries Agreement which provides for instream flows in six different flow schedules 
based on different water year types.  From 2008 through 2015 the release of water is estimated at 
60,000 acre-feet and from 2016 to 2025 a minimum of 20,000 acre feet will be released under 
the Yuba Accord agreements. 

Water Transfers 

Water transfers relevant to this BA occur when a water user north of the Delta undertakes actions 
to make water available for transfer, generally for use south of the Delta. Water transfers 
requiring export from the Sacramento River watershed at the SWP and CVP Delta pumping 
facilities include transfers for dry-year transfer agreements, limited EWA, the Yuba Accord 
Water Purchase Agreements, the proposed Sacramento Valley Water Management Program, if 
implemented, and other agreements that may be developed between water users. The conveyance 
of water through the Delta for these transfers are done at times when pumping capacity at the 
Federal and State pumping plants is available to move the water. Reclamation and DWR will 
work together to facilitate transfers and will convey water for these transfers in accordance with 
all existing regulations and permit requirements.  

DWR/DFG Delta Fish Agreement (Four Pumps Agreement) 

The 1986 Delta Fish Agreement offsets direct losses of striped bass, steelhead, and Chinook 
salmon caused by the diversion of water at the Harvey O. Banks Pumping Plant. Since 1986, 
approximately $60 million in combined funding from the Annual Mitigation and $15 Lump Sum 
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components have been approved for over 40 fish mitigation projects through December 2007. 
The Agreement has been amended to extend expenditure of the $15 million Lump Sum funding 
component of the original Agreement three times in 1997, 2002 and 2004. A 2008 Amendment 
will extend the expenditure through December 31, 2012.  Article VII of the Agreement provides 
a process for amendments based on new information.  DWR, DFG and Reclamation executed an 
Interim South Delta Facilities Agreement pursuant to Article VII in 1995.  The 1995 Agreement 
incorporated the Framework Agreement of 1990 and the CALFED Agreements of 1994.   In July 
2005 DWR and DFG expanded the scope of the Agreement to establish a separate fund of $2.5 
million to address near-term pelagic fish issues related to the Pelagic Organism Decline (POD).  
Through fiscal year 2007-08, $1.5 million of annual POD funding was used to support the UC 
Davis Delta smelt facility’s operations. 

In May 2007 DWR and DFG entered into a Memorandum of Understanding to begin 
negotiations to amend the 1986 Delta Fish Agreement to address direct and indirect take of Delta 
smelt and indirect take of salmon and methods to develop mitigation credits for this take 
pursuant to CESA. These negotiations now include mitigation considerations for the Longfin 
smelt. The 2008 Amendment is intended to address impacts of the SWP Delta Pumping Facilities 
on native species (winter-run Chinook salmon, spring-run Chinook salmon, delta smelt and 
Longfin smelt). Details of the Agreement and proposed mitigation projects are provided in 
summary in Chapter 18 “conservation actions” and in detailed in Appendix X of the BA. CDWR 
and CDFG are finalizing the 2008 Amendment to the Delta Fish Agreement between CDWR and 
CDFG, and anticipate that the Amendment will be executed prior to the issuance of the OCAP 
BOs. 

The Proposed Action 
The CVP is composed of some 18 reservoirs with a combined storage capacity of more than 
11 million af, 11 powerplants, and more than 500 miles of major canals and aqueducts (see 
Figure 2-1). These various facilities are generally operated as an integrated project, although they 
are authorized and categorized in divisions. Authorized project purposes include flood control; 
navigation; provision of water for irrigation and domestic uses; fish and wildlife protection, 
restoration, and enhancement; and power generation. However, not all facilities are operated to 
meet each of these purposes. For example, flood control is not an authorized purpose of the 
CVP’s Trinity River Division. As initially authorized, the primary CVP purpose was to provide 
water for irrigation throughout California’s Central Valley. The CVPIA has amended CVP 
authorizations to include fish and wildlife mitigation, protection, and restoration as purposes 
equal in priority to irrigation and domestic uses, and fish and wildlife enhancement as a purpose 
equal in priority to power generation. 

The SWP stores and distributes water for agricultural and M&I uses in the northern Central 
Valley, the San Francisco Bay area, the San Joaquin Valley, the Central Coast, and Southern 
California. Other project functions include flood control, water quality maintenance, power 
generation, recreation, and fish and wildlife enhancement. 

The proposed action is to continue to operate the CVP and SWP. In addition to current-day 
operations, several future actions are to be included in this consultation. These actions are as 
follows: permanent barriers operated in the South Delta, an intertie between the California 
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Aqueduct and the Delta-Mendota Canal, Freeport Regional Water Project (FRWP), changes in 
the operation of the Red Bluff Diversion Dam (RBDD), the Sacramento River Water Reliability 
Project, the Alternative Intake Project for CCWD, the operational elements of the American 
River Flow Management Standard, and various operational changes that are identified in this 
project description.  

Although the actions listed in the previous paragraph are not being implemented at present, they 
are part of the future proposed action on which Reclamation is consulting. Therefore, proposed 
activities only address the operations of the action; that is, the activities do not include 
construction of any facilities to implement the actions. All site-specific/localized activities of the 
actions such as construction/screening and any other site-specific effects will be addressed in a 
separate Section 7 consultation. Table 1-1 summarizes the proposed operational actions of the 
CVP covered by this consultation and Table 1-2 describes SWP proposed operational actions. 

 

Table 1-1 Proposed CVP operational actions for consultation. 

Action Requirement for Action 

I. Trinity River Division SWRCB Permit Order 124 
Trinity Lake operations Safety of Dams Criteria 
Lewiston Dam releases and Trinity 
River flows 

SWRCB permits for diversions from Trinity 
2000 Trinity ROD 
Westlands Water District (Westlands) et al., vs. Interior 

(Trinity litigation) 
Whiskeytown Dam releases to 
Clear Creek 

SWRCB permits for diversions from Trinity, Clear Creek 
(permits specify minimum downstream releases) 

1960 Memorandum of Agreement (MOA) with DFG (establishes 
minimum flows released to Clear Creek) 

1963 release schedule 
Consistent with AFRP objectives (Appendix A to the October 5, 

1999, Decision on (b)(2) implementation) and (b)(2) 
availability 

Stability Criteria 
Thresholds of Trinity Storage 

Townsend requirement 2000 Agreement with FWS (b)(2) 
Spring Creek Debris Dam operations 1980 MOA with DFG, SWRCB 
Diversions to Sacramento River SWRCB WR 90-5 (temperature control objectives), SWRCB 

WR 91-1 
Temperature Objectives SWRCB WR 90-5, SWRCB WR 91-1 
II. Shasta Division SWRCB WR 90-5 
Shasta Dam operations Regulating Criteria-Flood Control Act 1944 

CVPIA-Temperature Control Device (TCD) Operations 
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Action Requirement for Action 

Keswick Dam releases to Sacramento 
River 
Minimum flows of 3,250 cubic feet per 
second (cfs) October through March 

1960 MOA with DFG: established flow objectives, minimum 
releases in dry, critical years 

1981 Agreement with DFG: established normal-year minimum 
releases September-February 

SWRCB WR 90-5: established year-round minimum flows 
AFRP (Appendix A to the October 5, 1999 Decision on (b)(2) 

implementation) and (b)(2) availability 
Navigation flow requirement to Wilkins Slough 
CVPIA: ramping criteria consistent with 3406(b)(2) and 

3406(b)(9) 
III. Sacramento River Division SWRCB WR 90-5 
Red Bluff Diversion Dam operations 
• Gates raised from September 15 to 

May 14 with flexibility to temporarily 
lower gates in excess of pumping 
capacity 

• Future installation of additional 
pump 

1986 Agreement with NOAA Fisheries et al., gates raised in 
winter months for fish passage 

Tehama-Colusa Canal operations Temporary diversion from Black Butte Reservoir (SWRCB 
permit) 

Sacramento River temperature 
objectives 

SWRCB WR 90-5: temperature objectives added to permits, 
modified 1960 MOU with DFG regarding minimum flows 

SWRCB WR 91-1 (temperature objectives) 
Sacramento-Trinity Water Quality 
Monitoring Network 

SWRCB WR 90-5, 91-1 

Sacramento River Temperature Task 
Group 

SWRCB WR 90-5, 91-1 

ACID Diversion Dam ops Reclamation contract (water service and diversion) 
IV. American River Division  

Folsom Dam and Power Plant 
operations 

U.S. Army Corps of Engineers (Corps) Flood Control Manual, 
Flood Control Diagram (regulating criteria) 

1996 Agreement with Sacramento Area Flood Control Agency 
(SAFCA) (modified flood control criteria) 

AFRP (Appendix A to the October 5, 1999 Decision on (b)(2) 
implementation) and (b)(2) availability 

Draft DFG criteria pursuant to CVPIA 3406(b)(9) (addressing 
flow fluctuations) 

CVP local municipal diversions  
Nimbus Dam operations and Lower 
American River flows 
• Includes year-round temperature 

control 

AFRP and (b)(2) availability: minimum flows October-
September, stability objectives  

Draft DFG criteria pursuant to CVPIA 3406(b)(9) (addressing 
flow fluctuations) 

Folsom South Canal operations Contractual commitments 
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Action Requirement for Action 

Freeport Regional Water Project Contract with East Bay Municipal Utility District (EBMUD)  
Sacramento County contract and water rights 

V. Eastside Division  

New Melones Dam and Reservoir 
operations and Lower Stanislaus 
River flows below Goodwin Dam 

Corps Flood Control Manual, Flood Control Diagram (New 
Melones and Tulloch) 

Oakdale Irrigation District (OID), South San Joaquin Irrigation 
District (SSJID) contract (Tri-dams Agreement for afterbay 
storage) 

New Melones Interim Plan of Operation (NMIPO) (includes 
AFRP flows with (b)(2) water) 

1988 OID, SSJID Agreement and Stipulation (release of annual 
inflows for diversion) 

SWRCB D-1422 (release of 98,000 af for fish and wildlife 
purposes, dissolved oxygen [DO] standards at Ripon) 

1987 DFG Agreement (increased flows over SWRCB D-1422) 
1995 WQCP (minimum DO concentration) 
1999 SJRA flows and water supplies 
CVP Water Service contracts 

Support of San Joaquin River 
requirements and objectives at 
Vernalis 

SWRCB D-1641 (Vernalis flow requirements February-June, 
Vernalis water quality objectives, SJRA implementation) 

CALFED ROD Regulatory Baseline (2:1 flow/export ratio met 
with (b)(2), EWA) 

VI. Delta Division SWRCB D-1641 
Tracy Pumping Plant 
• Pumping curtailments supported 

with (b)(2) or EWA assets 

Salmon Tree Decision 
CVPIA 
CALFED ROD and EWA Operating Principles 

Delta Cross Channel (DCC) operation SWRCB D-1641(DCC closure: February-May, 14 days between 
May 21-June 15, 45 days between November-January) 

Salmon Decision Tree 
Contra Costa Canal (CCC) operations CVPIA (Fish Screen Program) 

1993 Winter–run Chinook Salmon BO for Los Vaqueros 
1993 Delta Smelt BO for Los Vaqueros (requires Old River 

diversions January-August to extent possible, diversion 
reduced during dry conditions, reservoir refilling criteria, 
reservoir releases in spring) 

Export/Inflow (EI) ratio SWRCB D-1641 
X2 SWRCB D-1641 
31-day export limit (Mid-April-Mid-
May) 

SJRA-VAMP 
SWRCB D-1641 

Delta outflow SWRCB D-1641 (minimum outflow July-January: 3,000-8,000 
cfs, habitat protection outflow February-June: 7,100-29,200 
cfs, February Salinity Starting Condition Determination) 
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Action Requirement for Action 

Water quality SWRCB D-1641 (M&I standards, agricultural standards for 
Western/Interior Delta and southern Delta, fish and wildlife 
standards for San Joaquin River and Suisun Marsh) 

Joint Point of Diversion (JPOD) SWRCB D-1641 
Intertie CALFED ROD 
VII. Friant Division  
Millerton Lake and Friant Dam 
operations, Friant-Kern Canal 
operations, and Madera Canal 
operations 

Corps Flood Control Diagram, Mammoth Pool Operating 
Contract (with Southern California Edison [SCE], Water 
Deliveries [Class I, Class II, and Section 215 supply], 
SJRWR [flow at Gravelly Ford], Miller and Lux Water Rights 
exchange) 

VIII. West San Joaquin Division  
San Luis Reservoir, Gianelli Pumping 
and Generating Plant, San Luis 
Canal, O’Neill Forebay operations, 
and Dos Amigos Pumping Plant 

1961 DWR/Reclamation Agreement (as amended) 
CVP Water Service Contracts and Deliveries 

IX. San Felipe Division  
Pacheco Pumping Plant, Santa Clara 
Pipeline, Hollister Conduit, and 
Coyote Pumping Plant 

CVP Water Service Contracts and Deliveries for Santa Clara 
Valley Water District and San Benito County 

X. Other  

Actions using (b)(1), (b)(2) CVPIA 
AFRP 
2003 Final Decision on (b)(2) Implementation 

EWA CALFED ROD and Programmatic BOs 
EWA Operating Principles 
CVPIA 
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Table 1-2 Proposed SWP Operational Actions for Consultation. 

*Operations, not construction, of the SDIP permanent gates are included in this consultation.  

**The Oroville Facilities are included in this summary for reference only and are not submitted for consultation 
because DWR is obtaining separate biological opinions for these operations pursuant to the relicensing process with 
FERC.  

Action Requirement for Action 

I. Delta Field Division  
Clifton Court Forebay gate operations 1986 Settlement Agreement with SDWA 
Clifton Court inflow criteria USACE Public Notice #5820A (October 13, 1981)   
Clifton Court storage DWR’s Division of Safety of Dams Criteria 
500 cfs USACE permit # 199900715 
Skinner Fish Facility DWR/DFG Agreement 
Banks Pumping Plant SWRCB D-1641 
North Bay Aqueduct SWRCB D-1641 
Suisun Marsh Salinity Control Gates SWRCB D-1641 
Temporary Barriers 1986 Settlement Agreement with SDWA;  USACE permit, 

Numbers SPK-200100121, SPK-20000696 
Export/Inflow (EI) ratio SWRCB D-1641 
X2 SWRCB D-1641 
31-day export limit (Mid-April to Mid-
May) 

SJRA-VAMP 
SWRCB D-1641 

Delta outflow SWRCB D-1641 (minimum outflow July-January: 3,000-8,000 
cfs, habitat protection outflow February-June: 7,100-29,200 
cfs, February Salinity Starting Condition Determination) 

Water quality SWRCB D-1641 (M&I standards, agricultural standards for 
Western/Interior Delta and southern Delta, fish and wildlife 
standards for San Joaquin River and Suisun Marsh) 

Joint Point of Diversion (JPOD) SWRCB D-1641 
South Delta Improvements Program, 
Stage 1* 

CALFED ROD 

II. San Joaquin Field Division  
San Luis Reservoir, Gianelli Pumping 
and Generating Plant, San Luis 
Canal, O’Neill Forebay operations, 
and Dos Amigos Pumping Plant 

1961 DWR/Reclamation Agreement (as amended) 
CVP Water Service Contracts and Deliveries 

III. Oroville Field Division  

Oroville Facilities** DWR’s Division of Safety of Dams Criteria, FERC License #P-
2100 Requirements 

IV. Other  
EWA CALFED ROD and Programmatic BOs 

EWA Operating Principles and annual interim protocols 
CVPIA 
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Action Area 
The Action Area is defined as those areas directly or indirectly affected by the Proposed Action.  
Therefore, the Action Area for this BA is as follows including the waters of the lake or reservoir 
(if included) for each watercourse: 

• Sacramento River from Shasta Lake downstream to and including the Sacramento-San 
Joaquin Delta; 

• Feather River from Lake Oroville to its confluence with the Sacramento River; 
• Trinity River from Trinity Lake to its confluence with the Klamath River; 
• Klamath River from the confluence with the Trinity River down to and including the 

Klamath River estuary and plume; 
• Clear Creek from Whiskeytown Reservoir to its confluence with the Sacramento River; 
• American River from Folsom Lake downstream to its confluence with the Sacramento 

River  
• Stanislaus River from New Melones Reservoir to its confluence with the San Joaquin 

River; 
• San Joaquin River from the confluence with the Stanislaus River downstream to and 

including the Sacramento-San Joaquin Delta; and 
• San Francisco Bay 
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Chapter 2  Project Description for the Central 
Valley Project and State Water Project 

Introduction 
Reclamation and DWR propose to continue to operate the CVP and SWP to divert, store, and 
convey Project water consistent with applicable law. See map in Figure 2-1. The CVP’s major 
storage facilities are Shasta, Trinity, Folsom and New Melones. The upstream reservoirs release 
water to provide water for the Delta of which can be exported a portion through Jones pumping 
plant to store in the joint reservoir San Luis or deliver down the Delta Mendota Canal. The SWP 
owns Lake Oroville upstream and releases water for the Delta that can be exported at Harvey O. 
Banks Pumping Plant (Banks) for delivery through the California Aqueduct. These operations 
are summarized in this BA with more detail. 

The Proposed Action 

The proposed action is the continued operation of the CVP and SWP. The proposed action 
includes the operation of the temporary barriers project in the south Delta and the 500 cfs 
increase in SWP Delta export limit July through September. In addition to current day 
operations, several other actions are included in this consultation. These actions are: (1) an 
intertie between the California Aqueduct (CA) and the Delta-Mendota Canal (DMC), (2) 
Freeport Regional Water Project (FRWP), (3) the operation of permanent gates, which will 
replace the temporary barriers in the South Delta, (4) changes in the operation of the Red Bluff 
Diversion Dam (RBDD), (5) Sacramento River Water Reliability Project, (6) Alternative Intake 
Project for CCWD, (7) operational elements of the American River Flow Management Standard, 
and (8) minor operational changes that are identified in this chapter. The other actions will come 
online at various times in the future. As stated in Chapter 1, inclusion of future actions in the 
project description of this BA does not constitute a decision to take that action. 

All site-specific/localized activities of the actions such as construction/screening and any other 
site-specific effects will be addressed in separate action-specific section 7 consultations. In 
addition, DWR will need to consult with the California Department of Fish and Game (DFG), as 
may be appropriate, to address applicable requirements of the State Endangered Species Act. 
This BA may assist DWR and DFG in their consultation to ensure that DWR is in compliance 
with the State ESA.  

Table 2-1 summarizes the differences between current operational actions and future operational 
actions to be covered by this consultation. A detailed summary of all operational components 
and associated modeling assumptions are included in Table 9-5. 
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Table 2-1  Major Proposed Future Operational Actions for Consultation. 

Area of Project 2004 Conditions Today 2008 Future 2030 

Trinity & Whiskeytown Trinity Restoration 
Flows 

368,600-815,000 af

Same Same 

Shasta/Sacramento River Red Bluff Diversion 
Dam (RBDD)  

8 months gates out 

Same New RBDD Operation  

10 months gates out 
with pumping plant 

Oroville and Feather River  Old FERC License 
and NMFS 2004 
BO 

Same Expect New FERC 
License 

Folsom and American River  Current Demands Updated 
CurrentDemands, 
operate to Minimum 
Instream Flow 
Management 

Build out of demands, 
New American River 
Flow Management, 
and Freeport Regional 
Water Project 

New Melones and Stanislaus 
River  

Interim Plan of 
Operations 
Guidance 

Interim Plan of 
Operations Guidance 

New Transitional Plan 

Friant Division Historic Operations Same Same 

Sacramento-San Joaquin Delta  2001 Demands  2005 Demands  2030 Demands 

Suisun Marsh  Same Same Expect to Implement 
New Charter 

WQCP  D-1641 Same Same 

COA  1986 Guidance Same Same 

CVPIA May 9, 2003 
Decision 

Same Same 

CALFED  Full EWA Full EWA Limited EWA 

Banks Pumping Plant 6680* cfs & Temp 
Barriers 

6680* cfs & Temp 
Barriers 

6680* cfs and 
Permanent operable 
gates 

Jones Pumping Plant Max of 4600 cfs Same Max 4600 cfs with 
Flexiblity of Intertie 

• This diversion rate is normally restricted to 6,680 cfs as a three-day average inflow to Clifton Court 
Forebay, although between December 15 and March 15, when the San Joaquin River is above 1,000 cfs, 
one-third of the San Joaquin River flow at Vernalis may be pumped in addition. Furthermore, the SWP is 
permitted to pump an additional 500 cfs between July 1 and September 30 to offset water costs associated 
with fisheries actions making the summer limit effectively 7,180 cfs. 
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Figure 2-1  Map of California CVP and SWP Service Areas 
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Coordinated Operations of the CVP and SWP 

Coordinated Operations Agreement  

The CVP and SWP use a common water supply in the Central Valley of California. The DWR 
and Reclamation (collectively referred to as Project Agencies) have built water conservation and 
water delivery facilities in the Central Valley in order to deliver water supplies to affected water 
rights holders as well as project contractors. The Project Agencies’ water rights are conditioned 
by the SWRCB to protect the beneficial uses of water within each respective project and jointly 
for the protection of beneficial uses in the Sacramento Valley and the Sacramento-San Joaquin 
Delta Estuary. The Project Agencies coordinate and operate the CVP and SWP to meet the joint 
water right requirements in the Delta. 

The Coordinated Operations Agreement (COA), signed in 1986, defines the project facilities and 
their water supplies, sets forth procedures for coordination of operations, identifies formulas for 
sharing joint responsibilities for meeting Delta standards, as the standards existed in SWRCB 
Decision 1485 (D-1485), and other legal uses of water, identifies how unstored flow will be 
shared, sets up a framework for exchange of water and services between the Projects, and 
provides for periodic review of the agreement. 

Implementing the COA 

Obligations for In-Basin Uses 
In-basin uses are defined in the COA as legal uses of water in the Sacramento Basin, including 
the water required under the SWRCB D-1485 Delta standards (D-1485 ordered the CVP and 
SWP to guarantee certain conditions for water quality protection for agricultural, municipal and 
industrial [M&I], and fish and wildlife use). Each project is obligated to ensure water is available 
for these uses, but the degree of obligation is dependent on several factors and changes 
throughout the year, as described below.  

Balanced water conditions are defined in the COA as periods when it is mutually agreed that 
releases from upstream reservoirs plus unregulated flows approximately equals the water supply 
needed to meet Sacramento Valley in-basin uses plus exports. Excess water conditions are 
periods when it is mutually agreed that releases from upstream reservoirs plus unregulated flow 
exceed Sacramento Valley in-basin uses plus exports. Reclamation’s Central Valley Operations 
Office (CVOO) and DWR’s SWP Operations Control Office jointly decide when balanced or 
excess water conditions exist. 

During excess water conditions, sufficient water is available to meet all beneficial needs, and the 
CVP and SWP are not required to supplement the supply with water from reservoir storage. 
Under Article 6(g) of the COA, Reclamation and DWR have the responsibility (during excess 
water conditions) to store and export as much water as possible, within physical, legal and 
contractual limits. In excess water conditions, water accounting is not required. However, during 
balanced water conditions, the Projects share the responsibility in meeting in-basin uses.  
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When water must be withdrawn from reservoir storage to meet in-basin uses, 75 percent of the 
responsibility is borne by the CVP and 25 percent is borne by the SWP1. When unstored water is 
available for export (i.e., Delta exports exceed storage withdrawals while balanced water 
conditions exist), the sum of CVP stored water, SWP stored water, and the unstored water for 
export is allocated 55/45 to the CVP and SWP, respectively. 

Accounting and Coordination of Operations 
Reclamation and DWR coordinate on a daily basis to determine target Delta outflow for water 
quality, reservoir release levels necessary to meet in-basin demands, schedules for joint use of 
the San Luis Unit facilities, and for the use of each other’s facilities for pumping and wheeling. 

During balanced water conditions, daily water accounting is maintained of the CVP and SWP 
obligations. This accounting allows for flexibility in operations and avoids the necessity of daily 
changes in reservoir releases that originate several days travel time from the Delta. It also means 
adjustments can be made “after the fact” using actual data rather than by prediction for the 
variables of reservoir inflow, storage withdrawals, and in-basin uses. 

The accounting language of the COA provides the mechanism for determining the responsibility 
of each project for Delta outflow influnced standards; however, real time operations dictate 
actions. For example, conditions in the Delta can change rapidly. Weather conditions combined 
with tidal action can quickly affect Delta salinity conditions, and therefore, the Delta outflow 
required to manitain joint standards. If, in this circumstance, it is decided the reasonable course 
of action is to increase upstream reservoir releases, then the response will likely be to increase 
Folsom releases first. Lake Oroville water releases require about three days to reach the Delta, 
while water released from Lake Shasta requires five days to travel from Keswick to the Delta. As 
water from the other reservoirs arrives in the Delta, Folsom releases can be adjusted downward. 
Any imbalance in meeting each project’s designed shared obligation would be captured by the 
COA accounting. 

Reservoir release changes are one means of adjusting to changing in-basin conditions. Increasing 
or decreasing project exports can also immediately achieve changes to Delta outflow. As with 
changes in reservoir releases, imbalances in meeting each project’s designed shared obligations 
are captured by the COA accounting.  

During periods of balanced water conditions, when real-time operations dictate project actions, 
an accounting procedure tracks the designed sharing water obligations of the CVP and SWP. The 
Projects produce daily and accumulated accounting balances. The account represents the 
imbalance resulting from actual coordinated operations compared to the COA-designed sharing 
of obligations and supply. The project that is “owed” water (i.e., the project that provided more 
or exported less than its COA-defined share) may request the other project adjust its operations 
to reduce or eliminate the accumulated account within a reasonable time.  

The duration of balanced water conditions varies from year to year. Some very wet years have 
had no periods of balanced conditions, while very dry years may have had long continuous 

                                                 
1 These percentages were derived from negotiations between Reclamation and DWR for SWRCB D-1485 standards 
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periods of balanced conditions, and still other years may have had several periods of balanced 
conditions interspersed with excess water conditions. Account balances continue from one 
balanced water condition through the excess water condition and into the next balanced water 
condition. When the project that is owed water enters into flood control operations, at Shasta or 
Oroville, the accounting is zeroed out for that respective project. 

Changes in Coordinated Operations Since 1986 

Implementation of the COA principles has continuously evolved since 1986 as changes have 
occurred to CVP and SWP facilities, to project operations criteria, and to the overall physical and 
regulatory environment in which the coordination of CVP and SWP operations takes place. Since 
1986, new facilities have been incorporated into the operations that were not part of the original 
COA. New water quality and flow standards (D-1641) have been imposed by the SWRCB; the 
CVPIA has changed how the CVP is operated; and finally, the Federal Endangered Species Act 
(ESA) responsibilities have affected both the CVP and SWP operations. The following is a list of 
significant changes that have occurred since 1986. Included after each item is an explanation of 
how it relates to the COA and its general effect on the accomplishments of the Projects. 

Sacramento River Temperature Control Operations 
Water temperature control operations have changed the pattern of storage and withdrawal of 
storage at Shasta, Trinity, and Whiskeytown, for the purpose of improving temperature control 
and managing coldwater pool resources in the facilities. Water temperature operations have also 
constrained rates of flow, and changes in rates of flow below Keswick Dam in keeping with 
water temperature requirements. Such constraints have reduced the CVP’s capability to respond 
efficiently to changes in Delta export or outflow requirements. Periodically, temperature 
requirements have caused the timing of the CVP releases to be significantly mismatched with 
Delta export capability, resulting in loss of water supply. On occasion, and in accordance with 
Articles 6(h) and 6(i) of the COA, the SWP has been able to export water released by the CVP 
for temperature control in the Sacramento River. The installation of the Shasta temperature 
control device has significantly improved Reclamation’s ability to match reservoir releases and 
Delta needs. 

Bay-Delta Accord, and Subsequent SWRCB Implementation of D-1641 

The 1994 Bay-Delta Accord committed the CVP and SWP to a set of Delta habitat protective 
objectives that were eventually incorporated into the 1995 Water Quality Control Plan (WQCP), 
and later, along with the Vernalis Adaptive Management Program (VAMP), were included by 
the SWRCB in D-1641 amending the water rights of the Projects. The actions taken by the CVP 
and SWP in implementing D-1641 significantly reduced the export water supply of both 
Projects. Article 11 of the COA describes the options available to the United States for 
responding to the establishment of new Delta standards.  

Project operators must coordinate the day-to-day operations of the CVP and SWP to perform to 
the Projects water rights. The 1986 COA sharing formula has been used by Project operators for 
D-1641 Delta outflow and salinity based standards. SWRCB D-1641 contains significant new 
“export limitation” criteria such as the export to inflow (E/I) ratios and San Joaquin River pulse 
period “export limits”. The 1986 COA framework never contemplated nor addressed the 
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application of such criteria to CVP and SWP permits. When the E/I or pulse period export 
restrictions control Project operations, project operators attempt to utilize “equity principles” to 
determine how to comply with D-1641 standards. In most cases, the rate of export is attempted to 
be evened out over the restricted period. In some cases, a seasonal time shift of the SWP exports 
can occur to help facilitate an equitable sharing of responsibilities. Until the COA is updated to 
reflect SWRCB D-1641 conditions, project operators must continually work on a case-by-case 
basis in order to meet the Projects’ combined water right requirements. 

North Bay Aqueduct 
North Bay Aqueduct, as described above, is a SWP feature that can convey up to about 175 cfs 
diverted from the SWP’s Barker Slough Pumping Plant. North Bay Aqueduct Diversions are 
conveyed to Napa and Solano Counties. Pursuant to an agreement between Reclamation, DWR, 
and the CVP and SWP contractors in 2003, a portion of the SWP diversions will be treated as an 
export in COA accounting. 

Freeport Regional Water Project 
The FRWP will be a new facility that will divert up to a maximum of 286 cubic feet per second 
(cfs) from the Sacramento River near Freeport for Sacramento County and East Bay Municipal 
Utility District (EBMUD). EBMUD will divert water pursuant to its amended contract with 
Reclamation. The County will divert using its water rights and its CVP contract supply. This 
facility was not in the 1986 COA, and the diversions will result in some reduction in Delta export 
supply for both the CVP and SWP contractors. Pursuant to an agreement between Reclamation, 
DWR, and the CVP and SWP contractors in 2003, diversions to EBMUD will be treated as an 
export in the COA accounting, and diversions to Sacramento County will be treated as an in-
basin use. 

Loss of 195,000 af of D-1485 Condition 3 Replacement Pumping 
The 1986 COA affirmed the SWP’s commitment to provide replacement capacity to the CVP to 
make up for May and June pumping reductions imposed by SWRCB D-1485 in 1978. In the 
evolution of COA operations since 1986, SWRCB D-1485 was superseded by SWRCB D-1641 
and SWP water demand growth and other pumping constraints have reduced the available 
surplus capacity at Banks Pumping Plant. The CVP has not received replacement pumping since 
1993. Since then there have been (and in the current operations environment there will continue 
to be) many years in which the CVP will be limited by insufficient Delta export capacity to 
convey its water supply. The loss of the up to 195,000 af of replacement pumping capacity has 
diminished the water delivery anticipated by the CVP under the 1986 COA framework. The 
dimished water delivery accomplishments results in a charge to CVPIA (b)(2) water. 

State Water Resources Control Board Water Rights 

1995 Water Quality Control Plan 

The SWRCB adopted the 1995 Bay-Delta Water Quality Control Plan (WQCP) on May 22, 
1995, which became the basis of SWRCB Decision-1641. The SWRCB continues to hold 
workshop and receive information regarding processes on specific areas of the 1995 WQCP. The 
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SWRCB amended the WQCP in 2006, but to date, the SWRCB has made no significant change 
to the 1995 WQCP framework. 

Decision 1641 

The SWRCB imposes a myriad of constraints upon the operations of the CVP and SWP in the 
Delta. With Water Rights Decision 1641, the SWRCB implements the objectives set forth in the 
SWRCB 1995 Bay-Delta WQCP and imposes flow and water quality objectives upon the 
Projects to assure protection of beneficial uses in the Delta. The SWRCB also grants conditional 
changes to points of diversion for each project with D-1641.  

The various flow objectives and export restraints are designed to protect fisheries. These 
objectives include specific outflow requirements throughout the year, specific export restraints in 
the spring, and export limits based on a percentage of estuary inflow throughout the year. The 
water quality objectives are designed to protect agricultural, municipal and industrial, and fishery 
uses, and they vary throughout the year and by the wetness of the year. 

Figure 2-2 and Figure 2-3 summarize the flow and quality objectives in the Delta and Suisun 
Marsh for the Projects from D-1641. These objectives will remain in place until such time that 
the SWRCB revisits them per petition or as a consequence to revisions to the SWRCB Water 
Quality Plan for the Bay-Delta (which is to be revisited periodically). 

On December 29, 1999, SWRCB adopted and then revised (on March 15, 2000) Decision 1641, 
amending certain terms and conditions of the water rights of the SWP and CVP. Decision 1641 
substituted certain objectives adopted in the 1995 Bay-Delta Plan for water quality objectives 
that had to be met under the water rights of the SWP and CVP. In effect, D-1641 obligates the 
SWP and CVP to comply with the objectives in the 1995 Bay-Delta Plan. The requirements in 
D-1641 address the standards for fish and wildlife protection, M&I water quality, agricultural 
water quality, and Suisun Marsh salinity. SWRCB D-1641 also authorizes SWP and CVP to 
jointly use each other’s points of diversion in the southern Delta, with conditional limitations and 
required response coordination plans. SWRCB D-1641 modified the Vernalis salinity standard 
under SWRCB Decision 1422 to the corresponding Vernalis salinity objective in the 1995 Bay-
Delta Plan. The criteria imposed upon the CVP and SWP are summarized in Figure 2-2 
(Summary Bay-Delta Standards), Figure 2-3 (Footnotes for Summary Bay-Delta Standards), and 
Figure 2-4 (CVP/SWP Map). 
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Figure 2-2  Summary Bay Delta Standards (See Footnotes below) 
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(Footnotes continued on next page) 
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Figure 2-3  Footnotes for Summary Bay Delta Standards 
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Figure 2-4  CVP/SWP Delta Map 
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Joint Points of Diversion 

SWRCB D-1641 granted Reclamation and DWR the ability to use/exchange each Project’s 
diversion capacity capabilities to enhance the beneficial uses of both Projects. The SWRCB 
conditioned the use of Joint Point of Diversion (JPOD) capabilities based on a staged 
implementation and conditional requirements for each stage of implementation. The stages of 
JPOD in SWRCB D-1641 are: 

• Stage 1 – for water service to Cross Valley Canal contractors, Tracy Veterans Cemetery 
and Musco Olive, and to recover export reductions taken to benefit fish. 

• Stage 2 – for any purpose authorized under the current project water right permits. 

• Stage 3 – for any purpose authorized up to the physical capacity of the diversion 
facilities. 

Each stage of JPOD has regulatory terms and conditions which must be satisfied in order to 
implement JPOD. 

All stages require a response plan to ensure water levels in the southern Delta will not be 
lowered to the injury of local riparian water users (Water Level Response Plan). All stages 
require a response plan to ensure the water quality in the southern and central Delta will not be 
significantly degraded through operations of the JPOD to the injury of water users in the 
southern and central Delta. 

All JPOD diversion under excess conditions in the Delta is junior to Contra Costa Water District 
(CCWD) water right permits for the Los Vaqueros Project, and must have an X2 location west of 
certain compliance locations consistent with the 1993 Los Vaqueros Biological Opinion (BO) for 
delta smelt. 

Stage 2 has an additional requirement to complete an operations plan that will protect fish and 
wildlife and other legal users of water. This is commonly known as the Fisheries Response Plan. 
A Fisheries Response Plan was approved by the SWRCB in February 2007, but as it relied on the 
2004 and 2005 Biological Opinions, the Fisheries Response Plan will need to be revised and re-
submitted to the SWRCB as a future date. 

Stage 3 has an additional requirement to protect water levels in the southern Delta under the 
operational conditions of Phase II of the South Delta Improvements Program, along with an 
updated companion Fisheries Response Plan. 

Reclamation and DWR intend to apply all response plan criteria consistently for JPOD uses as 
well as water transfer uses. 

In general, JPOD capabilities will be used to accomplish four basic CVP-SWP objectives: 

• When wintertime excess pumping capacity becomes available during Delta excess 
conditions and total CVP-SWP San Luis storage is not projected to fill before the spring 
pulse flow period, the project with the deficit in San Luis storage may elect to use JPOD 
capabilities. Concurrently, under the CALFED ROD, JPOD may be used to create 
additional water supplies for the EWA or reduce debt for previous EWA actions. 
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• When summertime pumping capacity is available at Banks Pumping Plant and CVP 
reservoir conditions can support additional releases, the CVP may elect to use JPOD 
capabilities to enhance annual CVP south of Delta water supplies.  

• When summertime pumping capacity is available at Banks or Jones Pumping Plant to 
facilitate water transfers, JPOD may be used to further facilitate the water transfer. 

• During certain coordinated CVP-SWP operation scenarios for fishery entrainment 
management, JPOD may be used to shift CVP-SWP exports to the facility with the least 
fishery entrainment impact while minimizing export at the facility with the most fishery 
entrainment impact. 

Revised WQCP (2006) 

The SWRCB undertook a proceeding under its water quality authority to amend the Water 
Quality Control Plan for the San Francisco Bay/Sacramento-San Joaquin Delta Estuary (Bay-
Delta Plan) adopted in 1978 and amended in 1991 and in 1995. Prior to commencing this 
proceeding, the SWRCB conducted a series of workshops in 2004 and 2005 to receive 
information on specific topics addressed in the Bay-Delta Plan.  

The SWRCB adopted a revised Bay-Delta Plan on December 13, 2006. There were no changes 
to the Beneficial Uses from the 1995 Plan to the 2006 Plan, nor were any new water quality 
objectives adopted in the 2006 Plan. A number of changes were made simply for readability. 
Consistency changes were also made to assure that sections of the Plan reflected the current 
physical condition or current regulation. The SWRCB continues to hold workshops and receive 
information regarding Pelagic Organism Decline (POD), Climate Change, and San Joaquin 
salinity and flows, and will coordinate updates of the Bay-Delta Plan with on-going development 
of the comprehensive Salinity Management Plan. 

Real Time Decision-Making to Assist Fishery 
Management 

Introduction 

Real time decision-making to assist fishery management is a process that promotes flexible 
decision making that can be adjusted in the face of uncertainties as outcomes from management 
actions and other events become better understood. For the proposed action high uncertainty 
exists for how to best manage our water operations while protecting listed species. Applying real 
time decision-making to assist fishery management to the proposed action requires the definition 
of management goals and a mechanism for new information and scientific understanding to be 
used in changing our operations to better meet the goals. 

Sources of uncertainty relative to the proposed action include: 

• Hydrologic conditions 

• Ocean conditions 
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• Listed species biology 

Under the proposed action the goals for real time decision-making to assist fishery management 
are: 

• Meet contractual obligations for water delivery 

• Minimize adverse effects for listed species 

Framework for Actions 

Reclamation and DWR work closely with FWS, NMFS, and DFG to coordinate the operation of 
the CVP and SWP with fishery needs. This coordination is facilitated through several forums in a 
cooperative management process that allows for modifying operations based on real-time data 
that includes current fish surveys, flow and temperature information, and salvage or loss at the 
project facilities, (hereinafter “triggering event”). 

Water Operations Management Team 

The Water Operations Management Team (WOMT) is comprised of representatives from 
Reclamation, DWR, FWS, NMFS, and DFG. This management-level team was established to 
facilitate timely decision-support and decision-making at the appropriate level. The WOMT first 
met in 1999, and will continue to meet to make management decisions as part of the proposed 
project. Routinely, it also uses the CALFED Ops Group to communicate with stakeholders about 
its decisions. Although the goal of WOMT is to achieve consensus on decisions, the participating 
agencies retain their authorized roles and responsibilities. 

Process for Real Time Decision- Making to Assist Fishery 
Management 

Decisions regarding CVP and SWP operations to avoid and minimize adverse effects on listed 
species must consider factors that include public health, safety, and water supply reliability. To 
facilitate such decisions, the Project Agencies and the fishery agencies (consisting of FWS, 
NMFS, and DFG) have developed and refined a set of processes for various fish species to 
collect data, disseminate information, develop recommendations, make decisions, and provide 
transparency. This process consists of three types of groups that meet on a recurring basis. 
Management teams are made up of management staff from Reclamation, DWR, and the fishery 
agencies. Information teams are teams whose role is to disseminate and coordinate information 
among agencies and stakeholders. Fisheries and Operations technical teams are made up of 
technical staff from state and Federal agencies. These teams review the most up-to-date data and 
information on fish status and Delta conditions, and develop recommendations that fishery 
agencies’ management can use in identifying actions to protect listed species.  

The process to identify actions for protection of listed species varies to some degree among 
species but follows this general outline:  A Fisheries or Operations Technical Team compiles and 
assesses current information regarding species, such as stages of reproductive development, 
geographic distribution, relative abundance, physical habitat conditions, then provides a 
recommendation to the agency with statutory obligation to enforce protection of the species in 
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question. The agency’s staff and management will review the recommendation and use it as a 
basis for developing, in cooperation with Reclamation and DWR, a modification of water 
operations that will minimize adverse effects to listed species by the Projects. If the Project 
Agencies do not agree with the action, then the fishery agency with the statutory authority will 
make a final decision on an action that they deem necessary to protect the species. In the event it 
is not possible to refine the proposed action in order that it does not violate section 7(a)(2) of the 
ESA, the Project and fisheries agencies will reinitiate consultation. 

The outcomes of protective actions that are implemented will be monitored and documented, and 
this information will inform future recommended actions. 

Groups Involved in Real Time Decision-Making to Assist Fishery 
Management and Information Sharing  

Information Teams 

CALFED Ops and Subgroups 
The CALFED Ops Group consists of the Project agencies, the fishery agencies, SWRCB staff, 
and the U.S. Environmental Protection Agency (EPA). The CALFED Ops Group generally 
meets eleven times a year in a public setting so that the agencies can inform each other and 
stakeholders about current the operations of the CVP and SWP, implementation of the CVPIA 
and State and Federal endangered species acts, and additional actions to contribute to the 
conservation and protection of State- and Federally-listed species. The CALFED Ops Group held 
its first public meeting in January 1995, and during the next six years the group developed and 
refined its process. The CALFED Ops Group has been recognized within SWRCB D-1641, and 
elsewhere, as one forum for coordination on decisions to exercise certain flexibility that has been 
incorporated into the Delta standards for protection of beneficial uses (e.g., E/I ratios, and some 
DCC Closures). Several teams were established through the Ops Group process. These teams are 
described below: 

Data Assessment Team (DAT) 
The DAT consists of technical staff members from the Project and fishery agencies as well as 
stakeholders. The DAT meets frequently2 during the fall, winter, and spring. The purpose of the 
meetings is to coordinate and disseminate information and data among agencies and stakeholders 
that is related to water project operations, hydrology, and fish surveys in the Delta.  

Integrated Water Operations and Fisheries Forum 
The Integrated Water Operations and Fisheries Forum (IWOFF) provides the forum for 
executives and managers of Reclamation, DWR, DFG, FWS, NMFS, USEPA and the SWRCB 
to meet and discuss current and proposed project planning, permitting, funding, and Endangered 
Species Act compliance, which affect the workloads and activities of these organizations. 
IWOFF provides a forum for elevation of these matters if staff is unable to reach resolution on 

                                                 
2 The DAT holds weekly conference calls and may have additional discussions during other times as needed.  
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process/procedures requiring interagency coordination. IWOFF may also elevate such decisions 
up to the Director level at their discretion. 

Operations and Fishery Forum 
The Operations and Fishery Forum (OFF) was established as an ad-hoc stakeholder-driven 
process to disseminate information regarding recommendations and decisions about the 
operations of the CVP and SWP. OFF members are considered the contact person for their 
respective agency or interest group when information regarding take of listed species, or other 
factors and urgent issues need to be addressed by the CALFED Ops Group. Alternatively, the 
OFF may be directed by the CALFED Ops Group to develop recommendations on operational 
responses for issues of concern raised by member agencies. 

B2 Interagency Team (B2IT) 
The B2IT was established in 1999 and consists of technical staff members from the Project 
agencies. The B2IT meets weekly to discuss implementation of section 3406 (b)(2) of the 
CVPIA, which defines the dedication of CVP water supply for environmental purposes. It 
communicates with WOMT to ensure coordination with the other operational programs or 
resource-related aspects of project operations, including flow and temperature issues. 

Technical Teams 

Fisheries Technical Teams  

Several fisheries specific teams have been established to provide guidance and recommendations 
on resource management issues. These teams include: 

The Sacramento River Temperature Task Group (SRTTG): The SRTTG is a multiagency 
group formed pursuant to SWRCB Water Rights Orders 90-5 and 91-1, to assist with improving 
and stabilizing Chinook population in the Sacramento River. Annually, Reclamation develops 
temperature operation plans for the Shasta and Trinity divisions of the CVP. These plans 
consider impacts on winter-run and other races of Chinook salmon, and associated project 
operations. The SRTTG meets initially in the spring to discuss biological, hydrologic, and 
operational information, objectives, and alternative operations plans for temperature control. 
Once the SRTTG has recommended an operation plan for temperature control, Reclamation then 
submits a report to the SWRCB, generally on or before June 1st each year. 

After implementation of the operation plan, the SRTTG may perform additional studies and 
commonly holds meetings as needed typically monthly through the summer and into fall. To 
develop revisions based on updated biological data, reservoir temperature profiles and operations 
data. Updated plans may be needed for summer operations protecting winter-run, or in fall for 
fall-run spawning season. If there are any changes in the plan, Reclamation submits a 
supplemental report to SWRCB. 

Smelt Working Group (Working Group): The Working Group evaluates biological and 
technical issues regarding delta smelt and develops recommendations for consideration by the 
FWS. Since the longfin smelt became a state candidate species in 2008, the Working Group has 
also developed for DFG recommendations to minimize adverse effects to longfin smelt. The 



Project Description  OCAP BA 

2-18 August 2008 

Working Group consists of representatives from FWS, DFG, DWR, EPA, and Reclamation. 
FWS chairs the group, and a member is assigned by each agency. 

The Smelt Working Group will compile and interpret the latest near real-time information 
regarding state- and federally-listed smelt, such as stages of development, distribution, and 
salvage. After evaluating available information and if they agree that a protection action is 
warranted, the working group will submit their recommendations in writing to FWS and DFG.  

The working group may meet at any time at the request of FWS, but generally meets weekly 
during the months of January through June, when smelt salvage at CVP and SWP has occurred 
historically. However, the Delta Smelt Risk Assessment Matrix (see below) outlines the 
conditions when the Working Group will convene to evaluate the necessity of protective actions 
and provide FWS with a recommendation. Further, with the State listing of longfin smelt, the 
group will also convene based on longfin salvage history at the request of DFG. 

Delta Smelt Risk Assessment Matrix (DSRAM): The Working Group will employ a delta 
smelt risk assessment matrix to assist in evaluating the need for operational modifications of 
SWP and CVP to protect delta smelt. This document will be a product and tool of the Working 
Group and will be modified by the Working Group with the approval of FWS and DFG, in 
consultation with Reclamation and DWR, as new knowledge becomes available. The currently 
approved DSRAM is provided for information in Appendix A. 

If an action is taken, the Working Group will follow up on the action to attempt to ascertain its 
effectiveness. The ultimate decision-making authority rests with FWS. An assessment of 
effectiveness will be attached to the notes from the Working Group’s discussion concerning the 
action.  

The Salmon Decision Process: The Salmon Decision Process is used by the fishery agencies 
and project operators to facilitate the often complex coordination issues surrounding DCC gate 
operations and the purposes of fishery protection closures, Delta water quality, and/or export 
reductions. Inputs such as fish lifestage and size development, current hydrologic events, fish 
indicators (such as the Knight’s Landing Catch Index and Sacramento Catch Index), and salvage 
at the export facilities, as well as current and projected Delta water quality conditions, are used to 
determine potential DCC closures and/or export reductions. The coordination process has 
worked well during the recent fall and winter DCC operations in recent years and is expected to 
be used in the present or modified form in the future. 

American River Group: In 1996, Reclamation established a working group for the Lower 
American River, known as ARG. Although open to the public, the ARG meetings generally 
include representatives from several agencies and organizations with on-going concerns and 
interests regarding management of the Lower American River. The formal members of the group 
are Reclamation, FWS, NMFS, and DFG.  

The ARG convenes monthly or more frequently if needed, with the purpose of providing fishery 
updates and reports for Reclamation to help manage Folsom Reservoir for fish resources in the 
Lower American River. 
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San Joaquin River Technical Committee (SJRTC): The SJRTC meets for the purposes of 
planning and implementing the VAMP each year and oversees two subgroups: the Biology 
subgroup, and the Hydrology subgroup. These two groups are charged with certain 
responsibilities, and must also coordinate their activities within the San Joaquin River 
Agreement (SJRA) Technical Committee. 

Operations Technical Teams 

An operations specific team is established to provide guidance and recommendations on 
operational issues and one is proposed for the SDIP operable gates. These teams are: 

DCC Project Work Team: The DCC Project Work Team is a multiagency group under 
CALFED. Its purpose is to determine and evaluate the affects of DCC gate operations on Delta 
hydrodynamics, water quality, and fish migration. The work team coordinates with the DAT and 
OFF groups to conduct gate experiments and members may be used as a resource to estimate 
impacts from real time gate operations.  

Gate Operations Review Team: When the gates proposed under SDIP Stage 1 are in place and 
operational, a federal and state interagency team will be convened to discuss constraints and 
provide input to the existing WOMT. The Gate Operations Review Team (GORT) will make 
recommendations for the operations of the fish control and flow control gates to minimize 
impacts on resident threatened and endangered species and to meet water level and water quality 
requirements for south Delta water users. The interagency team will include representatives of 
DWR, Reclamation, FWS, NMFS, and the DFG, and possibly others as needs change. The 
interagency team will meet through a conference call, approximately once a week. DWR will be 
responsible for providing predictive modeling, and SWP Operations Control Office will provide 
operations forecasts and the conference call line. Reclamation will be responsible for providing 
CVP operations forecasts, including San Joaquin River flow, and data on current water quality 
conditions. Other members will provide the team with the latest information related to south 
Delta fish species and conditions for crop irrigation.  Operations plans would be developed using 
the Delta Simulation Model 2 (DSM2), forecasted tides, and proposed diversion rates of the 
projects to prepare operating schedules for the existing CCF gates and the four proposed 
operable gates. 

Uses of Environmental Water Accounts 

CVPIA Section 3406 (b)(2)  

On May 9, 2003, the Interior issued its Decision on Implementation of Section 3406 (b)(2) of the 
CVPIA. Dedication of (b)(2) water occurs when Reclamation takes a fish, wildlife habitat 
restoration action based on recommendations of the FWS (and in consultation with NMFS and 
DFG), pursuant to Section 3406 (b)(2). Dedication and management of (b)(2) water may also 
assist in meeting WQCP fishery objectives and helps meet the needs of fish listed under the ESA 
as threatened or endangered since the enactment of the CVPIA.  

The May 9, 2003, Decision describes the means by which the amount of dedicated (b)(2) water is 
determined. Planning and accounting for (b)(2) actions are done cooperatively and occur 
primarily through weekly meetings of the B2IT. Actions usually take one of two forms — in-
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stream flow augmentation below CVP reservoirs or CVP Jones pumping reductions in the Delta. 
Chapter 9 of this BA contains a more detailed description of (b)(2) operations, as characterized 
in the CalSim-II modeling assumptions and results of the modeling are summarized. 

CVPIA 3406 (b)(2) Operations on Clear Creek 

Dedication of (b)(2) water on Clear Creek provides actual in-stream flows below Whiskeytown 
Dam greater than those that would have occurred under pre-CVPIA regulations, e.g., the fish and 
wildlife minimum flows specified in the 1963 proposed release schedule (Table 2-4). In-stream 
flow objectives are usually taken from the AFRP’s plan, in consideration of spawning and 
incubation of fall-run Chinook salmon. Augmentation in the summer months is usually in 
consideration of water temperature objectives for steelhead and in late summer for spring-run 
Chinook salmon. 

Reclamation will provide (under the new agreement) Townsend with up to 6,000 af of water 
annually. If the full 6,000 af is delivered, then 900 af will be dedicated to (b)(2) according to the 
August 2000 agreement. 

CVPIA 3406 (b)(2) Operations on the Upper Sacramento River 

Dedication of (b)(2) water on the Sacramento River provides actual in-stream flows below 
Keswick Dam greater than those that would have occurred under pre-CVPIA regulations, e.g., 
the fish and wildlife requirements specified in WR 90-5 and the criteria formalized in the 1993 
NMFS Winter-run BO as the base. In-stream flow objectives from October 1 to April 15 
(typically April 15 is when water temperature objectives for winter-run Chinook salmon become 
the determining factor) are usually selected to minimize dewatering of redds and provide suitable 
habitat for salmonid spawning, incubation, rearing, and migration.  

CVPIA 3406 (b)(2) Operations on the Lower American River 

Dedication of (b)(2) water on the American River provides actual in-stream flows below Nimbus 
Dam greater than those that would have occurred under pre-CVPIA regulations, e.g the fish and 
wildlife requirements previously mentioned in the American River Division. In-stream flow 
objectives from October through May generally aim to provide suitable habitat for salmon and 
steelhead spawning, incubation, and rearing, while considering impacts. In-stream flow 
objectives for June to September endeavor to provide suitable flows and water temperatures for 
juvenile steelhead rearing while balancing the effects on temperature operations into October and 
November.  

• Flow Fluctuation and Stability Concerns: 

Through CVPIA, Reclamation has funded studies by DFG to better define the 
relationships of Nimbus release rates and rates of change criteria in the Lower American 
River to minimize the negative effects of necessary Nimbus release changes on sensitive 
fishery objectives. Reclamation is presently using draft criteria developed by DFG. The 
draft criteria have helped reduce the incidence of anadromous fish stranding relative to 
past historic operations.  
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The primary operational coordination for potentially sensitive Nimbus Dam release 
changes is conducted through the B2IT process. The ARG is another forum to discuss 
criteria for flow fluctuations. Since 1996 the group has provided input on a number of 
operational issues and has served as an aid towards adaptively managing releases, 
including flow fluctuation and stability, and managing water temperatures in the Lower 
American River to meet the needs of salmon and steelhead. 

CVPIA 3406 (b)(2) Operations on the Stanislaus River 

Dedication of (b)(2) water on the Stanislaus River provides actual in-stream flows below 
Goodwin Dam greater than the fish and wildlife requirements previously mentioned in the East 
Side Division, and in the past has been generally consistent with the IPO for New Melones. In-
stream fishery management flow volumes on the Stanislaus River, as part of the IPO, are based 
on the New Melones end-of-February storage plus forecasted March to September inflow as 
shown in the IPO. The volume determined by the IPO is a combination of fishery flows pursuant 
to the 1987 DFG Agreement and the FWS AFRP in-stream flow goals. The fishery volume is 
then initially distributed based on modeled fish distributions and patterns used in the IPO.  

Actual in-stream fishery management flows below Goodwin Dam will be determined in 
accordance with the Decision on Implementation of Section 3406 (b)(2) of the CVPIA. 
Reclamation has begun a process to develop a long-term operations plan for New Melones. The 
ultimate long-term plan will be coordinated with B2IT members, along with the stakeholders and 
the public before it is finalized.  

CVPIA 3406 (b)(2) Operations in the Delta 

Export curtailments at the CVP Jones Pumping Plant and increased CVP reservoir releases 
required to meet SWRCB D-1641, as well as direct export reductions for fishery management 
using dedicated (b)(2) water at the CVP Jones Pumping Plant, will be determined in accordance 
with the Interior Decision on Implementation of Section 3406 (b)(2) of the CVPIA. Direct Jones 
Pumping Plant export curtailments for fishery management protection will be based on 
coordination with the weekly B2IT meetings and vetted through WOMT, as necessary. See the 
Adaptive Management section for the other coordination groups, i.e., SWG, DAT, OFF and 
EWAT. 

Environmental Water Account 

The orginal Environmental Water Account was established in 2000 by the CALFED ROD, and 
operating criteria area described in detail in the EWA Operating Principles Agreement 
attachment to the ROD. In 2004, the EWA was extended to operate through the end of 2007. 
Reclamation, FWS, and NMFS have received congressional authorization to participate in the 
EWA at least through September 30, 2010, per the CALFED Bay-Delta Authorization Act (PL-
108-361). However, for these Federal agencies to continue participation in the EWA beyond 
2010, additional authorization will be required.   

The EWA agencies acquire assets and determine how the assets should be used to benefit the at-
risk native fish species of the Bay-Delta estuary. Operation of the EWA Program is guided by 
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the EWA Team (EWAT), which is comprised of technical and policy representatives from each 
of the five EWA Agencies. The EWAT coordinates its activities with the WOMT. 

The original purpose of the EWA was to enable diversion of water by the SWP and CVP from 
the Delta to be reduced at times when at risk fish species may be harmed while preventing the 
uncompensated loss of water to SWP and CVP contractors. Typically the EWA replaced water 
loss due to curtailment of pumping by purchase of surface or groundwater supplies from willing 
sellers and by taking advantage of regulatory flexibility and certain operational assets.  

Under past operations, from 2001 through 2007, when there were pumping curtailments at Banks 
Pumping Plant to protect Delta fish the EWA often owed a debt of water to the SWP, usually 
reflected in San Luis Reservoir.  

The EWA agencies are currentlyundertaking environmental review to determine the future of 
EWA. Because no decision has yet been made regarding EWA, for the purposes of this project 
description, EWA is analyzed with limited assets, focusing on providing assets to support VAMP 
and in some years, the “post – VAMP shoulder”. The EWA assets include the following: 

• Implementation of the Yuba Accord, Component 1 Water, which is an average 60,000 af 
of water released annually from the Yuba River to the Delta, is an EWA asset through 
2015, with a possible extension through 2025. The 60,000 af is expected to be reduced by 
carriage water costs in most years, estimated at 20%, leaving an EWA asset of 48,000 af 
per year.  The SWP will provide the 48,000 af per year asset from Project supplies 
beyond 2015 in the event that Yuba Accord Component 1 Water is not extended. 

• Purchases of assets to the extent funds are available. 

• Operational assets granted the EWA in the CALFED ROD:  

• A 50 percent share of SWP export pumping of (b)(2) water and ERP water from 
upstream releases;  

• A share of the use of SWP pumping capacity in excess of the SWP’s needs to meet 
contractor requirements with the CVP on an equal basis, as needed (such use may be 
under Joint Point of Diversion; 

• Any water acquired through export/inflow ratio flexibility; and  

• Use of 500 cubic-feet per second (cfs) increase in authorized Banks Pumping Plant 
capacity in July through September (from 6,680 to 7,180 cfs). 

• Storage in project reservoirs upstream of the Delta as well as in San Luis Reservoir, 
with a lower priority than project water. Such stored water will share storage priority 
with water acquired for Level 4 refuge needs. 

Operational assets averaged 82,000 af from 2001-2006, with a range from 0 to 150,000 af. 

Chapter 9 of this assessment includes an analysis of modeling results that illustrates the 
frequency with which assets available under the limited EWA are sufficient to meet the SWP 
portion of the VAMP and “post – VAMP shoulder” export curtailment. 
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500 cfs Diversion Increase During July, August, and September 

Under this operation, the maximum allowable daily diversion rate into CCF during the months of 
July, August, and September increases from 13,870 AF to 14,860 AF and three-day average 
diversions from 13,250 AF to 14,240 AF (500 cfs per day equals 990 AF). The increase in 
diversions has been permitted and in place since 2000. The current permit expires on September 
30, 2008. An application will be made to the U.S. Army Corps of Engineers for permitting the 
implementation of this operation.  The description of the 500 cfs increased diversion in the 
permit application to the Corps will be consistent with the following description.   

The purpose of this diversion increase into CCF for use by the SWP is to recover export 
reductions made due to the ESA or other actions taken to benefit fisheries resources. The 
increased diversion rate will not result in any increase in water supply deliveries than would 
occur in the absence of the increased diversion rate.  This increased diversion over the three-
month period would result in an amount not to exceed 90,000 AF each year.  Increased 
diversions above the 48 taf discussed in the previous section (Environmental Water Account) 
could occur for a number of reasons including: 

1) Actual carriage water loss on the 60 taf of current year’s Yuba Accord Component 1 
Water is less than the assumed 20%. 

2) Diversion of Yuba Accord Component 1 Water exceeds the current year’s 60 taf 
allotment to make up for a Yuba Accord Component 1 deficit from a previous year. 

3) In very wet years, the diversion of excess Delta outflow goes above and beyond the 
Yuba Accord Component 1 Water allotment. 

Variations to hydrologic conditions coupled with regulatory requirements may limit the ability of 
the SWP to fully utilize the proposed increased diversion rate. Also, facility capabilities may 
limit the ability of the SWP to fully utilize the increased diversion rate. 

In years where the accumulated export under the 500 cfs increased diversion exceeds 48 taf, the 
additional assets will either be applied as an export reduction specified by the fish agencies for 
later in the year or be held in San Luis Reservoir to be carried over to the following year and, if 
not “spilled”, applied to fishery protection actions (VAMP and “post VAMP” shoulder) in that 
year.  If the SWP share of San Luis Reservoir fills prior to the following year’s VAMP and there 
is not unused space available in the reservoir to store this asset, then the asset will convert to 
SWP supply (commonly referred to as “spilling”).  During the period in which the asset is 
spilling, SWP exports will be reduced by the same volume as the accumulated asset.  Any 
reductions in exports resulting from “spilling” are expected to occur in the December – March 
period.   
 
Implementation of the proposed action is contingent on meeting the following conditions: 

1. The increased diversion rate will not result in an increase in annual SWP water supply 
allocations than would occur in the absence of the increased diversion rate. Water pumped 
due to the increased capacity will only be used to offset reduced diversions that occurred or 
will occur because of ESA or other actions taken to benefit fisheries. 
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2. Use of the increased diversion rate will be in accordance with all terms and conditions of 
existing biological opinions governing SWP operations. 

3. All three temporary agricultural barriers (Middle River, Old River near Tracy and Grant Line 
Canal) must be in place and operating when SWP diversions are increased.  When the 
temporary barriers are replaced by the permanent operable flow-control gates, proposed as 
Stage 1 of the South Delta Improvements Program, the gates must be operating to their 
specified criteria. (See SDIP gate operation description, Chapter 2.) 

4. Prior to the start of, or during any time which the SWP has increased its diversion rate 
between July 1 and September 30 in accordance with the approved operations plan, if the 
combined salvage of listed fish species reaches a level of concern, the Data Assessment 
Team (DAT) will convene to assess the need to modify the planned increase in SWP 
diversion rates.  If DAT does not concur with the continued use of the increased SWP 
diversion rate, then the issue will be elevated to the WOMT.  The WOMT consider the DAT 
assessment as to whether the use of the SWP increased diversion rate should continue or be 
suspended.  If WOMT is unable to reach agreement on the operation, the relevant fish 
regulatory agency will determine whether the 500 cfs increased diversion is or continues to 
be implemented. 

Central Valley Project 

Project Management Objectives 

Facilities are operated and maintained by local Reclamation area offices, with operations 
overseen by the Central Valley Operations Office (CVOO) at the Joint Operations Center in 
Sacramento, California. The CVOO is responsible for recommending CVP operating policy, 
developing annual operating plans, coordinating CVP operations with the SWP and other 
entities, establishing CVP-wide standards and procedures, and making day-to-day operating 
decisions.  

Central Valley Project Improvement Act 

On October 30, 1992, Public Law 102-575, (Reclamation Projects Authorization and Adjustment 
Act of 1992) was passed. Included in the law was Title 34, the Central Valley Project 
Improvement Act (CVPIA). The CVPIA amended previous authorizations of the CVP to include 
fish and wildlife protection, restoration, and mitigation as project purposes having equal priority 
with irrigation and domestic water supply uses, and fish and wildlife enhancement having an 
equal priority with power generation. Among the changes mandated by the CVPIA are: 

• Dedicating 800,000 af annually to fish, wildlife, and habitat restoration 

• Authorizing water transfers outside the CVP service area 

• Implementing an anadromous fish restoration program 

• Creating a restoration fund financed by water and power users 

• Providing for the Shasta Temperature Control Device 
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• Implementing fish passage measures at Red Bluff Diversion Dam (RBDD) 

• Calling for planning to increase the CVP yield 

• Mandating firm water supplies for Central Valley wildlife refuges 

• Improving the Tracy Fish Collection Facility (TFCF) 

• Meeting Federal trust responsibility to protect fishery resources(Trinity River)  

The CVPIA is being implemented as authorized. The Final Programmatic Environmental Impact 
Statement (PEIS) for the CVPIA analyzed projected conditions in 2022, 30 years from the 
CVPIA’s adoption in 1992. The Final PEIS was released in October 1999 and the CVPIA 
Record of Decision (ROD) was signed on January 9, 2001. The Biological Opinions (BOs) were 
issued on November 21, 2000. 

Operations of the CVP reflect provisions of the CVPIA, particularly sections 3406(b)(1), (b)(2), 
and (b)(3). On May 9, 2003, Interior issued its decision on Implementation of Section 3406 
(b)(2) of the CVPIA. The CVPIA Section 3406 (b)(2) Implementation Team (B2IT) formulates 
recommendations for implementing upstream and Delta actions with CVP delivery capability. 

Water Service Contracts, Allocations and Deliveries 

Water Needs Assessment 

Water needs assessments have been performed for each CVP water contractor eligible to 
participate in the CVP long-term contract renewal process. Water needs assessments confirm a 
contractor’s past beneficial use and determine future CVP water supplies needed to meet the 
contractor’s anticipated future demands. The assessments are based on a common methodology 
used to determine the amount of CVP water needed to balance a contractor’s water demands 
with available surface and groundwater supplies. All of the contractor assessments have been 
finalized. 

Future American River Operations - Water Service Contracts and Deliveries 

Surface water deliveries from the American River are made to various water rights entities and 
CVP contractors. Total American River Division annual demands on the American and 
Sacramento Rivers are estimated to increase from about 324,000 acre-feet in 2005 and 605,000 
acre-feet in 2030 without the Freeport Regional Water project maximum of 133,000 acre-feet 
during drier years. Reclamation is negotiating the renewal of 13 long-term water service 
contracts, four Warren Act contracts, and has a role in six infrastructure or Folsom Reservoir 
operations actions influencing the management of American River Division facilities and water 
use.  

Water Allocation – CVP 

In most years, the combination of carryover storage and runoff into CVP reservoirs is sufficient 
to provide the water to meet CVP contractors’ demands. Since 1992, increasing constraints 
placed on operations by legislative and ESA requirements have removed significant operational 
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flexibility to deliver water to all CVP contractors. This reduction in flexibility has its greatest 
allocation effect on CVP water service contractors south of the Delta. 

The water allocation process for CVP begins in the fall when preliminary assessments are made 
of the next year’s water supply possibilities, given current storage conditions combined with a 
range of hydrologic conditions. These preliminary assessments may be refined as the water year 
progresses. Beginning February 1, forecasts of water year runoff are prepared using precipitation 
to date, snow water content accumulation, and runoff to date. All of CVP’s Sacramento River 
Settlement water rights contracts and San Joaquin River Exchange contracts require that 
contractors be informed no later than February 15 of any possible deficiency in their supplies. In 
recent years, February 20th has been the target date for the first announcement of all CVP 
contractors’ forecasted water allocations for the upcoming contract year. Forecasts of runoff and 
operations plans are updated at least monthly between February and May. 

Reclamation uses the 90 percent probability of exceedance forecast as the basis of water 
allocations. Furthermore, NMFS reviews the operations plans devised to support the initial water 
allocation, and any subsequent updates to them, for sufficiency with respect to the criteria for 
Sacramento River temperature control. 

CVP M&I Water Shortage Operational Assumptions- 

The CVP has 253 water service contracts (including Sacramento River Settlement Contracts). 
These water service contracts have had varying water shortage provisions (e.g., in some 
contracts, municipal and industrial (M&I) and agricultural uses have shared shortages equally; in 
most of the larger M&I contracts, agricultural water has been shorted 25 percent of its contract 
entitlement before M&I water was shorted, after which both shared shortages equally).  

The M&I minimum shortage allocation does not apply to contracts for the (1) Friant Division, 
(2) New Melones interim supply, (3) Hidden and Buchanan Units, (4) Cross Valley contractors, 
(5) San Joaquin River Exchange settlement contractors, and (6) Sacramento River settlement 
contractors. Any separate shortage- related contractual provisions will prevail.  

There will be a minimum shortage allocation for M&I water supplies of 75 percent of a 
contractor’s historical use (i.e., the last 3 years of water deliveries unconstrained by the 
availability of CVP water). Historical use can be adjusted for growth, extraordinary water 
conservation measures, and use of non-CVP water as those terms are defined in the proposed 
policy. Before the M&I water allocation is reduced, the irrigation water allocation would be 
reduced below 75 percent of contract entitlement.  

When the allocation of irrigation water is reduced below 25 percent of contract entitlement, 
Reclamation will reassess the availability of CVP water and CVP water demand; however, due 
to limited water supplies during these times, M&I water allocation may be reduced below 75 
percent of adjusted historical use during extraordinary and rare times such as prolonged and 
severe drought. Under these extrodinary conditions allocation percentages for both South of 
Delta and North of Delta irrigation and M&I contractors are the same.  

Reclamation will deliver CVP water to all M&I contractors at not less than a public health and 
safety level if CVP water is available, if an emergency situation exists, but not exceeding 75 
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percent on contract total (and taking into consideration water supplies available to the M&I 
contractors from other sources). This is in recognition, however, that the M&I allocation may, 
nevertheless, fall to 50 percent as the irrigation allocation drops below 25 percent and 
approaches zero due to limited CVP supplies.  

       Allocation Modeling Assumptions: 

 Ag 100% to 75% then M&I is at 100% 

 Ag 70%  M&I 95% 

 Ag 65%  M&I 90% 

 Ag 60%  M&I 85% 

 Ag 55%  M&I 80% 

 Ag 50% to 25% M&I 75% 

Dry and Critical Years: 

 Ag 20%  M&I 70% 

 Ag 15%  M&I 65% 

 Ag 10%  M&I 60% 

 Ag 5%   M&I 55% 

 Ag 0%   M&I 50%  

Project Facilities 

Trinity River Division Operations 

The Trinity River Division, completed in 1964, includes facilities to store and regulate water in 
the Trinity River, as well as facilities to divert water to the Sacramento River Basin. Trinity Dam 
is located on the Trinity River and regulates the flow from a drainage area of approximately 
720 square miles. The dam was completed in 1962, forming Trinity Lake, which has a maximum 
storage capacity of approximately 2.4 million acre-feet (maf). See map in Figure 2-5. 

The mean annual inflow to Trinity Lake from the Trinity River is about 1.2 maf per year. 
Historically, an average of about two-thirds of the annual inflow has been diverted to the 
Sacramento River Basin (1991-2003). Trinity Lake stores water for release to the Trinity River 
and for diversion to the Sacramento River via Lewiston Reservoir, Carr Tunnel, Whiskeytown 
Reservoir, and Spring Creek Tunnel where it commingles in Keswick Reservoir with 
Sacramento River water released from both the Shasta Dam and Spring Creek Debris Dam.  
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Figure 2-5 Shasta-Trinity System 
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Safety of Dams at Trinity Reservoir 
Periodically, increased water releases are made from Trinity Dam consistent with Reclamation 
Safety of Dams criteria intended to prevent overtopping of Trinity Dam. Although flood control 
is not an authorized purpose of the Trinity River Division, flood control benefits are provided 
through normal operations.  

The Safety of Dams release criteria specifies that Carr Powerplant capacity should be used as a 
first preference destination for Safety of Dams releases made at Trinity Dam. Trinity River 
releases are made as a second preference destination. During significant Northern California high 
water flood events, the Sacramento River water stages are also at concern levels. Under such 
high water conditions, the water that would otherwise move through Carr Powerplant is routed to 
the Trinity River. Total river release can reach up to 11,000 cfs below Lewiston Dam (under 
Safety of Dams criteria) due to local high water concerns in the flood plain and local bridge flow 
capacities. The Safety of Dam criteria provides seasonal storage targets and recommended 
releases November 1 to March 31. During the May 2006 the river flows were over 10,000 cfs for 
several days. 

Fish and Wildlife Requirements on Trinity River 
Based on the Trinity River Main-stem Fishery Restoration ROD, dated December 19, 2000, 
368,600 to 815,000 af is allocated annually for Trinity River flows. This amount is scheduled in 
coordination with the U.S. Fish and Wildlife Service (FWS) to best meet habitat, temperature, 
and sediment transport objectives in the Trinity Basin.  

Temperature objectives for the Trinity River are set forth in SWRCB order WR 90-5. See also 
Table 2-2 below. These objectives vary by reach and by season. Between Lewiston Dam and 
Douglas City Bridge, the daily average temperature should not exceed 60 degrees Fahrenheit 
(°F) from July 1 to September 14, and 56°F from September 15 to October 1. From October 1 to 
December 31, the daily average temperature should not exceed 56°F between Lewiston Dam and 
the confluence of the North Fork Trinity River. Reclamation consults with FWS in establishing a 
schedule of releases from Lewiston Dam that can best achieve these objectives. 

For the purpose of determining the Trinity Basin water year type, forecasts using the 50 percent 
exceedance as of April 1st are used. There are no make-up/or increases for flows forgone if the 
water year type changes up or down from an earlier 50 percent forecast. In the modeling, actual 
historic Trinity inflows were used rather than a forecast. There is a temperature curtain in 
Lewiston Reservoir that provides for lower temperature water releases into the Trinity River. 
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Table 2-2  Water temperature objectives for the Trinity River during the summer, fall, and winter as 
established by the CRWQCB-NCR (California Regional Water Quality Control Board North Coast 
Region). 

Temperature Objective (°F)  

Date Douglas City (RM 93.8) North Fork Trinity River (RM 72.4) 

July 1 through Sept 14 60 - 

Sept 15 through Sept 30 56 - 

Oct 1 through Dec 31 - 56 

 

Transbasin Diversions 
Diversion of Trinity water to the Sacramento Basin provides limited water supply and 
hydroelectric power generation for the CVP and assists in water temperature control in the 
Trinity River and upper Sacramento River. The amounts and timing of the Trinity exports are 
determined by subtracting Trinity River scheduled flow and targeted carryover storage from the 
forecasted Trinity water supply.  

The seasonal timing of Trinity exports is a result of determining how to make best use of a 
limited volume of Trinity export (in concert with releases from Shasta) to help conserve cold 
water pools and meet temperature objectives on the upper Sacramento and Trinity rivers, as well 
as power production economics. A key consideration in the export timing determination is the 
thermal degradation that occurs in Whiskeytown Lake due to the long residence time of 
transbasin exports in the lake.  

To minimize the thermal degradation effects, transbasin export patterns are typically scheduled 
by an operator to provide an approximate 120,000 af volume to occur in late spring to create a 
thermal connection to the Spring Creek Powerhouse before larger transbasin volumes are 
scheduled to occur during the hot summer months (Figure 2-6). Typically, the water flowing 
from the Trinity Basin through Whiskeytown Lake must be sustained at fairly high rates to avoid 
warming and to function most efficiently for temperature control. The time period for which 
effective temperature control releases can be made from Whiskeytown Lake may be compressed 
when the total volume of Trinity water available for export is limited. 

Export volumes from Trinity are made in coordination with the operation of Shasta Reservoir. 
Other important considerations affecting the timing of Trinity exports are based on the utility of 
power generation and allowances for normal maintenance of the diversion works and generation 
facilities. 
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Figure 2-6  Sacramento-Trinity Water Quality Network (with river miles [RM]). 
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Trinity Lake historically reached its greatest storage level at the end of May. With the present 
pattern of prescribed Trinity releases, maximum storage may occur by the end of April or in 
early May. 

Reclamation maintains at least 600,000 af in Trinity Reservoir, except during the 10 to 15 
percent of the years when Shasta Reservoir is also drawn down. Reclamation will address end of 
water year carryover on a case-by-case basis in dry and critically dry water year types with FWS 
and NMFS through the WOMT and B2IT processes. 

Whiskeytown Reservoir Operations 
Since 1964, a portion of the flow from the Trinity River Basin has been exported to the 
Sacramento River Basin through the CVP facilities. Water is diverted from the Trinity River at 
Lewiston Dam via the Clear Creek Tunnel and passes through the Judge Francis Carr 
Powerhouse as it is discharged into Whiskeytown Lake on Clear Creek. From Whiskeytown 
Lake, water is released through the Spring Creek Power Conduit to the Spring Creek Powerplant 
and into Keswick Reservoir. All of the water diverted from the Trinity River, plus a portion of 
Clear Creek flows, is diverted through the Spring Creek Power Conduit into Keswick Reservoir.  

Spring Creek also flows into the Sacramento River and enters at Keswick Reservoir. Flows on 
Spring Creek are partially regulated by the Spring Creek Debris Dam. Historically (1964-1992), 
an average annual quantity of 1,269,000 af of water has been diverted from Whiskeytown Lake 
to Keswick Reservoir. This annual quantity is approximately 17 percent of the flow measured in 
the Sacramento River at Keswick. 

Whiskeytown is normally operated to (1) regulate inflows for power generation and recreation; 
(2) support upper Sacramento River temperature objectives; and (3) provide for releases to Clear 
Creek consistent with the CVPIA Anadromous Fish Restoration Program (AFRP) objectives. 
Although it stores up to 241,000 af, this storage is not normally used as a source of water supply. 
There is a temperature curtain in Whiskeytown Reservoir. 

Spillway Flows below Whiskeytown Lake 
Whiskeytown Lake is drawn down approximately 35,000 af per year of storage space during 
November through April to regulate flows for power generation. Heavy rainfall events 
occasionally result in spillway discharges to Clear Creek, as shown in Table 2-3 below. 

Table 2-3  Days of Spilling below Whiskeytown and 40-30-30 Index from Water Year 1978 to 2005 

Water Year Days of Spilling 40-30-30 Index 

1978 5 AN 
1979 0 BN 
1980 0 AN 
1981 0 D 
1982 63 W 
1983 81 W 
1984 0 W 
1985 0 D 
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Water Year Days of Spilling 40-30-30 Index 

1986 17 W 
1987 0 D 
1988 0 C 
1989 0 D 
1990 8 C 
1991 0 C 
1992 0 C 
1993 10 AN 
1994 0 C 
1995 14 W 
1996 0 W 
1997 5 W 
1998 8 W 
1999 0 W 
2000 0 AN 
2001 0 D 
2002 0 D 
2003 8 AN 
2004 0 BN 
2005 0 AN 
2006 4 W 
2007 0 D 

 

Operations at Whiskeytown Lake during flood conditions are complicated by its operational 
relationship with the Trinity River, Sacramento River, and Clear Creek. On occasion, imports of 
Trinity River water to Whiskeytown Reservoir may be suspended to avoid aggravating high flow 
conditions in the Sacramento Basin. 

Fish and Wildlife Requirements on Clear Creek 
Water rights permits issued by the SWRCB for diversions from Trinity River and Clear Creek 
specify minimum downstream releases from Lewiston and Whiskeytown Dams, respectively. 
Two agreements govern releases from Whiskeytown Lake:  

• A 1960 Memorandum of Agreement (MOA) with the DFG established minimum flows to 
be released to Clear Creek at Whiskeytown Dam, Table 2-4 . 

• A 1963 release schedule for Whiskeytown Dam was developed with FWS and 
implemented, but never finalized. Although this release schedule was never formalized, 
Reclamation has operated according to this proposed schedule since May 1963. 
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Table 2-4 Minimum flows at Whiskeytown Dam from 1960 MOA with the DFG 

Period Minimum flow (cfs) 

1960 MOA with the DFG  

January 1 - February 28(29) 50 

March 1 - May 31 30 

June 1 - September 30 0 

October 1 - October 15 10 

October 16 - October 31 30 

November 1 - December 31 100 

1963 FWS Proposed Normal year flow (cfs)  

January 1 - October 31 50 

November 1 - December 31 100 

1963 FWS Proposed Critical year flow (cfs)  

January 1 - October 31 30 

November 1 - December 31 70 

 

Spring Creek Debris Dam Operations 
The Spring Creek Debris Dam (SCDD) is a feature of the Trinity Division of the CVP. It was 
constructed to regulate runoff containing debris and acid mine drainage from Spring Creek, a 
tributary to the Sacramento River that enters Keswick Reservoir. The SCDD can store 
approximately 5,800 af of water. Operation of SCDD and Shasta Dam has allowed some control 
of the toxic wastes with dilution criteria. In January 1980, Reclamation, the DFG, and the 
SWRCB executed a Memorandum of Understanding (MOU) to implement actions that protect 
the Sacramento River system from heavy metal pollution from Spring Creek and adjacent 
watersheds.  

The MOU identifies agency actions and responsibilities, and establishes release criteria based on 
allowable concentrations of total copper and zinc in the Sacramento River below Keswick Dam.  

The MOU states that Reclamation agrees to operate to dilute releases from SCDD (according to 
these criteria and schedules provided) and that such operation will not cause flood control 
parameters on the Sacramento River to be exceeded and will not unreasonably interfere with 
other project requirements as determined by Reclamation. The MOU also specifies a minimum 
schedule for monitoring copper and zinc concentrations at SCDD and in the Sacramento River 
below Keswick Dam. Reclamation has primary responsibility for the monitoring; however, the 
DFG and the RWQCB also collect and analyze samples on an as-needed basis. Due to more 
extensive monitoring, improved sampling and analyses techniques, and continuing cleanup 
efforts in the Spring Creek drainage basin, Reclamation now operates SCDD targeting the more 
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stringent Central Valley Region Water Quality Control Plan (Basin Plan) criteria in addition to 
the MOU goals. Instead of the total copper and total zinc criteria contained in the MOU, 
Reclamation operates SCDD releases and Keswick dilution flows to not exceed the Basin Plan 
standards of 0.0056 mg/L dissolved copper and 0.016 mg/L dissolved zinc. Release rates are 
estimated from a mass balance calculation of the copper and zinc in the debris dam release and in 
the river.  

In order to minimize the build-up of metal concentrations in the Spring Creek arm of Keswick 
Reservoir, releases from the debris dam are coordinated with releases from the Spring Creek 
Powerplant to keep the Spring Creek arm of Keswick Reservoir in circulation with the main 
water body of Keswick Lake. 

The operation of SCDD is complicated during major heavy rainfall events. SCDD reservoir can 
fill to uncontrolled spill elevations in a relatively short time period, anywhere from days to 
weeks. Uncontrolled spills at SCDD can occur during major flood events on the upper 
Sacramento River and also during localized rainfall events in the Spring Creek watershed.  
During flood control events, Keswick releases may be reduced to meet flood control objectives 
at Bend Bridge when storage and inflow at Spring Creek Reservoir are high.  

Because SCDD releases are maintained as a dilution ratio of Keswick releases to maintain the 
required dilution of copper and zinc, uncontrolled spills can and have occurred from SCDD. In 
this operational situation, high metal concentration loads during heavy rainfall are usually 
limited to areas immediately downstream of Keswick Dam because of the high runoff entering 
the Sacramento River adding dilution flow. In the operational situation when Keswick releases 
are increased for flood control purposes, SCDD releases are also increased in an effort to reduce 
spill potential. 

In the operational situation when heavy rainfall events will fill SCDD and Shasta Reservoir will 
not reach flood control conditions, increased releases from CVP storage may be required to 
maintain desired dilution ratios for metal concentrations. Reclamation has voluntarily released 
additional water from CVP storage to maintain release ratios for toxic metals below Keswick 
Dam. Reclamation has typically attempted to meet the Basin Plan standards but these releases 
have no established criteria and are dealt with on a case-by-case basis. Since water released for 
dilution of toxic spills is likely to be in excess of other CVP requirements, such releases increase 
the risk of a loss of water for other beneficial purposes. 

Shasta Division and Sacramento River Division 

The CVP’s Shasta Division includes facilities that conserve water in the Sacramento River for 
(1) flood control, (2) navigation maintenance, (3) agricultural water supplies, (4) M&I water 
supplies (5) hydroelectric power generation, (6) conservation of fish in the Sacramento River, 
and (7) protection of the Sacramento-San Joaquin Delta from intrusion of saline ocean water. 
The Shasta Division includes Shasta Dam, Lake, and Powerplant; Keswick Dam, Reservoir, and 
Powerplant, and the Shasta Temperature Control Device. 

The Sacramento River Division was authorized after completion of the Shasta Division. Total 
authorized diversions for the Sacramento River Division are approximately 2.8 maf. Historically 
the total diversion has varied from 1.8 maf in a critically dry year to the full 2.8 maf in wet year. 
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It includes facilities for the diversion and conveyance of water to CVP contractors on the west 
side of the Sacramento River. The division includes the Sacramento Canals Unit, which was 
authorized in 1950 and consists of the RBDD, the Corning Pumping Plant, and the Corning and 
Tehama-Colusa Canals.  

The unit was authorized to supply irrigation water to over 200,000 acres of land in the 
Sacramento Valley, principally in Tehama, Glenn, Colusa, and Yolo counties. Black Butte Dam, 
which is operated by the U.S. Army Corps of Engineers (Corps), also provides supplemental 
water to the Tehama-Colusa Canals as it crosses Stony Creek. The operations of the Shasta and 
Sacramento River divisions are presented together because of their operational inter-
relationships. 

Shasta Dam is located on the Sacramento River just below the confluence of the Sacramento, 
McCloud, and Pit Rivers. The dam regulates the flow from a drainage area of approximately 
6,649 square miles. Shasta Dam was completed in 1945, forming Shasta Lake, which has a 
maximum storage capacity of 4,552,000 af. Water in Shasta Lake is released through or around 
the Shasta Powerplant to the Sacramento River where it is re-regulated downstream by Keswick 
Dam. A small amount of water is diverted directly from Shasta Lake for M&I uses by local 
communities.  

Keswick Reservoir was formed by the completion of Keswick Dam in 1950. It has a capacity of 
approximately 23,800 af and serves as an afterbay for releases from Shasta Dam and for 
discharges from the Spring Creek Powerplant. All releases from Keswick Reservoir are made to 
the Sacramento River at Keswick Dam. The dam has a fish trapping facility that operates in 
conjunction with the Coleman National Fish Hatchery on Battle Creek.  

Flood Control 
Flood control objectives for Shasta Lake require that releases be restricted to quantities that will 
not cause downstream flows or stages to exceed specified levels. These include a flow of 
79,000 cfs at the tailwater of Keswick Dam, and a stage of 39.2 feet in the Sacramento River at 
Bend Bridge gauging station, which corresponds to a flow of approximately 100,000 cfs. Flood 
control operations are based on regulating criteria developed by the Corps pursuant to the 
provisions of the Flood Control Act of 1944. Maximum flood space reservation is 1.3 maf, with 
variable storage space requirements based on an inflow parameter.  

Flood control operation at Shasta Lake requires the forecasting of runoff conditions into Shasta 
Lake, as well as runoff conditions of unregulated creek systems downstream from Keswick Dam, 
as far in advance as possible. A critical element of upper Sacramento River flood operations is 
the local runoff entering the Sacramento River between Keswick Dam and Bend Bridge.  

The unregulated creeks (major creek systems are Cottonwood Creek, Cow Creek, and Battle 
Creek) in this reach of the Sacramento River can be very sensitive to a large rainfall event and 
produce large rates of runoff into the Sacramento River in short time periods. During large 
rainfall and flooding events, the local runoff between Keswick Dam and Bend Bridge can exceed 
100,000 cfs.  

The travel time required for release changes at Keswick Dam to affect Bend Bridge flows is 
approximately 8 to 10 hours. If the total flow at Bend Bridge is projected to exceed 100,000 cfs, 
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the release from Keswick Dam is decreased to maintain Bend Bridge flow below 100,000 cfs. As 
the flow at Bend Bridge is projected to recede, the Keswick Dam release is increased to evacuate 
water stored in the flood control space at Shasta Lake. Changes to Keswick Dam releases are 
scheduled to minimize rapid fluctuations in the flow at Bend Bridge. 

The flood control criteria for Keswick releases specify releases should not be increased more 
than 15,000 cfs or decreased more than 4,000 cfs in any 2-hour period. The restriction on the rate 
of decrease is intended to prevent sloughing of saturated downstream channel embankments 
caused by rapid reductions in river stage. In rare instances, the rate of decrease may have to be 
accelerated to avoid exceeding critical flood stages downstream. 

Fish and Wildlife Requirements in the Sacramento River 
Reclamation operates the Shasta, Sacramento River, and Trinity River divisions of the CVP to 
meet (to the extent possible) the provisions of SWRCB Order 90-05. An April 5, 1960, MOA 
between Reclamation and the DFG originally established flow objectives in the Sacramento 
River for the protection and preservation of fish and wildlife resources. The agreement provided 
for minimum releases into the natural channel of the Sacramento River at Keswick Dam for 
normal and critically dry years (Table 2-5). Since October 1981, Keswick Dam has operated 
based on a minimum release of 3,250 cfs for normal years from September 1 through the end of 
February, in accordance with an agreement between Reclamation and DFG. This release 
schedule was included in Order 90-05, which maintains a minimum release of 3,250 cfs at 
Keswick Dam and RBDD from September through the end of February in all water years, except 
critically dry years. 

Table 2-5  Current minimum flow requirements and objectives (cfs) on the Sacramento River 
below Keswick Dam 

Water year type MOA WR 90-5 
MOA and 
WR 90-5 

Proposed Flow 
Objectives below 

Keswick 

Period Normal Normal Critically dry All 

January 1 - February 28(29) 2600 3250 2000 3250 

March 1 - March 31 2300 2300 2300 3250 

April 1 - April 30 2300 2300 2300 ---* 

May 1 - August 31 2300 2300 2300 ---* 

September 1 - September 30 3900 3250 2800 ---* 

October 1 - November 30 3900 3250 2800 3250 

December 1 - December 31 2600 3250 2000 3250 

Note:   * No regulation. 

 

The 1960 MOA between Reclamation and the DFG provides that releases from Keswick Dam 
(from September 1 through December 31) are made with minimum water level fluctuation or 
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change to protect salmon to the extent compatible with other operations requirements. Releases 
from Shasta and Keswick Dams are gradually reduced in September and early October during 
the transition from meeting Delta export and water quality demands to operating the system for 
flood control and fishery concerns from October through December. 

Reclamation proposes a minimum flow of 3,250 cfs from October 1 through March 31 and 
ramping constraints for Keswick release reductions from July 1 through March 31 as follows: 

• Releases must be reduced between sunset and sunrise. 

• When Keswick releases are 6,000 cfs or greater, decreases may not exceed 15 percent per 
night. Decreases also may not exceed 2.5 percent in one hour. 

• For Keswick releases between 4,000 and 5,999 cfs, decreases may not exceed 200 cfs per 
night. Decreases also may not exceed 100 cfs per hour. 

• For Keswick releases between 3,250 and 3,999 cfs, decreases may not exceed 100 cfs per 
night. 

• Variances to these release requirements are allowed under flood control operations. 

Reclamation usually attempts to reduce releases from Keswick Dam to the minimum fishery 
requirement by October 15 each year and to minimize changes in Keswick releases between 
October 15 and December 31. Releases may be increased during this period to meet unexpected 
downstream needs such as higher outflows in the Delta to meet water quality requirements, or to 
meet flood control requirements. Releases from Keswick Dam may be reduced when 
downstream tributary inflows increase to a level that will meet flow needs. Reclamation attempts 
to establish a base flow that minimizes release fluctuations to reduce impacts to fisheries and 
bank erosion from October through December. 

A recent change in agricultural water diversion practices has affected Keswick Dam release rates 
in the fall. This program is generally known as the Rice Straw Decomposition and Waterfowl 
Habitat Program. Historically, the preferred method of clearing fields of rice stubble was to 
systematically burn it. Today, rice field burning has been phased out due to air quality concerns 
and has been replaced by a program of rice field flooding that decomposes rice stubble and 
provides additional waterfowl habitat. The result has been an increase in water demand to flood 
rice fields in October and November, which has increased the need for higher Keswick releases 
in all but the wettest of fall months.  

The changes in agricultural practice over the last decade related to the Rice Straw Decomposition 
and Waterfowl Habitat Program have been incorporated into the systematic modeling of 
agricultural use and hydrology effects, and the CalSim-II model used here incorporates these 
effects. The increased water demand for fall rice field flooding and decomposition on the 
Sacramento River during this timeframe affects Reclamation’s ability to maintain a stable base 
flow.  
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Minimum Flow for Navigation – Wilkins Slough 
Historical commerce on the Sacramento River resulted in a CVP authorization to maintain 
minimum flows of 5,000 cfs at Chico Landing to support navigation. Currently, there is no 
commercial traffic between Sacramento and Chico Landing, and the Corps has not dredged this 
reach to preserve channel depths since 1972. However, long-time water users diverting from the 
river have set their pump intakes just below this level. Therefore, the CVP is operated to meet 
the navigation flow requirement of 5,000 cfs to Wilkins Slough, (gauging station on the 
Sacramento River), under all but the most critical water supply conditions, to facilitate pumping 
and use of screened diversions. 

At flows below 5,000 cfs at Wilkins Slough, diverters have reported increased pump cavitation 
as well as greater pumping head requirements. Diverters are able to operate for extended periods 
at flows as low as 4,000 cfs at Wilkins Slough, but pumping operations become severely affected 
and some pumps become inoperable at flows lower than this. Flows may drop as low as 
3,500 cfs for short periods while changes are made in Keswick releases to reach target levels at 
Wilkins Slough, but using the 3,500 cfs rate as a target level for an extended period would have 
major impacts on diverters. 

No criteria have been established specifying when the navigation minimum flow should be 
relaxed. However, the basis for Reclamation’s decision to operate at less than 5,000 cfs is the 
increased importance of conserving water in storage when water supplies are not sufficient to 
meet full contractual deliveries and other operational requirements. 

Water Temperature Operations in the Upper Sacramento River 
Water temperature in the upper Sacramento River is governed by current water right permit 
requirements and is consistent with past biological opinion requirements. Water temperature on 
the Sacramento River system is influenced by several factors, including the relative water 
temperatures and ratios of releases from Shasta Dam and from the Spring Creek Powerplant. The 
temperature of water released from Shasta Dam and the Spring Creek Powerplant is a function of 
the reservoir temperature profiles at the discharge points at Shasta and Whiskeytown, the depths 
from which releases are made, the seasonal management of the deep cold water reserves, 
ambient seasonal air temperatures and other climatic conditions, tributary accretions and water 
temperatures, and residence time in Keswick, Whiskeytown and Lewiston Reservoirs, and in the 
Sacramento River. 

SWRCB Water Rights Order 90-05 and Water Rights Order 91-01 
In 1990 and 1991, the SWRCB issued Water Rights Orders 90-05 and 91-01 modifying 
Reclamation’s water rights for the Sacramento River. The orders stated Reclamation shall 
operate Keswick and Shasta Dams and the Spring Creek Powerplant to meet a daily average 
water temperature of 56°F as far downstream in the Sacramento River as practicable during 
periods when higher temperature would be harmful to fisheries.  The optimal control point is the 
RBDD. 

Under the orders, the water temperature compliance point may be modified when the objective 
cannot be met at RBDD. In addition, Order 90-05 modified the minimum flow requirements 
initially established in the 1960 MOA for the Sacramento River below Keswick Dam. The water 
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right orders also recommended the construction of a Shasta Temperature Control Device (TCD) 
to improve the management of the limited cold water resources. 

Pursuant to SWRCB Orders 90-05 and 91-01, Reclamation configured and implemented the 
Sacramento-Trinity Water Quality Monitoring Network to monitor temperature and other 
parameters at key locations in the Sacramento and Trinity Rivers. The SWRCB orders also 
required Reclamation to establish the Sacramento River Temperature Task Group (SRTTG) to 
formulate, monitor, and coordinate temperature control plans for the upper Sacramento and 
Trinity Rivers. This group consists of representatives from Reclamation, SWRCB, NMFS, FWS, 
DFG, Western, DWR, and the Hoopa Valley Indian Tribe.  

Each year, with finite cold water resources and competing demands usually an issue, the SRTTG 
will devise operation plans with the flexibility to provide the best protection consistent with the 
CVP’s temperature control capabilities and considering the annual needs and seasonal spawning 
distribution monitoring information for winter-run and fall-run Chinook salmon. In every year 
since the SWRCB issued the orders, those plans have included modifying the RBDD compliance 
point to make best use of the cold water resources based on the location of spawning Chinook 
salmon. Reports are submitted periodically to the SWRCB over the temperature control season 
defining our temperature operation plans. The SWRCB has overall authority to determine if the 
plan is sufficient to meet water right permit requirements. 

Shasta Temperature Control Device 
Construction of the Temperature Control Device (TCD) at Shasta Dam was completed in 1997. 
This device is designed for greater flexibility in managing the cold water reserves in Shasta Lake 
while enabling hydroelectric power generation to occur and to improve salmon habitat conditions 
in the upper Sacramento River. The TCD is also designed to enable selective release of water 
from varying lake levels through the power plant in order to manage and maintain adequate 
water temperatures in the Sacramento River downstream of Keswick Dam.  

Prior to construction of the Shasta TCD, Reclamation released water from Shasta Dam’s low-
level river outlets to alleviate high water temperatures during critical periods of the spawning and 
incubation life stages of the winter-run Chinook stock. Releases through the low-level outlets 
bypass the power plant and result in a loss of hydroelectric generation at the Shasta Powerplant. 
The release of water through the low-level river outlets was a major facet of Reclamation’s 
efforts to control upper Sacramento River temperatures from 1987 through 1996. 

The seasonal operation of the TCD is generally as follows: during mid-winter and early spring 
the highest elevation gates possible are utilized to draw from the upper portions of the lake to 
conserve deeper colder resources (see Table 2-6). During late spring and summer, the operators 
begin the seasonal progression of opening deeper gates as Shasta Lake elevation decreases and 
cold water resources are utilized. In late summer and fall, the TCD side gates are opened to 
utilize the remaining cold water resource below the Shasta Powerplant elevation in Shasta Lake. 
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Table 2-6 Shasta Temperature Control Device Gates with Elevation and Storage 

TCD Gates 
Shasta Elevation with 35 feet of 

submergence Shasta Storage 

Upper Gates 1035 ~3.65 MAF 

Middle Gates 935 ~2.50 MAF 

Pressure Relief Gates 840 ~0.67 MAF 

Side Gates 720* ~0.01 MAF 

*  Low Level intake bottom. 

The seasonal progression of the Shasta TCD operation is designed to maximize the conservation 
of cold water resources deep in Shasta Lake, until the time the resource is of greatest 
management value to fishery management purposes. Recent operational experience with the 
Shasta TCD has demonstrated significant operational flexibility improvement for cold water 
conservation and upper Sacramento River water temperature and fishery habitat management 
purposes. Recent operational experience has also demonstrated the Shasta TCD has significant 
leaks that are inherent to TCD design.  

Reclamation’s Proposed Upper Sacramento River Temperature Objectives 
Reclamation will continue a policy of developing annual operations plans and water allocations 
based on a conservative 90 percent exceedance forecast. Reclamation is not proposing a 
minimum end-of-water-year (September 30) carryover storage in Shasta Reservoir.  

In continuing compliance with Water Rights Orders 90-05 and 91-01 requirements, Reclamation 
will implement operations to provide year round temperature protection in the upper Sacramento 
River, consistent with the intent of Order 90-05 that protection be provided to the extent 
controllable. Among factors that affect the extent to which river temperatures will be controllable 
will include Shasta TCD performance, the availability of cold water, the balancing of habitat 
needs for different species in spring, summer, and fall, and the constraints on operations created 
by the combined effect of the projects and demands assumed to be in place in the future. 

Under all but the most adverse drought and low Shasta Reservoir storage conditions, 
Reclamation proposes to continue operating CVP facilities to provide water temperature control 
at Ball’s Ferry or at locations further downstream (as far as Bend Bridge) based on annual plans 
developed in coordination with the Sacramento River Temperature Task Group (SRTTG). 
Reclamation and the SRTTG will take into account projections of cold water resources, numbers 
of expected spawning salmon, and spawning distribution (as monitoring information becomes 
available) to make the decisions on allocation of the cold water resources.  

Locating the target temperature compliance at Ball’s Ferry (1) reduces the need to compensate 
for the warming effects of Cottonwood Creek and Battle Creek during the spring runoff months 
with deeper cold water releases and (2) improves the reliability of cold water resources through 
the fall months. Reclamation proposes Sacramento River temperature control point to be 
consistent with the capability of the CVP to manage cold water resources and to use the process 
of annual planning in coordination with the SRTTG to arrive at the best use of that capability. 



Project Description  OCAP BA 

2-42 August 2008 

Anderson-Cottonwood Irrigation District (ACID) Diversion Dam 
ACID holds senior water rights and has diverted into the ACID Canal for irrigation along the 
west side of the Sacramento River between Redding and Cottonwood since 1916. The United 
States and ACID signed a contract providing for the project water service and agreement on 
diversion of water. ACID diverts to its main canal (on the right bank of the river) from a 
diversion dam located in Redding about five miles downstream from Keswick Dam.  

Close coordination is required between Reclamation and ACID for regulation of river flows to 
ensure safe operation of ACIDs diversion dam during the irrigation season. The irrigation season 
for ACID runs from April through October.  

Keswick release rate decreases required for the ACID operations are limited to 15 percent in a 
24-hour period and 2.5 percent in any one hour. Therefore, advance notification is important 
when scheduling decreases to allow for the installation or removal of the ACID diversion dam.  

Red Bluff Diversion Dam Operations 
The Red Bluff Diversion Dam (RBDD), located on the Sacramento River approximately two 
miles southeast of Red Bluff, is a gated structure with fish ladders at each abutment. When the 
gates are lowered, the impounded water rises about 13 feet, creating Lake Red Bluff and 
allowing gravity diversions through a set of drum fish screens into the stilling basin servicing the 
Tehama-Colusa and Corning canals. Construction of RBDD was completed in 1964. 

The Tehama-Colusa Canal is a lined canal extending 111 miles south from the RBDD and 
provides irrigation service on the west side of the Sacramento Valley in Tehama, Glenn, Colusa, 
and northern Yolo counties. Construction of the Tehama-Colusa Canal began in 1965, and it was 
completed in 1980.  

The Corning Pumping Plant lifts water approximately 56 feet from the screened portion of the 
settling basin into the unlined, 21 mile-long Corning Canal. The Corning Canal was completed in 
1959, to provide water to the CVP contractors in Tehama County that could not be served by 
gravity from the Tehama-Colusa Canal. The Tehama-Colusa Canal Authority (TCCA) operates 
both the Tehama-Colusa and Corning canals. 

Since 1986, the RBDD gates have been raised during winter months to allow passage of winter-
run Chinook salmon. As documented in the 2004 NMFS biological opinion addressing the long-
term CVP and SWP operations, the gates are raised from approximately September 15 through 
May 14, each year. In the near term, Reclamation proposes the continued operation of the RBDD 
using the eight-month gate-open procedures of the past ten years, and to use the research 
pumping plant to provide water to the canals during times when the gates-out configuration 
precludes gravity diversions during the irrigation season. Additionally, although covered under a 
separate NMFS biological opinion, Reclamation proposes the continued use of rediversions of 
CVP water stored in Black Butte Reservoir to supplement the water pumped at RBDD during the 
gates-out period. This water is rediverted with the aid of temporary gravel berms through an 
unscreened, constant head orifice (CHO) into the Tehama-Colusa Canal.  

In addition to proposing to operate the RBDD with the gates in for 8 months annually to enable 
gravity diversion of water into the Tehama-Colusa Canal, Reclamation proposes retention of the 
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provision for a 10-day emergency pre-irrigation gate closure, as necessary, contingent upon a 
case-by-case consultation with NMFS. Reclamation most recently coordinated such a gate 
closure with NMFS in the spring of 2007. Around that time, dead green sturgeon were 
discovered in the vicinity of the dam, and Reclamation worked with the other resource agencies 
to review the gate operation protocol to try and reduce future potential adverse affects to adult 
green sturgeon that pass the dam. The resulting, new protocol for all gates in operation is to open 
individual gates to a minimum height of 12 inches to substantially reduce the possibility of injury 
should adult green sturgeon pass beneath the gates. 

American River Division 

Reclamation’s Folsom Lake, the largest reservoir in the watershed, has a capacity of 977,000 af. Folsom 
Dam, located approximately 30 miles upstream from the confluence with the Sacramento River, is 
operated as a major component of the CVP. The American River Division includes facilities that provide 
conservation of water on the American River for flood control, fish and wildlife protection, recreation, 
protection of the Delta from intrusion of saline ocean water, irrigation and M&I water supplies, and 
hydroelectric power generation. Initially authorized features of the American River Division included 
Folsom Dam, Lake, and Powerplant; Nimbus Dam and Powerplant, and Lake Natoma. See map in 
Figure 2-7. 

 

Figure 2-7 American River System 
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Table 2-7 provides Reclamation’s annual water deliveries for the period 2000 through 2006 in the 
American River Division. The totals reveal an increasing trend in water deliveries over that period. For 
this Biological Assessment, present level of American River Division water demands are modeled at 
about 325 taf per year. Future level (2030) water demands are modeled at near 800 taf per year. The 
modeled deliveries vary depending on modeled annual water allocations. 

Table 2-7 Annual Water Delivery - American River Division 

Year Water Delivery (taf) 

2000 196 

2001 206 

2002 238 

2003 271 

2004 266 

2005 297 

2006 282 

 

Releases from Folsom Dam are re-regulated approximately seven miles downstream by Nimbus 
Dam. This facility is also operated by Reclamation as part of the CVP. Nimbus Dam creates 
Lake Natoma, which serves as a forebay for diversions to the Folsom South Canal. This CVP 
facility serves water to M&I users in Sacramento County. Releases from Nimbus Dam to the 
American River pass through the Nimbus Powerplant, or, at flows in excess of 5,000 cfs, the 
spillway gates. 

Although Folsom Lake is the main storage and flood control reservoir on the American River, 
numerous other small reservoirs in the upper basin provide hydroelectric generation and water 
supply. None of the upstream reservoirs have any specific flood control responsibilities. The 
total upstream reservoir storage above Folsom Lake is approximately 820,000 af. Ninety percent 
of this upstream storage is contained by five reservoirs: French Meadows (136,000 af); Hell Hole 
(208,000 af); Loon Lake (76,000 af); Union Valley (271,000 af); and Ice House (46,000 af). 
Reclamation has agreements with the operators of some of these reservoirs to coordinate 
operations for releases. 

French Meadows and Hell Hole reservoirs, located on the Middle Fork of the American River, 
are owned and operated by the Placer County Water Agency (PCWA). The PCWA provides 
wholesale water to agricultural and urban areas within Placer County. For urban areas, the 
PCWA operates water treatment plants and sells wholesale treated water to municipalities that 
provide retail delivery to their customers. The cities of Rocklin and Lincoln receive water from 
the PCWA. Loon Lake (also on the Middle Fork), and Union Valley and Ice House reservoirs on 
the South Fork, are all operated by the Sacramento Municipal Utilities District (SMUD) for 
hydropower purposes. 
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Flood Control  
Flood control requirements and regulating criteria are specified by the Corps and described in the 
Folsom Dam and Lake, American River, California Water Control Manual (Corps 1987). Flood 
control objectives for Folsom require the dam and lake are operated to: 

• Protect the City of Sacramento and other areas within the Lower American River 
floodplain against reasonable probable rain floods. 

• Control flows in the American River downstream from Folsom Dam to existing channel 
capacities, insofar as practicable, and to reduce flooding along the lower Sacramento 
River and in the Delta in conjunction with other CVP projects. 

• Provide the maximum amount of water conservation storage without impairing the flood 
control functions of the reservoir. 

• Provide the maximum amount of power practicable and be consistent with required flood 
control operations and the conservation functions of the reservoir. 

From June 1 through September 30, no flood control storage restrictions exist. From October 1 
through November 16 and from April 20 through May 31, reserving storage space for flood 
control is a function of the date only, with full flood reservation space required from November 
17 through February 7. Beginning February 8 and continuing through April 20, flood reservation 
space is a function of both date and current hydrologic conditions in the basin. 

If the inflow into Folsom Reservoir causes the storage to encroach into the space reserved for 
flood control, releases from Nimbus Dam are increased. Flood control regulations prescribe the 
following releases when water is stored within the flood control reservation space: 

• Maximum inflow (after the storage entered into the flood control reservation space) of as 
much as 115,000 cfs, but not less than 20,000 cfs, when inflows are increasing. 

• Releases will not be increased more than 15,000 cfs or decreased more than 10,000 cfs 
during any two-hour period. 

• Flood control requirements override other operational considerations in the fall and 
winter period. Consequently, changes in river releases of short duration may occur.  

In February 1986, the American River Basin experienced a significant flood event. Folsom Dam 
and Reservoir moderated the flood event and performed the flood control objectives, but with 
serious operational strains and concerns in the Lower American River and the overall protection 
of the communities in the floodplain areas. A similar flood event occurred in January 1997. 
Since then, significant review and enhancement of Lower American River flooding issues has 
occurred and continues to occur. A major element of those efforts has been the Sacramento Area 
Flood Control Agency (SAFCA) sponsored flood control plan diagram for Folsom Reservoir. 

Since 1996, Reclamation has operated according to modified flood control criteria, which reserve 
400 to 670 thousand af of flood control space in Folsom and in a combination of three upstream 
reservoirs. This flood control plan, which provides additional protection for the Lower American 
River, is implemented through an agreement between Reclamation and the SAFCA. The terms of 
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the agreement allow some of the empty reservoir space in Hell Hole, Union Valley, and French 
Meadows to be treated as if it were available in Folsom.  

The SAFCA release criteria are generally equivalent to the Corps plan, except the SAFCA 
diagram may prescribe flood releases earlier than the Corps plan. The SAFCA diagram also 
relies on Folsom Dam outlet capacity to make the earlier flood releases. The outlet capacity at 
Folsom Dam is currently limited to 32,000 cfs based on lake elevation. However, in general the 
SAFCA plan diagram provides greater flood protection than the existing Corps plan for 
communities in the American River floodplain.  

Required flood control space under the SAFCA diagram will begin to decrease on March 1. 
Between March 1 and April 20, the rate of filling is a function of the date and available upstream 
space. As of April 21, the required flood reservation is about 225,000 af. From April 21 to June 
1, the required flood reservation is a function of the date only, with Folsom storage permitted to 
fill completely on June 1. 

Fish and Wildlife Requirements in the Lower American River 
The minimum allowable flows in the Lower American River are defined by SWRCB Decision 
893 (D-893) which states that, in the interest of fish conservation, releases should not ordinarily 
fall below 250 cfs between January 1 and September 15 or below 500 cfs at other times. D-893 
minimum flows are rarely the controlling objective of CVP operations at Nimbus Dam. Nimbus 
Dam releases are nearly always controlled during significant portions of a water year by either 
flood control requirements or are coordinated with other CVP and SWP releases to meet 
downstream Sacramento-San Joaquin Delta WQCP requirements and CVP water supply 
objectives. Power regulation and management needs occasionally control Nimbus Dam releases. 
Nimbus Dam releases are expected to exceed the D-893 minimum flows in all but the driest of 
conditions. 

Reclamation continues to work with the Sacramento Water Forum, FWS, NMFS, DFG, and 
other interested parties to intergrate a revised flow management standard for the Lower 
American River into CVP operations and water rights.  This project description and modeling 
assumptions include the operational components of the recommended Lower American River 
flows and is consistent with the proposed flow management standard.  Until this action is 
adopted by the SWRCB, the minimum legally required flows will be defined by D-893. 
However, Reclamation intends to operate to the proposed flow management standard using 
releases of additional water pursuant to Section 3406 (b)(2) of the CVPIA.  Use of additional 
(b)(2) flows above the proposed flow standard is envisioned only on a case-by-case basis.  Such 
additional use of (b)(2) flows would be subject to available resources and such use would be 
coupled with plans to not intentionally cause significantly lower river flows later in a water year.  
This case-by-case use of additional (b)(2) for minimum flows is not included in the modeling 
results. 

Water temperature control operations in the Lower American River are affected by many factors 
and operational tradeoffs. These include available cold water resources, Nimbus release 
schedules, annual hydrology, Folsom power penstock shutter management flexibility, Folsom 
Dam Urban Water Supply TCD management, and Nimbus Hatchery considerations. Shutter and 
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TCD management provide the majority of operational flexibility used to control downstream 
temperatures. 

During the late 1960s, Reclamation designed a modification to the trashrack structures to provide 
selective withdrawal capability at Folsom Dam. Folsom Powerplant is located at the foot of 
Folsom Dam on the right abutment. Three 15-foot-diameter steel penstocks for delivering water 
to the turbines are embedded in the concrete section of the dam. The centerline of each penstock 
intake is at elevation 307.0 feet and the minimum power pool elevation is 328.5 feet. A 
reinforced concrete trashrack structure with steel trashracks protects each penstock intake.  

The steel trashracks, located in five bays around each intake, extend the full height of the 
trashrack structure (between 281 and 428 feet). Steel guides were attached to the upstream side 
of the trashrack panels between elevation 281 and 401 feet. Forty-five 13-foot steel shutter 
panels (nine per bay) and operated by the gantry crane, were installed in these guides to select 
the level of withdrawal from the reservoir. The shutter panels are attached to one another, in a 
configuration starting with the top shutter, in groups of three, two, and four.  

Selective withdrawal capability on the Folsom Dam Urban Water Supply Pipeline became 
operational in 2003. The centerline to the 84-inch-diameter Urban Water Supply intake is at 
elevation 317 feet. An enclosure structure extending from just below the water supply intake to 
an elevation of 442 feet was attached to the upstream face of Folsom Dam. A telescoping control 
gate allows for selective withdrawal of water anywhere between 331 and 401 feet elevation 
under normal operations.  

The current objectives for water temperatures in the Lower American River address the needs for 
steelhead incubation and rearing during the late spring and summer, and for fall–run Chinook 
spawning and incubation starting in late October or early November. 

A major challenge is determining the starting date at which time the objective is met. 
Establishing the start date requires a balancing between forecasted release rates, the volume of 
available cold water, and the estimated date at which time Folsom Reservoir turns over and 
becomes isothermic. Reclamation will work to provide suitable spawning temperatures as early 
as possible (after November 1) to help avoid temperature related pre-spawning mortality of 
adults and reduced egg viability. Operations will be balanced against the possibility of running 
out of cold water and increasing downstream temperatures after spawning is initiated and 
creating temperature related effects to eggs already in the gravel.  

The cold water resources available in any given year at Folsom Lake needed to meet the stated 
water temperature goals are often insufficient. Only in wetter hydrologic conditions is the 
volume of cold water resources available sufficient to meet all the water temperature objectives. 
Therefore, significant operations tradeoffs and flexibilities are considered part of an annual 
planning process for coordinating an operation strategy that realistically manages the limited 
cold water resources available. Reclamation’s coordination on the planning and management of 
cold water resources is done through the B2IT and ARG groups as discussed earlier in this 
Chapter. 

The management process begins in the spring as Folsom Reservoir fills. All penstock shutters are 
put in the down position to isolate the colder water in the reservoir below an elevation of 401 
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feet. The reservoir water surface elevation must be at least 25 feet higher than the sill of the 
upper shutter (426 feet) to avoid cavitation of the power turbines. The earliest this can occur is in 
the month of March, due to the need to maintain flood control space in the reservoir during the 
winter. The pattern of spring run-off is then a significant factor in determining the availability of 
cold water for later use. Folsom inflow temperatures begin to increase and the lake starts to 
stratify as early as April. By the time the reservoir is filled or reaches peak storage (sometime in 
the May through June period), the reservoir is highly stratified with surface waters too warm to 
meet downstream temperature objectives. There are, however, times during the filling process 
when use of the spillway gates can be used to conserve cold water.  

In the spring of 2003, high inflows and encroachment into the allowable storage space for flood 
control required releases that exceeded the available capacity of the power plant. Under these 
conditions, standard operations of Folsom calls for the use of the river outlets that would draw 
upon the cold water pool. Instead, Reclamation reviewed the release requirements, Safety of 
Dams issues, reservoir temperature conditions, and the benefits to the cold water pool and 
determined that it could use the spillway gates to make the incremental releases above 
powerplant capacity, thereby conserving cold water for later use. The ability to take similar 
actions (as needed in the future) will be evaluated on a case-by-case basis.  

The annual temperature management strategy and challenge is to balance conservation of cold 
water for later use in the fall, with the more immediate needs of steelhead during the summer. 
The planning and forecasting process for the use of the cold water pool begins in the spring as 
Folsom Reservoir fills. Actual Folsom Reservoir cold water resource availability becomes 
significantly more defined through the assessment of reservoir water temperature profiles and 
more definite projections of inflows and storage. Technical modeling analysis begins in the 
spring for the projected Lower American River water temperature management plan. The 
significant variables and key assumptions in the analysis include: 

• Starting reservoir temperature conditions 

• Forecasted inflow and outflow quantities 

• Assumed meteorological conditions 

• Assumed inflow temperatures 

• Assumed Urban Water Supply TCD operations 

A series of shutter management scenarios are then incorporated into the model to gain a better 
understanding of the potential for meeting both summer steelhead and fall salmon temperature 
needs. Most annual strategies contain significant tradeoffs and risks for water temperature 
management for steelhead and fall–run salmon goals and needs due to the frequently limited cold 
water resource. The planning process continues throughout the summer. New temperature 
forecasts and operational strategies are updated as more information on actual operations and 
ambient conditions is gained. This process is shared with the American River Group (ARG). 

Meeting both the summer steelhead and fall salmon temperature objectives without negatively 
impacting other CVP project purposes requires the final shutter pull be reserved for use in the 
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fall to provide suitable fall-run Chinook salmon spawning temperatures. In most years, the 
volume of cold water is not sufficient to support strict compliance with the summer temperature 
target at the downstream end of the compliance reach (Watt Avenue Bridge) while at the same 
time reserving the final shutter pull for salmon, or in some cases, continue to meet steelhead 
objectives later in the summer. A strategy that is used under these conditions is to allow the 
annual compliance location water temperatures to warm towards the upper end of the annual 
water temperature design value before making a shutter pull. This management flexibility is 
essential to the annual management strategy to extend the effectiveness of cold water 
management through the summer and fall months.  

The Urban Water Supply TCD has provided additional flexibility to conserve cold water for later 
use. Initial studies are being conducted evaluating the impact of warmer water deliveries to the 
water treatment plants receiving the water. As water supply temperatures increase into the upper-
60°F range, treatment costs, the potential for taste and odor and disinfection byproducts, and 
customer complaints increase. It is expected that the TCD will be operated during the summer 
months and deliver water that is slightly warmer than that which could be used to meet 
downstream temperatures (60°F to 62°F), but not so warm as to cause significant treatment 
issues.  

Water temperatures feeding the Nimbus Fish Hatchery were historically too high for hatchery 
operations during some dry or critical years. Temperatures in the Nimbus Hatchery are generally 
in the desirable range of 42°F to 55°F, except for the months of June, July, August, and 
September. When temperatures get above 60°F during these months, the hatchery must begin to 
treat the fish with chemicals to prevent disease. When temperatures reach the 60°F to 70°F 
range, treatment becomes difficult and conditions become increasingly dangerous for the fish. 
When temperatures climb into the 60°F to 70°F range, hatchery personnel may confer with 
Reclamation to determine a compromise operation of the temperature shutter at Folsom Dam for 
the release of cooler water.  

Reclamation operates Nimbus to maintain the health of the hatchery fish while minimizing the 
loss of the cold water pool for fish spawning in the river during fall. This is done on a case-by-
case basis and is different in various months and year types. Temperatures above 70°F in the 
hatchery usually mean the fish need to be moved to another hatchery. The real time 
implementation of CVPIA AFRP objective flows and meeting SWRCB D-1641 Delta standards 
with the limited water resources of the Lower American River requires a significant coordination 
effort to manage the cold water resources at Folsom Lake. Reclamation consults with the FWS, 
NMFS, and DFG through B2IT when these types of difficult decisions are needed. In addition, 
Reclamation communicates with the American River Group (ARG) on real time data and 
operational trade offs. 

The Nimbus Fish Hatchery and the American River Trout Hatchery were constructed to mitigate 
the loss of riverine habitat caused by the construction of Nimbus and Folsom Dam. The 
hatcheries are located approximately one-quarter mile downstream from Nimbus Dam on the 
south side of the American River. To meet the mitigation requirement, annual production goals 
are approximately 4.2 million salmon smolts and 430,000 steelhead yearlings.  
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A fish diversion weir at the hatcheries blocks Chinook salmon from continuing upstream and 
guides them to the hatchery fish ladder entrance. The fish diversion weir consists of eight piers 
on 30-foot spacing, including two riverbank abutments. Fish rack support frames and walkways 
are installed each fall via an overhead cable system. A pipe rack is then put in place to support 
the pipe pickets (¾-inch steel rods spaced on 2½-inch centers). The pipe rack rests on a 
submerged steel I-beam support frame that extends between the piers and forms the upper 
support structure for a rock filled crib foundation. The rock foundation has deteriorated with age 
and is subject to annual scour which can leave holes in the foundation that allow fish to pass if 
left unattended. 

Fish rack supports and pickets are installed around September 15, of each year and correspond 
with the beginning of the fall-run Chinook salmon spawning season. A release equal to or less 
than 1,500 cfs from Nimbus Dam is required for safety and to provide full access to the fish rack 
supports. It takes six people approximately three days to install the fish rack supports and 
pickets. In years after high winter flows have caused active scour of the rock foundation, a short 
period (less than eight hours) of lower flow (approximately 500 cfs) is needed to remove debris 
from the I-beam support frames, seat the pipe racks, and fill holes in the rock foundation. 
Compete installation can take up to seven days, but is generally completed in less time. The fish 
rack supports and pickets are usually removed at the end of fall-run Chinook salmon spawning 
season (mid-January) when flows are less than 2,000 cfs. If Nimbus Dam releases are expected 
to exceed 5,000 cfs during the operational period, the pipe pickets are removed until flows 
decrease.  

Delta Division and West San Joaquin Division 

CVP Facilities  
The CVP’s Delta Division includes the Delta Cross Channel (DCC), the Contra Costa Canal and 
Pumping Plants, Contra Loma Dam, Martinez Dam, the Jones Pumping Plant (formerly Tracy 
Pumping Plant), the Tracy Fish Collection Facility (TFCF), and the Delta Mendota Canal 
(DMC). The DCC is a controlled diversion channel between the Sacramento River and 
Snodgrass Slough. The Contra Costa Water District (CCWD) diversion facilities use CVP water 
resources to serve district customers directly and to operate CCWD’s Los Vaqueros Project. The 
Jones Pumping Plant diverts water from the Delta to the head of the DMC. See map in Figure 
2-8. 
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Figure 2-8. Bay Delta System. 
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Delta Cross Channel Operations 
The DCC is a gated diversion channel in the Sacramento River near Walnut Grove and 
Snodgrass Slough. Flows into the DCC from the Sacramento River are controlled by two 60-foot 
by 30-foot radial gates. When the gates are open, water flows from the Sacramento River 
through the cross channel to channels of the lower Mokelumne and San Joaquin Rivers toward 
the interior Delta. The DCC operation improves water quality in the interior Delta by improving 
circulation patterns of good quality water from the Sacramento River towards Delta diversion 
facilities. 

Reclamation operates the DCC in the open position to (1) improve the transfer of water from the 
Sacramento River to the export facilities at the Banks and Jones Pumping Plants, (2) improve 
water quality in the southern Delta, and (3) reduce salt water intrusion rates in the western Delta. 
During the late fall, winter, and spring, the gates are often periodically closed to protect 
out-migrating salmonids from entering the interior Delta. In addition, whenever flows in the 
Sacramento River at Sacramento reach 20,000 to 25,000 cfs (on a sustained basis) the gates are 
closed to reduce potential scouring and flooding that might occur in the channels on the 
downstream side of the gates.  

Flow rates through the gates are determined by Sacramento River stage and are not affected by 
export rates in the south Delta. The DCC also serves as a link between the Mokelumne River and 
the Sacramento River for small craft, and is used extensively by recreational boaters and 
fishermen whenever it is open. Because alternative routes around the DCC are quite long, 
Reclamation tries to provide adequate notice of DCC closures so boaters may plan for the longer 
excursion. 

SWRCB D-1641 DCC standards provide for closure of the DCC gates for fisheries protection at 
certain times of the year. From November through January, the DCC may be closed for up to 
45 days for fishery protection purposes. From February 1 through May 20, the gates are closed 
for fishery protection purposes. The gates may also be closed for 14 days for fishery protection 
purposes during the May 21 through June 15 time period. Reclamation determines the timing and 
duration of the closures after discussion with FWS, DFG, and NMFS. These discussions will 
occur through WOMT as part of the weekly review of CVP/SWP operations.   

WOMT typically relies on monitoring for fish presence and movement in the Sacramento River 
and Delta, the salvage of salmon at the Tracy and Skinner facilities, and hydrologic cues when 
considering the timing of DCC closures. However, the overriding factors are current water 
quality conditions in the interior and western Delta. From mid-June to November, Reclamation 
usually keeps the gates open on a continuous basis. The DCC is also usually opened for the busy 
recreational Memorial Day weekend, if this is possible from a fishery, water quality, and flow 
standpoint. 

The Salmon Decision Process (see Appendix B) includes “Indicators of Sensitive Periods for 
Salmon” such as hydrologic changes, detection of spring-run salmon or spring-run salmon 
surrogates at monitoring sites or the salvage facilities, and turbidity increases at monitoring sites 
to trigger the Salmon Decision Process. 
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The Salmon Decision Process is used by the fishery agencies and project operators to facilitate 
the often complex coordination issues surrounding DCC gate operations and the purposes of 
fishery protection closures, Delta water quality, and/or export reductions. Inputs such as fish 
lifestage and size development, current hydrologic events, fish indicators (such as the Knight’s 
Landing Catch Index and Sacramento Catch Index), and salvage at the export facilities, as well 
as current and projected Delta water quality conditions, are used to determine potential DCC 
closures and/or export reductions. The coordination process has worked well during the recent 
fall and winter DCC operations and is expected to be used in the present or modified form in the 
future. 

Jones Pumping Plant 
The CVP and SWP use the Sacramento River, San Joaquin River, and Delta channels to 
transport water to export pumping plants located in the south Delta. The CVP’s Jones Pumping 
Plant, about five miles north of Tracy, consists of six available pumps. The Jones Pumping Plant 
is located at the end of an earth-lined intake channel about 2.5 miles in length. At the head of the 
intake channel, louver screens (that are part of the TFCF) intercept fish, which are then collected, 
held, and transported by tanker truck to release sites far away from the pumping plants.  

Jones Pumping Plant has a permitted diversion capacity of 4,600 cfs with maximum pumping 
rates typically ranging from 4,500 to 4,300 cfs during the peak of the irrigation season and 
approximately 4,200 cfs during the winter non-irrigation season until construction and full 
operation of the proposed DMC/California Aquaduct Intertie, described on page 2-124. The 
winter-time constraints at the Jones Pumping Plant are the result of a DMC freeboard 
constriction near O’Neill Forebay, O’Neill Pumping Plant capacity, and the current water 
demand in the upper sections of the DMC. 

Tracy Fish Collection Facility  
The TFCF is located in the south-west portion of the Sacramento-San Joaquin Delta and uses 
behavioral barriers consisting of primary and secondary louvers as illustrated in Figure 2-9, to 
guide entrained fish into holding tanks before transport by truck to release sites within the Delta. 
The original design of the TFCF focused on smaller fish (<200 mm) that would have difficulty 
fighting the strong pumping plant induced flows since the intake is essentially open to the Delta 
and also impacted by tidal action. 
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Figure 2-9  Tracy Fish Collection Facility Diagram 

The primary louvers are located in the primary channel just downstream of the trashrack 
structure. The secondary louvers are located in the secondary channel just downstream of the 
traveling water screen. The louvers allow water to pass through onto the pumping plant but the 
openings between the slats are tight enough and angled against the flow of water such a way as 
to prevent most fish from passing between them and instead enter one of four bypass entrances 
along the louver arrays. 

There are approximately 52 different species of fish entrained into the TFCF per year; however, 
the total numbers are significantly different for the various species salvaged. Also, it is difficult 
if not impossible to determine exactly how many safely make it all the way to the collection 
tanks awaiting transport back to the Delta. Hauling trucks used to transport salvaged fish to 
release sites inject oxygen and contain an eight parts per thousand salt solution to reduce stress. 
The CVP uses two release sites, one on the Sacramento River near Horseshoe Bend and the other 
on the San Joaquin River immediately upstream of the Antioch Bridge. During a facility 
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inspection a few years ago, TFCF personnel noticed significant decay of the transition boxes and 
conduits between the primary and secondary louvers. The temporary rehabilitation of these 
transition boxes and conduits was performed during the fall and winter of 2002. Extensive 
rehabilitation of the transition boxes and conduits was completed during the San Joaquin pulse 
period of 2004. 

When south Delta hydraulic conditions allow, and within the original design criteria for the 
TFCF, the louvers are operated with the D-1485 and federal ESA BO objectives of achieving 
water approach velocities: for striped bass of approximately 1 foot per second (ft/s) from May 15 
through October 31, and for salmon of approximately 3 ft/s from November 1 through May 14. 
Channel velocity criteria are a function of bypass ratios through the facility. Due to changes in 
south Delta hydrology over the past fifty years, the present-day TFCF is able to meet these 
conditions approximately 55 percent of the time. 

Fish passing through the facility will be sampled at intervals of no less than 20 minutes every 
2 hours when listed fish are present, generally December through June. When fish are not 
present, sampling intervals will be 10 minutes every 2 hours. Fish observed during sampling 
intervals are identified by species, measured to fork length, examined for marks or tags, and 
placed in the collection facilities for transport by tanker truck to the release sites in the North 
Delta away from the pumps. In addition, TFCF personnel are presently required, per the court 
order, to monitor for the presence of spent female delta smelt in anticipation of expanding the 
salvage operations to include sub 20 mm larval delta smelt detection. 

DFG is leading studies to look at fish survival during the Collection, Handling, Transportation 
and Release (CHTR) process examining delta smelt injury, stress, survival, and predation.  Thus 
far they have presented initial findings at various interagency meetings (IEP, CVFFRT, and 
AFS) showing relatively high survival and low injury. Final reports are forthcoming and should 
be finished within the next year.  DWR has concurrently been conducting focused studies 
examining the release phase of the salvage process including a study examining predation at the 
point of release and a study examining injury and survival of delta smelt and chinook salmon 
through the release pipe. Data analyses for these studies are ongoing and reports should be 
available in early 2009.  Based on these studies, improvements to release operations and/or 
facilities studies are being implemented. 

There does not appear to be any previously generated information on present day efficiencies 
other than some very limited Tracy Research work for salmon that needs to be redone. The last 
efficiency and survival studies were the original studies when they were designing and testing 
the louver concept back in the 1950s/1960s. DFG and USFWS (Jerry Morinaka and Gonzalo 
Castillo, PI’s) have recently begun a 3 year study examining pre-screen loss and facility/louver 
efficiency for juvenile and adult delta smelt at the skinner fish facility.  DWR has also conducted 
pre-screen loss and facility efficiency studies for steelhead with a final report due for publication 
in the early fall 2008. 

Contra Costa Water District Diversion Facilities 
Contra Costa Water District (CCWD) diverts water from the Delta for irrigation and M&I uses 
under CVP contract; under its own permit and license at Mallard Slough; and under its own Los 
Vaqueros water right permit at Old River near State Route 4.  CCWD’s system includes intake 
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facilities at Mallard Slough, Rock Slough, and Old River near State Route 4; the Contra Costa 
Canal and shortcut pipeline; and the Los Vaqueros Reservoir.  CCWD will be adding a fourth 
diversion point on Victoria Canal (the Alternative Intake Project, described below) to help meet 
its water quality goals.  The Rock Slough intake facilities, the Contra Costa Canal, and the 
shortcut pipeline are owned by Reclamation, and operated and maintained by CCWD under 
contract with Reclamation.  Mallard Slough Intake, Old River Intake and Los Vaqueros 
Reservoir are owned and operated by CCWD. 

The Mallard Slough Intake is located at the southern end of a 3,000-foot-long channel running 
due south from Suisun Bay, near Mallard Slough (across from Chipps Island). The Mallard 
Slough Pump Station was refurbished in 2002, which included constructing a positive barrier fish 
screen at this intake.  The Mallard Slough Intake can pump up to 39.3 cfs.  CCWD’s d permit 
issued by the SWRCB authorizes diversions of up to 26,780 acre-feet per year at Mallard 
Slough.  However, this intake is rarely used due to the generally high salinity at this location.  
Pumping at the Mallard Slough Intake since 1993 has on average accounted for about 3% of 
CCWD’s total diversions.  When CCWD diverts water at the Mallard Slough Intake, CCWD 
reduces pumping of CVP water at its other intakes, primarily at the Rock Slough Intake.   

The Rock Slough Intake is located about four miles southeast of Oakley, where water flows 
through a trash rack into the earth-lined portion of the Contra Costa Canal.  This section of the 
canal is open to tidal influence and continues for four miles to Pumping Plant 1, which has 
capacity to pump up to 350 cfs into the concrete-lined portion of the canal.  Prior to completion 
of the Los Vaqueros Project in 1997, this was CCWD’s primary diversion point.  Pumping Plant 
1 is not screened; Reclamation, in collaboration with CCWD, is responsible for constructing a 
fish screen as authorized by CVPIA and required by the 1993 FWS BO for the Los Vaqueros 
Project.  Reclamation has received an extension on fish screen construction until December 
2008, and is preparing to request a further extension until 2013 because the requirements for 
screen design will change when CCWD completes the Contra Costa Canal Replacement Project, 
which will replace the earth-lined section of canal from Rock Slough to Pumping Plant #1 with a 
pipeline.  When completed, the Canal Replacement project will eliminate tidal flows into the 
Canal intake section and should significantly reduce entrainment impacts and improve the 
feasibility of screening Rock Slough. Typically, CCWD diverts about 17% of its total supply 
through the Rock Slough intake.   

Construction of the Old River Intake was completed in 1997 as a part of the Los Vaqueros 
Project.  The Old River Intake is located on Old River near State Route 4.  It has a positive-
barrier fish screen and a pumping capacity of 250 cfs, and can pump water via pipeline either to 
the Contra Costa Canal or to Los Vaqueros Reservoir.  Pumping to storage in Los Vaqueros 
Reservoir is limited to 200 cfs by the terms of the Los Vaqueros Project biological opinions and 
by D-1629, the State Board water right decision for the Project.  Typically, CCWD diverts about 
80% of its total supply through the Old River Intake. 

As described above, the first four miles of the Contra Costa Canal is earth-lined; after Pumping 
Plant 1, the Contra Costa Canal is concrete-lined and continues for 44 miles to its termination 
point in Martinez Reservoir. Pumping Plants 1 - 4 lift the water to an elevation of 127 feet. A 
blending facility just downstream of Pumping Plant 4 allows water from the Los Vaqueros 
Project pipeline and water from the Contra Costa Canal to mix to maintain CCWD’s delivered 
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water quality goals for salinity. Canal capacity is 350 cfs at this blending facility and decreases 
to 22 cfs at the terminus at Martinez Reservoir, which provides flow regulation. The Contra 
Loma Reservoir is connected to the Canal and provides flow regulation and emergency storage.  
Two short canals, Clayton Canal and Ygnacio Canal, are integrated into the distribution system. 
The Clayton Canal is no longer in service. 

Los Vaqueros Reservoir is an off-stream reservoir with a capacity of 100 thousand acre-feet 
(taf). Construction was completed and filling started in 1998 as part of the Los Vaqueros Project 
to improve delivered water quality and emergency storage reliability for CCWD’s customers. 
Releases from Los Vaqueros Reservoir are conveyed to the Contra Costa Canal via a pipeline. 

CCWD diverts approximately 127 taf per year in total, of which approximately 110 taf is CVP 
contract supply.  In winter and spring months when the Delta is relatively fresh (generally 
January through July), demand is supplied by direct diversion from the Delta.  In addition, when 
salinity is low enough, Los Vaqueros Reservoir is filled at a rate of up to 200 cfs from the Old 
River Intake.  However, the biological opinions for the Los Vaqueros Project and the Alternative 
Intake Project, CCWD’s memorandum of understanding with the DFG, and SWRCB D-1629 of 
the State Water Resources Control Board include fisheries protection measures consisting of a 
75-day period during which CCWD does not fill Los Vaqueros Reservoir and a concurrent 30-
day period during which CCWD halts all diversions from the Delta, provided that Los Vaqueros 
Reservoir storage is above emergency levels.  The default dates for the no-fill and no-diversion 
periods are March 15 through May 31 and April 1 through April 30, respectively; FWS, NMFS 
and DFG can change these dates to best protect the subject species.  During the no-diversion 
period, CCWD customer demand is met by releases from Los Vaqueros Reservoir. 

In the late summer and fall months, CCWD releases water from Los Vaqueros Reservoir to blend 
with higher-salinity direct diversions from the Delta to meet CCWD water quality goals.   

Water Demands—Delta Mendota Canal (DMC) and San Luis Unit  
Water demands for the DMC and San Luis Unit are primarily composed of three separate types: 
CVP water service contractors, exchange contractors, and wildlife refuge contractors. A 
significantly different relationship exists between Reclamation and each of these three groups. 
Exchange contractors “exchanged” their senior rights to water in the San Joaquin River for a 
CVP water supply from the Delta. Reclamation thus guaranteed the exchange contractors a firm 
water supply of 840,000 af per annum, with a maximum reduction under the Shasta critical year 
criteria to an annual water supply of 650,000 af. 

Conversely, water service contractors did not have water rights. Agricultural water service 
contractors also receive their supply from the Delta, but their supplies are subject to the 
availability of CVP water supplies that can be developed and reductions in contractual supply 
can exceed 25 percent. Wildlife refuge contractors provide water supplies to specific managed 
lands for wildlife purposes and the CVP contract water supply can be reduced under critically 
dry conditions up to 25 percent. 

To achieve the best operation of the CVP, it is necessary to combine the contractual demands of 
these three types of contractors to achieve an overall pattern of requests for water. In most years 
sufficient supplies are not available to meet all water demands because of reductions in CVP 
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water supplies which are due to restricted Delta pumping capability. In some dry or critically dry 
years, water deliveries are limited because there is insufficient storage in northern CVP 
reservoirs to meet all in-stream fishery objectives including water temperatures, and to make 
additional water deliveries via the Jones Pumping Plant. The scheduling of water demands, 
together with the scheduling of the releases of water supplies from the northern CVP to meet 
those demands, is a CVP operational objective that is intertwined with the Trinity, Sacramento, 
and American River operations. 

More information on San Luis Operations is found under Coordinated Operations on page 2-115. 

East Side Division 

New Melones Operations  
The Stanislaus River originates in the western slopes of the Sierra Nevada and drains a 
watershed of approximately 900 square miles. The average unimpaired runoff in the basin is 
approximately 1.2 maf per year; the median historical unimpaired runoff is 1.1 maf per year. 
Snowmelt contributes the largest portion of the flows in the Stanislaus River, with the highest 
runoff occurring in the months of April, May, and June. Agricultural water supply development 
in the Stanislaus River watershed began in the 1850s and has significantly altered the basin’s 
hydrologic conditions. See map in Figure 2-10. 

 

Figure 2-10 East Side System 
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Currently, the flow in the lower Stanislaus River is primarily controlled by New Melones 
Reservoir, which has a storage capacity of about 2.4 maf. The reservoir was completed by the 
Corps in 1978 and approved for filling in 1983. New Melones Reservoir is located 
approximately 60 miles upstream from the confluence of the Stanislaus River and the San 
Joaquin River and is operated by Reclamation. Congressional authorization for New Melones 
integrates New Melones Reservoir as a financial component of the CVP, but it is authorized to 
provide water supply benefits within the defined Stanislaus Basin per the 1980 ROD before 
additional water supplies can be used out of the defined Stanislaus Basin.  

New Melones Reservoir is operated primarily for purposes of water supply, flood control, power 
generation, fishery enhancement, and water quality improvement in the lower San Joaquin River. 
The reservoir and river also provide recreation benefits. Flood control operations are conducted 
in conformance with the Corps’s operational guidelines.  

Another major water storage project in the Stanislaus River watershed is the Tri-Dam Project, a 
power generation project that consists of Donnells and Beardsley Dams, located upstream of 
New Melones Reservoir on the middle fork Stanislaus River, and Tulloch Dam and Powerplant, 
located approximately 6 miles downstream of New Melones Dam on the main stem Stanislaus 
River. New Spicer Reservoir on the north fork of the Stanislaus River has a storage capacity of 
189,000 af and is used for power generation. 

Releases from Donnells and Beardsley Dams affect inflows to New Melones Reservoir. Under 
contractual agreements between Reclamation, the Oakdale Irrigation District (OID), and South 
San Joaquin Irrigation District (SSJID), Tulloch Reservoir provides afterbay storage to re-
regulate power releases from New Melones Powerplant. The main water diversion point on the 
Stanislaus River is Goodwin Dam, located approximately 1.9 miles downstream of Tulloch Dam.  

Goodwin Dam, constructed by OID and SSJID in 1912, creates a re-regulating reservoir for 
releases from Tulloch Powerplant and provides for diversions to canals north and south of the 
Stanislaus River for delivery to OID and SSJID. Water impounded behind Goodwin Dam may 
be pumped into the Goodwin Tunnel for deliveries to the Central San Joaquin Water 
Conservation District and the Stockton East Water District.  

Twenty ungaged tributaries contribute flow to the lower portion of the Stanislaus River, below 
Goodwin Dam. These streams provide intermittent flows, occurring primarily during the months 
of November through April. Agricultural return flows, as well as operational spills from 
irrigation canals receiving water from both the Stanislaus and Tuolumne Rivers, enter the lower 
portion of the Stanislaus River. In addition, a portion of the flow in the lower reach of the 
Stanislaus River originates from groundwater accretions. 

Flood Control 
The New Melones Reservoir flood control operation is coordinated with the operation of Tulloch 
Reservoir. The flood control objective is to maintain flood flows at the Orange Blossom Bridge 
at less than 8,000 cfs. When possible, however, releases from Tulloch Dam are maintained at 
levels that would not result in downstream flows in excess of 1,250 cfs to 1,500 cfs because of 
seepage problems in agricultural lands adjoining the river associated with flows above this level. 
Up to 450,000 af of the 2.4 maf storage volume in New Melones Reservoir is dedicated for flood 
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control and 10,000 af of Tulloch Reservoir storage is set aside for flood control. Based upon the 
flood control diagrams prepared by the Corps, part or all of the dedicated flood control storage 
may be used for conservation storage, depending on the time of year and the current flood 
hazard. 

Requirements for New Melones Operations 
The operating criteria for New Melones Reservoir are affected by (1) water rights, (2) in-stream 
fish and wildlife flow requirements (3) SWRCB D-1641 Vernalis water quality requirements, (4) 
dissolved oxygen (DO) requirements on the Stanislaus River, (5) SWRCB D-1641 Vernalis flow 
requirements, (6) CVP contracts, and (7) flood control considerations. Water released from New 
Melones Dam and Powerplant is re-regulated at Tulloch Reservoir and is either diverted at 
Goodwin Dam or released from Goodwin Dam to the lower Stanislaus River. 

Flows in the lower Stanislaus River serve multiple purposes concurrently. The purposes include 
water supply for riparian water right holders, fishery management objectives, and DO 
requirements per SWRCB D-1422. In addition, water from the Stanislaus River enters the San 
Joaquin River where it contributes to flow and helps improve water quality conditions at 
Vernalis. D-1422, issued in 1973, provided the primary operational criteria for New Melones 
Reservoir and permitted Reclamation to appropriate water from the Stanislaus River for 
irrigation and M&I uses. D-1422 requires the operation of New Melones Reservoir include 
releases for existing water rights, fish and wildlife enhancement, and the maintenance of water 
quality conditions on the Stanislaus and San Joaquin Rivers. 

Water Rights Obligations 
When Reclamation began operations of New Melones Reservoir in 1980, the obligations for 
releases (to meet downstream water rights) were defined in a 1972 Agreement and Stipulation 
among Reclamation, OID, and SSJID. The 1972 Agreement and Stipulation required 
Reclamation release annual inflows to New Melones Reservoir of up to 654,000 af per year for 
diversion at Goodwin Dam by OID and SSJID, in recognition of their prior water rights. Actual 
historical diversions prior to 1972 varied considerably, depending upon hydrologic conditions. In 
addition to releases for diversion by OID and SSJID, water is released from New Melones 
Reservoir to satisfy riparian water rights totaling approximately 48,000 af annually downstream 
of Goodwin Dam. 

In 1988, following a year of low inflow to New Melones Reservoir, the Agreement and 
Stipulation among Reclamation, OID, and SSJID was superseded by an agreement that provided 
for conservation storage by OID and SSJID. The new agreement required Reclamation to release 
New Melones Reservoir inflows of up to 600,000 af each year for diversion at Goodwin Dam by 
OID and SSJID.  

In years when annual inflows to New Melones Reservoir are less than 600,000 af, Reclamation 
provides all inflows plus one-third the difference between the inflow for that year and 600,000 af 
per year. The 1988 Agreement and Stipulation created a conservation account in which the 
difference between the entitled quantity and the actual quantity diverted by OID and SSJID in a 
year may be stored in New Melones Reservoir for use in subsequent years. This conservation 
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account has a maximum storage limit of 200,000 af, and withdrawals are constrained by criteria 
in the agreement. 

In-stream Flow Requirements 
Under D-1422, Reclamation is required to release 98,000 af of water per year, with a reduction 
to 69,000 af in critical years, from New Melones Reservoir to the Stanislaus River on a 
distribution pattern to be specified each year by DFG for fish and wildlife purposes. In 1987, an 
agreement between Reclamation and DFG provided for increased releases from New Melones to 
enhance fishery resources for an interim period, during which habitat requirements were to be 
better defined and a study of Chinook salmon fisheries on the Stanislaus River would be 
completed.  

During the study period, releases for in-stream flows would range from 98,300 to 302,100 af per 
year. The exact quantity to be released each year was to be determined based on a formulation 
involving storage, projected inflows, projected water supply, water quality demands, projected 
CVP contractor demands, and target carryover storage. Because of dry hydrologic conditions 
during the 1987 to 1992 drought period, the ability to provide increased releases was limited. 
FWS published the results of a 1993 study, which recommended a minimum in-stream flow on 
the Stanislaus River of 155,700 af per year for spawning and rearing (Aceituno 1993). 

Dissolved Oxygen Requirements 
SWRCB D-1422 requires that water be released from New Melones Reservoir to maintain DO 
standards in the Stanislaus River. The 1995 revision to the WQCP established a minimum DO 
concentration of 7 milligrams per liter (mg/L), as measured on the Stanislaus River near Ripon. 
Although not part of the proposed action, Reclamation is evaluating studies to support moving 
the DO compliance point upstream to Orange Blossom Bridge. The location would better 
correspond to steelhead rearing in the spring and summer months. If movement of the DO 
compliance point appears adequately protective, Reclamation will petition the SWRCB to 
modify the standard. 

Vernalis Water Quality Requirement 
SWRCB D-1422 also specifies that New Melones Reservoir must operate to maintain average 
monthly level total dissolved solids (TDS), commonly measured as a conversion from electrical 
conductivity, in the San Joaquin River at Vernalis as it enters the Delta. SWRCB D-1422 
specifies an average monthly concentration of 500 parts per million (ppm) TDS for all months. 
Historically, releases were made from New Melones Reservoir for this standard, but due to 
shortages in water supply and high concentrations of TDS upstream of the confluence of the 
Stanislaus River, the D-1422 standard was not always met during the 1987-1992 drought. 
Reclamation has always met the D-1641 standard since 1995. 

In the past, when sufficient supplies were not available to meet the water quality standards for 
the entire year, the emphasis for use of the available water was during the irrigation season, 
generally from April through September. SWRCB D-1641 modified the water quality objectives 
at Vernalis to include the irrigation and non-irrigation season objectives contained in the 1995 
Bay-Delta WQCP. The revised standard is an average monthly electric conductivity 0.7 
milliSiemens per centimeter (mS/cm) (approximately 455 ppm TDS) during the months of April 
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through August, and 1.0 mS/cm (approximately 650 ppm TDS) during the months of September 
through March. 

Bay-Delta Vernalis Flow Requirements 
SWRCB D-1641 sets flow requirements on the San Joaquin River at Vernalis from February to 
June. These flows are commonly known as San Joaquin River base flows.  

Table 2-8 San Joaquin base flows-Vernalis 

Water Year Class February-June Flow (cfs)* 

Critical 710-1140 
Dry 1420-2280 

Below Normal 1420-2280 
Above Normal 2130-3420 

Wet 2130-3420 

*the higher flow required when X2 is required to be at or west of Chipps Island 

 

Since D-1641 has been in place, the San Joaquin base flow requirements have at times, been an 
additional demand on the New Melones water supply beyond that provided for in the Interim 
Plan of Operation (IPO). 

CVP Contracts 
Reclamation entered into water service contracts for the delivery of water from New Melones 
Reservoir, based on a 1980 hydrologic evaluation of the long-term availability of water in the 
Stanislaus River Basin. Based on this study, Reclamation entered into a long-term water service 
contract for up to 49,000 af per year of water annually (based on a firm water supply), and two 
long-term water service contracts totaling 106,000 af per year (based on an interim water 
supply). Water deliveries under these contracts were not immediately available prior to 1992 for 
two reasons: 1) new diversion facilities were required to be constructed and prior to 1992 were 
not yet fully operational; and 2) water supplies were severely limited during the 1987 to 1992 
drought. 

New Melones Operations  
Since 1997, the New Melones IPO has guided CVP operations on the Stanislaus River. The IPO 
was developed as a joint effort between Reclamation and FWS, in conjunction with the 
Stanislaus River Basin Stakeholders (SRBS). The process of developing the plan began in 1995 
with a goal to develop a long-term management plan with clear operating criteria, given a 
fundamental recognition by all parties that New Melones Reservoir water supplies are over-
committed on a long-term basis, and consequently, unable to meet all the potential beneficial 
uses designated as purposes. 

In 1996, the focus shifted to the development of an interim operations plan for 1997 and 1998. 
At an SRBS meeting on January 29, 1997, a final interim plan of operation was agreed to in 
concept. The IPO was transmitted to the SRBS on May 1, 1997. Although meant to be a short-
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term plan, it continued to be the guiding operations criteria in effect for the annual planning to 
meet beneficial uses from New Melones storage.  

In summary, the IPO defines categories of water supply based on storage and projected inflow. It 
then allocates annual water quantities for in-stream fishery enhancement (1987 DFG Agreement 
and CVPIA Section 3406(b)(2) management), SWRCB D-1641 San Joaquin River water quality 
requirements (Water Quality), SWRCB D-1641 Vernalis flow requirements (Bay-Delta), and use 
by CVP contractors. 

Table 2-9  Inflow characterization for the New Melones IPO 

Annual water supply category 
March-September forecasted inflow plus end of 

February storage (thousand af) 

Low 0 – 1400 

Medium-low 1400 – 2000 

Medium 2000 – 2500 

Medium-high 2500 – 3000 

High 3000 – 6000 

 

Table 2-10  New Melones IPO flow objectives (in thousand af) 

Storage 
plus inflow Fishery 

Vernalis 
water quality Bay-Delta 

CVP 
contractors 

From To From To From To From To From To 

1400 2000 98 125 70 80 0 0 0 0 

2000 2500 125 345 80 175 0 0 0 59 

2500 3000 345 467 175 250 75 75 90 90 

3000 6000 467 467 250 250 75 75 90 90 

 

It should be noted that when the water supply condition is determined to be in the “Low” IPO 
designation, the IPO proposes no operations guidance. In this case, Reclamation would meet 
with the SRBS group to coordinate a practical strategy to guide annual New Melones Reservoir 
operations under this very limited water supply condition.  

In addition, the IPO is limited in its ability to fully provide for the D-1641 Vernalis salinity and 
base flow objectives using Stanislaus River flows in all year types.  If the Vernalis salinity 
standard cannot be met using the IPO designated Goodwin release pattern, then an additional 
volume of water is dedicated to meet the salinity standard. This permit obligation is met before 
an allocation is made to CVPIA (b)(2) uses or CVP Eastside contracts. 
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In water years 2002, 2003 and 2004, Reclamation deviated from the IPO to provide additional 
releases for Vernalis salinity and Vernalis base flow standards and additional deliveries to CVP 
contractors. Several consecutive years of dry hydrology in the San Joaquin River Basin have 
demonstrated the limited ability of New Melones to fully satisfy the demands placed on its yield. 
Despite the need to consider annual deviations, the IPO remains the initial guidance for New 
Melones Reservoir operations. 

CVPIA Section 3406 (b)(2) releases from New Melones Reservoir consist of the portion of the 
fishery flow management volume utilized that is greater than the 1987 DFG Agreement and the 
volume used in meeting the Vernalis water quality requirements and/or Ripon dissolved oxygen 
requirements. 

New Melones Reservoir – Future Operations 
To better understand improved agricultural practices in the San Joaquin valley, Reclamation, as 
well as other stakeholders, began to gather and analyze new data about basin hydrology and 
salinity water quality characteristics. To provide a basis to develop a long-term operating plan, 
Reclamation sponsored updates to the San Joaquin River Basin component of CalSim-II to better 
represent and model how river flows and water quality in the San Joaquin River are likely to 
affect operations at New Melones Reservoir.  

This new information and the resulting CalSim-II model improvements were peer reviewed in 
2004 and additional refinements were made to the model based on that review. The resulting 
model is considered by Reclamation to be the best representation of the significant hydrologic 
and water quality dynamics that currently affect New Melones operations.  

The relationships developed for the current model are significantly different than the 
assumptions used to develop the 1997 IPO. Given that the 1997 IPO was only meant to be a 
temporary management tool and that water quality conditions are changing in the basin, the 
fundamental operating assumptions of the 1997 IPO are not entirely consistent with the 
improved CalSim-II model. 

As an important first step in evaluating the effects of a permanent operating plan for New 
Melones, Reclamation concludes that the following general assumptions best represents future 
New Melones operations for the purpose of this consultation. These operational parameters 
recognize existing priorities in beneficial uses, and the 1928 to 1934 drought is used as the basis 
to evaluate risks associated with successive dry years. The current analysis of future New 
Melones operations is based on two sets of project beneficial uses: a primary set of uses tied to 
pre-existing water rights and long-standing permit terms, and a secondary set of uses that came 
into effect after the primary set. 

The operational parameters for allocation to Eastside Division water service contracts and 
CVPIA (b)(2) are based on available yield over the 1928-34 drought period. The available 
project quantity is allocated between water service contracts and CVPIA (b)(2) use.  
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Table 2-11  Fundamental considerations used to define the New Melones Reservoir operations 
parameters. 

CVP Beneficial Uses (Pior to 1992). The pre-1992 long-term beneficial uses for Reclamation’s 
water supply/water rights at New Melones Reservoir are as follows: 

 • Existing OID/SSJID Settlement Contract 
• D-1641 Vernalis Salinity Objective 
• Stanislaus River Dissolved Oxygen 
• 1987 DFG Fishery Agreement 

CVP Beneficial Uses (After 1992). The beneficial uses for Reclamation’s water supply/water 
rights at New Melones Reservoir established after 1992 are as follows: 

 • D-1641 Vernalis Feb-June Base Flow objective 
• CVPIA (b)(2) water to increase Goodwin Dam releases for AFRP instream flow 

objectives 
• CVP Eastside Division water services contracts 

Basic Allocation Bands. Similar to the 1997 IPO, the representation of future New Melones 
operations defines categories of water supply based on projected storage and inflows. 

1) High Allocation Years (Projected New Melones Melones Carryover Storage greater than 1.7 
MAF End of September) 

 • DFG allocation is 302 taf 
• Vernalis flow objectives are met 
• CVPIA (b)(2) water allocation is 155 taf 
• CVP Eastside contract allocation is 155 taf 
• Vernalis Salinity and Stanislaus River DO objectives are met 

2) Mid-Allocation Years  

 • DFG allocation is 98.3 taf 
• Vernalis flow objectives are met 
• CVPIA B2 water allocation to meet instream fishery needs is to be determined in 

coordination with USFWS, DFG and NOAA fisheries in a collaborative planning 
process 

• Vernalis Salinity and Stanislaus River DO objectives are met 
• CVP Eastside contract allocation is to be determined after all the instream needs are 

met 

3) “Conference Year” conditions - New Melones Index is less than 1.0 MAF.  

 • As with the IPO, if the projected end of September New Melones Index (i.e. projected 
inflow plus storage) is less than 1.0 MAF, Reclamation would meet with USFWS 
stakeholders, DFG, and NOAA Fisheries to coordinate a practical strategy to guide 
New Melones Reservoir operations to meet the most basic needs associated with 
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Stanislaus River instream flows, DO, and Vernalis salinity. Allocation for CVPIA 
(b)(2) flows would be determined in coordination with USFWS, DFG and NOAA 
Fisheries. 

  

 

San Joaquin River Agreement/Vernalis Adaptive Management Plan (VAMP) 
Adopted by the SWRCB in D-1641, the San Joaquin River Agreement (SJRA) includes a 12-
year program providing for flows and exports in the lower San Joaquin River during a 31-day 
pulse flow period during April and May. It also provides for the collection of experimental data 
during that time to further the understanding of the effects of flows, exports, and the barrier at 
the head of Old River on salmon survival. This experimental program is commonly referred to as 
the VAMP (Vernalis Adaptive Management Plan). The SWRCB indicates that VAMP 
experimental data will be used to create permanent objectives for the pulse flow period. 
Reclamation and DWR intend to continue a VAMP-like action for the foreseeable future or until 
the SWRCB adopts new permanent objectives that replace the current program.  It is anticipated 
that new SWRCB objectives will be as protective as the current program and that such 
protections will remain in place through 2030. 

Continuation of the VAMP operations for a period of time after the expiration of SJRA may be 
considered reasonably foreseeable because it could be accomplished using well established 
capabilities and authorities already available to Reclamation and DWR.  Specifically, flow 
increases to achieve VAMP targets could be provided using CVPIA section 3406 (b)(1), (b)(2), 
and (b)(3).  Export reductions would be provided by Reclamation using CVPIA section 3406 
(b)(1) or (b)(2), and by DWR using the substitution of the water supply acquired from the Yuba 
Accord flows.  The combination of those operations elements would enable Reclamation and 
DWR to meet VAMP objectives in most years.  Chapter 9 contains an analysis of the capability 
of DWR to provide for export reduction during the VAMP pulse flow period, using the 48,000 
acre feet of substitute supply assumed to be available from the Yuba Accord. 

Within the SJRA, the 1997 IPO has been assumed as the baseline operation for New Melones 
Reservoir, which forms part of the existing flow condition. The existing flow condition is used to 
compute the supplemental flows which will be provided on the San Joaquin River to meet the 
target flows for the 31-day pulse during April and May. These supplemental flows that will be 
provided from other sources in the San Joaquin River Basin under the control of the parties to the 
SJRA. 

The parties to the SJRA include several agencies that contribute flow to the San Joaquin, divert 
from or store water on the tributaries to the San Joaquin, or have an element of control over the 
flows in the lower San Joaquin River. These include Reclamation; OID; SSJID; Modesto ID; 
Turlock ID; Merced ID; and the San Joaquin River Exchange Contractors. The VAMP is based 
on coordination among these participating agencies in carrying out their operations to meet a 
steady target flow objective at Vernalis. 

The target flow at Vernalis for the spring pulse flow period is determined each year according to 
the specifications contained in the SJRA. The target flow is determined prior to the spring pulse 
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flows as an increase above the existing flows, and so “adapts” to the prevailing hydrologic 
conditions. Possible target flows specified in the agreement are (1) 2000 cfs, (2) 3200 cfs, 
(3) 4450 cfs, (4) 5700 cfs, and (5) 7000 cfs. 

The Hydrology Group develops forecasts of flow at Vernalis, determines the appropriate target 
flow, devises an operations plan including flow schedules for each contributing agency, 
coordinates implementation of the VAMP flows, monitors conditions that may affect the 
objective of meeting the target flow, updates and adjusts the planned flow contributions as 
needed, and accounts for the flow contributions. The Hydrology Group includes designees with 
technical expertise from each agency that contributes water to the VAMP. During VAMP, the 
Hydrology group communicates via regular conference calls, shares current information and 
forecasts via e-mail and an internet website. The Hydrology group has two lead coordinators, one 
from Reclamation’s CVO and one designated by the SJRG. Subsequent to the end of the VAMP, 
a group similar to the Hydrology Group, with the same or similar role, will be maintained as part 
of the ongoing coordination of operations in the San Joaquin River basin. 

CVP-SWP operations forecasts include Vernalis flows that meet the appropriate pulse flow 
targets for the predicted hydrologic conditions. The flows in the San Joaquin River upstream of 
the Stanislaus River are forecasted for the assumed hydrologic conditions. The upstream of the 
Stanislaus River flows are then adjusted so when combined with the forecasted Stanislaus River 
flow based on the 1997 IPO, the combined flow would provide the appropriate Vernalis flows 
consistent with the pulse flow target identified in the SJRA. An analysis of how the flows are 
produced upstream of the Stanislaus River is included in the SJRA Environmental Impact 
Statement (EIS)/Environmental Impact Report (EIR). For purposes of CVP-SWP operations 
forecasts, the VAMP target flows are simply assumed to exist at the confluence of the Stanislaus 
and San Joaquin Rivers. The assessment of the effects of CVP-SWP operations in the Delta 
begins downstream of that point. 

The VAMP program has two distinct components, a flow objective and an export restriction. The 
flow objectives were designed to provide similar protection to those defined in the WQCP. 
Fishery releases on the Stanislaus above that called for in the 1987 DFG Agreement are typically 
considered WQCP (b)(2) releases. The export reduction involves a combined State and Federal 
pumping limitation on the Delta pumps. The combined export targets for the 31 days of VAMP 
are specified in the SJRA: 1500 cfs (when target flows are 2000, 3200, 4450, or 7000 cfs), and 
2250 cfs (when target flow is 5700 cfs, or 3000 cfs [alternate export target when flow target is 
7000 cfs]). Pumping reductions which cannot be recovered by adjustments in CVP operations are 
considered a WQCP (b)(2) expense.  Reductions of SWP pumping are limited to the amount that 
can be recovered through operations adjustments and the export of up to 48 taf of transferred 
water made available from the Yuba Accord.    

Water Temperatures 
Water temperatures in the lower Stanislaus River are affected by many factors and operational 
tradeoffs. These include available cold water resources in New Melones reservoir, Goodwin 
release rates for fishery flow management and water quality objectives, as well as residence time 
in Tulloch Reservoir, as affected by local irrigation demand.  



Project Description  OCAP BA 

2-68 August 2008 

Reclamation intends to plan and manage flows to meet a 65 degrees F water temperature 
objective at Orange Blossom Bridge for steelhead incubation and rearing during the late spring 
and summer.  However, during critically dry years and low reservoir storages this objective 
cannot be met.  FWS, in coordination with NMFS and DFG, identifies the schedule for 
Reclamation to provide fall pulse attraction flows for salmon.  The pulse flows are a combination 
of water purchased under the San Joaquin River Agreement and CVPIA (b)(2) and (3) water.  
This movement of water also helps to transport cold water from New Melones Reservoir into 
Tulloch Reservoir before the spawning season begins.  

San Felipe Division 

Construction of the San Felipe Division of the CVP was authorized in 1967 (Figure 2-11). The 
San Felipe Division provides a supplemental water supply (for irrigation, M&I uses) in the Santa 
Clara Valley in Santa Clara County, and the north portion of San Benito County.  

The San Felipe Division delivers both irrigation and M&I water supplies. Water is delivered 
within the service areas not only by direct diversion from distribution systems, but also through 
in-stream and offstream groundwater recharge operations being carried out by local interests. A 
primary purpose of the San Felipe Division in Santa Clara County is to provide supplemental 
water to help prevent land surface subsidence in the Santa Clara Valley.  The majority of the 
water supplied to Santa Clara County is used for M&I purposes, either pumped from the 
groundwater basin or delivered from treatment plants. In San Benito County, a distribution 
system was constructed to provide supplemental water to about 19,700 arable acres.  

The facilities required to serve Santa Clara and San Benito Counties include 54 miles of tunnels 
and conduits, two large pumping plants, and one reservoir. Water is conveyed from the Delta of 
the San Joaquin and Sacramento Rivers through the DMC. It is then pumped into the San Luis 
Reservoir and diverted through the 1.8-mile long of Pacheco Tunnel inlet to the Pacheco 
Pumping Plant. Twelve 2,000-horse-power pumps lift a maximum of 490 cfs a height varying 
from 85 feet to 300 feet to the 5.3-mile-long Pacheco Tunnel. The water then flows through the 
tunnel and without additional pumping, through 29 miles of concrete, high-pressure pipeline, 
varying in diameter from 10 feet to 8 feet, and the mile-long Santa Clara Tunnel. In Santa Clara 
County, the pipeline terminates at the Coyote Pumping Plant, which is capable of pumping water 
to into Anderson Reservoir or Calero Reservoir for further distribution at treatment plants or 
groundwater recharge. 

Santa Clara Valley Water District is the non-Federal operating entity for all the San Felipe 
Division facilities except for the Hollister Conduit and San Justo Reservoir.  The San Benito 
County Water District operates San Justo Reservoir and the Hollister Conduit.  
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Figure 2-11  West San Joaquin Division and San Felipe Division 

The Hollister Conduit branches off the Pacheco Conduit 8 miles from the outlet of the Pacheco 
Tunnel. This 19.1-mile-long high-pressure pipeline, with a maximum capacity of 83 cfs, 
terminates at the San Justo Reservoir.  

The 9,906 af capacity San Justo Reservoir is located about three miles southwest of the City of 
Hollister. The San Justo Dam is an earthfill structure 141 feet high with a crest length of 
722 feet. This project includes a dike structure 66 feet high with a crest length of 918 feet. This 
reservoir regulates San Benito County’s import water supplies, allows pressure deliveries to 
some of the agricultural lands in the service area, and provides storage for peaking of agricultural 
water.  

The San Benito County Water District operates San Justo Reservoir and the Hollister Conduit. 

Friant Division 

This division operates separately from the rest of the CVP and is not integrated into the CVP 
OCAP. This description of Friant operations is provided for informational purposes. Friant Dam 
is located on the San Joaquin River, 25 miles northeast of Fresno where the San Joaquin River 
exits the Sierra foothills and enters the valley. The drainage basin is 1,676 square miles with an 
average annual runoff of 1,774,000 af. Completed in 1942, the dam is a concrete gravity 
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structure, 319-feet high, with a crest length of 3,488 feet. Although the dam was completed in 
1942, it was not placed into full operation until 1951.  

The dam provides flood control on the San Joaquin River, provides downstream releases to meet 
senior water rights requirements above Mendota Pool, and provides conservation storage as well 
as diversion into Madera and Friant-Kern Canals. Water is delivered to a million acres of 
agricultural land in Fresno, Kern, Madera, and Tulare Counties in the San Joaquin Valley via the 
Friant-Kern Canal south into Tulare Lake Basin and via the Madera Canal northerly to Madera 
and Chowchilla IDs. A minimum of 5 cfs is required to pass the last water right holding located 
about 40 miles downstream near Gravelly Ford. 

Flood control storage space in Millerton Lake is based on a complex formula, which considers 
upstream storage in the Southern California Edison reservoirs. The reservoir, Millerton Lake, 
first stored water on February 21, 1944. It has a total capacity of 520,528 af, a surface area of 
4,900 acres, and is approximately 15-miles long. The lake’s 45 miles of shoreline varies from 
gentle slopes near the dam to steep canyon walls farther inland. The reservoir provides boating, 
fishing, picnicking, and swimming. 

At this time, the Friant Division is generally hydrologically disconnected from the Delta as the 
San Joaquin River is dewatered in two reaches between Friant Dam and the confluence of the 
Merced River, except in extremely wet years.  Under flood conditions, water is diverted into two 
bypass channels that carry flood flows to the confluence of the Merced River. 

In 2006, parties to NRDC v. Rodgers executed a stipulation of settlement that calls for, among 
other things, restoration of flows from Friant Dam to the confluence of the Merced River. 
Implementation of the settlement is not included in this consultation as it is a large project which 
has not been sufficiently developed to allow for analysis of the effects of implementation of 
settlement action on listed aquatic species at this time.  At some point in the future, consultation 
may need to be reinitiated to evaluate the effects of the Restoration Program on continued CVP 
and SWP operations. 

State Water Project 
The DWR holds contracts with 29 public agencies in Northern, Central and Southern California 
for water supplies from the SWP. Water stored in the Oroville facilities, along with excess water 
available in the Sacramento-San Joaquin Delta is captured in the Delta and conveyed through 
several facilities to SWP contractors. 

The SWP is operated to provide flood control and water for agricultural, municipal, industrial, 
recreational, and environmental purposes. Water is conserved in Oroville Reservoir and released 
to serve three Feather River area contractors and two contractors served from the North Bay 
Aqueduct, and to be pumped at the Harvey O. Banks Pumping Plant (Banks) in the Delta and 
delivered to the remaining 24 contractors in the SWP service areas south of the Delta. In addition 
to pumping water released from Oroville Reservoir, the Banks pumps water from other sources 
entering the Delta.  
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Project Management Objectives 

The SWP is managed to maximize the capture of water in the Delta and the usable supply 
released to the Delta from Oroville storage. The maximum daily pumping rate at Banks is 
controlled by a combination of the State Water Resources Control Board’s Water Rights 
Decision 1641 (D-1641), the adaptive management process described in this biological 
assessment, and permits issued by the Corps that regulate the rate of diversion of water into 
Clifton Court Forebay (CCF) for pumping at Banks. This diversion rate is normally restricted to 
6,680 cfs as a three-day average inflow to CCF and 6,993 cfs as a one-day average inflow to 
CCF. CCF diversions may be greater than these rates between December 15 and March 15, when 
the inflow into CCF may be augmented by one-third of the San Joaquin River flow at Vernalis 
when those flows are equal to or greater than 1,000 cfs. Additionally, the SWP has a permit to 
export an additional 500 cfs between July 1 and September 30. (Please see section on 500 cfs 
permit, below.)  The purpose for the current permitted action is to replace pumping foregone for 
the benefit of Delta fish species, making the summer limit effectively 7,180 cfs. Prior to creation 
of the EWA, this summer capacity was available to SWP to offset pumping curtailments made to 
benefit fish. 

The hourly operation of the CCF radial gates is governed by agreements with local agricultural 
interests to protect water levels in the south Delta area. The radial gates controlling inflow to the 
forebay may be open during any period of the tidal cycle with the exception of the two hours 
before and after the low-low tide and the hours leading up to the high-high tide each day. CCF 
gate operations are governed by agreements and response plans to protect south Delta water 
users, and a more detailed discussion of these operations and agreement will follow under CCF 
and JPOD sections. 

Banks is operated to minimize the impact to power loads on the California electrical grid to the 
extent practical, using CCF as a holding reservoir to allow that flexibility. Generally more pump 
units are operated during off-peak periods and fewer during peak periods. Because the installed 
capacity of the pumping plant is 10,300 cfs, the plant can be operated to reduce power grid 
impacts, by running all available pumps at night and a reduced number during the higher energy 
demand hours, even when CCF is admitting the maximum permitted inflow. 

There are years (primarily wetter years) when Banks operations are demand limited, and Banks 
is able to pump enough water from the Delta to fill San Luis Reservoir and meet all contractor 
demands without maximizing its pumping capability every day of the year. This has been less 
likely in recent years, where the contractors request all or nearly all of their contract Table A 
amount every year. Consequently, current Banks operations are more often supply limited. 
Under these current full demand conditions, Banks pumping plant is almost always operated to 
the maximum extent possible to maximize the water captured, subject to the limitations of water 
quality, Delta standards, and a host of other variables, until all needs are satisfied and all storage 
south of the Delta is full.  

San Luis Reservoir is an offstream storage facility located along the California Aqueduct 
downstream of Banks. San Luis Reservoir is used by both projects to augment deliveries to their 
contractors during periods when Delta pumping is insufficient to meet downstream demands. 
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San Luis Reservoir operates like a giant regulator on the SWP system, accepting any water 
pumped from Banks that exceeds contractor demands, then releasing that water back to the 
aqueduct system when Banks pumping is insufficient to meet demands. The reservoir allows the 
SWP to meet peak-season demands that are seldom balanced by Banks pumping.  

San Luis Reservoir is generally filled in the spring or even earlier in some years. When it and 
other SWP storage facilities south of the Delta are full or nearly so, when Banks pumping is 
meeting all current Table A demands, and when the Delta is in excess conditions, DWR will use 
any available excess pumping capacity at Banks to deliver Article 21 water to the SWP 
contractors. 

Article 21 water is one of several types of SWP water supply made available to the SWP 
contractors under the long-term SWP water supply contracts between DWR and the SWP 
contractors. As its name implies, Article 21 water is provided for under Article 21 of the 
contracts3. Unlike Table A water, which is an allocated annual supply made available for 
scheduled delivery throughout the year, Article 21 water is an interruptible water supply made 
available only when certain conditions exist. However, Article 21 water is an important part of 
the total SWP supplies contractually provided under the SWP contracts. As with all SWP water, 
Article 21 water is supplied under existing SWP water rights permits, and is pumped from the 
Delta under the same environmental, regulatory, and operational constraints that apply to all 
SWP supplies. 

When Article 21 water is available, DWR may only offer it for a short time, and the offer may be 
discontinued when the necessary conditions no longer exist. While not a dependable supply, 
Article 21 water is an important part of the total SWP supplies available to contractors. Since 
Article 21 deliveries are in addition to scheduled Table A deliveries, this supply is delivered to 
contractors that can, on relatively short notice, put it to beneficial use. Typically, contractors 
have used Article 21 water to meet needs such as additional short-term irrigation demands, 
replenishment of local groundwater basins, and storage in local surface reservoirs, all of which 
provide contractors with opportunities for better water management through more efficient 
coordination with their local water supplies. When Article 21 of the long-term water supply 
contracts was developed, both DWR and the contractors recognized that DWR was not capable 
of meeting the full contract demands in all years because not all of the planned SWP facilities 
had been constructed. The SWP’s inability to capture all of the water available in the Delta 
meant that contractors were forced to develop their own local water management programs and 
projects to store excess water that the SWP could capture from the Delta. 

                                                 
3Article 21 provides, in part: “Each year from water sources available to the project, the State shall make available 
and allocate interruptible water to contactors. Allocations of interruptible water in any one year may not be carried 
over for delivery in a subsequent year, nor shall the delivery of water in any year impact a contractor’s approved 
deliveries of annual [Table A water] or the contractor’s allocation of water for the next year. Deliveries of 
interruptible water in excess of a contractor’s annual [Table A water] may be made if the deliveries do not adversely 
affect the State’s delivery of annual [Table A water] to other contractors or adversely affect project operations…”  
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Article 21 water is typically offered to contractors on a short-term (daily or weekly) basis when 
all of the following conditions exist: the SWP share4 of San Luis Reservoir is physically full, or 
projected to be physically full within approximately one week at permitted pumping rates; other 
SWP reservoirs south of the Delta are at their storage targets or the conveyance capacity to fill 
these reservoirs is maximized; the Delta is in excess condition; current Table A demand is being 
fully met; and Banks has export capacity beyond that which is needed to meet current Table A 
and other SWP operational demands. The increment of available unused Banks capacity is 
offered as the Article 21 delivery capacity. Contractors then indicate their desired rate of delivery 
of Article 21 water. It is allocated in proportion to their Table A contractual quantities if requests 
exceed the amount offered. Deliveries can be discontinued at any time, when any of the above 
factors change.  In the modeling for Article 21, deliveries are only made in months when the 
State share of San Luis Reservoir is full.  In actual operations, Article 21 may be offered a few 
days in advance of actual filling.  Article 21 water will not be offered until State storage in San 
Luis Reservoir is either physically full or projected to be physically full within approximately 
one week at permitted pumping rates. Also, any carried-over EWA water asset stored in the State 
share of San Luis Reservoir (whether it be from the use of the 500 cfs or other operational assets) 
will not be considered part of the SWP storage when determining the availability of Article 21.  
This will ensure that the carried-over EWA water asset does not result in increased Article 21 
deliveries. 

During parts of April and May, the Vernalis Adaptive Management Program (VAMP) takes 
effect as described in the CVP section above. The state and federal pumps reduce their export 
pumping to benefit fish in the San Joaquin River system. Around this same time, water demands 
from both agricultural and M&I contractors are increasing, Article 21 water is usually 
discontinued, and San Luis supplies are released to the SWP facilities to supplement Delta 
pumping at Banks, thereby meeting contractor demands. The SWP intends to continue VAMP-
type export reductions through 2030 to the extent that the limited EWA assets, (as described in 
an earlier section) will meet the associated water costs.   Chapter 9 of this assessment includes an 
analysis of modeling results that illustrates the frequency on which assets are available under a 
limited EWA to meet the SWP portion of VAMP.   

Immediately following VAMP, a “post –VAMP shoulder” may occur.  This action is an 
extension of the reduced pumping levels that occur during VAMP depending on the availability 
of EWA and limited EWA assets.  Chapter 9 includes an analysis of modeling results that 
illustrates the frequency on which assets are available under a limited EWA to meet the “post – 
VAMP shoulder”.  

After VAMP and the “post-VAMP shoulder”, Delta pumping at Banks can be increased 
depending on Delta inflow and Delta standards. By late May, demands usually exceed the 
restored pumping rate at Banks, and continued releases from San Luis Reservoir are needed to 
meet contractor demands for Table A water. 

                                                 
4 Not including any carried-over EWA or limited EWA asset which may reside in the SWP share of San Luis 
Reservoir. 
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During this summer period, DWR is also releasing water from Oroville Reservoir to supplement 
Delta inflow and allow Banks to export the stored Oroville water to help meet demand. These 
releases are scheduled to maximize export capability and gain maximum benefit from the stored 
water while meeting fish flow requirements, temperature requirements, Delta water quality, and 
all other applicable standards in the Feather River and the Delta. 

DWR must balance storage between Oroville and San Luis Reservoirs carefully to meet flood 
control requirements, Delta water quality and flow requirements, and optimize the supplies to its 
contractors consistent with all environmental constraints. Oroville Reservoir may be operated to 
move water through the Delta to San Luis Reservoir via Banks under different schedules 
depending on Delta conditions, reservoir storage volumes, and storage targets. Predicting those 
operational differences is difficult, as the decisions reflect operator judgment based on many 
real-time factors as to when to move water from Oroville Reservoir to San Luis Reservoir.  

As San Luis Reservoir is drawn down to meet contractor demands, it usually reaches its low 
point in late August or early September. From September through early October, demand for 
deliveries usually drops below the ability of Banks to divert from the Delta, and the difference in 
Banks pumping is then added to San Luis Reservoir, reversing its spring and summer decline. 
From early October until the first major storms in late fall or winter unregulated flow continues 
to decline and releases from Lake Oroville are restricted (due to flow stability agreements with 
DFG) resulting in export rates at Banks that are somewhat less than demand typically causing a 
second seasonal decrease in the SWP’s share of San Luis Reservoir. Once the fall and winter 
storms increase runoff into the Delta, Banks can increase its pumping rate and eventually fill (in 
all but the driest years) the state portion of San Luis Reservoir before April of the following year.  

Water Service Contracts, Allocations, and Deliveries 

The following discussion presents the practices of DWR in determining the overall amount of 
Table A water that can be allocated and the allocation process itself. There are many variables 
that control how much water the SWP can capture and provide to its contractors for beneficial 
use.  

The allocations are developed from analysis of a broad range of variables that include: 

• Volume of water stored in Oroville Reservoir 

• Flood operation restrictions at Oroville Reservoir 

• End-of-water-year (September 30) target for water stored in Oroville Reservoir 

• Volume of water stored in San Luis Reservoir 

• End-of-month targets for water stored in San Luis Reservoir 

• Snow survey results 

• Forecasted runoff 

• Feather River flow requirements for fish habitat 



OCAP BA  Project Description 

 August 2008 2-75 

• Feather River service area delivery obligations 

• Feather River flow for senior water rights river diversions 

• Anticipated depletions in the Sacramento River basin  

• Anticipated Delta conditions 

• Precipitation and streamflow conditions since the last snow surveys and forecasts 

• Contractor delivery requests and delivery patterns  

From these and other variables, the Operations Control Office estimates the water supply 
available to allocate to contractors and meet other project needs. The Operations Control Office 
transmits these estimates to the State Water Project Analysis Office, where staff enters the water 
supply, contractor requests, and Table A amounts into a spreadsheet and computes the allocation 
percentage that would be provided by the available water supply.  

The staffs of the Operations Control Office and State Water Project Analysis Office meet with 
DWR senior management, usually including the Director, to make the final decision on 
allocating water to the contractors. The decision is made, and announced in a press release 
followed by Notices to Contractors.  

The initial allocation announcement is made by December 1 of each year. The allocation of 
water is made with a conservative assumption of future precipitation, and generally in graduated 
steps, carefully avoiding over-allocating water before the hydrologic conditions are well defined 
for the year.  

Both the DWR and the contractors are conservative in their estimates, leading to the potential for 
significant variations between projections and actual operations, especially under wet hydrologic 
conditions. 

Other influences affect the accuracy of estimates of annual demand for Table A and the resulting 
allocation percentage. One factor is the contractual ability of SWP contractors to carry over 
allocated but undelivered Table A from one year to the next if space is available in San Luis 
Reservoir. Contractors will generally use their carryover supplies early in the calendar year if it 
appears that San Luis reservoir will fill. By using the prior year’s carryover, the contractors 
reduce their delivery requests for the current year’s Table A allocation and instead schedule 
delivery of carryover supplies. 

Carryover supplies left in San Luis Reservoir by SWP contractors may result in higher storage 
levels in San Luis Reservoir at December 31 than would have occurred in the absence of 
carryover. If there were no carryover privilege, contractors would seek to store the water within 
their service areas or in other storage facilities outside of their service areas. As project pumping 
fills San Luis Reservoir, the contractors are notified to take or lose their carryover supplies. If 
they can take delivery of and use or store the carryover water, San Luis Reservoir storage then 
returns to the level that would have prevailed absent the carryover program. 
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If the contractors are unable to take delivery of all of their carryover water, that water then 
converts to project water as San Luis Reservoir fills, and Article 21 water becomes available for 
delivery to contractors. 

Article 21 water delivered early in the calendar year may be reclassified as Table A later in the 
year depending on final allocations, hydrology, and contractor requests. Such reclassification 
does not affect the amount of water carried over in San Luis Reservoir, nor does it alter pumping 
volumes or schedules. The total water exported from the Delta and delivered by the SWP in any 
year is a function of a number of variables that is greater than the list of variables shown above 
that help determine Table A allocations.  

If there are no carryover or Article 21 supplies available, Table A requests will be greater in the 
January-April period, and there would be a higher percentage allocation of Table A for the year 
than if carryover and Article 21 were available to meet demand. For this reason, the total amount 
of Article 21 water delivered does not provide a measure of the change in Delta diversions 
attributable to Article 21 deliveries. Instead, one must analyze the total exports from the Delta. 

Monterey Agreement 

In 1994, DWR and certain representatives of the SWP contractors agreed to a set of principles 
known as the Monterey Agreement, to settle long-term water allocation disputes, and to establish 
a new water management strategy for the SWP. This project description only includes the 
system-wide water operations consistent with the Monterey Agreement and not the specific 
actions by DWR and State Water Contractors needed to implement the agreement.  

The Monterey Agreement resulted in 27 of the 29 SWP contractors signing amendments to their 
long-term water supply contracts in 1995, and the Monterey Amendment has been implemented 
as part of SWP operations for these 27 SWP contractors since 1996. The original Environmental 
Impact Report prepared for the Monterey Agreement was challenged, and the EIR was required 
to be decertified. DWR is currently preparing an EIR on the Monterey Amendment following 
that litigation and approval of a settlement agreement with the plaintiffs in May 2003. A draft of 
the new EIR was released in October 2007, the comment period closed in January 2008, and a 
final EIR is scheduled for completion in the fall of 2008. 

The alternatives evaluated in the EIR include continuation of the Monterey Amendment, certain 
No Project alternatives that would revert some contract terms to pre-Monterey Amendment 
terms, and two “court ordered no-project” alternatives that would impose a reduction in Table A 
supplies by implementing a permanent shortage provision together with an offsetting increase in 
the supply of Article 21 water. 

Adoption of any of the alternatives would not measurably change SWP Delta operations, 
although the internal classification of water provided to SWP contractors could change as to the 
balance between Table A and Article 21 water, as could the relative allocation of water between 
urban and agricultural contractors. The Monterey Amendment provides for certain transfers of 
water from agricultural to urban contractors; impacts from those transfers are all south of the 
Delta and have no effect on the Delta.  
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The only impact of Monterey Amendment operations on Delta exports is identified in the draft 
EIR as the facilitation of approval for out-of-service-area storage programs. Because DWR had 
previously approved water storage programs outside of individual SWP contractor’s service 
areas and many such storage programs now exist, this water management method is unlikely to 
be voided by future actions of DWR. These increased exports can only occur if they are within 
the diversions permitted at the time. None of the alternatives being considered would result in 
demand for added Delta diversions above currently assumed levels and all are subject to 
whatever regulatory restrictions are in force at the time. 

Thus the current operational assumptions, based on continued Delta export operations as 
described in this chapter of the BA, provides an appropriate basis for evaluation of SWP 
operations irrespective of subsequent decisions of DWR based upon the Monterey EIR. 

Changes in DWR’s Allocation of Table A Water and Article 21 Water 

The Monterey Amendment revised the temporary shortage provision that specified an initial 
reduction of supplies for agricultural use when requests for SWP water exceeded the available 
supply. The Amendment specifies that whenever the supply of Table A water is less than the 
total of all contractors’ requests, the available supply of Table A water is allocated among all 
contractors in proportion to each contractor’s annual Table A amount.  

The Monterey Amendment amended Article 21 by eliminating the category of scheduled 
"surplus water," which was available for scheduled delivery and by renaming "unscheduled 
water" to "interruptible water." Surplus water was scheduled water made available to the 
contractors when DWR had supplies beyond what was needed to meet Table A deliveries, 
reservoir storage targets, and Delta regulatory requirements. Surplus water and unscheduled 
water were made available first to contractors requesting it for agricultural use or for 
groundwater replenishment. Because of the contractors’ increasing demands for Table A water 
and the increasing regulatory requirements imposed on SWP operations, DWR is now able to 
supply water that is not Table A water only on an unscheduled, i.e., interruptible basis. 

Pursuant to the revised Article 21, DWR allocates the available interruptible supply to requesting 
contractors in proportion to their annual Table A amounts.  

The result of these contractual changes are that DWR now allocates Table A and interruptible 
water among contractors in proportion to annual Table A amounts without consideration of 
whether the water would be used for M&I or agricultural purposes. Agricultural and M&I 
contractors share any reductions in deliveries or opportunities for surplus water in proportion to 
their annual Table A amounts. 

Historical Water Deliveries to Southern California 

The pumping from the Delta to serve southern California has been influenced by changes in 
available water supply sources to serve the region. The Colorado River and the SWP have been 
the major supply sources for southern California. 

The Quantification Settlement Agreement (QSA) signed in 2003 resulted in a decrease in the 
amount of Colorado River water available to California. To illustrate the impact of that decrease 
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on demand from the Sacramento-San Joaquin Delta, it is instructive to look at the magnitude of 
the two imported supply sources available to MWDSC.  

During part of this period, MWDSC was also filling Diamond Valley Lake (810,000 acre-feet, 
late 1998-early 2002) and adding some water to groundwater storage programs. In wetter years, 
demand for imported water may often decrease because local sources are augmented and local 
rainfall reduces irrigation demand. Table 2-12 below illustrates the effects of the wet years from 
1995-1998 on demand for imported water and the effect of reduced Colorado River diversions 
under the QSA on MWDSC deliveries from the Delta.  

Table 2-12 Wet Year effects  

Calendar 
Year 

Sacramento Valley 
Water Year Type 

Delta Supplies Colorado 
Supplies 

Total 

1994 Critically Dry    807,866 1,303,212 2,111,078 

1995 Wet    436,042    997,414 1,433,456 

1996 Wet    593,380 1,230,353 1,823,733 

1997 Wet    721,810 1,241,821 1,963,631 

1998 Wet    410,065 1,073,125 1,483,190 

1999 Wet    852,617 1,215,224 2,067,841 

2000 Above Normal 1,541,816 1,303,148 2,844,964 

2001 Dry 1,023,169 1,253,579 2,276,748 

2002 Dry 1,408,919 1,241,088 2,650,007 

2003 Above Normal 1,686,973    688,043 2,375,016 

2004 Below Normal 1,724,380    733,095 2,457,475 

2005 Above Normal 1,616,710    839,704 2,456,414 

2006 Wet 1,521,681*    594,544 2,116,225 

2007 Dry 1,395,827*    713,456* 2,109,283 

* - These figures are preliminary. 

Project Facilities 

Oroville Field Division 

Oroville Dam and related facilities comprise a multipurpose project. The reservoir stores winter 
and spring runoff, which is released into the Feather River to meet the Project's needs. It also 
provides pumpback capability to allow for on-peak electrical generation, 750,000 acre-feet of 
flood control storage, recreation, and freshwater releases to control salinity intrusion in the 
Sacramento-San Joaquin Delta and for fish and wildlife protection. 
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The Oroville facilities are shown in Figure 2-12. Two small embankments, Bidwell Canyon and 
Parish Camp Saddle Dams, complement Oroville Dam in containing Lake Oroville. The lake has 
a surface area of 15,858 acres, a storage capacity of 3,538,000 af, and is fed by the North, 
Middle, and South forks of the Feather River. Average annual unimpaired runoff into the lake is 
about 4.5 million af. 

A maximum of 17,000 cfs can be released through the Edward Hyatt Powerplant, located 
underground near the left abutment of Oroville Dam. Three of the six units are conventional 
generators driven by vertical-shaft, Francis-type turbines. The other three are motor-generators 
coupled to Francis-type, reversible pump turbines. The latter units allow pumped storage 
operations. The intake structure has an overflow type shutter system that determines the level 
from which water is drawn. 

Approximately four miles downstream of Oroville Dam and Edward Hyatt Powerplant is the 
Thermalito Diversion Dam. Thermalito Diversion Dam consists of a 625-foot-long, concrete 
gravity section with a regulated ogee spillway that releases water to the low flow channel of the 
Feather River. On the right abutment is the Thermalito Power Canal regulating headwork 
structure.  
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Figure 2-12  Oroville Facilities on the Feather River
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The purpose of the diversion dam is to divert water into the 2-mile long Thermalito Power Canal 
that conveys water in either direction and creates a tailwater pool (called Thermalito Diversion 
Pool) for Edward Hyatt Powerplant. The Thermalito Diversion Pool acts as a forebay when 
Hyatt is pumping water back into Lake Oroville. On the left abutment is the Thermalito 
Diversion Dam Powerplant, with a capacity of 600 cfs that releases water to the low-flow section 
of the Feather River. 

Thermalito Power Canal hydraulically links the Thermalito Diversion Pool to the Thermalito 
Forebay (11,768 af), which is the off-stream regulating reservoir for Thermalito Powerplant. 
Thermalito Powerplant is a generating-pumping plant operated in tandem with the Edward Hyatt 
Powerplant. Water released to generate power in excess of local and downstream requirements is 
conserved in storage and, at times, pumped back through both powerplants into Lake Oroville 
during off-peak hours. Energy price and availability are the two main factors that determine if a 
pumpback operation is economical. A pumpback operation most commonly occurs when energy 
prices are high during the weekday on-peak hours and low during the weekday off-peak hours or 
on the weekend. The Oroville Thermalito Complex has a capacity of approximately 17,000 cfs 
through the powerplants, which can be returned to the Feather River via the Afterbay’s river 
outlet. 

Local agricultural districts divert water directly from the afterbay. These diversion points are in 
lieu of the traditional river diversion exercised by the local districts whose water rights are senior 
to the SWP. The total capacity of afterbay diversions during peak demands is 4,050 cfs.  

The Feather River Fish Hatchery (FRFH), mitigation for the construction of Oroville Dam, 
produces Chinook salmon and steelhead and is operated by DFG. The FRFH program, 
operations and production, is detailed in the FERC Biological Assessment for the Oroville 
Project and will be detailed in the NMFS FERC Biological Opinion, expected in June 2008. Both 
indirect and direct take resulting from FRFH operations will be authorized through section 4(d) 
of the Endangered Species Act, in the form of NMFS-approved Hatchery and Genetic 
Management Plans (HGMPs). DWR is preparing HGMPs for the spring and fall-run Chinook 
and steelhead production programs at the Feather River Fish Hatchery.  

Current Operations - Minimum Flows and Temperature Requirements 

Operation of Oroville will continue under existing criteria, consistent with past project 
descriptions, until a final decision is made in the FERC relicensing process. The release 
temperatures from Oroville Dam are designed to meet Feather River Fish Hatchery and 
Robinson Riffle temperature schedules included in the 1983 DFG Agreement, “Agreement 
Concerning the Operation of the Oroville Division of the State Water Project for Management of 
Fish and Wildlife”, concerning the operations of the Oroville Division of the State Water Project 
for Management of Fish and Wildlife and OCAP while also conserving the coldwater pool in 
Lake Oroville. Current operation indicates that water temperatures at Robinson Riffle are almost 
always met when the hatchery objectives are met. Due to temperature requirements of 
endangered fish species and the hatchery and overriding meteorologic conditions, the 
temperature requests for agriculture can be difficult to satisfy.  

Water is withdrawn from Lake Oroville at depths that will provide sufficiently cold water to 
meet the Feather River Fish Hatchery and Robinson Riffle temperature targets. The reservoir 
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depth from which water is released initially determines the river temperatures, but atmospheric 
conditions, which fluctuate from day to day, modify downstream river temperatures. Altering the 
reservoir release depth requires installation or removal of shutters at the intake structures. 
Shutters are held at the minimum depth necessary to release water that meets the Feather River 
Fish Hatchery and Robinson Riffle criteria. In order to conserve the coldwater pool during dry 
years, DWR has strived to meet the Robinson Riffle temperatures by increasing releases to the 
LFC rather than releasing colder water.  

Additionally, DWR maintains a minimum flow of 600 cfs within the Feather River Low Flow 
Channel (LFC) (except during flood events when flows are governed by the Flood Operations 
Manual and under certain other conditions as described in the 1984 FERC order). Downstream 
of the Thermalito Afterbay Outlet, in the High Flow Channel (HFC), a minimum release for 
flows in the Feather River is to be 1,000 cfs from April through September and 1,700 cfs from 
October through March, when the April-to-July unimpaired runoff in the Feather River is greater 
than 55 percent of normal. When the April-to-July unimpaired runoff is less than 55 percent of 
normal, the License requires minimum flows of 1,000 cfs from March to September and 1,200 
cfs from October to February (Table 2-13). In practice, flows are maintained below 2,500 cfs 
from October 15 to November 30 to prevent spawning in the overbank areas. 

According to the 1983 Agreement, if during the period of October 15 to November 30, the 
average highest 1-hour flow of combined releases exceeds 2,500 cfs; with the exception of flood 
management, accidents, or maintenance; then the minimum flow must be no lower than 500 cfs 
less than that flow through the following March 31. The 1983 Agreement also states that if the 
April 1 runoff forecast in a given year indicates that the reservoir level will be drawn down to 
733 feet, water releases for fish may be reduced, but not by more than 25 percent.  
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Table 2-13  Combined Minimum Instream Flow Requirements in the Feather River Below 
Thermalito Afterbay Outlet When Lake Oroville Elevation is Projected to be Greater vs. Less Than 
733’ in the Current Water Year  

Conditions Period Minimum Flows 

October - February 1,700 cfs 

March 1,700 cfs 

When Lake Oroville Elevation 
is Projected to be Greater Than 
733’ & the Preceding Water 
Year’s April – July Water 
Conditions are 

 > 55% of Normal (1) 
April - September 1,000 cfs 

 

October - February 1,200 cfs 

March 1,000 cfs 

When Lake Oroville Elevation 
is Projected to be Greater Than 
733’ & the Preceding Water 
Year’s April – July Water 
Conditions are  

< 55% of Normal (1) 
April - September 1,000 cfs 

 

October - February 900 cfs < Q < 1,200 cfs 

March 750 cfs < Q < 1,000 cfs 

When Lake Oroville Elevation 
is Projected to be Less Than 
733’ in the Current Water Year 
(2) 

April - September 750 cfs < Q < 1,000 cfs 

Notes:   

1) Normal is defined as the Mean April – July Unimpaired Runoff of the Feather River near Oroville 
of 1,942,000 AF (1911 – 1960). 

2) In accordance with FERC’s Order Amending License dated September 18, 1984, Article 53 was 
amended to provide a third tier of minimum flow requirements defined as follows:  If the April 1 
runoff forecast in a given water year indicates that, under normal operation of Project 2100, the 
reservoir level will be drawn to elevation 733 feet (approximately 1,500,000 AF), releases for fish 
life in the above schedule may suffer monthly deficiencies in the same proportion as the 
respective monthly deficiencies imposed upon deliveries of water for agricultural use from the 
Project. However, in no case shall the fish water releases in the above schedule be reduced by 
more than 25 percent.  

 

Current operations of the Oroville Facilities are governed by water temperature requirements at 
two locations: the FRFH and in the LFC at Robinson Riffle. DWR has taken various temperature 
management actions to achieve the water temperature requirements, including curtailing 
pumpback operations, removing shutters at intakes of the Hyatt Pumping-Generating Plant, 
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releasing flow through the river valves (for FRFH only), and redirecting flows at the Thermalito 
Diversion Dam to the LFC (for Robinson Riffle only).  

To date, the river valves have been used infrequently. Prior to 1992, they were used twice: first 
in 1967 during the initial construction of the dam, and second in 1977 during the drought of 
record. Since 1992, the river valves have only been used twice for temperature control: in 2001 
and 2002. To ensure that the river valves will operate reliably, DWR exercises them annually. 
When operated to meet temperature criteria, DWR can and does operate the river valves at a 
flow rate up to the 1,500 cfs needed for FRFH temperature management purposes.  

Other than local diversions, outflow from the Oroville Complex is to the Feather River, 
combining flows from the LFC and Thermalito Afterbay. Outflow typically varies from spring 
seasonal highs averaging 8,000 cfs to about 3,500 cfs in November. The average annual outflow 
from the Project is in excess of 3 maf to support downstream water supply, environmental, and 
water quality needs.  

Table 2-14 shows an example of releases from Oroville for various downstream uses during dry 
hydrologic conditions (Water Years 2001 and 2002). As a practical matter, water supply exports 
are met with water available after Delta requirements are met. Some of the water released for 
instream and Delta requirements may be available for export by the SWP after Delta standards 
have been met.  

Table 2-14  Historical Records of Releases from the Oroville Facilities in 2001 and 2002, by 
Downstream Use 

Water Year 2001 Release Water Year 2002 Release  
Downstream Use Volume (taf) Percentage  Volume (taf) Percentage  

Feather River Service Area 1,024 46 925 34 
Instream and Delta Requirements 1,099 50 1,043 38 
Flood Management 0 0 0 0 
Support of Exports 93 4 773 28 

Total 2,216 100 2,741 100 
Source:  DWR SWP Operations Control Office 
Key:  
taf – thousand acre-feet 
 

Feather River Flow Requirements  

The existing Feather River flow requirements below Oroville Dam are based on an August 1983 
Agreement between the DWR and DFG. The 1983 Agreement established criteria and objectives 
for flow and temperatures in the LFC, FRFH, and HFC. This agreement includes the following: 

• Established minimum flows between the Thermalito Afterbay Outlet and Verona that 
vary by water year type. 

• Required flow changes under 2,500 cfs to be reduced by no more than 200 cfs during any 
24-hour period, except flood management operations. 

• Required flow stability during the peak of the fall-run Chinook spawning season. 
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• Set an objective of suitable water temperature conditions during the fall months for 
salmon and during the later spring/summer months for shad and striped bass. 

• Established a process whereby DFG would recommend each year, by June 1, a spawning 
gravel maintenance program to be implemented during that calendar year. 

Low Flow Channel  
The 1983 Agreement specifies that DWR release a minimum of 600 cfs into the Feather River 
from the Thermalito Diversion Dam for fishery purposes. This is the total volume of flows from 
the Diversion Dam Outlet, Diversion Dam Powerplant, and FRFH Pipeline.  

High Flow Channel 
Based on the 1983 Agreement, Table 2-15 summarizes the minimum flow requirement for the 
HFC when releases would not draw Oroville Reservoir below elevation 733 feet above mean sea 
level (ft msl).  

Table 2-15  High Flow Channel minimum flow requirements as measured downstream from the 
Thermalito Afterbay Outlet.  

Minimum Flow in HFC (cfs) Forecasted April-through- 
July unimpaired runoff 
(percent of normal1) 

October through February March April through September 

55 percent or greater 1,700 1,700 1,000 
Less than 55 percent 1,200 1,000 1,000 

Source: 1983 Agreement 
1 The preceding water year’s unimpaired runoff shall be reported in Licensee’s Bulletin 120, “Water 
Conditions in California-Fall Report.” The term “normal” is defined as the April-through-July mean 
unimpaired runoff near Oroville of 1,942,000 af in the period of 1911 through 1960. 
Key:  
cfs – cubic feet per second 
HFC – High Flow Channel 

 

If the April 1 forecast in a given water year indicates that Oroville Reservoir would be drawn 
down to elevation 733 ft msl, minimum flows in the HFC may be diminished on a monthly 
average basis, in the same proportion as the respective monthly deficiencies imposed on 
deliveries for agricultural use of the Project. However, in no case shall the minimum flow 
releases be reduced by more than 25 percent. If between October 15 and November 30, the 
highest total 1-hour flow exceeds 2,500 cfs, DWR shall maintain a minimum flow within 500 cfs 
of that peak flow, unless such flows are caused by flood flows, or an inadvertent equipment 
failure or malfunction. 

Temperature Requirements 

Low Flow Channel 
NMFS has established a water temperature requirement for steelhead trout and spring-run 
Chinook salmon at Feather River RM 61.6 (Robinson Riffle in the LFC) from June 1 through 
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September 30.  The water temperature should be maintained at less than or equal to 65°F on a 
daily average basis.  

High Flow Channel  
While no numeric temperature requirement currently exists for the HFC, the 1983 Agreement 
requires DWR to provide suitable Feather River water temperatures for fall-run salmon not later 
than September 15, and to provide for suitable water temperatures below the Thermalito 
Afterbay Outlet for shad, striped bass, and other warm water fish between May 1 and September 
15. 

Current FRFH intake water temperature, as required by the 1983 DFG and DWR Agreement are 
in Table 2-16. 

Table 2-16 Feather River Fish Hatchery Temperature Requirements 

Period Degrees F  
(± 4 ºF allowed) 

April 1 – November 30  
 April 1 – May 15 51 
 May 16 – May 31 55 
 June 1 – June 15 56 
 June 16 – August 15 60 
 August 16 – August 31 58 
 September 1 – September 30 52 
 October 1 – November 30 51 
December 1 – March 31 No greater than 55 

 

Table 2-17 summarizes current flow and temperature management in the Feather River Fish 
Hatchery and the Lower Feather River below Oroville Dam. These operational measures are in 
place in compliance with FERC license terms, agency agreements or ESA Biological Opinions 
and are provided to fully describe the baseline conditions. 
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Table 2-17  Lower Feather River Flows and Temperature Management under Existing Conditions 

Type of Measure Title Description 
Minimum Release 
to Low Flow 
Channel (this 
includes water that 
returns from 
hatchery) 

Maintain minimum flow of 600 cubic feet per second (cfs) within the Feather River 
downstream of the Thermalito Diversion Dam and the Feather River Fish Hatchery. 
FERC 1984. [Low Flow Channel Flow Standard] 

Minimum Flows 

Minimum Release 
to High Flow 
Channel 

Release water necessary to maintain flows in the Feather River below the 
Thermalito Afterbay Outlet in accordance with the minimum flow schedule presented 
in the Federal Energy Regulatory Commission (FERC) order, provided that releases 
will not cause Lake Oroville to be drawn below elevation 733 feet (ft) (approximately 
1.5 million acre-feet [maf] of storage). If the April 1 runoff forecast in a given year 
indicates that the reservoir level will be drawn to 733 ft, water releases for fish may 
be reduced, but not by more than 25 percent. 

Maximum Flow into 
Feather River Fish 
Hatchery 

Maximum flow into Feather River Fish Hatchery from the Diversion Pool is 115 cfs 
year round. 

Maximum Flows (non-flood 
control) Maximum Flow in 

the High Flow 
Channel 

Maximum flow at Feather River below Thermalito Afterbay Outlet is 10,000 cfs 
when Lake Oroville inflow is less than 10,000 cfs. [High Flow Channel Flow 
Standard] When Lake Oroville inflow is greater than 10,000 cfs, the maximum flow 
in the river below Thermalito Afterbay Outlet will be limited to inflow. If higher flow 
releases coincide with Chinook spawning activity, the ramping rate used to return to 
the minimum flow requirement will be chosen to avoid redd dewatering. 

Ramping Rates Ramping Rate 
Criteria 

Flows less than 2,500 cfs cannot be reduced more than 300 cfs during any 24-hour 
period, except for flood releases, failures, etc. (as per the 2004 Operating Criteria 
and Plan [OCAP] Biological Opinion [BO]). 

Water Supply Releases from Lake 
Oroville 

Releases for water supply, flood control, Sacramento–San Joaquin Delta (Delta) 
water quality requirements, and instream flow requirements of an average of 
3 million acre-feet per year (maf/year) and approximately 1 maf/year to the Feather 
River Service Area (FRSA) for agricultural, municipal, and industrial uses in 
accordance with State Water Project (SWP) contracts, California Department of 
Water Resources (DWR) agreements, and water rights. 
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Type of Measure Title Description 

Diversions from 
Feather River 

Diversion of an estimated 60–70 thousand acre-feet per year (taf/year) from the 
Feather River by senior water right holders per State Water Resources Control 
Board (SWRCB) licenses or permits for appropriative users. 

Flood Protection/Management Flood Protection 

The Oroville Facilities are operated for flood control purposes in conformance with 
the flood management regulations prescribed by the Secretary of the Army under 
the provisions of an Act of Congress (58 Stat. 890; 33 United States Code [USC] 
709). 
- During floods, water releases from Oroville Dam and Thermalito Afterbay Dam will 
not increase floodflows above those prior to project existence. Operation of the 
project in the interest of flood control shall be in accordance with Section 204 of the 
Flood Control Act of 1958. 
- At high flows, fluctuate releases at least every couple of days to avoid 
riverbank/levee damage at one level. 
- Avoid extended periods of flow over the quantities listed above as much as 
possible to minimize the risk of seepage damage to orchards adjacent to the 
Feather River. 
- Maximum allowable flow is 180,000 cfs year round at the Feather River above the 
Yuba River. Maximum allowable flow is 300,000 cfs year round at the Feather River 
below the Yuba River. 
- Maximum allowable flow is 320,000 cfs year round at the Feather River below the 
Bear River.  
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Type of Measure Title Description 

At the Feather River 
Fish Hatchery and 
Robinson Riffle  

Water temperature at Robinson Riffle must be less than 65 degrees between June 
and September. 
Water temperature during the fall months, after September 15, should be suitable for 
fall-run Chinook salmon. 
Water temperature from May through August should be suitable for American shad, 
striped bass, etc. 
At the Feather River Fish Hatchery 
Temperature (+/- 4°F) 
April 1–May 15      51° 
May 16–May 31    55° 
June 1–June 15     56° 
June 16–August 15     60° 
August 16–August 31     58° 
September 1–September 30     52° 
October 1–November 30     51° 
December 1–March 31     no greater than 55° 

Temperature Criteria/Targets 

Thermalito Afterbay 
Temperature 
Control  

Operate facilities pursuant to the May 1968 Joint Water Agreement. 

Natural Salmonid Spawning and 
Rearing Habitat 

Salmonid Habitat 
Improvement – 
Endangered 
Species Act (ESA) 
Species Recovery 
Measures 

Maintain conditions in the Low Flow Channel pursuant to 1983 Operating 
Agreement between DFG and DWR which is to prevent damage to fish and wildlife 
resources from operations and construction of the project. 

Excerpt from Appendix B of the FERC Preliminary Draft Environmental Assessment, Oroville Facilities—FERC Project No. 2100 
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Flood Control 

Flood control operations at Oroville Dam are conducted in coordination with DWR’s Flood 
Operations Center and in accordance with the requirements set forth by the Corps. The Federal 
Government shared the expense of Oroville Dam, which provides up to 750,000 af of flood 
control space. The spillway is located on the right abutment of the dam and has two separate 
elements: a controlled gated outlet and an emergency uncontrolled spillway. The gated control 
structure releases water to a concrete-lined chute that extends to the river. The uncontrolled 
emergency spill flows over natural terrain. 

Table 2-18  Water Year/Days in Flood Control/40-30-30 Index 

Water Year Days in Flood Control 40-30-30 Index 

1981 0 D 
1982 35 W 
1983 51 W 
1984 16 W 
1985 0 D 
1986 25 W 
1987 0 D 
1988 0 C 
1989 0 D 
1990 0 C 
1991 0 C 
1992 0 C 
1993 8 AN 
1994 0 C 
1995 35 W 
1996 22 W 
1997 57 W 
1998 0 W 
1999 58 W 
2000 0 AN 
2001 0 D 
2002 0 D 

 

Feather River Ramping Rate Requirements  

Maximum allowable ramp-down release requirements are intended to prevent rapid reductions in 
water levels that could potentially cause redd dewatering and stranding of juvenile salmonids and 
other aquatic organisms. Ramp-down release requirements to the LFC during periods outside of 
flood management operations, and to the extent controllable during flood management 
operations, are shown in Table 2-19. 
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Table 2-19 Lower Feather River Ramping Rates 

Releases to the Feather River   
Low Flow Channel  
(cfs) 

Rate of Decrease  
(cfs) 

5,000 to 3,501 1,000 per 24 hours 

3,500 to 2,501 500 per 24 hours 

2,500 to 600 300 per 24 hours 

Key: 
cfs = cubic feet per second 
Source:  NMFS 2004a 

 

Proposed Operational Changes with the Federal Energy Regulatory Commission (FERC) 
Relicensing of the Oroville Project– Near Term and Future Operations 
Until FERC issues the new license for the Oroville Project, DWR will not significantly change 
the operations of the facilities and when the FERC license is issued, it is assumed that 
downstream of Thermalito Afterbay Outlet, the future flows will remain the same.  

There is a great deal of uncertainty as to when the license will be issued and what conditions will 
be imposed by FERC and the State Water Resources Control Board (SWRCB). The process that 
DWR has to go through to get the new license is as follows: DWR will finalize the Final 
Environment Impact Report in May 2008, the SWRCB will prepare the Clean Water Act Section 
401 Certification (401 Cert) for the project which may take up to a year and the 401 Cert may 
have additional requirements for DWR operations of Oroville. Once the 401 Cert is issued, 
FERC can issue the new license; however, in the interim, the documents or process may be 
challenged in court. When the new FERC license is issued, additional flow or temperature 
requirements may be required. At this time, DWR can only assume that the flow and temperature 
conditions required will be those in the FERC Settlement Agreement (SA); therefore, those are 
what DWR proposes for the near-term and future Oroville operations. 

The proposed future operations in the SA described in the Project Description include 100-200 
cfs increase in flows in the Low Flow Channel (LFC) of the Lower Feather River and reduced 
water temperatures at the Feather River Hatchery and in the Low Flow and High Flow channels, 
after further analysis of alternatives and construction of one or more temperature control 
facilities. These are described in more detail in the SA. The flows in the HFC downstream of the 
TAO will not change. It is unlikely that either the proposed minor flow changes in the LFC or 
the reduced water temperatures will affect conditions in the Sacramento River downstream of the 
confluence but if they were detectable, they would be beneficial to anadromous fish in the 
Sacramento River. 

Given the uncertainty of what will be in the FERC license or 401 Certification, it is not possible 
to establish the DWR proposed SA conditions as the baseline for the OCAP Biological 
Asessment. 

The original FERC license to operate the Oroville Project expired in January 2007 and until a 
new license is issued, DWR will operate to the existing FERC license. FERC has and will 
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continue to issue an annual license until it is prepared to issue the new 50-year license. In 
preparation for the expiration of the FERC license, DWR began working on the relicensing 
process in 2001. As part of the process, DWR entered into a Settlement Agreement with State, 
federal and local agencies, State Water Contractors, Non-Governmental Organizations, and 
Tribal governments to implement improvements within the FERC Boundary. The FERC 
boundary includes all of the Oroville Project facilities, extends upstream into the tributaries of 
Lake Oroville, includes portions of the LFC on the lower Feather River and downstream of the 
Thermalito Afterbay Outlet into the HFC. In addition to the Settlement Agreement signed in 
2006, a Habitat Expansion Agreement was negotiated to address the fish passage issue over 
Oroville Dam and NMFS and FWS’ Section 18 Authority under the Federal Power Act. FERC 
prepared an EIS for the proposed license and DWR prepared and EIR and Biological 
Asessements for FERC based on the terms and conditions in the Settlement Agreement. The 
SWRCB is working on the Section 401 Certification process and when all the environmental 
documents and permits are complete, the new 50-year FERC license will be issued for the 
Oroville Project, possibly in 2009.  

FERC requested consultation with NMFS on the Oroville Project Settlement Agreement and 
DWR prepared and submitted the FERC Biological Assessment in June 2007 to NMFS and 
FERC. The Settlement Agreement does not change the flows in the HFC although there will be a 
proposed increase in minimum flows in the LFC. The Settlement Agreement includes habitat 
restoration actions such as side-channel construction, structural habitat improvement such as 
boulders and large woody debris, spawning gravel augmentation, a fish counting weir, riparian 
vegetation and floodplain restoration, and facility modifications to improve coldwater 
temperatures in the low and high flow channels. The Settlement Agreement and the FERC BA 
provide substantial detail on the Settlement Agreement restoration actions in the Lower Feather 
River. It is anticipated that NMFS will issue a Biological Opinion on the Settlement Agreement 
in summer of 2008. The NMFS Biological Opinion will provide take coverage for the Settlement 
Agreement actions that will be implemented once the new FERC license is issued.  

Below is a summary of articles in the Settlement Agreement referred to by number and is by no 
means a complete description of the terms and conditions therein. The numbering of the tables in 
this section is consistent with the numbering in the SA for direct comparison. The reader is 
encouraged to read the source document for a full understanding of the terms and related details.  

Minimum Flows in the Low Flow and High Flow Channels 
When the FERC license is issued, DWR will release a minimum flow of 700 cfs into the Low 
Flow Channel (LFC). The minimum flow shall be 800 cfs from September 9 to March 31 of each 
year to accommodate spawning of anadromous fish, unless the NMFS, FWS, DFG, and 
California SWRCB provide a written notice that a lower flow (between 700 cfs and 800 cfs) 
substantially meets the needs of anadromous fish. If the DWR receives such a notice, it may 
operate consistent with the revised minimum flow. HFC flows will remain the same as the 
existing license, consistent with the 1983 DWR and DFG Operating Agreement to continue to 
protect Chinook salmon from redd dewatering (A108.2). 

Water Temperatures for the Feather River Fish Hatchery 

When the FERC license is issued, DWR will use the temperatures in Table 2-20 as targets, and 
will seek to achieve them through the use of operational measures described below.  
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Table 2-20  Maximum Mean Daily Temperatures,  

September 1-September 30 56 °F 

October 1 – May 31 55 °F 

June 1 – August 31 60°F 

 

The temperatures in Table 2-20 are Maximum Mean Daily Temperatures, calculated by adding 
the hourly temperatures achieved each day and dividing by 24. DWR will strive to meet 
Maximum Mean Daily Temperatures through operational changes including but not limited to (i) 
curtailing pump-back operation and (ii) removing shutters on Hyatt intake and (iii) after river 
valve refurbishment. DWR will consider the use of the river valve up to a maximum of 1500 cfs; 
however these flows need not exceed the actual flows in the HFC, and should not be less than 
those specified in HFC minimum flows described above, which will not change with the new 
FERC license. During this interim period, DWR shall not be in violation if the Maximum Mean 
Daily Temperatures are not achieved through operational changes.  

Prior to FERC license implementation, DWR agreed to begin the necessary studies for the 
refurbishment or replacement of the river valve. On October 31, 2006, DWR submitted to 
specific agencies a Reconnaissance Study of Facilities Modification to address temperature 
habitat needs for anadromous fisheries in the Low Flow Channel and the HFC. Under the 
provisions of Settlement Agreement Appendix B Section B108(a), DWR has begun a study to 
evaluate whether to refurbish or replace the river valve that may at times be used to provide cold 
water for the Feather River Fish Hatchery. 

Upon completion of Facilities Modification(s) as provided in A108, and no later than the end of 
year ten following license issuance, Table 2-20 temperatures shall become requirements, and 
DWR shall not exceed the Maximum Mean Daily Temperatures in Table 2-20 for the remainder 
of the License term, except in Conference Years as referenced in A107.2(d). 

During the term of the FERC license, DWR will not exceed the hatchery water temperatures in 
Table 2-21. There will be no minimum temperature requirement except for the period of April 1 
through May 31, during which the temperatures shall not fall below 51 ºF.  

Table 2-21  Hatchery Water Temperatures 

September 1-September 30 56 °F 

October 1 – November 30 55 °F 

December 1 – March 31 55 °F 

April 1 – May 15 55 °F 

May 16-May 31 59°F 

June 1-June 15 60°F 
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June 16- August 15 64°F 

August 16 – August 31 62°F 

 

Upon completion of Facilities Modification(s) as provided in A108 (discussed below), DWR 
may develop a new table for hatchery temperature requirements that is at least as protective as 
Table 2-21. If a new table is developed, it shall be developed in consultation with the Ecological 
Committee, including specifically FWS, NMFS, DFG, California SWRCB, and RWQCB. The 
new table shall be submitted to FERC for approval, and upon approval shall become the 
temperature requirements for the hatchery for the remainder of the license term.  

During Conference Years, as defined in A108.6, DWR shall confer with the FWS, NMFS, DFG, 
and California SWRCB to determine proper temperature and hatchery disease management 
goals. 

Water Temperatures in the Lower Feather River 
Under the Settlement Agreement, DWR is committing to a Feasibility Study and Implementation 
Plan to improve temperature conditions (Facilities Modification(s)) for spawning, egg 
incubation, rearing and holding habitat for anadromous fish in the Low Flow Channel and HFC 
(A108.4). The Plan will recommend a specific alternative for implementation and will be 
prepared in consultation with the resource agencies.  

Prior to the Facilities Modification(s) described in Article A108.4, if DWR does not achieve the 
applicable Table 2-22 Robinson Riffle temperature upon release of the specified minimum flow, 
DWR shall singularly, or in combination perform the following actions: 

(1) Curtail pump-back operation, 

(2) Remove shutters on Hyatt Intake, and  

(3) Increase flow releases in the LFC up to a maximum of 1500 cfs, consistent with the 
minimum flow standards in the HFC. Table 2-22 temperatures are targets and if they are 
not met there is no license violation.  

If in any given year DWR anticipates that these measures will not achieve the temperatures in 
Table 2-22. DWR shall consult with the NMFS, FWS, DFG, and California SWRCB to discuss 
potential approaches to best managing the remaining coldwater pool in Lake Oroville, which 
may result in changes in the way Licensee performs actions (1), (2), and (3) listed above.  
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Table 2-22  LFC as Measured at Robinson Riffle.  

(all temperatures are in daily mean value (degrees F)) 

Month Temperature (° F)  

January 56 

February 56 

March 56 

April 56 

May 1-15 56-63* 

May 16-31 63 

June 1 – 15 63 

June 16 – 30 63 

July 63 

August 63 

September 1-8 63-58* 

September 9 – 30 58 

October 56 

November 56 

December 56 

* Indicates a period of transition from the first temperature to 
   the second temperature. 

 

After completion of the Facilities Modification(s), DWR shall no longer be required to perform 
the measures listed in (1), (2), and (3), unless Table 2-22 temperatures are exceeded. DWR shall 
operate the project to meet temperature requirements in Table 2-22 in the LFC, unless it is a 
Conference Year as described in Article 108.6. The proposed water temperature objectives in 
Table 2-23 (in Article 108), measured at the southern FERC project boundary, will be evaluated 
for potential water temperature improvements in the HFC. DWR will study options for Facilities 
Modification(s) to achieve those temperature benefits. 

There would be a testing period of at least five years in length to determine whether the HFC 
temperature benefits are being realized (A108.5). At the end of the testing period, DWR will 
prepare a testing report that may recommend changes in the facilities, compliance requirements 
for the HFC and the definition of Conference Years (those years where DWR may have 
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difficulties in achieving the temperature requirements due to hydrologic conditions.) The 
challenges of implementing Table 2-23 temperatures will require the phased development of the 
Table 2-23 water temperature objective and likely, a revision to Table 2-23 prior to Table 2-23 
becoming a compliance obligation. 

Table 2-23  HFC as measured at Downstream Project Boundary 

(all temperatures are in daily mean value (degrees F)) 
Month Temperature 

January 56 

February 56 

March 56 

April 61 

May  64 

June 64 

July 64 

August 64 

September 61 

October 60 

November 56 

December 56 

 

Habitat Expansion Agreement  
The Habitat Expansion Agreement is a component of the 2006 Settlement Agreement to address 
DWR obligations in regard to blockage and fish passage issues in regard to the construction of 
Oroville Dam. Because it deals with offsite mitigation it will not included in the new FERC 
license.  

Construction of the Oroville Facilities and Pacific Gas and Electric Company’s construction of 
other hydroelectric facilities on the upper Feather River tributaries blocked passage and reduced 
available habitat for ESA listed anadromous salmonids Central Valley spring-run Chinook 
salmon (Oncorhynchus tshawytscha) (spring-run) and Central Valley steelhead (O. mykiss) 
(steelhead). The reduction in spring-run habitat resulted in spatial overlap with fall-run Chinook 
salmon and has led to increased redd superimposition, competition for limited habitat, and 
genetic introgression. FERC relicensing of hydroelectric projects in the Feather River basin has 
focused attention on the desirability of expanding spawning, rearing and adult holding habitat 
available for Central Valley spring-run and steelhead. The Settlement Agreement Appendix F 
includes a provision to establish a habitat enhancement program with an approach for 
identifying, evaluating, selecting and implementing the most promising action(s) to expand such 
spawning, rearing and adult holding habitat in the Sacramento River Basin as a contribution to 
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the conservation and recovery of these species. The specific goal of the Habitat Expansion 
Agreement is to expand habitat sufficiently to accommodate an estimated net increase of 2,000 
to 3,000 spring-run or steelhead for spawning (Habitat Expansion Threshold). The population 
size target of 2,000 to 3,000 spawning individuals was selected because it is approximately the 
number of spring-run and steelhead that historically migrated to the upper Feather River. 
Endangered species issues will be addressed and documented on a specific project-related basis 
for any restoration actions chosen and implemented under this Agreement. 

Anadromous Fish Monitoring on the Lower Feather River 
Until the new FERC license is issued and until a new monitoring program is adopted, DWR will 
continue to monitor anadromous fish in the Lower Feather River in compliance with the project 
description set out in Reclamation’s 2004 BA. 

As required in the FERC Settlement Agreement (Article A101), within three years following the 
FERC license issuance, DWR will develop a comprehensive Lower Feather River Habitat 
Improvement Plan that will provide an overall strategy for managing the various environmental 
measures developed for implementation, including the implementation schedules, monitoring, 
and reporting. Each of the programs and components of the Lower Feather River Habitat 
Improvement Plan shall be individually evaluated to assess the overall effectiveness of each 
action within the Lower Feather River Habitat Improvement Plan.  

Delta Field Division 

SWP facilities in the southern Delta include Clifton Court Forebay, John E. Skinner Fish 
Facility, and the Banks Pumping Plant. CCF is a 31,000 af reservoir located in the southwestern 
edge of the Delta, about ten miles northwest of Tracy. CCF provides storage for off-peak 
pumping, moderates the effect of the pumps on the fluctuation of flow and stage in adjacent 
Delta channels, and collects sediment before it enters the California Aqueduct. Diversions from 
Old River into CCF are regulated by five radial gates.  

The John E. Skinner Delta Fish Protective Facility is located west of the CCF, two miles 
upstream of the Banks Pumping Plant. The Skinner Fish Facility screens fish away from the 
pumps that lift water into the California Aqueduct (CA). Large fish and debris are directed away 
from the facility by a 388-foot long trash boom. Smaller fish are diverted from the intake channel 
into bypasses by a series of metal louvers, while the main flow of water continues through the 
louvers and towards the pumps. These fish pass through a secondary system of screens and pipes 
into seven holding tanks, where a subsample is counted and recorded. The salvaged fish are then 
returned to the Delta in oxygenated tank trucks. 

The Banks Pumping Plant is in the south Delta, about eight miles northwest of Tracy and marks 
the beginning of the CA. By means of 11 pumps, including two rated at 375 cfs capacity, five at 
1,130 cfs capacity, and four at 1,067 cfs capacity, the plant provides the initial lift of water 244 
feet into the CA. The nominal capacity of the Banks Pumping Plant is 10,300 cfs. 

Other SWP operated facilities in and near the Delta include the North Bay Aqueduct (NBA), the 
Suisun Marsh Salinity Control Gates (SMSCG), Roaring River Distribution System (RRDS), and 
up to four temporary barriers in the south Delta. Each of these facilities is discussed further in 
later sections. 
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Clifton Court Forebay 

CCF is a regulated reservoir at the head of the CA in the south Delta. Inflows to the CCF are 
controlled by radial gates, whose real-time operations are constrained by a scouring limit (i.e. 
12,000 cfs) at the gates and by water level concerns in the south Delta for local agricultural 
diverters. An interim agreement between DWR and South Delta Water Agency specifies three 
modes, or “priorities,” for CCF gate operation. These priorities are depicted in Figure 2-13 
below. Of the three priorities, Priority 1 is the most protective of south Delta water levels. Under 
Priority 1, CCF gates are only opened during the ebb tides, allowing the flood tides to replenish 
south Delta channels. Priority 2 is slightly less protective because the CCF gates may be open as 
in Priority 1, but also during the last hour of the higher flood tide and through most of the lower 
flood tide. Finally, Priority 3 requires that the CCF gates be closed during the rising limb of the 
higher flood tide and also during the lowest part of the lower ebb tide, but permits the CCF gates 
to be open at all other times.  

When a large head differential exists between the outside and the inside of the gates, theoretical 
inflow can be as high as 15,000 cfs for a very short time. However, existing operating procedures 
identify a maximum design flow rate of 12,000 cfs, to minimize water velocities in surrounding 
south Delta channels, to control erosion, and to prevent damage to the facility.  



OCAP BA Project Description 

 August 2008 2-99 

 

Figure 2-13  Clifton Court Gate Operations 
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Clifton Court Forebay Aquatic Weed Control Program 
DWR will apply copper based herbicide complexes including copper sulfate pentahydrate, 
Komeen,® and Nautique® on an as-needed basis to control aquatic weeds and algal blooms in 
Clifton Court Forebay (Forebay). Komeen® is a chelated copper herbicide (copper-
ethylenediamine complex and copper sulfate pentahydrate) and Nautique® is a copper carbonate 
compound (see Sepro product labels). These products are used to control algal blooms so that 
such algae blooms do not degrade drinking water quality through tastes and odors and production 
of algal toxins. Dense growth of submerged aquatic weeds, predominantly Egeria densa, can 
cause severe head loss and pump cavitation at Banks Pumping Plant when the stems of the 
rooted plant break free and drift into the trashracks. This mass of uprooted and broken vegetation 
essentially forms a watertight plug at the trashracks and vertical louver array. The resulting 
blockage necessitates a reduction in the pumping rate of water to prevent potential equipment 
damage through cavitation at the pumps. Cavitation creates excessive wear and deterioration of 
the pump impeller blades. Excessive floating weed mats also reduce the efficiency of fish 
salvage at the Skinner Fish Facility. Ultimately, this all results in a reduction in the volume of 
water diverted by the State Water Project.  

Herbicide treatments will occur only in July and August on an as needed basis in the Forebay 
dependent upon the level of vegetation biomass in the enclosure. It is not possible to predict 
future Forebay conditions with climate change. However, the frequency of herbicide applications 
is not expected to occur more than twice per year. Herbicides are typically applied early in the 
growing season when plants are susceptible to the herbicides due to rapid growth and formation 
of plant tissues, or later in the season, when plants are mobilizing energy stores from their leaves 
towards their roots for over wintering senescence. Past use of aquatic herbicides is presented 
inTable 2-24. 

Table 2-24 Aquatic herbicide applications in Clifton Court Forebay, 1995- Present.  

Note: The past applications are provided to give the reader an indication of the frequency of herbicide applications 
in the past (baseline). 

Year Date 
Aquatic 
Herbicide 

1995 5/15/1995 Komeen® 

 1995 8/21/1995 Komeen® 

1996 6/11/1996 Komeen® 

 1996 9/10/1996 Komeen® 

1997 5/23/1997 Komeen® 

 1997 7/14/1997 Komeen® 

1998 7/13/1998 Komeen® 

1999 6/11/1999 Komeen® 

2000 7/31/2000 Komeen® 
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Year Date 
Aquatic 
Herbicide 

2001 6/29/2001 Nautique 

2002 6/24/2002 Komeen® 

2003 5/12/2003 Nautique 

2003 8/13/2003 Copper Sulfate 

2004 6/3/2004 Komeen® 

2004 7/22/2004 Copper Sulfate 

2005 5/3/2005 Komeen® 

2005 6/21/2005 Komeen® 

2006 6/1/2006 Komeen® 

2006 6/29/2006 Komeen® 

 

Additionally, copper sulfate pentahydrate was applied once in 2003 and 2004 by helicopter to 
control taste and odor producing benthic cyanobacteria.  

Aquatic weed management problems in the Forebay have to date been limited to about 700 acres 
of the 2,180 total water surface acres. Application of the herbicide is limited to only those areas 
in the Forebay that require treatment. The copper based herbicides, Komeen® or Nautique, are 
applied by helicopter or boat to only those portions where aquatic weeds present a management 
problem to the State. 

To date, algal problems in the Forebay have been caused by attached benthic cyanobacteria 
which produce unpleasant tastes and odors in the domestic drinking water derived from the SWP 
operations. Copper sulfate is applied to the nearshore areas of the Forebay when results of Solid 
phase microextraction (SPME) (APHA, 2005) analysis exceed the control tolerances (MIB < 5 
ng/L and geosmin < 10 ng/L are not detected by consumers in drinking water supplies). (Aquatic 
Pesticide Application Plan, 2004). Highest biomass of taste and odor producing cyanobacteria 
was present in the nearshore areas but not limited to shallow benthic zone. Annually, application 
areas may vary considerably based on the extent of the algal infestation in the Forebay. 

The DWR receives Clean Water Act pollutant discharge coverage under the National Pollutant 
Discharge Elimination System (NPDES) Permit No. CAG990005 (General Permit) issued by the 
State Water Resources Control Board (State Board) for application of aquatic pesticides to the 
State Water Project’s (SWP) aqueducts, forebays, and reservoirs when necessary to achieve 
management goals. The State Board functions as the Environmental Protection Agency’s (EPA) 
non-federal representative for implementation of the Clean Water Act in California.  

A Mitigated Negative Declaration was prepared by DWR to comply with California 
Environmental Quality Act (CEQA) requirements associated with regulatory requirements 
established by the SWRCB. DWR, a public entity, was granted a Section 5.3 Exception by the 
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SWRCB (Water Quality Order 2004-0009-DWQ) and is not required to meet the copper 
limitation in receiving waters during the exception period from March 1 to November 30 as 
described in the DWR’s Aquatic Pesticide Application Plan. DWR's Mitigated Negative 
Declaration was reviewed by DFG and no comments were submitted. However, to date, neither 
DWR nor the State Board has engaged the Services in section 7 consultations regarding the 
adverse impacts of the aquatic weed control program on listed fish species within the Forebay as 
a result of actions undertaken under the authority of DWR’s NPDES permit.  

Proposed Measures to Reduce Fish Mortality  
Komeen® will be applied according to the product label directions as required by state and 
federal law. The Forebay elevation will be raised to +2 feet above mean sea level for an average 
depth of about 6 feet within the 700-water surface acre treatment zone. The herbicide will be 
applied at a rate of 13 gallons per surface acre to achieve a final operational concentration in the 
water body of 0.64 mg/L Cu2+. (640 ppb). Application rate of 13 gallons per surface area is 
calculated based on mean depth. The product label allows applications up to 1 mg/L (1000 ppb 
or 1 ppm). DWR applies Komeen in accordance with the specimen label that states, "If treated 
water is a source of potable water, the residue of copper must not exceed 1 ppm (mg/L)". 

In 2005, 770 surface acres were treated with Komeen®. Clifton Court Forebay has a mean depth 
of 6 feet at 2 feet above mean sea level; thus the volume treated is 4620 acre-feet. 

The concentration of the active ingredient (Cu2+) is calculated from the following equation: 

Cu2+ (ppm) = Komeen (gallon)/ (Mean Depth (feet) * 3.34)) Source: Komeen® Specimen Label 
EPA reg No. 67690-25 

The calculated concentration of Cu2+ for the 2005 application was 0.65 mg/L Cu2+. The copper 
level required to control Egeria densa (the main component of the Clifton Court Forebay aquatic 
plant community) is 0.5 - 0.75 mg/L Cu2+. Source: Komeen® Specimen Label. 

Prior to application of copper based herbicides, toxicity testing and literature review of LC-50 
levels for salmon, steelhead, delta smelt, and green sturgeon may be conducted upon consultation 
with fisheries agency staff.Once applied, the initial stock copper concentration is reduced rapidly 
(hours) by dilution (Komeen® applied according to the Specimen Label (SePro Corporation) of 
the product in the receiving water to achieve final concentration levels. Based on the treatment 
elevation of +2 feet, only about 20 percent (4,630 AF) of the 22,665 AF Forebay will be treated 
(AF = Acre-feet= volume). The copper will be applied beginning on one side of the Forebay 
allowing fish to move out of the treatment area. In addition, Komeen® will be applied by boats 
at a slower rate than in previous years when a helicopter was used. 

In 2006 DWR proposed the following actions to reduce fish mortality in coordination with DFG 
and NOAA/NMFS. Also, the hydroacoustical aquatic plant survey was continued in 2007 when 
no Komeen application was done. A survey in 2008 is also planned. These actions will continue 
to be followed in the future. 

1. Komeen® or copper sulfate will not be applied prior to July 1.  

2. The salvage of listed fish species at Skinner Fish Facility will be monitored prior to the 
Komeen® application.  
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3. The intake (radial) gates at Clifton Court Forebay will be closed 24 hours prior to the 
scheduled application to improve fish passage out of the designated treatment areas. 

4. The radial gates will not be re-opened to allow inflow into the Forebay for 24 hours 
following the end of the aquatic herbicide application. The Clifton Court intake gates will 
therefore be closed for 48 hours. The Komeen® Specimen Label recommends a 12-24 
hours contact with target weeds to provide effective control. Twenty-four hours is at the 
high end for recommended contact time according to the Komeen® Specimen Label. 

5. Komeen® will be applied by boat, first to the nearshore areas and then outwards in 
transects away from the shore. The application will be conducted by a private contractor 
and supervised by a California Certified Pest Control Advisor. 

6. The herbicide treatment will be scheduled and planned for minimizing the treatment area 
by using hydroacoustical plant mapping technology to locate and estimate the area of 
submerged vegetation beds. The smallest possible area will be treated to minimize both 
the volume of aquatic herbicide applied and lessen the impacts to fish in the Forebay. 
Examples of figures from the 2005 hydroacoustical survey are enclosed. 

7. Copper monitoring and analysis will follow the procedures described in the DWR Quality 
Assurance Project Plan submitted to the State Water Resources Control Board in 
February 2002. There are no plans to measure sediment and detrial copper 
concentrations. The Quality Assurance Plan was submitted to the SWRCB on February 
26, 2002 and no comments were received. 

Alternative Weed Control Options  
DWR has evaluated both mechanical and non-copper based chemicals in Clifton Court Forebay. 
In 2007, no aquatic herbicides were applied to the Forebay and a mechanical harvester was 
operated for 27 days in July and August. Harvesting reduced the standing crop of floating 
pondweed (Potamogeton nodosus) but has the potential to cause stem fragmentations in Egeria 
densa and disperse the plant. In 2006, the harvester was operated for six days. 

In 1999, DWR and SePro tested the non-copper based aquatic pesticide, Sonar™ (SRP) in four 
10-acre test plots. Fluridone is the active ingredient in Sonar. The efficacy was evaluated one 
month after application by comparing weed density in the treated plots to untreated controls. We 
found no significant reduction in aquatic plants within the Sonar™ treated plots. Although 
Sonar™ has been effective in a number of lakes, the short residence time in Clifton Court and 
high water movements combined to reduce its efficacy in the Forebay. In 2000, DWR and SePro 
treated one 50-acre test plot again using the granular Sonar™. Due to the high movement of the 
water and high wind conditions, the results were similar to 1999. Repeated applications of Sonar 
(e.g. weekly) would be required to maintain the target concentration of Fluridone.  

Sonar is now available in a new formulation (Q) that might prove effective with the short 
residence time in Clifton Court. DWR is evaluating this new formulation which could provide 
multi-year control of aquatic weeds in the Forebay. Department of Boating and Waterways used 
Sonar in their Egeria densa Control Program (EDCP) and reported (1) no degradation of Delta 
water quality following treatments; (2) minimal persistent concentrations of chemicals following 
treatments (most far below labeled rates, application concentrations, and guiding standards); and 
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(3) less than significant adverse toxicity effects on test organisms used by EDCP contract 
laboratories. 

There are no alternative treatments to copper sulfate for algae that are effective at controlling 
taste and odor producing cyanobacteria. 

Notification of Other Agencies  
Fish and Game has been notified of the application and outage (period of interruption in 
pumping at H.O. Banks Delta Pumping Plant) dates and times. 

North Bay Aqueduct Intake at Barker Slough 

The Barker Slough Pumping Plant diverts water from Barker Slough into the North Bay 
Aqueduct (NBA) for delivery in Napa and Solano Counties. Maximum pumping capacity is 175 
cfs (pipeline capacity). During the past few years, daily pumping rates have ranged between 0 
and 140 cfs. The current maximum pumping rate is 140 cfs because an additional pump is 
required to be installed to reach 175 cfs. In addition, growth of biofilm in a portion of the 
pipeline is also limiting the NBA ability to reach its full capacity. 

The NBA intake is located approximately 10 miles from the main stem Sacramento River at the 
end of Barker Slough. Per salmon screening criteria, each of the ten NBA pump bays is 
individually screened with a positive barrier fish screen consisting of a series of flat, stainless 
steel, wedge-wire panels with a slot width of 3/32 inch. This configuration is designed to exclude 
fish approximately one inch or larger from being entrained. The bays tied to the two smaller 
units have an approach velocity of about 0.2 ft/s. The larger units were designed for a 0.5 ft/s 
approach velocity, but actual approach velocity is about 0.44 ft/s. The screens are routinely 
cleaned to prevent excessive head loss, thereby minimizing increased localized approach 
velocities. 

Delta smelt monitoring was required at Barker Slough under the March 6, 1995 OCAP BO. 
Starting in 1995, monitoring was required every other day at three sites from mid-February 
through mid-July, when delta smelt may be present and continued monitoring was stopped in 
2005. As part of the Interagency Ecological Program (IEP), DWR has contracted with the DFG 
to conduct the required monitoring each year since the BO was issued. Details about the survey 
and data are available on DFG’s website (http://www.delta.dfg.ca.gov/data/NBA).  

A recent review by the IEP indicates that the present NBA monitoring program is not very 
effective for the management of delta smelt. Data from the first nine years of monitoring show 
that catch of delta smelt in Barker Slough has been consistently very low, an average of just five 
percent of the values for nearby north Delta stations (Cache, Miner and Lindsey sloughs)(10-45); 
thus the monitoring was stopped in 2005. These results are discussed in further detail in Chapter 
13 which is titled Delta Effects.  

Based on these findings, the Delta Smelt Working Group recommended a broader regional 
survey during the primary period when delta smelt are most vulnerable to water project 
diversions. Beginning in 2008, the NBA larval sampling will be replaced by an expanded 20 mm 
survey (described at http://www.delta.dfg.ca.gov/data/20mm) that has proven to be fairly 
effecting and tracking delta smelt distribution and reducing entrainment. The expanded survey 
covers all existing 20-mm stations, in addition to a new suite of stations near NBA. The 
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expanded survey also has an earlier seasonal start and stop date to focus on the presence of 
larvae in the Delta. The gear type was a surface boom tow, as opposed to oblique sled tows that 
have traditionally been used to sample larval fishes in the San Francisco Estuary.  

Coordinated Facilities of the CVP and SWP 

Joint Project Facilities 

Suisun Marsh 

Since the early 1970's, the California Legislature, SWRCB, Reclamation, DFG, Suisun Resource 
Conservation District (SRCD), DWR, and other agencies have worked to preserve beneficial 
uses of Suisun Marsh in mitigation for perceived impacts of reduced Delta Outflow on the 
salinity regime. Early on, salinity standards set by the State Water Resources Control Board 
(SWRCB) to protect alkali bulrush production, a primary waterfowl plant food. The most recent 
standard under Water Right Decision 1641 acknowledges that multiple beneficial uses deserve 
protection. 

A contractual agreement between DWR, Reclamation, DFG and SRCD contains provisions for 
DWR and Reclamation to mitigate the effects on Suisun Marsh channel water salinity from the 
SWP and CVP operations and other upstream diversions. The Suisun Marsh Preservation 
Agreement (SMPA) requires DWR and Reclamation to meet salinity standards (Figure 2-14), 
sets a timeline for implementing the Plan of Protection, and delineates monitoring and mitigation 
requirements. In addition to the contractual agreement, SWRCB Water Rights Decision 1485 
codified salinity standards in 1978, which have been carried forward to SWRCB Water Rights 
Decision 1641.  
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Figure 2-14 Compliance and monitoring stations and salinity control facilities in Suisun Marsh. 

There are two primary physical mechanisms for meeting salinity standards set forth in D-1641 
and the SMPA:  (1) the implementation and operation of physical facilities in the Marsh; and (2) 
management of Delta outflow (i.e. facility operations are driven largely by salinity levels 
upstream of Montezuma Slough and salinity levels are highly sensitive to Delta outflow). 
Physical facilities (described below) have been operating since the early 1980s and have proven 
to be a highly reliable method for meeting standards. However, since Delta outflow cannot be 
actively managed by the Suisun Marsh Program, Marsh facility operations must be adaptive in 
response to changing salinity levels in the Delta.  

CALFED Charter for Development of an Implementation Plan for Suisun Marsh Wildlife 
Habitat Management and Preservation 

The goal of the CALFED Charter is to develop a regional plan that balances implementation of 
the CALFED Program, Suisun Marsh Preservation Agreement, and other management and 
restoration programs within Suisun Marsh. This is to be conducted in a manner that is responsive 
to the concerns of stakeholders and based upon voluntary participation by private land owners. 
The Habitat Management, Preservation, and Restoration Plan for the Suisun Marsh (Suisun 
Marsh Plan) and its accompanying Programmatic Environmental Impact Statement/Report 
(PEIS/EIR) will develop, analyze, and evaluate potential effects of various actions in the Suisun 
Marsh. The actions are intended to preserve and enhance managed seasonal wetlands, implement 
a comprehensive levee protection/improvement program, and protect ecosystem and drinking 
water quality, while restoring habitat for tidal marsh-dependent sensitive species, consistent with 
the CALFED Bay-Delta Program's strategic goals and objectives. The FWS and Reclamation are 
NEPA co-leads while DFG is the lead state CEQA agency. 
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A complete list of participating agencies is provided below: 

• Bureau of Reclamation (Reclamation) 

• U.S. Fish & Wildlife Service (FWS) 

• California Department of Fish and Game (DFG) 

• Suisun Resource Conservation District (SRCD)  

• California Department of Water Resources (DWR) 

• U.S. Army Corps of Engineers (Corps) 

• NOAA National Marine Fisheries Service (NMFS) 

• San Francisco Bay-Delta Science Consortium (Bay-Delta Consortium) 

• California Bay-Delta Authority (CBDA) 

• CALFED Ecosystem Restoration, Levees, Drinking Water, and Science Programs 

• Bay Conservation and Development Commission (BCDC) 

• US Geological Survey (USGS) Suisun Resource Conservation District  

Suisun Marsh Salinity Control Gates 
The SMSCG are located on Montezuma Slough about 2 miles downstream from the confluence 
of the Sacramento and San Joaquin Rivers, near Collinsville. Operation of the SMSCG began in 
October 1988 as Phase II of the Plan of Protection for the Suisun Marsh. The objective of Suisun 
Marsh Salinity Control Gate operation is to decrease the salinity of the water in Montezuma 
Slough The facility, spanning the 465 foot width of Montezuma Slough, consists of a boat lock, a 
series of three radial gates, and removable flashboards. The gates control salinity by restricting 
the flow of higher salinity water from Grizzly Bay into Montezuma Slough during incoming 
tides and retaining lower salinity Sacramento River water from the previous ebb tide. Operation 
of the gates in this fashion lowers salinity in Suisun Marsh channels and results in a net 
movement of water from east to west.  

When Delta outflow is low to moderate and the gates are not operating, tidal flow past the gate is 
approximately +/- 5,000-6,000 cfs while the net flow is near zero. When operated, flood tide 
flows are arrested while ebb tide flows remain in the range of 5,000-6,000 cfs. The net flow in 
Montezuma Slough becomes approximately 2,500-2,800 cfs. The Corps of Engineers permit for 
operating the SMSCG requires that it be operated between October and May only when needed 
to meet Suisun Marsh salinity standards. Historically, the gate has been operated as early as 
October 1, while in some years (e.g. 1996) the gate was not operated at all. When the channel 
water salinity decreases sufficiently below the salinity standards, or at the end of the control 
season, the flashboards are removed and the gates raised to allow unrestricted movement through 
Montezuma Slough. Details of annual gate operations can be found in “Summary of Salinity 
Conditions in Suisun Marsh During Water Years 1984-1992" (DWR, 1994b), or the “Suisun 
Marsh Monitoring Program Data Summary” produced annually by DWR, Division of 
Environmental Services. 

The approximately 2,800 cfs net flow induced by SMSCG operation is effective at moving the 
salinity downstream in Montezuma Slough. Salinity is reduced by roughly one-hundred percent 
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at Beldons Landing, and lesser amounts further west along Montezuma Slough. At the same 
time, the salinity field in Suisun Bay moves upstream as net Delta outflow (measured nominally 
at Chipps Island) is reduced by gate operation (Figure 2-15). Net outflow through Carquinez 
Strait is not affected. Figure 2-15 indicates the approximate position of X2 and how is 
transported upstream when the gate is operated.  

 

 

Figure 2-15 Average of seven years salinity response to SMSCG gate operation in Montezuma 
Slough and Suisun Bay.  

Note: Magenta line is salinity profile 1 day before gate operation, blue line is salinity 10 days after gate operation. 

It is important to note that historical gate operations (1988 – 2002) were much more frequent 
than recent and current operations (2006 – May 2008). Operational frequency is affected by 
many drivers (hydrologic conditions, weather, Delta outflow, tide, fishery considerations, etc). 
The gates have also been operated for scientific studies. Figure 2-16 shows that the gates were 
operated between 60 and 120 days between October and December during the early years (1988-
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2004). Salmon passage studies between 1998 and 2003 increased the number of operating days 
by up to 14 to meet study requirements. After discussions with NMFS based on study findings, 
the boat lock portion of the gate is now held open at all times during SMSCG operation to allow 
for continuous salmon passage opportunity. With increased understanding of the effectiveness of 
the gates in lowering salinity in Montezuma Slough, salinity standards have been met with less 
frequent gate operation since 2006. Figure 3 shows that despite very low outflow in the fall of 
the two most recent water years, gate operation was not required at all in fall 2007 and was 
limited to 17 days in winter 2008. Assuming no significant, long-term changes in the drivers 
mentioned above, this level of operational frequency (10 – 20 days per year) can generally be 
expected to continue to meet standards in the future except perhaps during the most critical 
hydrologic conditions and/or other conditions that affect Delta outflow.  

 

 

Figure 2-16 SMSCG operation frequency versus outflow since 1988. 
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SMSCG Fish Passage Study  
The SMSCG were constructed and operate under Permit 16223E58 issued by the Corps, which 
includes a special condition to evaluate the nature of delays to migrating fish. Ultrasonic 
telemetry studies in 1993 and 1994 showed that the physical configuration and operation of the 
gates during the Control Season have a negative effect on adult salmonid passage (Tillman et al 
1996: Edwards et al 1996).  

The Department coordinated additional fish passage studies in 1998, 1999, 2001, 2002, 2003, 
and 2004. Migrating adult fall-run Chinook salmon were tagged and tracked by telemetry in the 
vicinity of the SMSCG to assess potential measures to increase the salmon passage rate and 
decrease salmon passage time through the gates. 

Results in 2001, 2003, and 2004 indicate that leaving the boat-lock open during the Control 
Season when the flashboards are in place at the SMSCG and the radial gates are tidally operated 
provides a nearly equivalent fish passage to the Non-Control Season configuration when the 
flashboards are out and the radial gates are open. This approach minimizes delay and blockage of 
adult Sacramento River winter-run Chinook salmon, Central Valley spring-run Chinook salmon, 
and Central Valley steelhead migrating upstream during the Control Season while the SMSCG is 
operating. However, the boat-lock gates may be closed temporarily to stabilize flows to facilitate 
safe passage of watercraft through the facility.  

Reclamation and DWR are continuing to coordinate with the SMSCG Steering Committee in 
identifying water quality criteria, operational rules, and potential measures to facilitate removal 
of the flashboards during the Control Season that would provide the most benefit to migrating 
fish. However, the flashboards would not be removed during the Control Season unless it was 
certain that standards would be met for the remainder of the Control Season without the 
flashboards installed. 

Roaring River Distribution System 
The Roaring River Distribution System (RRDS) was constructed during 1979 and 1980 as part of 
the Initial Facilities in the Plan of Protection for the Suisun Marsh. The system was constructed 
to provide lower salinity water to 5,000 acres of private and 3,000 acres of DFG managed 
wetlands on Simmons, Hammond, Van Sickle, Wheeler, and Grizzly Islands.  

The RRDS includes a 40-acre intake pond that supplies water to Roaring River Slough. 
Motorized slide gates in Montezuma Slough and flap gates in the pond control flows through the 
culverts into the pond. A manually operated flap gate and flashboard riser are located at the 
confluence of Roaring River and Montezuma Slough to allow drainage back into Montezuma 
Slough for controlling water levels in the distribution system and for flood protection. DWR 
owns and operates this drain gate to ensure the Roaring River levees are not compromised during 
extremely high tides. 

Water is diverted through a bank of eight 60-inch-diameter culverts equipped with fish screens 
into the Roaring River intake pond on high tides to raise the water surface elevation in RRDS 
above the adjacent managed wetlands. Managed wetlands north and south of the RRDS receive 
water, as needed, through publicly and privately owned turnouts on the system. 
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The intake to the RRDS is screened to prevent entrainment of fish larger than approximately 
25 mm. DWR designed and installed the screens based on DFG criteria. The screen is a 
stationary vertical screen constructed of continuous-slot stainless steel wedge wire. All screens 
have 3/32-inch slot openings. After the listing of delta smelt, RRDS diversion rates have been 
controlled to maintain an average approach velocity below 0.2 ft/s at the intake fish screen. 
Initially, the intake culverts were held at about 20 percent capacity to meet the velocity criterion 
at high tide. Since 1996, the motorized slide gates have been operated remotely to allow hourly 
adjustment of gate openings to maximize diversion throughout the tide. 

Routine maintenance of the system is conducted by DWR and primarily consists of maintaining 
the levee roads and fish screens. RRDS, like other levees in the marsh, have experienced 
subsidence since the levees were constructed in 1980. In 1999, DWR restored all 16 miles of 
levees to design elevation as part of damage repairs following the 1998 flooding in Suisun 
Marsh. In 2006, portions of the north levee were repaired to address damage following the 
January 2006 flooding. 

Morrow Island Distribution System 
The Morrow Island Distribution System (MIDS) was constructed in 1979 and 1980 in the south-
western Suisun Marsh as part of the Initial Facilities in the Plan of Protection for the Suisun 
Marsh. The contractual requirement for the Reclamation and DWR is to provide water to the 
ownerships so that lands may be managed according to approved local management plans.The 
system was constructed primarily to channel drainage water from the adjacent managed wetlands 
for discharge into Suisun Slough and Grizzly Bay. This approach increases circulation and 
reduces salinity in Goodyear Slough (GYS).  

The MIDS is used year-round, but most intensively from September through June. When 
managed wetlands are filling and circulating, water is tidally diverted from Goodyear Slough just 
south of Pierce Harbor through three 48-inch culverts. Drainage water from Morrow Island is 
discharged into Grizzly Bay by way of the C-Line Outfall (two 36-inch culverts) and into the 
mouth of Suisun Slough by way of the M-Line Outfall (three 48-inch culverts), rather than back 
into Goodyear Slough. This helps prevent increases in salinity due to drainage water discharges 
into Goodyear Slough. The M-Line ditch is approximately 1.6 miles in length and the C-Line 
ditch is approximately 0.8 miles in length. 

The 1997 FWS BO issued for dredging of the facility included a requirement for screening the 
diversion to protect delta smelt. Due to the high cost of fish screens and the lack of certainty 
surrounding their effectiveness at MIDS, DWR and Reclamation proposed to investigate fish 
entrainment at the MIDS intake with regard to fishery populations in Goodyear Slough and to 
evaluate whether screening the diversion would provide substantial benefits to local populations 
of listed fish species. DWR staff monitored fish entrainment from September 2004 to June 2006 
at the MIDS in Suisun Marsh (Figure 1) to evaluate entrainment losses at the facility. Monitoring 
took place over several months under various operational configurations to provide data on the 
site-specific impact of the MIDS diversion with a focus on delta smelt and salmonids. Over 20 
different species were identified during the sampling, yet only two fall-run sized Chinook salmon 
(south intake, 2006) and no delta smelt from entrained water were caught. Two species that 
associate with instream structures, threespine stickleback and prickly sculpin, comprised most of 
the entrained fish. DWR and Reclamation staff will continue coordination with the fishery 
agencies to address the screening requirement.  



Project Description OCAP BA 

2-112 August 2008 

Reclamation and DWR continue to coordinate with FWS, NMFS, and DFG regarding fish 
entrainment at this facility. The objective remains to provide the greatest benefit for aquatic 
species in Suisun Marsh. Studies suggest that GYS is a marginal, rarely used habitat for special-
status fishes. Therefore, implementation and/or monitoring of a tidal restoration project 
elsewhere is emerging as the most beneficial and practical approach (in lieu of installing and 
maintaining fish screens). Restoration of tidal wetland ecosystems is expected to aid in the 
recovery of several listed and special status species within the marsh and improve food 
availability for delta smelt and other pelagic organisms. 

To meet contractual commitments, the typical MIDS annual operation includes the actions 
described below. There are currently no plans to modify operations. 

Preseason Fill 
Approximately three weeks prior to waterfowl hunting season (mid to late October through mid 
to late January), the intake structure is open 35% to 60% to initially fill the MIDS. As the system 
of ditches fills, individual owners fill their ponds to desired water levels with water from the 
system and GYS, as needed. 

Circulation Drain/Fill 
During waterfowl hunting season, the intake structure is partially to fully open in order for 
individual landowners to circulate water through waterfowl ponds and to maintain appropriate 
water levels during the hunting season. In the event of high tides and/or significant storm events, 
the intakes may be closed as needed to reduce the risk of levee failure. 

End-of-Season Drain 
Following waterfowl hunting season, the intake structure is closed in order to deeply drain the 
waterfowl ponds through the MIDS outfall structures to Grizzly Bay.  

End-of-Season Leaching 
Following the end-of-season drain, the intake structure is partially open in order to provide water 
for individual landowners to circulate through waterfowl ponds to remove salt accumulated 
during the waterfowl hunting season. 

Brood Pond Circulation 
Except for leaching cycles, the MIDS intake structure is partially to fully open in order for 
individual landowners to circulate water through waterfowl ponds and to maintain appropriate 
salinity levels to create duck breeding areas. 

Maintenance Drain 
During late spring to September 15, the MIDS intake structure is closed to allow landowners to 
drain their waterfowl ponds in preparation for summer maintenance activities. 

Goodyear Slough Outfall 
The Goodyear Slough Outfall was constructed in 1979 and 1980 as part of the Initial Facilities. A 
channel approximately 69 feet wide was dredged from the south end of Goodyear Slough to Suisun 
Bay (about 2,800 feet). The excavated material was used for levee construction. The control 
structure consists of four 48-inch culverts with flap gates on the bay side. On ebb tides, Goodyear 
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Slough receives watershed runoff from Green Valley Creek and, to a lesser extent, Suisun Creek. 
The system was designed to draw creek flow south into Goodyear Slough, and thereby reduce 
salinity, by draining water one-way from the lower end of Goodyear Slough into Suisun Bay on 
the ebb tide. The one-way flap gates at the Outfall close on flood tide keeping saltier bay water 
from mixing into the slough. The system creates a small net flow in the southerly direction 
overlaid on a larger, bi-directional tidal flow. The system provides lower salinity water to the 
wetland managers who flood their ponds with Goodyear Slough water. Another initial facility, the 
Morrow Island Distribution System, diverts from Goodyear slough and receives lower salinity 
water. Since the gates are passively operated (in response to water surface elevation differentials) 
there are no operations schedules or records. The system is open for free fish movement except 
very near the Outfall when flap gates are closed during flood tides.  

South Delta Temporary Barriers Project 

The South Delta Temporary Barrier Project (TBP) was initiated by DWR in 1991. Permit 
extensions were granted in 1996 and again in 2001, when DWR obtained permits to extend the 
Temporary Barriers Project through 2007. The FWS has approved the extension of the permits 
through 2008. Continued coverage by FWS for the TBP will be assessed under this OCAP BA 
for the operational effects and under a separate Section 7 consultation for the construction and 
demolition effects. The NMFS recently submitted a biological opinion to the Corps which 
provides incidental take coverage for the continuation of the TBP through 2010.  

The project consists of four rock barriers across south Delta channels. In various combinations, 
these barriers improve water levels and San Joaquin River salmon migration in the south Delta. 
The existing TBP consists of installation and removal of temporary rock barriers at the following 
locations: 

• Middle River near Victoria Canal, about 0.5 miles south of the confluence of Middle 
River, Trapper Slough, and North Canal 

• Old River near Tracy, about 0.5 miles east of the DMC intake 

• Grant Line Canal near Tracy Boulevard Bridge, about 400 feet east of Tracy Boulevard 
Bridge 

• The head of Old River at the confluence of Old River and San Joaquin River 

The barriers on Middle River, Old River near Tracy, and Grant Line Canal are flow control 
facilities designed to improve water levels for agricultural diversions and are in place during the 
growing season. Under the FWS BO for the Temporary Barriers, operation of the barriers at 
Middle River and Old River near Tracy can begin May 15, or as early as April 15 if the spring 
barrier at the head of Old River is in place. From May 16 to May 31 (if the barrier at the head of 
Old River is removed) the tide gates are tied open in the barriers in Middle River and Old River 
near Tracy. After May 31, the barriers in Middle River, Old River near Tracy, and Grant Line 
Canal are permitted to be operational until they are completely removed by November 30.  

During the spring, the barrier at the head of Old River is designed to reduce the number of out-
migrating salmon smolts entering Old River. During the fall, this barrier is designed to improve 
flow and DO conditions in the San Joaquin River for the immigration of adult fall-run Chinook 
salmon. The barrier at the head of Old River barrier is typically in place between April 15 to 
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May 15 for the spring, and between early September to late November for the fall. Installation 
and operation of the barrier also depends on San Joaquin flow conditions.  

Proposed Installation and Operations of the Temporary Barriers 
The installation and operation of the TBP will continue until the permanent gates are 
constructed. The proposed installation schedule through 2010 will be identical to the current 
schedule. However, because of recent court rulings to protect Delta smelt, the installation of the 
spring HOR barrier is prohibited for 2008. As a result, the agricultural barriers installations are 
delayed according to the current permits until mid-May. 

To improve water circulation and quality, DWR in coordination with the South Delta Water 
Agency and Reclamation, began in 2007 to manually tie open the culvert flap gates at the Old 
River near Tracy barrier to improve water circulation and untie them when water levels fell 
unacceptably. This operation is expected to continue in subsequent years as needed to improve 
quality. Adjusting the barrier weir heights is being considered to improve water quality and 
circulation.  DWR will consult with FWS and NMFS if changes in the height of any or all of the 
weirs are sought. 

As the permanent gates are being constructed, temporary barrier operations will continue as 
planned and permitted. Because the permanent gates will not be constructed in the exact location 
of the temporary barriers, the temporary barriers can continue to be operated normally until the 
permanent gate structure that replaces it becomes operational. Computer model forecasts, real 
time monitoring, and coordination with local, State, and federal agencies and stakeholders will 
help determine if the temporary rock barriers operations need to be modified during the transition 
period.  

Conservation Strategies and Mitigation Measures 

Various measures and conditions required by regulatory agencies under past and current permits 
to avoid, minimize, and compensate for the TBP impacts have been complied with by DWR. An 
ongoing monitoring plan is implemented each year the barriers are installed and an annual 
monitoring report is prepared to summarize the activities. The monitoring elements include 
fisheries monitoring and water quality analysis, Head of Old River fish entrainment and Kodiak 
trawling study, salmon smolt survival investigations, barrier effects on SWP and CVP 
entrainment, Swainson’s Hawk monitoring, water elevation, water quality sampling, and 
hydrologic modeling. 

Past mitigation accomplished by DWR includes: 

• installing and operating fish screens at Sherman Island, 

• acquiring riparian scrub, shaded mudflat, shallow water habitat, and intertidal vegetation 
(Mason’s lilaeopsis) at Kimball Island, and 

• granting conservation easement to DFG at the Grizzly Slough for Swainson’s hawk 
mitigation. 

DWR will continue to meet the mitigation requirements of the TBP permits. 
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San Luis Complex 

Water in the mainstem of the California Aqueduct flows south by gravity into the San Luis Joint-
Use Complex (Figure 2-17), which was designed and constructed by the federal government and 
is operated and maintained by the DWR. This section of the California Aqueduct serves both the 
SWP and the federal CVP.  
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Figure 2-17  San Luis Complex 

San Luis Reservoir, the nation’s largest offstream reservoir (it has no natural watershed), is 
impounded by Sisk Dam, lies at the base of the foothills on the west side of the San Joaquin 
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Valley in Merced County, about two miles west of O’Neill Forebay. The reservoir provides 
offstream storage for excess winter and spring flows diverted from the Delta. It is sized to 
provide seasonal carryover storage. The reservoir can hold 2,027,840 af, of which 1,062,180 af is 
the state’s share, and 965,660 af is the federal share. Construction began in 1963 and was 
completed in 1967. Filled in 1969, the reservoir also provides a variety of recreational activities 
as well as fish and wildlife benefits.  

In addition to the Sisk Dam, San Luis Reservoir and O’Neill Dam and Forebay, the San Luis 
Complex consists of the following: (1) O’Neill Pumping-Generating Plant (Federal facility); (2) 
William R. Gianelli Pumping-Generating Plant (joint Federal-State facilities); (3) San Luis Canal 
(joint Federal-State facilities); (4) Dos Amigos Pumping Plant (joint Federal-State facilities); (5) 
Coalinga Canal (Federal facility); (6) Pleasant Valley Pumping Plant (Federal facility); and (7) 
the Los Banos and Little Panoche Detention Dams and Reservoirs (joint Federal-State facilities). 

The O’Neill Pumping-Generating Plant pumps water from the Delta-Mendota Canal to the 
O’Neill Forebay where it mixes with water from the California Aqueduct. From O’Neill 
Forebay, the water can either be pumped up into San Luis Reservoir via Gianelli Pumping-
Generating Plant or leave via the San Luis Canal. The Dos Amigos Pumping Plant is located on 
the San Luis Canal and 18 miles southeast of Sisk Dam. It lifts water 113 feet from the Aqueduct 
as it flows south from O’Neill Forebay.  

Los Banos Detention Dam and Reservoir provide flood protection for San Luis Canal, Delta 
Mendota Canal, the City of Los Banos, and other downstream developments. Between 
September and March, 14,000 af of space is maintained for flood control under specified 
conditions. Little Panoche Detention Dam and Reservoir provide flood protection for San Luis 
Canal, Delta Mendota Canal and other downstream developments. Water is stored behind the 
dam above dead storage of 315 af only during the period that inflow from Little Panoche Creek 
exceeds the capacity of the outlet works.  

To provide water to CVP and SWP contractors: (1) water demands and anticipated water 
schedules for water service contractors and exchange contractors must be determined; (2) a plan 
to fill and draw down San Luis Reservoir must be made; and (3) Delta pumping and San Luis 
Reservoir use must be coordinated. 

The San Luis Reservoir has very little natural inflow. Water is redirected during the fall, winter 
and spring months when the two pumping plants can divert more water from the Delta than is 
needed for scheduled demands. Because the amount of water that can be diverted from the Delta 
is limited by available water supply, Delta constraints, and the capacities of the two pumping 
plants, the fill and drawdown cycle of San Luis Reservoir is an extremely important element of 
Project operations. 

Reclamation attempts to maintain adequate storage in San Luis Reservoir to ensure delivery 
capacity through Pacheco Pumping Plant to the San Felipe Division.  Delivery capacity is 
significantly diminished as reservoir levels drop to the 326 ft elevation (79,000 acre-feet), the 
bottom of the lowest Pacheco Tunnel Inlet pipe. Lower reservoir elevations can also result in 
turbidity and algal treatment problems for the San Felipe Division water users.  These conditions 
of reduced or impending interruption in San Felipe Division deliveries require operational 
responses by Santa Clara Valley Water District to reduce or eliminate water deliveries for in-
stream and offstream groundwater recharge, and to manage for treatment plant impacts.  
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Depending on availability of local supplies, prolonged reduction or interruption in San Felipe 
Division deliveries may also result in localized groundwater overdraft. 

A typical San Luis Reservoir annual operation cycle starts with the CVP’s share of the reservoir 
storage nearly empty at the end of August. Irrigation demands decrease in September and the 
opportunity to begin refilling San Luis Reservoir depends on the available water supply in the 
northern CVP reservoirs and the pumping capability at Jones Pumping Plant that exceeds water 
demands. Jones Pumping Plant operations generally continue at the maximum diversion rates 
until early spring, unless San Luis Reservoir is filled or the Delta water supply is not available. 
As outlined in the Interior’s Decision on Implementation of Section 3406 (b)(2) of the CVPIA, 
Jones Pumping Plant diversion rates may be reduced during the fill cycle of the San Luis 
Reservoir for fishery management.  

In April and May, export pumping from the Delta is limited during the SWRCB D-1641 San 
Joaquin River pulse period standards as well as by the Vernalis Adaptive Management Program. 
During this same time, CVP-SWP irrigation demands are increasing. Consequently, by April and 
May the San Luis Reservoir has begun the annual drawdown cycle. In some exceptionally wet 
conditions, when excess flood water supplies from the San Joaquin River or Tulare Lake Basin 
occur in the spring, the San Luis Reservoir may not begin its drawdown cycle until late in the 
spring.  

In July and August, the Jones Pumping Plant diversion is at the maximum capability and some 
CVP water may be exported using excess Banks Pumping Plant capacity as part of a Joint Point 
of Diversion operation. Irrigation demands are greatest during this period and San Luis continues 
to decrease in storage capability until it reaches a low point late in August and the cycle begins 
anew. 

San Luis Unit Operation 

The CVP operation of the San Luis Unit requires coordination with the SWP since some of its 
facilities are entirely owned by the State and others are joint State and Federal facilities. Similar 
to the CVP, the SWP also has water demands and schedules it must meet with limited water 
supplies and facilities. Coordinating the operations of the two projects avoids inefficient 
situations (for example, one entity pumping water at the San Luis Reservoir while the other is 
releasing water). 

Total CVP San Luis Unit annual water supply is contingent on coordination with the SWP needs 
and capabilities. When the SWP excess capacity is used to support additional pumping for the 
CVP under the Joint Point of Diversion (JPOD) allowance (see section on JPOD, below), it may 
be of little consequence to SWP operations, but extremely critical to CVP operations. The 
availability of excess SWP capacity for the CVP is contingent on the ability of the SWP to meet 
its SWP contractors’ water supply commitments. Generally, the CVP will utilize excess SWP 
capacity; however, there are times when the SWP may need to utilize excess CVP capacity. 
Additionally, close coordination by CVP and SWP is required during this type of operation to 
ensure that water pumped into O’Neill Forebay does not exceed the CVP’s capability to pump 
into San Luis Reservoir or into the San Luis Canal at the Dos Amigos Pumping Plant.  

Although secondary to water management concerns, power scheduling at the joint facilities also 
requires close coordination. Because of time-of-use power cost differences, both entities will 
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likely want to schedule pumping and generation simultaneously. When facility capabilities of the 
two projects are limited, equitable solutions are achieved between the operators of the SWP and 
the CVP.  

From time to time, coordination between the Projects is also necessary to avoid sustained rapid 
drawdown limit at San Luis Reservoir which can cause sloughing of the bank material into the 
reservoir, resulting in water quality degradation and requiring additional maintenance on the 
dam. 

With the existing facility configuration, the operation of the San Luis Reservoir could impact the 
water quality and reliability of water deliveries to the San Felipe Division, if San Luis Reservoir 
is drawn down too low. Reclamation has an obligation to address this condition and may solicit 
cooperation from DWR, as long as changes in SWP operations to assist with providing 
additional water in San Luis Reservoir (beyond what is needed for SWP deliveries and the SWP 
share of San Luis Reservoir minimum storage) does not impact SWP allocations and/or 
deliveries. If the CVP is not able to maintain sufficient storage in San Luis Reservoir, there could 
be potential impacts to resources in Santa Clara and San Benito Counties. Solving the San Luis 
low point problem or developing an alternative method to deliver CVP water to the San Felipe 
Division would allow Reclamation to utilize the CVP share of San Luis Reservoir fully without 
impacting the San Felipe Division water supply. If Reclamation pursues changes to the operation 
of the CVP (and SWP), such changes would have to be consistent with the operating criteria of 
the specific facility. If alternate delivery methods for the San Felipe Division are implemented, it 
may allow the CVP to utilize more of it available storage in San Luis Reservoir, but may not 
change the total diversions from the Delta. For example, any changes in Delta pumping that 
would be the result of additional effective storage capacity in San Luis Reservoir would be 
consistent with the operating conditions for the Banks and Jones Pumping Plants. 
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Figure 2-18 Total Annual Pumping at Banks and Jones Pumping Plant 1978-2007 (MAF) 
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Table 2-25 Total Annual Pumping at Banks and Jones Pumping Plant 1978-2007 (MAF) 

 Hydrologic  Banks   Jones  Contra CVP Total SWP Total CVP Shasta 

 Index SWP CVP Total SWP CVP Total Costa Delta Delta SOD-Ag Index 

WY 40-30-30        Pumping Pumping Allocation Critical 

1978 AN 2.01 0.04 2.05 0.00 2.26 2.26 0.08 2.38 2.01 100%  

1979 BN 1.76 0.23 1.98 0.00 2.30 2.30 0.09 2.61 1.76 100%  

1980 AN 2.17 0.34 2.52 0.00 2.00 2.00 0.09 2.43 2.17 100%  

1981 D 1.97 0.10 2.07 0.00 2.60 2.60 0.11 2.80 1.97 100%  

1982 W 2.43 0.20 2.63 0.00 1.97 1.97 0.08 2.25 2.43 100%  

1983 W 1.76 0.13 1.89 0.00 2.51 2.51 0.08 2.72 1.76 100%  

1984 W 1.40 0.25 1.65 0.00 2.19 2.19 0.10 2.54 1.40 100%  

1985 D 2.16 0.53 2.68 0.00 2.79 2.79 0.11 3.43 2.16 100%  

1986 W 2.46 0.21 2.67 0.00 2.62 2.62 0.11 2.94 2.46 100%  

1987 D 2.01 0.27 2.28 0.00 2.76 2.76 0.13 3.16 2.01 100%  

1988 C 2.32 0.38 2.71 0.00 2.90 2.90 0.14 3.42 2.32 100%  

1989 D 2.70 0.39 3.10 0.00 2.87 2.87 0.13 3.40 2.70 100%  

1990 C 2.85 0.24 3.09 0.00 2.70 2.70 0.14 3.07 2.85 50%  

1991 C 1.64 0.14 1.78 0.00 1.41 1.41 0.11 1.65 1.64 25% C 

1992 C 1.51 0.04 1.55 0.00 1.34 1.34 0.10 1.49 1.51 25% C 

1993 AN 2.53 0.02 2.56 0.00 2.11 2.11 0.10 2.22 2.53 50%  

1994 C 1.73 0.24 1.97 0.00 2.02 2.02 0.11 2.37 1.73 35% C 

1995 W 2.48 0.03 2.50 0.00 2.58 2.58 0.09 2.70 2.48 100%  

1996 W 2.60 0.01 2.61 0.06 2.57 2.63 0.10 2.68 2.66 95%  

1997 W 2.12 0.34 2.46 0.00 2.51 2.51 0.11 2.96 2.12 90%  

1998 W 2.07 0.04 2.11 0.01 2.46 2.47 0.16 2.66 2.09 100%  

1999 W 2.37 0.04 2.41 0.00 2.26 2.26 0.13 2.44 2.37 70%  

2000 AN 3.45 0.22 3.66 0.00 2.49 2.49 0.13 2.83 3.45 65%  

2001 D 2.37 0.23 2.60 0.01 2.31 2.32 0.10 2.65 2.38 49%  

2002 D 2.70 0.17 2.87 0.00 2.46 2.46 0.12 2.75 2.70 70%  

2003 AN 3.39 0.04 3.43 0.00 2.68 2.68 0.14 2.86 3.39 75%  

2004 BN 3.14 0.09 3.23 0.00 2.72 2.72 0.12 2.93 3.14 70%  

2005 AN 3.58 0.03 3.61 0.00 2.68 2.68 0.12 2.83 3.58 85%  

2006 W 3.50 0.01 3.51 0.00 2.62 2.62 0.12 2.74 3.50 100%  

2007 D 2.82 0.11 2.93 0.00 2.67 2.67 0.11 2.90 2.82 50%  

             

Source:  CVO Operations Data Base         
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Transfers 

California Water Law and the CVPIA promote water transfers as important water resource 
management measures to address water shortages provided certain protections to source areas 
and users are incorporated into the water transfer. Parties seeking water transfers generally 
acquire water from sellers who have surplus reservoir storage water, sellers who can pump 
groundwater instead of using surface water, or sellers who will fallow crops or substitute a crop 
that uses less water in order to reduce normal consumptive use of surface diversions.  

Water transfers (relevant to this document) occur when a water right holder within the Delta or 
Sacramento-San Joaquin watershed undertakes actions to make water available for transfer by 
export from the Delta. With the exception of the flows pursuant to the Yuba River Accord, this 
BA does not address the upstream operations that may be necessary to make water available for 
transfer. Also, this document does not address the impacts of water transfers to terrestrial 
species. The flows for the Yuba River Accord may provide up to 60,000 acre feet annually for 
EWA, in the lower Yuba River (estimated to provide up to 48,000 acre feet of additional Delta 
export), and may provide additional water to the CVP and SWP and their contractors in drier 
years. The upstream effects of other transfers and effects to terrestrial species would require a 
separate ESA consultation with FWS and/or NMFS. 

Transfers requiring export from the Delta are done at times when pumping and conveyance 
capacity at the CVP or SWP export facilities is available to move the water. Additionally, 
operations to accomplish these transfers must be carried out in coordination with CVP and SWP 
operations, such that the capabilities of the Projects to exercise their own water rights or to meet 
their legal and regulatory requirements are not diminished or limited in any way.   Exports for 
transfers would have to be consistent with the terms of the OCAP biological opinions and could 
not infringe upon the capability of the Projects to comply with the terms of the opinions.  

In particular, parties to the transfer are responsible for providing for any incremental changes in 
flows required to protect Delta water quality standards. All transfers will be in accordance with 
all existing regulations and requirements.  

Purchasers of water for water transfers may include Reclamation, DWR, SWP contractors, CVP 
contractors, other State and Federal agencies, or other parties. DWR and Reclamation have 
operated water acquisition programs in the past to provide water for environmental programs and 
additional supplies to SWP contractors, CVP contractors, and other parties. The DWR programs 
include the 1991, 1992, and 1994 Drought Water Banks and Dry Year Programs in 2001 and 
2002. Reclamation operated a forbearance program in 2001 by purchasing CVP contractors’ 
water in the Sacramento Valley for CVPIA in-stream flows, and to augment water supplies for 
CVP contractors south of the Delta and wildlife refuges. Reclamation administers the CVPIA 
Water Acquisition Program for Refuge Level 4 supplies and fishery in-stream flows. The 
CALFED Ecosystem Restoration Program (ERP) will, in the future, acquire water for fishery 
and ecosystem restoration. DWR, and potentially Reclamation in the future, has agreed to 
participate in a Yuba River Accord that will provide fish flows on the Yuba River and also water 
supply that may be transferred at DWR and Reclamation Delta Facilities. It is anticipated that 
Reclamation will join in the Accord and fully participate in the Yuba Accord upon completion of 
this consultation. The Yuba River Accord water would be transferred to offset VAMP water 
costs.  
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Also in the past, CVP and SWP contractors have also independently acquired water and arranged 
for pumping and conveyance through SWP facilities. State Water Code provisions grant other 
parties access to unused conveyance capacity, although SWP contractors have priority access to 
capacity not being used by the DWR to meet SWP contract amounts. 

The Yuba River Accord includes three separate but interrelated agreements that would protect 
and enhance fisheries resources in the lower Yuba River, increase local water supply reliability, 
and provide DWR with increased operational flexibility for protection of Delta fisheries 
resources through Project re-operation, and provision of added dry-year water supplies to state 
and federal water contractors. These proposed agreements are the: 

• Principles of Agreement for Proposed Lower Yuba River Fisheries Agreement (Fisheries 
Agreement) 

• Principles of Agreement for Proposed Conjunctive Use Agreements (Conjunctive Use 
Agreements) 

• Principles of Agreement for Proposed Long-term Transfer Agreement (Water Purchase 
Agreement) 

The Fisheries Agreement was developed by state, federal, and consulting fisheries biologists, 
fisheries advocates, and policy representatives. Compared to the interim flow requirements of the 
SWRCB Revised Water Right Decision 1644 (RD-1644), the Fisheries Agreement would 
establish higher minimum instream flows during most months of most water years. 

To assure that Yuba County Water Agency’s (YCWA) water supply reliability would not be 
reduced by the higher minimum instream flows, YCWA and its participating Member Units 
would implement the Conjunctive Use Agreements. These agreements would establish a 
comprehensive conjunctive use program that would integrate the surface water and groundwater 
supplies of the local irrigation districts and mutual water companies that YCWA serves in Yuba 
County. Integration of surface water and groundwater would allow YCWA to increase the 
efficiency of its water management. 

Under the Water Purchase Agreement, DWR would enter into an agreement with YCWA to 
purchase water from YCWA to off-set water costs resulting from VAMP as long as operational 
and hydrological conditions allow. Additional water purchased by DWR would be available for 
south-of-Delta CVP and SWP contractors in drier years. The limited EWA would take delivery 
of 60,000 af (48,000 af export) of water in every year; the CVP/SWP would receive additional 
water in the drier years. In the future Reclamation may become a party to the Water Purchase 
Agreement.  

The Fisheries Agreement is the cornerstone of the Yuba Accord Alternative. To become 
effective, however, all three agreements (Fisheries, Conjunctive Use, and Water Purchase) must 
undergo CEQA and NEPA review and be fully approved and executed by the individual parties 
to each agreement. Also, implementation of the Yuba Accord Alternative would require 
appropriate SWRCB amendments of YCWA’s water-right permits and RD-1644. CEQA review 
is complete, the agreements are being executed, and the SWRCB approved the Yuba River 
Accord. 



OCAP BA Project Description 

 August 2008 2-123 

Transfer Capacity 

The assumption in this BA is that under both existing conditions and in the future, water transfer 
programs for environmental and water supply augmentation will continue in some form, and that 
in most years (all but the driest), the scope of annual water transfers will be limited by available 
Delta pumping capacity, and exports for transfers will be limited to the months July-September. 
As such, looking at an indicator of available transfer capacity in those months is one way of 
estimating an upper boundary to the effects of transfers on an annual basis. 

The CVP and SWP may provide Delta export pumping for transfers using pumping capacity at 
Banks and Jones beyond that which is being used to deliver project water supply, up to the 
physical maximums of the pumps, consistent with prevailing operations constraints such as E/I 
ratio, conveyance or storage capacity, and any protective criteria in effect that may apply as 
conditions on such transfers. For example, pumping for transfers may have conditions for 
protection of Delta water levels, water quality, fisheries, or other beneficial uses. 

The surplus capacity available for transfers will vary a great deal with hydrologic conditions. In 
general, as hydrologic conditions get wetter, surplus capacity diminishes because the CVP and 
SWP are more fully using export pumping capacity for Project supplies. CVP’s Jones Pumping 
Plant, with no forebay for pumped diversions and with limited capability to fine tune rates of 
pumping, has little surplus capacity, except in the driest hydrologic conditions. SWP has the 
most surplus capacity in critical and some dry years, less or sometimes none in a broad middle 
range of hydrologic conditions, and some surplus again in some above normal and wet years 
when demands may be lower because contractors have alternative supplies.  

The availability of water for transfer and the demand for transfer water may also vary with 
hydrologic conditions. Accordingly, since many transfers are negotiated between willing buyers 
and sellers under prevailing market conditions, price of water also may be a factor determining 
how much is transferred in any year. This document does not attempt to identify how much of 
the available and useable surplus export capacity of the CVP and SWP will actually be used for 
transfers in a particular year, but recent history, the expectations for EWA, and the needs of other 
transfer programs suggest a growing reliance on transfers.  

Under both the present and future conditions, capability to export transfers will often be 
capacity-limited, except in Critical and some Dry years. In these Critical and some Dry years, 
both Banks and Jones have more available capacity for transfers, so export capacity is less likely 
to limit transfers. Rather, either supply or demand for transfers may be a limiting factor. During 
such years, low project exports and high demand for water supply could make it possible to 
transfer larger amounts of water.  

Proposed Exports for Transfers 

Although transfers may occur at any time of year, proposed exports for transfers apply only to 
the months July through September.  For transfers outside those months, or in excess of the 
proposed amounts, Reclamation and DWR would request separate consultation.  In consideration 
of  the estimates of available capacity for export of transfers during July-September, and in 
recognition of the many other possible operations contingencies and constraints that may limit 
actual use of that capacity for transfers, the proposed use of SWP/CVP export capacity for 
transfers is as follows: 
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   Water Year Class  Maximum Transfer Amount 

   Critical    up to 600 kaf  

   Dry (following Critical)  up to 600 kaf 

   Dry (following Dry)   up to 600 kaf 

   All other Years   up to 360 kaf 

Near-Term Future Projects Identified in the 2004 BA 
The actions listed below were included in the 2004 BA. The projects do not yet have final 
approval. However, Reclamation believes they may be implemented in the near term. 
Reclamation is including these actions in the project description so that the effects of these 
actions on aquatic species may be analyzed. The analysis does not include any effects to 
terrestrial species. These will be addressed in separate construction consultation. 

DMC/CA Intertie Proposed Action 

The proposed action, known as the DMC and CA Intertie (DMC/CA Intertie), consists of 
construction and operation of a pumping plant and pipeline connections between the DMC and 
the CA. The DMC/CA Intertie alignment is proposed for DMC milepost 7.2 where the DMC and 
the CA are about 500 feet apart.  

The DMC/CA Intertie would be used in a number of ways to achieve multiple benefits, including 
meeting current water supply demands, allowing for the maintenance and repair of the CVP 
Delta export and conveyance facilities, and providing operational flexibility to respond to 
emergencies. The Intertie would allow flow in both directions, which would provide additional 
flexibility to both CVP and SWP operations. The Intertie includes a 467 cfs pumping plant at the 
DMC that would allow up to 467 cfs to be pumped from the DMC to the CA. Up to 900 cfs flow 
could be conveyed from the CA to the DMC using gravity flow. The intertie will not be used to 
increase total CVP exports until certain criteria are in place. 

The DMC/CA Intertie will be operated by the San Luis and Delta-Mendota Water Authority 
(Authority). A three-way agreement among Reclamation, DWR, and the Authority would 
identify the responsibilities and procedures for operating the Intertie. The Intertie would be 
owned by Reclamation. A permanent easement would be obtained by Reclamation where the 
Intertie alignment crossed State property. 

Location 

The site of the proposed action is an unincorporated area of Alameda County, west of the City of 
Tracy. The site is situated in a rural area zoned for general agriculture and is under Federal and 
State ownership. The DMC/CA Intertie would be located at milepost 7.2 of the DMC, 
connecting with milepost 9.0 of the CA.  
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Operations 

The Intertie would be used under three different scenarios: 

1. Up to 467 cfs would be pumped from the DMC to the CA to help meet water supply 
demands of CVP contractors. This would allow Jones Pumping Plant to pump to its 
authorized capacity of up to 4,600 cfs, subject to all applicable export pumping 
restrictions for water quality and fishery protections.  

2. Up to 467 cfs would be pumped from the DMC to the CA to minimize impacts to water 
deliveries due to temporary restrictions in flow or water levels on the lower DMC (south 
of the Intertie) or the upper CA (north of the Intertie) for system maintenance or due to an 
emergency shutdown. 

3. Up to 900 cfs would be conveyed from the CA to the DMC using gravity flow to 
minimize impacts to water deliveries due to temporary restrictions in flow or water levels 
on the lower CA (south of the Intertie) or the upper DMC (north of the Intertie) for 
system maintenance or due to an emergency shutdown.  

The DMC/CA Intertie provides operational flexibility between the DMC and CA. It would not 
result in any changes to authorized pumping capacity at Jones Pumping Plant or Banks Delta 
Pumping Plant.  

Water conveyed at the Intertie to minimize reductions to water deliveries during system 
maintenance or an emergency shutdown on the DMC or CA could include pumping of CVP 
water at Banks Pumping Plant or SWP water at Jones Pumping Plant through use of JPOD. In 
accordance with COA Articles 10(c) and 10(d), JPOD may be used to replace conveyance 
opportunities lost because of scheduled maintenance, or unforeseen outages. Use of JPOD for 
this purpose could occur under Stage 2 operations defined in SWRCB D-1641, or could occur as 
a result of a Temporary Urgency request to the SWRCB. Use of JPOD in this case does not 
result in any net increase in allowed exports at CVP and SWP export facilities. When in use, 
water within the DMC would be transferred to the CA via the Intertie. Water diverted through 
the Intertie would be conveyed through the CA to O’Neill Forebay. 

Freeport Regional Water Project 

The Freeport Regional Water Project (FRWP) is currently under construction. Once completed 
FRWP will divert up to a maximum of about 286 cubic feet per second (cfs) from the 
Sacramento River near Freeport for Sacramento County (deliveries expected in 2011) and East 
Bay Municipal Utility District (EBMUD) deliveries expected in late 2009. EBMUD will divert 
water pursuant to its amended contract with Reclamation. The County will divert using its water 
rights and its CVP contract supply. This facility was not in the 1986 COA, and the diversions 
will result in some reduction in Delta export supply for both the CVP and SWP contractors. 
Pursuant to an agreement between Reclamation, DWR, and the CVP and SWP contractors in 
2003, diversions to EBMUD will be treated as an export in the COA accounting and diversions 
to Sacramento County will be treated as an in-basin use. 

Reclamation proposes to deliver CVP water pursuant to its respective water supply contracts 
with SCWA and EBMUD through the FRWP, to areas in central Sacramento County. SCWA is 
responsible for providing water supplies and facilities to areas in central Sacramento County, 
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including the Laguna, Vineyard, Elk Grove, and Mather Field communities, through a capital 
funding zone known as Zone 40. 

The FRWP has a design capacity of 286 cfs (185 millions of gallons per day [mgd]). Up to 132 
cfs (85 mgd) would be diverted under Sacramento County’s existing Reclamation water service 
contract and other anticipated water entitlements and up to 155 cfs (100 mgd) of water would be 
diverted under EBMUD’s amended Reclamation water service contract. Under the terms of its 
amendatory contract with Reclamation, EBMUD is able to take delivery of Sacramento River 
water in any year in which EBMUD’s March 1 forecast of its October 1 total system storage is 
less than 500,000 af. When this condition is met, the amendatory contract entitles EBMUD to 
take up to 133,000 af annually. However, deliveries to EBMUD are subject to curtailment 
pursuant to CVP shortage conditions and project capacity (100 mgd), and are further limited to 
no more than 165,000 af in any 3-consecutive-year period that EBMUD’s October 1 storage 
forecast remains below 500,000 af. EBMUD would take delivery of its entitlement at a 
maximum rate of 100 mgd (112,000 af per year). Deliveries would start at the beginning of the 
CVP contract year (March 1) or any time afterward. Deliveries would cease when EBMUD’s 
CVP allocation for that year is reached, when the 165,000 af limitation is reached, or when 
EBMUD no longer needs the water (whichever comes first). Average annual deliveries to 
EBMUD are approximately 23,000 af. Maximum delivery in any one water year is 
approximately 99,000 af. 

The primary project components are (1) an intake facility on the Sacramento River near Freeport, 
(2) the Zone 40 Surface Water Treatment Plant (WTP) located in central Sacramento County, 
(3) a terminal facility at the point of delivery to the Folsom South Canal (FSC), (4) a canal 
pumping plant at the terminus of the FSC, (5) an Aqueduct pumping plant and pretreatment 
facility near Camanche Reservoir, and (6) a series of pipelines carrying water from the intake 
facility to the Zone 40 Surface WTP and to the Mokelumne Aqueducts. The existing FSC is part 
of the water conveyance system. See Chapter 9 for modeling results on annual diversions at 
Freeport in the American River Section, Modeling Results Section subheading. 

State Water Project Oroville Facilities 

Implementation of the new FERC license for the Oroville Project will occur when FERC issues 
the new license. Because it is not known exactly when that will occur, it is considered a near 
term and future project. The current, near term and future operations for the Oroville Facilities 
are described above. 

Other Future Projects 
These projects are potential future actions that have not been approved; however, the effects of 
these actions are analyzed in this BA. 

Sacramento River Reliability Project 

The Sacramento River Reliability Project (SRRP) consists of constructing an in-river intake and 
fish screens (Elverta Diversion) on the Sacramento River at RM 74.6 and support facilities, north 
of Elverta Road, in Sacramento County. The SRRP includes realignment of 0.3 miles of the 
Garden Highway near the new Elverta intake structure; constructing a 235 mgd (365 cfs) North 
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Natomas water treatment plant near the new intake facility, water pipelines from the intake 
structure to the North Natomas water treatment plant, a booster pump station, and 27 to 30 miles 
of new underground treated water pipelines from the North Natomas water treatment plant to 
connection points within existing water distribution systems of Placer County Water Agency 
(PCWA), City of Roseville (Roseville), Sacramento Suburban Water District (SSWD), and City 
of Sacramento (Sacramento).  

Diversion from the SRRP would be made as described below: 

• PCWA would divert its 35-taf CVP water from the Elverta Diversion.  

• SSWD would divert up to 29 taf of PCWA’s MFP water from the Elverta Diversion 
through exchange with the CVP during Water Forum non-wet years.  

• Roseville would divert its CVP water first, and MFP water next, at Folsom Dam in 
accordance with its WFA limitation on American River Diversion (maximum annual 
amount of 54.9 taf). Roseville would also receive 4 taf transfer of MFP water from SJWD 
at Folsom Dam during Water Forum wet and average years. Roseville would divert from 
Elverta Diversion the remaining of 30 taf PCWA’s MFP water not diverted at Folsom 
Dam through exchange with CVP due to its WFA limitation on diversion from the 
American River.  

• For the City of Sacramento diversion priority would be the (1) Fairbairn WTP, (2) North 
Natomas WTP, and (3) Sacramento River WTP. The annual diversion amount at 
Fairbairn WTP is subject to WFA limitations (varied with hydrological conditions) while 
the annual diversion amount at the North Natomas WTP is up to Sacramento’s 
Sacramento River water right (81.8 taf per year). The diversion amount at Sacramento 
River WTP is intended to meet the remaining demand after diversions from Fairbairn 
WTP and North Natomas WTP.  

Alternative Intake Project 

CCWD’s Alternative Intake Project (AIP) consists of a new 250 cfs screened intake in Victoria 
Canal, and a pump station and ancillary structures, utilities, and access and security features; 
levee improvements; and a conveyance pipeline to CCWD’s existing conveyance facilities.  

CCWD will operate the intake and pipeline together with its existing facilities to better meet its 
delivered water quality goals and to better protect listed species.  Operations with the AIP will be 
similar to existing operations:  CCWD will deliver Delta water to its customers by direct 
diversion when salinity at its intakes is low enough, and will blend Delta water with releases 
from Los Vaqueros Reservoir when salinity at its intakes exceeds the delivered water quality 
goal.  Los Vaqueros Reservoir will be filled from the existing Old River intake or the new 
Victoria Canal intake during periods of high flow in the Delta, when Delta salinity is low.  The 
choice of which intake to use at any given time will be based in large part upon salinity, 
consistent with fish protection requirements in the biological opinions; salinity at the Victoria 
Canal intake site is at times lower than salinity at the existing intakes.  The no-fill and no-
diversion periods described above will continue as part of CCWD operations, as will monitoring 
and shifting of diversions among the four intakes to minimize impacts to listed species. 
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The AIP is a water quality project, and will not increase CCWD’s average annual diversions 
from the Delta.  However, it will alter the timing and pattern of CCWD’s diversions in two ways:  
winter and spring diversions will decrease while late summer and fall diversions increase 
because Victoria Canal salinity tends to be lower in the late summer and fall than salinity at 
CCWD’s existing intakes; and diversions at the unscreened Rock Slough Intake will decrease 
while diversions at screened intakes will increase.   It is estimated that with the AIP, Rock 
Slough intake diversions will fall to about 10% of CCWD’s total diversions, with the remaining 
diversions taking place at the other screened intakes.  About 88% of the diversions will occur at 
the Old River and Victoria Canal intakes, with the split between these two intakes largely 
depending on water quality. 

The effects of the AIP are covered by the April 27, 2007 FWS BO for delta smelt (amended on 
May 16, 2007).  

Red Bluff Diversion Dam Pumping Plant 

Reclamation signed the ROD July 16, 2008 for RBDD pumping plant and plans to change the 
operation of the RBDD to improve fish passage problems. The project features construction of a 
new pumping plant and operation of the RBDD gates in the out position for approximately 10 
months of the year. Reclamation is calling for the construction of a pumping plant upstream from 
the dam that could augment existing capabilities for diverting water into the Tehama-Colusa 
Canal during times when gravity diversion is not possible due to the RBDD gates being out. 
Reclamation completed ESA section 7 consultations with the FWS and the NMFS to address 
construction of a new pumping plant at maximum capacity of 2,500 cfs. 

The new pumping plant would be capable of operating throughout the year, providing both 
additional flexibility in dam gate operation and water diversions for the Tehama-Colusa Canal 
Authority (TCCA) customers. In order to improve adult green sturgeon passage during their 
spawning migrations (generally March through July) the gates could remain open during the 
early part of the irrigation season and the new pumping plant could be used alone or in concert 
with other means to divert water to the Tehama-Colusa and Corning canals. 

Green sturgeon spawn upstream of the diversion dam and the majority of adult upstream and 
downstream migrations occur prior to July and after August. After the new pumping plant has 
been constructed and is operational, Reclamation proposes to operate the Red Bluff Diversion 
Dam with the gates in during the period from four days prior to the Memorial Day weekend to 
three days after the holiday weekend (to facilitate the Memorial Day boat races in Lake Red 
Bluff), and between July 1 and the end of the Labor Day weekend. This operation would provide 
for improved sturgeon and salmon passage. 

The pumping plant project will occur in three phases. The first, completion of the NEPA/CEQA 
process has already been accomplished. The design and permitting phase is commencing, subject 
to the availability of funding, and is anticipated to take about 18-36 months. As funding permits, 
property acquisition will also occur during this phase, and further funding commitments would 
be secured during this time. The final phase, facilities construction, is anticipated to take 
approximately 18-36 months but this timeline will be updated during final design and permitting. 
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South Delta Improvements Program Stage 1 

Introduction 

DWR and Reclamation have agreed to jointly pursue the development of the South Delta 
Improvements Program (SDIP) to address regional and local water supply needs, as well as the 
needs of the aquatic environment. The objectives of the SDIP are to:  1) reduce the movement of 
outmigrating salmon from the San Joaquin River into Old River, 2) maintain adequate water 
levels and circulation in south Delta channels, and 3) increase water delivery and reliability to 
the SWP and CVP by increasing the diversion limit at Clifton Court Forebay to 8500 cfs.5 

The decision to implement the proposed project is being done in two stages. Stage 1 will address 
the first two objectives and involves the construction and operation of gates at four locations in 
the south Delta channels. A decision to implement Stage 2 would address increasing the water 
delivery reliability of the SWP and CVP by increasing the diversion limit at Clifton Court 
Forebay. This decision has been deferred indefinitely. 

The Final EIR/EIS was completed in December 2006. The Department certified the final EIR as 
meeting the requirements of the California Environmental Quality Act at that time. The 
Department plans to issue a Notice of Determination to proceed with implementing Stage 1 of 
the SDIP once the biological opinions on the continued long term operations of the CVP/SWP 
and the biological opinions for the dredging and construction of the gates are received. 

Reclamation and DWR are seeking to construct and operate the gates proposed for the four 
locations. Key operational features of these gates are included as part of this project description. 
A separate consultation under the State and federal Endangered Species Acts will be conducted 
for the impacts of constructing the gates and the channel dredging contained in Stage 1. 

The permanent operable gates, which will be constructed in the south Delta in late 2012, will be 
operated within an adaptive management framework, as described below under “Gate Operations 
Review Team,” so that the benefits from these gate operations can be maximized. The gates can 
be opened or closed at any time in response to the local tidal level and flow conditions within the 
south Delta. In this regard, they are very different from the temporary barriers that have been 
installed for the past several years. 

Because these operable gates are designed as “lift gates” that are hinged at the bottom of the 
channel, “closure” of the gates can be specified at any tidal level, leaving a weir opening for 
some tidal flow over the gate. The ability to operate the tidal gates to a specified weir crest 
elevation (i.e., top of the gates) that is relatively precise provides a great deal of flexibility. The 
top elevation of each individual gate can be slightly different (i.e., steps) to provide less weir 
flow as the tidal level declines. The top elevation of the gates can also be slowly raised or 
lowered to adjust the tidal level and/or tidal flow in response to local south Delta conditions. 

                                                 
5 This project description does not include any aspect of the SDIP that is not explicitly identified in the text. 
Examples of SDIP actions that are not included are construction of the four permanent gates and dredging. Both of 
these activities will be covered by subsequent consultation. 
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South Delta Gates 
The proposed management of south Delta tidal level and tidal flow conditions involves the use of 
five gates: 

• CCF intake tidal gate (existing), 

• Grant Line Canal (at western end) flow control gate, 

• Old River at DMC flow control gate, 

• Middle River flow control gate, and 

• Head of Old River fish control gate. 

The CCF intake gate already exists and has been used since SWP began Banks operations in 
1972 to control flows from Old River and maintain the water level inside of CCF. Unlike the 
existing CCF intake gate, the four other gates are proposed by SDIP and are not in place. The 
operation of the CCF intake gate is directly related to SWP export operations, but the operation 
of the fish and flow control gates, as proposed by Stage I of SDIP, will serve the primary purpose 
of protecting fisheries and beneficial uses. 

These five gates in the south Delta would be operated to accomplish the following purposes: 

1. Maintain a relatively high water level within the CCF to allow SWP to maximize Banks 
pumping during the off-peak (nighttime) hours. The CCF level cannot be allowed to fall 
below –2 feet msl because of cavitation concerns at the SWP’s Banks pumps. The CCF 
gates are closed when the outside tidal level in Old River drops below the CCF level (to 
avoid outflow from CCF). As described earlier in this chapter, the CCF gates are also 
operated under three “gate priorities” to reduce water level impacts to other south Delta 
water users. 

2. Control the inflow to CCF below the design flow of about 15,000 cfs to prevent excessive 
erosion of the entrance channel. The CCF gates are partially closed when the difference 
between the CCF level and Old River tidal level is more than 1.0 foot to avoid inflow 
velocities of greater than 10 feet/sec. 

3. Maintain the high-tide conditions in the south Delta by not diverting into CCF during the 
flood-tide period that precedes the higher-high tide each day. The CCF intake gates are 
closed for about 6 hours each day to preserve the high-tide level in Old River to supply 
sufficient water for Tom Paine Slough siphons. This CCF tidal gate operation is referred 
to as priority 3 by DWR, as described earlier in this chapter. 

4. Control the minimum tidal level elevation upstream of the flow-control gates to be 
greater than a selected target elevation (i.e., 0.0 feet msl). The flow-control gates can be 
closed (raised) to maintain a specified top elevation (e.g., 0.0 feet msl) as the upstream 
tidal level declines during ebb tide. 

5. Control the tidal flushing upstream of the flow-control gates with relatively low-salinity 
water from Old River and Middle River downstream of the gates (i.e., high fraction of 
Sacramento River water). The flow-control gates would remain fully open during periods 
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of flood tide (i.e., upstream flow) and then two of the gates would be fully closed (i.e., 
top elevation of gates above upstream water surface) during periods of ebb tide (i.e., 
downstream flow). The remaining gate (i.e., Grant Line) would be maintained at a lower 
elevation (i.e., 0.0 feet msl) to allow the ebb tide flow to exit from the south Delta 
channels so that the flood-tide flow over the gates can be maximized during each tidal 
cycle.  

6. Control the San Joaquin River flow diversion into Old River. This could increase the 
flow past Stockton and raise the low DO concentrations in the DWSC. Reduced flow to 
Old River might also reduce salinity in the south Delta channels by limiting the volume 
of relatively high-salinity water from the San Joaquin River that enters the south Delta 
channels. The head of Old River temporary barrier has been installed in October and 
November of many years to improve flow and DO conditions in the DWSC for up-
migrating Chinook salmon. In recent years, the barrier has also been installed in April 
and/or May during a portion of the outmigration period to reduce the percentage of 
Chinook salmon smolts that are diverted into Old River and toward the CVP and SWP 
pumping plants. 

Operation of the SDIP gates to accomplish the SDIP purposes without significant environmental 
impacts to water quality, tidal flows, or listed fish will require an accurate understanding of the 
effects of these gates. The proposed SDIP gate operations will increase the tidal circulation in the 
south Delta channels. Gate operations to promote circulation would raise the Old River at Tracy 
and Middle River gates at each high tide to produce a circulation of water in the south Delta 
channels down Grant Line Canal. The Old River at Tracy and Middle River gates remain raised 
(closed) until the next flood-tide period when the downstream level is above the upstream water 
level. These gates are then lowered (opened) to allow flood-tide (upstream) flows across the 
gates. Gate operations to promote circulation use a Grant Line gate weir crest at -0.5 feet msl 
during most periods of ebb tide (downstream flow) to protect the minimum level elevation of 0.0 
feet msl. All gates are lowered (i.e., opened) during floodtide periods as soon as the downstream 
tidal level is above the upstream water level. 

Gate Operations Review Team 
A federal and state interagency team will be convened to discuss constraints and provide input to 
the existing WOMT. The Gate Operations Review Team (GORT) will make recommendations 
for the operations of the fish control and flow control gates to minimize impacts on resident 
threatened and endangered species and to meet water level and water quality requirements for 
south Delta water users. The interagency team will include representatives of DWR, 
Reclamation, FWS, NMFS, and the DFG, and possibly others as needs change. The interagency 
team will meet through a conference call, approximately once a week. DWR will be responsible 
for providing predictive modeling, and SWP Operations Control Office will provide operations 
forecasts and the conference call line. Reclamation will be responsible for providing CVP 
operations forecasts, including San Joaquin River flow, and data on current water quality 
conditions. Other members will provide the team with the latest information related to south 
Delta fish species and conditions for crop irrigation. Operations plans would be developed using 
the Delta Simulation Model 2 (DSM2), forecasted tides, and proposed diversion rates of the 
projects to prepare operating schedules for the existing CCF gates and the four proposed 
operable gates. 
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The GORT will use information shared at the weekly meetings to determine gate operations for 
that week.  Although there are numerous ways the gates could be operated to address the many 
issues in the south Delta, it is assumed that the GORT will make recommendations that attempt 
to balance these needs.  A likely gate operation is described below.  It is assumed that the gates 
operations adopted by the GORT under varying circumstances would be the same or similar to 
this description. 

Head of Old River Fish Control Gate 

Operations 
The operation (or closing) of the head of Old River fish control gate is intended to reduce 
adverse effects to the San Joaquin River watershed Central Valley fall-/late fall–run Chinook 
salmon and steelhead by reducing the downstream movement of juvenile salmonids into the 
south Delta channels via Old River. Because the gate will be operable, operations can be more 
flexible in response to the detection of fish presence and/or water quality problems. The 
operation of the head of Old River fish control gate for fish protection and during other times of 
the year would lower the electrical conductivity (EC) of the western portion of these channels. 
This gate can have the largest effect on south Delta salinity. The salinity in the south Delta 
channels can be reduced to approach the EC at CCF exports if the San Joaquin River diversion 
flow into the head of Old River is reduced. 

Spring Operations/Vernalis Adaptive Management Plan 
Operation (closing) of the head of Old River fish control gate is currently proposed to begin on 
April 15. Spring operation is generally expected to continue through May 15, to protect 
outmigrating salmon and steelhead. During this time, the head of Old River gate would be fully 
closed, unless the San Joaquin River is flowing above 10,000 cfs or the GORT recommends a 
partial opening for other purposes. 

If FWS, NMFS, or DFG determine that fishery resources are at risk, and that the gate needs to be 
operated at a different time or for a longer period to protect fish (e.g., just prior to and/or after the 
April 15 to May 15 period), it may be operated provided the following criteria are met: 

• take of other species (i.e., delta smelt) would not increase in excess of the take authorized 
by the original proposed operation; 

• outmigrating salmon, steelhead, or other species (e.g., splittail) are present; and 

• South Delta Water Agency (SDWA) agricultural diverters are able to divert water of 
adequate quality and quantity. 

Salmon presence is determined by NMFS and DFG through their monitoring of the river system 
and coordination with the hatchery releases to the San Joaquin River.  The ability of SDWA to 
divert adequate quantities of water is dependent upon the water level in south Delta channels.  If 
needed, the flow control gates would be operated to the criteria specified for them under Spring 
Operations (below).  The criteria for determining adequate water quality would be the south 
Delta standards contained in SWRCB’s D-1641. 
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Summer and Fall Operations 
When the Spring operation is completed and through November 30, the head of Old River fish 
control gate would be operated to improve flow in the San Joaquin River, thus helping to avoid 
historically-present low dissolved oxygen conditions in the lower San Joaquin River near 
Stockton. During this period, partial operation of the gate (partial closure to restrict flows from 
the San Joaquin River into Old River to approximately 500 cfs) may also be warranted to protect 
water quality in the South Delta channels. Generally, water quality in the south Delta channels is 
acceptable through June. Operations of the head of Old River fish control gate would be under 
review of the GORT and at the request of DFG, NMFS and FWS. 

Operations during the months of October and November to improve flow and water quality 
conditions (i.e., low dissolved oxygen) in the San Joaquin River for adult migrating Chinook 
salmon is expected to provide a benefit similar to that achieved with the temporary barrier. 
Operations would not occur if the San Joaquin River flow at Vernalis is greater than 5,000 cfs 
because it is expected that this flow would maintain sufficient DO in the San Joaquin River.  

When the gate is not operated, it is fully lowered in the channel.  Operation of the gate is not 
proposed during the period December through March.  Any operation of the gate proposed for 
the December-March period would require re-initiation of ESA consultation. 

Flow Control Gates 

The flow control gates in Middle River, Grant Line Canal, and Old River near the DMC, would 
be operated (closed during some portion of the tidal cycle) throughout the agricultural season of 
April 15 through November 30.  As with the head of Old River fish control gate, when the gates 
are not operated, they are fully lowered in the channel.  Operation of the gates is not proposed 
during the period December through March.  Any operation of the gates proposed for the 
December-March period would require re-initiation of ESA consultation. 

Spring Operations 
During April 15 through May 15(or until the Spring operation of the head of Old River gate is 
completed), water quality in the south Delta is acceptable for the beneficial uses, but closure of 
the head of Old River fish control gate has negative impacts on water levels in the south Delta. 
Therefore, the flow control gates would be operated to control minimum water levels in most 
year types. In the less frequent year types, dry or critically dry, when water quality in the south 
Delta is threatened by this static use of the gates, circulation may be induced to improve water 
quality in the south Delta channels. Circulation using the flow control gates is described in the 
summer operations section which follows. During these times, Reclamation and DWR have 
committed to maintaining 0.0 foot msl water levels  in Old River near the CVP Tracy facility and 
at the west end of Grant Line Canal. 

Summer and Fall Operations 
When the Spring operation of the head of Old River fish control gate is completed and through 
November 30, the gates would be operated to control minimum water levels and increase water 
circulation to improve water quality in the south Delta channels. Reclamation and DWR have 
committed to maintaining water levels during these times at 0.0 foot msl in Old River near the 
CVP Tracy facility, 0.0 foot msl at the west end of Grant Line Canal, and 0.5 foot msl in Middle 
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River at Mowry Bridge. It is anticipated that the target level in Middle River would be lowered 
to 0.0 foot msl following extension of some agricultural diversions.  

The proposed gate operations will increase the tidal circulation in the south Delta channels. This 
is accomplished by tidal flushing upstream of the flow-control gates with relatively low-salinity 
water from Old River and Middle River downstream of the gates (i.e., high fraction of 
Sacramento River water). The flow-control gates would remain fully open during periods of 
flood tide (i.e., upstream flow) and then two of the gates would be fully closed (i.e., top elevation 
of gates above upstream water surface) during periods of ebb tide (i.e., downstream flow). The 
remaining gate (i.e., Grant Line) would be maintained at a lower elevation (i.e., 0.0 feet msl) to 
allow the ebb tide flow to exit from the south Delta channels so that the flood-tide flow over the 
gates can be maximized during each tidal cycle.  This is the same operation described as Purpose 
5 earlier in the description of the SDIP gates. 

Actual gate operations would likely vary from this general circulation plan and would be 
discussed on a weekly basis by the GORT. Proposed flow control gate operations would involve 
forecasting of water levels and potential changes in water quality in south Delta channels and 
operating the gates to maintain the agreed-upon water levels and water quality objectives. 
Forecasting would be performed on a frequent basis using the Delta Simulation Model 2 
(DSM2), forecasted tides, and proposed diversion rates of the projects to prepare operating 
schedules for the existing CCF gates and the four proposed operable gates. 

Gate Operations and CVP/SWP Exports 
Because of the hydraulic interconnectivity of the south Delta channels, the CCF, and the export 
facilities, the permanent operable gates would not be operated entirely independent of CVP and 
SWP exports. The flow control gate opening and closing frequencies and durations would be 
adjusted to meet the water level and circulation objectives. Furthermore, the head of Old River 
Fish Control Gate operation period and duration would be adjusted to address the presence of 
fish species and the water quality conditions in the San Joaquin River. Adjustments in the 
operation of the gates would be determined and then refined by the GORT based on real-time 
conditions. Opportunities to adjust gate operations in a manner that reduces entrainment and 
impingement of aquatic species or improves in-Delta water supply conditions that are associated 
with Delta exports could result.  

As described in the Flow Control Gates operations sections, the Middle River, Grant Line Canal, 
and Old River near DMC flow control gates are operated to improve stage and water quality in 
the south Delta. The flow control gates increase the stage upstream of the barriers while the CVP 
and SWP Delta export facilities are all downstream of the permanent operable gates. The gates 
are designed to capture the flood tide upstream of the structures, and the operation of the flow 
control gates is not based on exports. Although currently not contemplated, through the adaptive 
management program and the GORT, flow control gate operations could be modified to protect 
beneficial uses in a manner such that the gate operations are, to a certain degree, dependent on 
export operations. 

As described in the Head of Old River Fish Control Gate operations section, the head of Old 
River fish control gate is operated to prevent the movement of Central Valley Chinook Salmon 
into the South Delta and to improve dissolved oxygen in the Stockton Deep Water Ship Channel. 
The operation of the fish control gate is independent from exports and is based on the presence 
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of species and the water quality in the San Joaquin River. Since the head of Old River fish 
control gate controls the quantity of San Joaquin River water that enters the south Delta, gate 
operation could be used to control the water quality at the CVP and, to a lesser degree, the SWP 
Delta export facilities. 

ESA coverage for the SDIP operable gates is being accomplished through two consultation 
processes. The effects of the operation of the gates are included in the OCAP re-consultation and 
are evaluated in the Delta Effects Chapter, Chapter 13. The effects of the construction of the 
gates, the presence of the structures in the channels (passage and predation effects), and channel 
dredging are included in a separate consultation process. Table 2-26 below summarizes this 
approach.  

Table 2-26 Consultation Processes Summary 

SDIP Operable Gates OCAP BA   Separate 
Consultation 

Hydrologic Effects of  

the operation of the Permanent Gates – Chapter 13 

x  

Short- and long-term Construction Effects, including 
channel dredging 

 x 

Fish passage effects of the structure  x 

Predation effects due to the physical presence of the 
structures  

 x 
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Chapter 3  Basic Biology, Life History and 
Baseline for Central Valley Steelhead 

This Chapter provides information on the basic biology, life history, distribution and abundance, 
critical habitat conditions, and status of Central Valley steelhead (Oncorhynchus myisss) in the 
action area. In general, the majority of Central Valley steelhead are confined to non-historical 
spawning and rearing habitat below impassable dams, but the existing spawning and rearing 
habitat can sustain steelhead at current population levels. In addition, monitoring data indicates 
that much of the anadromous form of the species is hatchery supported. There is also a strong 
resident component to the population (referred to as rainbow trout) that interacts with and 
produces both resident and anadromous offspring. 

Status 
Central Valley steelhead were listed as threatened under the Endangered Species Act (ESA) on 
January 5, 2006 (71 FR 834). This Distinct Population Segment (DPS) consists of steelhead 
populations in the Sacramento and San Joaquin River (inclusive of and downstream of the 
Merced River) basins in California’s Central Valley. Critical habitat was designated for Central 
Valley steelhead on September 2, 2005 (70 CFR 52488).  

Populations of naturally spawned Central Valley steelhead are at lower levels than were found 
historically (Figure 3-1) and are composed predominantly of hatchery fish. Steelhead require 
cool water to rear through the summer, and much of this habitat is now upstream of impassable 
dams. The California Fish and Wildlife Plan of 1965 estimated the combined annual run size for 
Central Valley and San Francisco Bay tributaries to be about 40,000 during the 1950s (DFG 
1965, as cited in McEwan and Jackson 1996). The spawning population during the mid-1960s 
for the Central Valley basin was estimated at nearly 27,000 (DFG 1965, as cited in McEwan and 
Jackson 1996). These numbers likely consisted of both hatchery and wild steelhead. McEwan 
and Jackson (1996) estimated the annual run size for the Central Valley basin to be less than 
10,000 adults by the early 1990s. Much of the abundance data since the mid-1960s was obtained 
by visual fish counts at the Red Bluff Diversion Dam (RBDD) fish ladders when gates were 
closed during much of the steelhead migration season. Current abundance estimates are 
unavailable for naturally spawned fish since RBDD gate operations were changed, so the extent 
to which populations have changed following the 1987−94 drought is unknown. National Marine 
Fisheries Service (NMFS) (NOAA Fisheries 2003) status review estimated the Central Valley 
steelhead population at less than 3,000 adults. This document is primarily limited to a discussion 
of the status of Central Valley steelhead stocks in habitats influenced by Central Valley Project 
(CVP) and State Water Project (SWP) operations. According to McEwan (2001), the primary 
stressors affecting Central Valley steelhead are all related to water development and water 
management, and the greatest stressor is the loss of spawning and rearing habitat due to dam 
construction.  

The Central California Coast (CCC) steelhead DPS was listed as a threatened species on January 
5, 2006 (71 FR 834). The Central California Coast steelhead DPS extends from the Russian 
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River on the north to the San Lorenzo River on the south and includes Suisun Bay, San Pablo 
Bay, and San Francisco Bay. Critical habitat was designated for Central California Coast 
steelhead on September 2, 2005 (70 CFR 52488). Overall, the abundance of the CCC steehead 
ESU has declined from an estimated 94,000 returning adults in the 1960s to estimates of less 
than 10,000 in recent times (Busby et al. 1996; NOAA Fisheries 1997). These numbers represent 
over an 85 percent decline in the population. Project effects to the migratory pathway of CCC 
steelhead are expected to be minimal to water quality because the tidal flows through the area of 
CCC habitat are so much larger.  The steelhead effects analysis throughout this BA does not 
identify any effects of the project on steelhead that occur in the Central California Coast DPS; 
therefore, they are not specifically referenced except in the determination of effects. Because the 
project area overlaps this DPS, these fish are being addressed in this Biological Assessment 
(BA). Central Valley Project (CVP) and State Water Project (SWP) operations are not expected 
to influence conditions significant to steelhead in these areas, so effects to Central California 
Coast Steelhead are not anticipated. Central California Coast steelhead critical habitat is shown 
in Figure 3-19.  Suisun Creek was not included in the Critical Habitat designation (70 CFR 
52488). 
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Figure 3-1  Adult steelhead counts at RBDD, 1967−93 (top) and adult steelhead counts at Coleman 
National Fish Hatchery, Feather River Fish Hatchery, and Nimbus Hatchery, 1967-93 (bottom). The 
revised Red Bluff gates open period after 1993 eliminated RBDD counting ability. Source: McEwan 
and Jackson 1996. 
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Taxonomy 
Steelhead is a name used for anadromous rainbow trout (Oncorhynchus mykiss), a salmonid 
species native to western North America and the Pacific coast of Asia. In North America, 
steelhead are found in Pacific coast drainages from Southern California to Alaska. In Asia, they 
are found in coastal streams of the Kamchatka Peninsula, with scattered populations on the 
Siberian mainland (Burgner et al. 1992, as cited in McEwan and Jackson 1996). Known 
spawning populations are found in coastal streams along much of the California coast, as well as 
in the Central Valley. 

Only two subspecies of North American rainbow trout contain both resident (nonmigratory) and 
anadromous (migratory or sea-run) forms: coastal rainbow trout (O. m. irideus) and Columbia 
River redband trout (O. m. gairdneri). Columbia River redband trout occur in tributaries of the 
upper Columbia River east of the Cascades (McEwan and Jackson 1996). Coastal rainbow trout 
occupy coastal streams from California to Alaska, including tributaries to the San Francisco 
Estuary. All California steelhead populations are O. m. irideus, including those in the Central 
Valley. 

Historically, resident rainbow trout and steelhead were considered separate subspecies or 
different species altogether. However, researchers have found little or no morphologic or genetic 
differentiation between the two forms inhabiting the same stream system (Behnke 1972; 
Allendorf 1975; Allendorf and Utter 1979; Busby et al. 1993; Nielsen 1994, all as cited in 
McEwan and Jackson 1996), indicating there is substantial interbreeding. However, differences 
in mitochondrial DNA have been found by some researchers (Wilson et al. 1985, as cited in 
McEwan and Jackson 1996). Based on the cumulative genetic evidence, researchers have 
proposed that steelhead and related resident rainbow trout with the potential to interbreed be 
considered as one unit for restoration and management purposes (Busby et al. 1993, as cited in 
McEwan and Jackson 1996; NMFS 1996). 

NMFS (1998) divided West Coast steelhead into 15 ESUs based on distinct genetic 
characteristics, freshwater ichthyogeography, and other parameters. Most steelhead stocks found 
in the Central Valley comprise the Central Valley ESU, which recent genetic data indicate is 
distinct from other coastal steelhead stocks (Busby et al. 1996; NMFS 1997b, 1998). DNA 
analysis of steelhead tissue samples collected from the Coleman National Fish Hatchery, Feather 
River Hatchery, Deer and Mill Creeks, and the Stanislaus River demonstrated these stocks are 
genetically similar to each other. Coleman National Fish Hatchery and Feather River Hatchery 
steelhead stocks are considered part of the Central Valley ESU because broodstock histories and 
genetic evidence show these two stocks are similar to naturally spawned steelhead in Deer and 
Mill Creeks. 

NMFS (1998, 1999) does not consider Nimbus Hatchery and Mokelumne River Fish Installation 
stocks to be part of the Central Valley ESU. Genetic analysis indicated steelhead from the 
American River (collected from both the Nimbus Hatchery and the American River) are 
genetically more similar to Eel River steelhead (Northern California ESU) than other Central 
Valley steelhead stocks. Eel River steelhead were used to found the Nimbus Hatchery stock. 
Mokelumne River rainbow trout (hatchery produced and naturally spawned) are genetically most 
similar to Mount Shasta Hatchery trout, but also show genetic similarity to the Northern 
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California ESU (Nielsen 1997, as cited in NMFS 1997b). Nielsen et al 2005 found American 
River steelhead to be genetically different from other Central Valley stocks (Figure 3-2). 

 

Figure 3-2  Unrooted Neighbor-Joining tree based on Cavalli-Sforza and Edwards chord distance 
for the Central Valley system derived from allelic variation at 11 microsatellite loci. Branches with 
bootstrap values (percent of 2000 replicate trees) are provided (from Nielsen et al. 2005).  

Steelhead Biology and Life History 
Steelhead, as currently defined, is the anadromous form of rainbow trout (McEwan and Jackson 
1996). However, as stated above, steelhead life history can be quite variable, with some 
individuals or populations reverting to residency when flow conditions block access to the ocean. 
The following is an idealized life history for Central Valley stocks. McEwan and Jackson (1996) 
provided an extensive summary of the biology of coastal and Central Valley stocks and a list of 
useful references that contain more detailed information. 

Adult migration from the ocean to spawning grounds occurs during much of the year, with peak 
migration occurring in the fall or early winter (Figure 3-4). Migration through the Sacramento 
River mainstem begins in July, peaks at the end of September, and continues through February 
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or March (Bailey 1954; Hallock et al. 1961, both as cited in McEwan and Jackson 1996). Counts 
made at RBDD from 1969 through 1982 (Hallock 1989, as cited in McEwan and Jackson 1996) 
and on the Feather River (Painter et al. 1977; DWR unpublished) follow the above pattern, 
although some fish were counted as late as April and May. Weekly counts at Clough Dam on 
Mill Creek during a 10-year period from 1953 to 1963 showed a similar migration pattern as 
well. The migration peaked in mid-November and again in February. This second peak is not 
reflected in counts made in the Sacramento River mainstem (Bailey 1954; Hallock et al. 1961, 
both as cited in McEwan and Jackson 1996) or at RBDD (Hallock 1989, as cited in McEwan and 
Jackson 1996). 

Central Valley steelhead are mostly ‘winter steelhead’ and may contain some ‘summer 
steelhead’ (the naming convention refers to the seasonal period of adult upstream migration). 
Winter steelhead mature in the ocean and arrive on the spawning grounds nearly ready to spawn. 
In contrast, summer steelhead, or stream-maturing steelhead, enter freshwater with immature 
gonads and typically spend several months in freshwater before spawning. The optimal 
temperature range during migration is unknown for Central Valley stocks. Based on northern 
stocks, the optimal temperature range for migrating adult steelhead is 46 to 52 degrees 
Fahrenheit (°F) (Bovee 1978; Reiser and Bjornn 1979; Bell 1986, all as cited in McEwan and 
Jackson 1996). The reported minimum depth for successful passage is about 7 inches (Reisner 
and Bjornn 1979, as cited in McEwan and Jackson 1996). Depth is usually not a factor 
preventing access to spawning areas in the rivers currently under consultation. However, 
excessive water velocity (>10 to 13 feet per second [ft/s]) and obstacles may prevent access to 
upstream spawning grounds. 

Historically, Central Valley steelhead spawned primarily in upper stream reaches and smaller 
tributaries, although steelhead spawn in most available channel types in unimpounded stream 
reaches of the Pacific Northwest (Montgomery et al. 1999). Due to water development projects, 
most spawning is now confined to lower stream reaches below dams. In a few streams, such as 
Mill and Deer Creeks, steelhead still have access to historical spawning areas. Peak spawning 
generally occurs from December through April (McEwan and Jackson 1996) (Figure 3-4). 

Males typically arrive in the spawning areas first (McMillan et al 2007). Upon arrival, the female 
selects a site and excavates a redd (nest) in the gravel and deposits her eggs, while an attendant 
male fertilizes them. Occupied redds in the American River typically have one male and one 
female but occasionally two and sometimes three males are present. The ratio of male to female 
steelhead arriving at Nimbus Hatchery is higher than one and ranged from 1.09 to 1.52 males per 
female between 2002 and 2007 (Hannon and Deason 2007).  

Fecundity is directly related to body size (Moyle 1976). Spawning females average about 4,000 
eggs, but the actual number produced varies among stocks and by the size and age of the fish 
(Leitritz and Lewis 1976). The eggs are covered with gravel when the female excavates another 
redd upstream. Spawning occurs mainly in gravel substrates (particle size range of about 0.2−4.0 
inches). Sand-gravel and gravel-cobble substrates are also used, but these must be highly 
permeable and contain less than 5 percent sand and silt to provide sufficient oxygen to the 
incubating eggs. Adults tend to spawn in shallow areas (6−24 inches deep) with moderate water 
velocities (about 1 to 3.6 ft/s) (Bovee 1978, as cited in McEwan and Jackson 1996, Hannon and 
Deason 2007, Figure 3-3). The optimal temperature range for spawning is 39 to 52°F (Bovee 
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1978; Reiser and Bjornn 1979; Bell 1986, all as cited in McEwan and Jackson 1996). Egg 
mortality begins to occur at 56°F (McEwan and Jackson 1996). 
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Figure 3-3 Steelhead spawning habitat depth and velocity suitability indices in the American River, 
Hannon and Deason 2007. 
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Upper Sacramento River (McEwan and Jackson 1996, SWRI 1997)
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Feather River (McEwan and Jackson 1996, DWR 1999a,b,c, unpublished)
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American River (McEwan and Jackson 1996, SWRI 2001)
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Stanislaus River (Demko and others 2001)
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Figure 3-4  Steelhead life cycle for various Central Valley streams. 
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Unlike Chinook salmon, Central Valley steelhead may not die after spawning (McEwan and 
Jackson 1996). Some may return to the ocean and repeat the spawning cycle for two or three 
years. The percentage of adults surviving spawning is generally thought to be low for Central 
Valley steelhead, but varies annually and between stocks. Recent acoustic tagging of Central 
Valley steelhead kelts from Coleman Hatchery indicates survival rates can be high, especially for 
Central Valley steelhead reconditioned by holding and feeding at the hatchery prior to release. 
Some return immediately to the ocean and some remain and rear in the Sacramento River 
(Robert Null, personal communication). 

The time required for egg development is approximately four weeks, but is temperature-
dependent (McEwan and Jackson 1996). For northern steelhead populations, optimal egg 
development occurs at 48 to 52°F. Egg mortality may begin at temperatures above 56 °F in 
northern populations (Bovee 1978; Reiser and Bjornn 1979; and Bell 1986, all as cited in 
McEwan and Jackson 1996). After hatching, the yolk-sac fry or alevins remain in the gravel for 
another four to six weeks (Shapovalov and Taft 1954, as cited in McEwan and Jackson 1996). At 
50°F steelhead fry emerge from the gravel about 60 days after egg fertilization (Leitritz and 
Lewis 1980). Merz et al (2004) showed that spawning substrate quality influenced a number of 
physical parameters affecting egg survival including temperature, dissolved oxygen, and 
substrate permeability. Changes in flow and sediment transport can have negative effects on 
spawning conditions (Poff et al 1997). These deleterious effects contribute to decreased substrate 
permeability and dissolved oxygen content.  

Upon emergence from the gravel, the fry move to shallow protected areas associated with the 
stream margin (Royal 1972; Barnhart 1986, both as cited in McEwan and Jackson 1996). 
Steelhead fry tend to inhabit areas with cobble-rubble substrate, a depth less than 14 inches, and 
temperature ranging from 45 to 60 °F (Bovee 1978, as cited in McEwan and Jackson 1996). 
Myrick (1998, 2000) found steelhead from the Feather and Mokelumne preferred temperatures 
between 62.5°F and 68°F. Older juveniles use riffles and larger juveniles may also use pools and 
deeper runs (Barnhart 1986, as cited in McEwan and Jackson 1996). However, specific depths 
and habitats used by juvenile rainbow trout can be affected by predation risk (Brown and Brasher 
1995). Central Valley steelhead can show mortality at constant temperatures of 77°F although 
they can tolerate 85°F for short periods. Hatchery reared steelhead in thermal gradients selected 
temperatures of 64–66°F while wild caught steelhead selected temperatures around 63°F (Cech 
and Myrick 2001). 

Yearling steelhead in the Central Valley feed mostly on immature aquatic insects but when other 
items such as emerging mayflies and salmonid eggs are abundant these may dominate their diets 
(Merz 2002). 

Juvenile Central Valley steelhead may migrate to the ocean after spending one to three years in 
freshwater (McEwan and Jackson 1996). Fork length (FL) data for steelhead emigrating past 
Chipps Island suggest the Central Valley stocks show little variability in size at emigration 
(Figure 3-5 and Figure 3-6).  
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Figure 3-5  Mean FL (mm) plus standard deviation of steelhead collected in the FWS Chipps Island 
Trawl, 1976-2006 (data from BDAT). 
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Figure 3-6  Comparison of hatchery and wild steelhead sizes collected in the Chipps Island Trawl, 
1993 – 2006 (data from BDAT). 100% adipose clipping of hatchery fish began in 1998. 
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During their downstream migration, juveniles undergo smoltification, a physiologic 
transformation enabling them to tolerate the ocean environment and its increased salinity. In 
addition, the juvenile steelhead lose their parr marks, become silvery, and produce deciduous 
scales. Temperatures under 57°F are considered best for smolting. Data for steelhead smolts 
emigrating past Chipps Island generally agree with these findings. Slightly more than 60 percent 
of the unmarked steelhead smolts collected in the FWS Chipps Island trawl between 1998 and 
2000 were collected at temperatures > 57°F, the actual smolting temperature was likely lower 
upstream than recorded at Chipps Island (Figure 3-7). However, this is likely biased by high 
proportions of hatchery fish that migrate over a shorter period of time than naturally spawned 
fish and many other factors. According to Cech and Myrick (2001) steelhead transform from parr 
to smolt successfully at 44 to 52°F and show little saltwater adaptation above 59°F.  

 Steelhead are present at Chipps Island between at least October and July, according to catch data 
from the FWS Chipps Island Trawl (Figure 3-8). It appears that adipose fin-clipped steelhead 
have a different emigration pattern than unclipped steelhead. Adipose fin-clipped steelhead 
showed distinct peaks in catch between January and March corresponding with time of release, 
whereas unclipped steelhead CPUE were more evenly distributed over a period of six months or 
more. These differences are likely an artifact of the method and timing of hatchery releases. 

Once in the ocean, steelhead remain there for one to four growing seasons before returning to 
spawn in their natal streams (Burgner et al. 1992, as cited in McEwan and Jackson 1996). Little 
data are available on the distribution of Central Valley stocks in the ocean, but at least some 
California steelhead stocks may move into the North Pacific Ocean, as do the more northerly 
distributed stocks. 

 

Figure 3-7  Cumulative percentage of steelhead per 10,000 m3 in the FWS Chipps Island Trawl vs. 
surface water temperature at Chipps Island. Solid symbols represent hatchery fish (adipose-
clipped) and open symbols represent wild fish (non adipose-clipped). 98ad means adipose clipped 
fish in 1998 and 98non means non-adipose clipped in 1998. 
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Figure 3-8  Adipose clipped and un-clipped steelhead captured in the Chipps Island Trawl, 1996 – 
2006 (BDAT…USFWS unpublished data). 

Historical and Current Distribution and Abundance of 
Central Valley Steelhead 
Monitoring data for Central Valley steelhead is limited in comparison with Chinook salmon. 
Steelhead present more challenges to monitoring programs but a Central Valley wide steelhead 
monitoring framework is being developed by DFG in cooperation with other agencies. Steelhead 
ranged throughout many of the tributaries and headwaters of the Sacramento and San Joaquin 
Rivers prior to dam construction, water development, and watershed perturbations of the 19th 
and 20th centuries (McEwan and Jackson 1996). Based on the historical distribution of Chinook 
salmon, steelhead probably inhabited tributaries above Shasta Dam such as the Little 
Sacramento, McCloud, Fall, and Pit Rivers, and many tributaries on the west side of the 
Sacramento Valley, such as Stony and Thomes Creeks (Yoshiyama et al. 1996, 1998). 

There is little historical documentation regarding steelhead distribution in the San Joaquin River 
system, presumably due to the lack of an established steelhead sport fishery in the San Joaquin 
basin (Yoshiyama et al. 1996). However, based on historical Chinook salmon distribution in this 
drainage and on the limited steelhead documentation that does exist, it appears that steelhead 
were present in the San Joaquin River and its tributaries from the Kern River northward. During 
very wet years, steelhead could potentially access the Kern River through the Tulare Basin. 



OCAP BA Steelhead Baseline 

 August 2008 3-13 

Steelhead distribution in Central Valley drainages has been greatly reduced (McEwan and 
Jackson 1996). Steelhead are now primarily restricted to a few remaining free-flowing tributaries 
and to stream reaches below large dams, although a few steelhead may also spawn in intermittent 
streams during wet years. Naturally spawning steelhead populations have been found in the 
upper Sacramento River and tributaries below Keswick Dam, Mill, Deer, and Butte Creeks, and 
the Feather, Yuba, American, and Mokelumne Rivers (CMARP 1998). However, the records of 
naturally spawning populations depend on the presence of fish monitoring programs. Recent 
implementation of monitoring programs has found steelhead in additional streams, such as 
Auburn Ravine, Dry Creek, and the Stanislaus River. It is possible that naturally spawning 
populations exist in many other streams but are undetected due to lack of monitoring or research 
programs. Although impassable dams prevent resident rainbow trout from emigrating, 
populations with steelhead ancestry may still exist above some dams (Dennis McEwan, personal 
communication, 1998). 

As stated above, the adult Central Valley steelhead population was estimated to number about 
27,000 during the early 1960s (DFG 1965, as cited in McEwan and Jackson 1996). Historical 
counts of steelhead passing RBDD, which included both Coleman Hatchery and naturally 
spawned fish, are shown in Figure 3-1. The counts showed an obvious decline in steelhead 
returns to the upper Sacramento River between 1967 and 1993. Current escapement data are not 
available for naturally spawned steelhead in most tributaries, in large part because the gates at 
RBDD are now open more frequently in order to allow for fish passage. In addition there is a 
general lack of steelhead population monitoring in most of the Central Valley. A continual 
decline is not apparent in the time series of returning steelhead trapped at Nimbus (Figure 3-9) 
and Feather River (Figure 3-10) hatcheries, where data for post-drought years are available. The 
number of steelhead returning to Nimbus and Feather River hatcheries appears not to be related 
(Figure 3-11) even though both hatcheries use the same release strategy and release about the 
same number of smolts each year. The estimated number of steelhead spawning in the American 
River in 2002 was 32 percent of the number that entered Nimbus Hatchery (Hannon and Healey, 
2002). An estimated 201–400 steelhead spawned in the American River in 2002, and 243–486 
spawned in 2003, based on one to two redds per female. Some escapement monitoring surveys 
have been initiated in upper Sacramento River tributaries (Beegum, Deer, and Antelope Creeks) 
using snorkel methods similar to spring-run Chinook escapement surveys.  
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Numbers of steelhead entering Nimbus Hatchery, 1956-2006 
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Figure 3-9  Adult steelhead counts at Nimbus Hatchery, 1956-2006. 
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Feather River Hatchery Steelhead Returns, 1969 - 2004
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Figure 3-10  Adult steelhead counts at Feather River Hatchery, 1969-2004. 

 

Figure 3-11  Relationship between Nimbus Hatchery and Feather River Hatchery steelhead 
returns, 1969 – 2004. 
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Although Coleman Hatchery production was included in counts at RBDD, these time series data 
presented in Figure 3-1 indicate that abundance patterns may differ between wild and hatchery 
stocks (and also between individual hatchery stocks), confounding interpretation of factors 
influencing Central Valley steelhead at the population or regional levels. Abundance patterns are 
conversely related for wild and hatchery fish and may influence each other as shown in Oregon 
and Washington (NOAA Fisheries 2003). The following provides an overview of the status of 
steelhead in Sacramento and San Joaquin tributaries under consultation. More detailed 
assessments of steelhead status in the Central Valley were provided by McEwan and Jackson 
(1996) and Busby et al. (1996). 

Clear Creek 

Historically, steelhead probably ascended Clear Creek past the French Gulch area, but access to 
the upper basin was blocked by Whiskeytown Dam in 1964 (Yoshiyama et al. 1996). Operation 
of Whiskeytown Dam can produce suitable coldwater habitat downstream to Placer Road Bridge 
depending on flow releases (DFG 1998). McCormick-Saeltzer Dam, which limited steelhead 
migrations through ineffective fish ladders, was removed in 2000, allowing steelhead potential 
access to good habitat up to Whiskeytown Dam. The FWS has conducted snorkel surveys 
targeting spring-run Chinook (May through September) since 1999. Steelhead/rainbow are 
enumerated and separated into small, medium, and large (>22 inches) during these surveys; but 
because the majority of the steelhead run is unsurveyed, no spawner abundance estimates have 
been attempted (Jess Newton, personal communication, 2001). Redd counts were conducted 
during the 2001-02 run and found that most spawning occurred upstream, near Whiskeytown 
Dam. Because of the large resident rainbow population, no steelhead population estimate could 
be made (Matt Brown, personal communication, June 2002). A remnant “landlocked” population 
of rainbow trout with steelhead ancestry may exist in Clear Creek above Whiskeytown Dam 
(Dennis McEwan, personal communication, 1998). 

Summertime water temperatures are often critical for steelhead rearing and limit rearing habitat 
quality in many streams. Figure 3-12 shows that water temperatures in Clear Creek at Igo are 
maintained below 65°F year-round using releases of cool Whiskeytown Reservoir water. Figure 
3-13 shows the daily water temperature fluctuation in Clear Creek at Igo for 1996-2006. This 
cool water source is maintained by diverting Trinity River water over into Clear Creek. 
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Figure 3-12  Clear Creek water temperature at Igo, 1996-2006 (CDEC). Dates are expressed like 
101=January 1, 208=February 8, etc. 
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Figure 3-13  Clear Creek daily water temperature fluctuation at Igo, 1996-2006 (CDEC). Dates are 
expressed like 101=January 1, 208=February 8, etc. 
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Feather River 

Historically, the Feather River supported a large steelhead population (McEwan and Jackson 
1996). Today the run is supported almost entirely by the Feather River Hatchery. The hatchery 
produces about 450,000 yearling steelhead each year to mitigate for Oroville Dam and losses at 
the SWP Delta facilities. The current run is restricted to the river downstream of the Fish Barrier 
Dam at the hatchery.  

California Department of Water Resources (DWR) initiated fish studies in the Lower Feather 
River in 1991. The focus and methods used for these studies were altered in 2003 as a result of 
consultations with NMFS, California Department of Fish and Game (DFG), and others to gather 
information needed to relicense the Oroville facilities with the Federal Energy Regulatory 
Commission (FERC). http://orovillerelicensing.water.ca.gov/documents.html . 

Since the signing in 2006 of the Settlement Agreement for the FERC relicensing process, the 
monitoring program refocused on increasing understanding of the listed fish species in the Lower 
Feather River. The present program consists of several elements to monitor salmonid spawning, 
rearing, and emigration, including steelhead, and to document any potential impacts of project 
operations on fish species. A wide variety of equipment and monitoring methods are used 
including rotary screw traps, fyke traps, snorkel surveys, electrofishing, radio and acoustic 
tagging, carcass surveys, redd mapping, etc. Reports summarizing the results and findings are 
prepared and submitted to the regulatory agencies annually. 
http://wwwdes.water.ca.gov/ecological_studies_branch/frp_program/technicalreports.htm . 

Although angler surveys by Painter et al. (1977) indicated adult steelhead were present in the 
Feather River from September through April, peak immigration probably occurs from September 
through January. Most of the fish spawn in the hatchery, although some spawn in the low-flow 
channel. During 2003, redd formation probably began in late December, peaked in late January, 
and was essentially complete by the end of March. Redd surveys counted 75 steelhead redds and 
revealed that 48 percent of all redds were in the upper mile of the river between Table Mountain 
Bicycle Bridge and lower auditorium riffle in 2003 (Kindopp and Kurth 2003).  

Screw trap monitoring indicates steelhead fry are present in the river as early as March (DWR 
1999b). Snorkel surveys in 1999, 2000, and 2001 showed young steelhead reared through the 
summer at suitable locations throughout the low-flow channel, primarily along the margins of the 
channels under riparian cover and in secondary channels with riparian cover (Cavallo et al. 
2003). The highest densities of young-of-the-year (YOY) steelhead were observed at the 
upstream end of the low-flow channel and in an artificial side channel fed by hatchery discharge. 
Summer water temperatures below Thermalito Afterbay Outlet are relatively high (>70°F), and 
snorkel surveys in 1999, 2000, and 2001 found almost no steelhead rearing below the outlet. 
Most YOY steelhead observed in the surveys were 55 to 75 mm FL by August and September, 
when many fish moved into higher velocity areas in the channel, away from channel margins. 
Snorkel surveys conducted in September and October 1999 found many steelhead in the 200 to 
400 mm size range. These fish apparently represent early adult returns or resident rainbows. 
Adipose fin-clipped steelhead were also observed among these fish. By mid-September and 
October, some YOY steelhead were still present, but most YOY steelhead appear to leave the 
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system before fall of their first year. Rotary screw trapping (RST) indicates most steelhead leave 
before summer (Cavallo et al. 2003). 

There appears to be little mixing of hatchery and wild gene pools in the FRFH. This conclusion 
is based on study findings that show that only adipose clipped steelhead (hatchery-produced, 
presumably mostly from the FRFH) ever reach the FRFH. Spawned steelhead are released back 
to the river—there are no data to determine how many of these fish survive to spawn again. A 
hatchery and genetic management plan (HGMP) is being completed for the FRFH in 
consultation with NMFS. 

Nevertheless, the commingling of spawning adults due to the blockage of fish to historical 
spawning and rearing habitat in headwater streams presumably provides an opportunity of 
mixing between FRFH-produced and wild steelhead. Homogenization of the wild Feather River 
steelhead genetic structure cannot be ascertained as there are no data to show if the river 
spawners are of direct hatchery origin or the progeny of previous natural spawners. Moreover, as 
there are no pre-Oroville Facilities genetic data, it is not possible to characterize the distinctness 
of historical steelhead in the Feather River. However, the existing data suggest that some of the 
original genetic attributes remain in the current steelhead populations in the Feather River.  

American River 

Historically, steelhead occurred throughout the upper reaches of the American River (McEwan 
and Jackson 1996). From 1850 through 1885, hydraulic mining caused the deposition of large 
quantities of sediment in the American River basin, silting over spawning gravel and nearly 
exterminating the salmon runs (Gerstung 1989, as cited in Yoshiyama et al. 1996). A series of 
impassable dams was constructed between 1895 and 1939. Fish ladders were later constructed 
around these dams, but many of them had passage problems. Access was restricted to the 
27-mile reach below Old Folsom Dam after floodwater destroyed its fish ladder in 1950 
(Gerstung 1971, as cited in Yoshiyama et al. 1996). Nimbus and Folsom Dams were completed 
in 1955 and 1956, respectively. Steelhead habitat is now limited to the 23-mile stretch between 
Nimbus Dam and the Sacramento River, although a remnant population of rainbow trout with 
steelhead ancestry may exist in the north fork of the American River (Dennis McEwan, personal 
communication, 1998). 

Adult steelhead migrate into the Lower American River from November through April, with 
peak immigration during December through March (SWRI 2001, Figure 3-4). Juvenile steelhead 
rear in the Lower American River for one or more years and migrate out of the river during 
January through June (Snider and Titus 2000). Juvenile steelhead were monitored from July to 
October 2001 to detect the effects of warmer than normal water temperatures on steelhead 
abundance and distribution. Juvenile steelhead with good condition factors were found as far 
downstream as Paradise Beach through July and at Watt Avenue through August. Water 
temperatures during this period in these areas regularly rose to above 70 °F (Figure 3-14). All 
steelhead recaptures occurred in the same reach of the river as tagging occurred, indicating many 
fish remained in the same location for extended periods. 
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American River Water Temperatures, 2001 - 2007
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Figure 3-14  American River water temperature 2000 – 2007 (CDEC data). 

The Lower American River population is supported mostly by Nimbus Hatchery, although 
natural spawning does occur (Hannon and Deason 2007). The hatchery produces about 430,000 
steelhead yearlings annually to mitigate for Nimbus Dam. The hatchery included Eel River 
steelhead in its founding stock. Genetic analysis indicates Nimbus Hatchery-produced steelhead 
are more closely related to Eel River steelhead than other Central Valley stocks and are therefore 
not considered part of the Central Valley ESU (Busby et al. 1996; NMFS 1997b). 

Since 1998, all hatchery-produced steelhead have been adipose fin-clipped to identify them as 
hatchery fish. Occasionally a few are missed, but the majority get clipped. During 2001 – 2007, 1 
percent to 6 percent of the adult steelhead entering Nimbus Hatchery were wild (unclipped) fish 
(Table 3-1). Steelhead spawning surveys showed around 300 steelhead spawning in the river 
each year compared to hatchery returns during the same years of 1,200 to 2,700 steelhead 
(Hannon and Deason 2005). Many of the in-river spawners are hatchery produced fish. 
Spawning density is higher in the upper 7-mile reach, but spawning occurs down to the lowest 
riffle in the river at Paradise Beach. Redd depths were measured to assess affects from flow 
changes. The shallowest redds measured had 20 centimeters (cm) (8 inches) of water over them.  

Table 3-2 shows American River steelhead spawning distribution delineated into the reaches 
used in the Chinook salmon egg mortality model. Figure 3-15 and Figure 3-16 show American 
River steelhead in-river spawning population estimates between 2002 and 2007. 

Table 3-1 Adipose clip status of adult steelhead entering Nimbus Hatchery on the American River. 

Year Steelhead Entering Hatchery Number Unclipped Percent Unclipped 

2001 2,877 50 1.7% 

2002 1,253 69 5.5% 

2003 873 27 3.1% 

2004 1,741 17 1.0% 
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2005 2,772 118 4.3% 

2007 2,673 116 4.3% 

 

Table 3-2 American River steelhead spawning distribution, 2002-2007 (Hannon and Deason 2007). 
Data was not collected in 2006. 

American River Steelhead redd distribution
Redds per mile Summary

Reach
Reach 
Miles 2002 2003 2004 2005 2007

Total 
redds 2002-
2007

Average 
redds/mile

Steelhead 
Total %

Chinook 
%

Above weir  
Nimbus to Sunrise bridge 2.86 28 30 27 28 24 334 29 38% 31%
Sunrise to Ancil Hoffman 4.73 7 11 9 4 28 213 11 24% 59%
Ancil Hoffman to Goethe bike bridge 1.89 2 13 15 9 42 84 11 10% 5%
Arden Rapids (Goethe bridge) to Watt bridge 4.1 7 12 9 3 9 151 9 17% 3%
Watt to Fairbairn water intake 2.02 0 0 1 0 13 6 1 1% 1%
Fairbairn to H Street bridge 0.75 0 0 0 0 1 0 0 0% 0%
H Street bridge to Paradise Beach 1.09 12 0 1 13 0 28 6 3% 1%
Paradise Beach to 16th st 3.49 0 0 0 0 0 0% 0%
16th st to Sacramento River 2.01 0 0 0 0 0 0% 0%
Total 22.94 7 9 8 6 8 874 10 100% 100%  

 

 

 

Figure 3-15  American River steelhead in-river spawning population estimate based on redd 
counts and spawning fish counts (Hannon and Deason 2007). 
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Figure 3-16  American River steelhead in-river spawning population estimate and Nimbus 
hatchery return (Hannon and Deason 2007). 

Stanislaus River 

Historically, steelhead distribution extended into the headwaters of the Stanislaus River 
(Yoshiyama et al. 1996). Dam construction and water diversion for mining and irrigation 
purposes began during and after the Gold Rush. Goodwin Dam, constructed in 1913, was 
probably the first permanent barrier to significantly affect Chinook salmon access to upstream 
habitat. Goodwin Dam had a fishway, but Chinook could seldom pass it. Steelhead may have 
been similarly affected. The original Melones Dam, completed in 1926, permanently prevented 
access to upstream areas for all salmonids. Currently, steelhead can ascend over 58 miles up the 
Stanislaus River to the base of Goodwin Dam. Although steelhead spawning locations are 
unknown in the Stanislaus, most are thought to occur upstream of the City of Oakdale where 
gradients are slightly higher and more riffle habitat is available. 

The Fishery Foundation of California (Kennedy and Cannon 2002) has monitored habitat use by 
juvenile steelhead/rainbow since 2000 by snorkeling seven sites from Oakdale to Goodwin Dam 
every other week. Steelhead fry begin to show up in late March and April at upstream sites, with 
densities increasing into June and distribution becoming more even between upstream and 
downstream sites through July. Beginning in August and continuing through the winter months, 
densities appeared highest at upstream sites (Goodwin to Knights Ferry). Age 1-plus fish were 
observed throughout the year with densities generally higher at upstream sites (Goodwin to 
Knights Ferry). Low densities were observed from late December until April. It is unknown 
whether fish left the system in December or if, with the cooler winter water temperatures, they 
were less active and more concealed during the day. 

Since 1993, catches of juvenile steelhead/rainbow in rotary screw traps (RSTs) indicate a small 
portion of the Stanislaus River steelhead/rainbow population displays downstream migratory 
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characteristics at a time that is typical of steelhead migrants elsewhere. The capture of these fish 
in downstream migrant traps and the advanced smolting characteristics exhibited by many of the 
fish indicate that some steelhead/rainbow juveniles might migrate to the ocean in spring. 
However, it is not known whether the parents of these fish were anadromous or fluvial (they 
migrate within freshwater). Resident populations of steelhead/rainbow in large streams are 
typically fluvial, and migratory juveniles look much like smolts. Further work is needed to 
determine the parental life histories that are producing migratory juveniles. The Stanislaus River 
Weir has been installed annually since 2003 at RM 31.4. The primary purpose of the weir is to 
monitor escapement of fall-run Chinook salmon, so it is installed from September through June 
each year. Fish passing the weir are monitored using a Vaki infrared RiverWatcher Fish Counter. 
From 2003 through 2007, O. mykiss have been observed passing the weir a total of 16 times. 
Scale analysis of one individual indicated that it was a steelhead. 

Smolts have been captured each year since 1995 in RSTs at Caswell State Park and at Oakdale 
(Demko et al. 2000). Captures occurred throughout the time the traps were run, generally 
January through June. Most fish were between 175 and 300 mm at the Caswell site, with only six 
fish in seven years less than 100 mm. Larger numbers of fry were captured upstream at Oakdale. 
During 2001, 33 smolts were captured at Caswell and 55 were captured at Oakdale, the highest 
catch of all years. Although improved traps were used, the higher catch in 2001, was likely due 
to more fish present and not due to better trap efficiencies (Doug Demko, personal 
communication, 2001). RSTs are generally not considered efficient at catching fish as large as 
steelhead smolts and the number captured is too small to estimate capture efficiency so no 
steelhead smolt outmigration population estimate has been calculated. 

Genetic analysis of rainbow trout captured below Goodwin Dam shows that this population has 
closest genetic affinities to upper Sacramento River steelhead (NMFS 1997b).  

The most consistent data available on rainbow/steelhead in the San Joaquin River are collected at 
the Mossdale trawl site on the lower San Joaquin River (Marston 2003). Figure 3-17 shows that 
counts were highest in the initial years of the Mossdale trawl survey in 1988−90. 

Sacramento-San Joaquin Delta 

The Delta serves as an adult and juvenile migration corridor, connecting inland habitat to the 
ocean. The Delta may also serve as a nursery area for juvenile steelhead (McEwan and Jackson 
1996). Estuaries are important nursery grounds for other coastal steelhead populations. However, 
the historical and current role of the Delta as a steelhead nursery habitat is unknown. Based on 
fish facility salvage data, most steelhead move through the Delta from November through June, 
with the peak salvage occurring during February, March, and April. The majority of steelhead 
salvaged range from 175–325 mm, with the most common size in the 226–250 mm range (Figure 
3-18). Unclipped fish tended to have a higher proportion of larger individuals than clipped fish. 
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Figure 3-17  Mossdale Trawl rainbow/steelhead catch, 1988-2002 (Marston 2003). 
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Figure 3-18  Length frequency distribution of clipped and unclipped steelhead salvaged at the 
CVP and SWP in 2001-2004. 
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Critical Habitat 
The critical habitat designation (70 FR 52488, September 2, 2005) lists primary constituent 
elements (PCEs) which are physical or biological elements essential for the conservation of the 
listed species. The PCEs include sites essential to support one or more life stages of the ESU 
(sites for spawning, rearing, migration, and foraging). The specific PCEs include: 

1. Freshwater spawning sites 
2. Freshwater rearing sites 
3. Freshwater migration corridors 
4. Estuarine areas 
5. Nearshore marine areas 
6. Offshore marine areas 

Water operations can affect habitat conditions in the first four of the PCEs. These four PCEs are 
present in the action area. The designated critical habitat is shown in Figure 3-1.  
The Central Valley steelhead critical habitat potentially affected by CVP and SWP operations 
includes the Sacramento – San Joaquin Delta channels, the San Joaquin River up to the mouth of 
the Stanislaus River, the Stanislaus River up to Goodwin Dam, the Sacramento River up to 
Keswick Dam, Clear Creek up to Whiskeytown Dam, the Feather River up to the fish barrier 
dam, and the American River up to Nimbus Dam (Figure 3-19). The following is a brief 
summation of the primary constituent elements of the habitat in each of the rivers. 

Spawning Habitat 

Steelhead in the Sacramento River spawn primarily between Keswick Dam and Red Bluff 
Diversion Dam during the winter and spring. The highest density spawning area is likely in the 
upstream portion of this area in the vicinity of the city of Redding, although detailed surveys of 
steelhead spawning in the mainstem Sacramento River are not available. Most Sacramento River 
steelhead probably spawn in the tributary streams. Steelhead spawn in Clear Creek mostly within 
a couple miles of Whiskeytown Dam but spawning extends for about 10 miles downstream of 
the dam (Matt Brown, pers comm.). Steelhead spawn in the Feather River from the fish barrier 
dam downstream to Gridley with nearly 50% of all spawning occurring the first mile of the low 
flow channel (DWR 2003; http://orovillerelicensing.water.ca.gov/pdf_docs/07-30-
03_env_att_11.pdf). Steelhead spawn in the American River from Nimbus Dam (mile 23) 
downstream to the lowest riffle in the river at Paradise Beach (mile 5). Most spawning is 
concentrated in the upper seven miles of the river (Hannon and Deason 2007). Steelhead (and/or 
rainbow trout) spawn in the Stanislaus River from Goodwin Dam downstream to approximately 
the city of Oakdale. Steelhead spawning surveys have not been conducted in the Stanislaus River 
so detailed spawning distribution is unknown but based on observations of trout fry, most 
spawning occurs upstream of Orange Blossom Bridge.  

Freshwater Rearing Habitat 

Juvenile steelhead reside in freshwater for a year or more so they are more dependent on 
freshwater rearing habitat than are the ocean type Chinook salmon in the Central Valley. 
Steelhead rearing occurs primarily in the upstream reaches of the rivers where channel gradients 
tend to be higher and, during the warm weather months, where temperatures are maintained at 
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more suitable levels by cool water dam releases. The Sacramento River contains a long reach of 
suitable water temperatures even during the heat of the summer. Steelhead rearing in the 
Sacramento River occurs mostly between Keswick Dam (RM 302) and Butte City (RM 169) 
with the highest densities likely to be upstream of Red Bluff Diversion Dam. Steelhead rearing in 
Clear Creek is concentrated in the upper river higher gradient areas but probably occurs down to 
the mouth. Steelhead rearing in the Feather River is concentrated in the low flow channel where 
temperatures are most suitable (DWR 2004; http://orovillerelicensing.water.ca.gov/pdf_docs/04-
28-04_att_10_f10_3A_steelhead_hab_use.pdf). Steelhead rearing in the American River occurs 
down to Paradise Beach with concentrations during the summer on most major riffle areas and 
highest densities near the higher density spawning areas. Steelhead rearing in the Stanislaus 
River occurs upstream of Orange Blossom Bridge where gradients are highest. The highest 
rearing densities are upstream of Knights Ferry (Kennedy and Cannon 2005). 

Freshwater Migration Corridors 

Steelhead migrate during the winter and spring of the year, as juveniles, from the rearing areas 
described above downstream through the rivers and the Delta to the ocean. The habitat 
conditions they encounter from the upstream reaches of the rivers downstream to the delta 
become generally further from their preferred habitat requirements until they reach the ocean. 
The generally non-turbulent flows and sand substrates found in the lower river reaches are not 
preferred types of habitat so steelhead do not likely reside for extended periods in these areas 
except when food supplies, such as smaller young fish, are abundant and temperatures are 
suitable. Predatory fishes such as striped bass tend to be more abundant in the lower rivers and 
the Delta. Emigration conditions for juvenile steelhead in the Stanislaus River down through the 
San Joaquin River and the south Delta tend to be less suitable than conditions for steelhead 
emigrating from the Sacramento River and its tributaries. 

Adult steelhead migrate upstream from the ocean to their spawning grounds near the terminal 
dams primarily during the fall and winter months. Flows are generally lower during the upstream 
migrations than during the outmigration period. Areas where their upstream progress can be 
affected are the Delta Cross Channel Gates, Red Bluff Diversion Dam, and Anderson 
Cottonwood Irrigation District Diversion Dam.  

Estuarine Areas 

Steelhead use the San Francisco estuary as a rearing area and migration corridor between their 
upstream rearing habitat and the ocean. The San Francisco Bay estuarine system includes the 
waters of  San Francisco Bay, San Pablo Bay, Grizzley Bay, Suisuin Bay, Honker Bay, and can 
extend as far upstream as Sherman Island during dry periods. At times steelhead likely remain 
for extended periods in areas of suitable habitat quality where food such as young herring, 
salmon and other fish and invertebrates is available.  

Central California Coast Steelhead 

Central California Coast steelhead are present only at the downstream end the area affected by 
CVP and SWP operations. The upstream extent of their habitat is San Pablo Bay and Napa River. 
The spawning habitat, freshwater rearing habitat, and freshwater migration corridors in Napa 
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River and other rivers with critical habitat in San Francisco Bay is not affected by CVP and SWP 
operations. The San Francisco estuary is the portion of the Central California Coast steelhead 
critical habitat potentially affected by water operations. 
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Figure 3-19 Designated critical habitat for Central Valley steelhead, Central Valley spring run 
Chinook salmon, and Central California Coast steelhead. Note: spring-run Chinook plotted over 
the top of steelhead (critical habitat GIS coverage from NMFS).  
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Streamflow 

Figure 3-20 through Figure 3-24 show how monthly flows downstream of the terminal dams in 
each of the affected rivers have changed since operations of the respective dams began. The plots 
were generated from daily USGS stream gauge data using the Index of Hydrologic Alteration 
software (Richter et al 1996). The general change has been an increase in flows during the 
summer and fall months, the time of the historically lowest streamflows, and a decrease in flows 
during the winter and spring months, the time of the historically highest flows. The result of the 
change in flows has been a decrease in hydrologic variability and a loss of complexity in the 
freshwater aquatic habitat. These changes to the habitat are a part of the baseline. 

 

 

 

Figure 3-20 Sacramento River at Bend Bridge monthly flows comparing pre-Shasta Dam (1892-
1945) to post Shasta (1946-2004) flows. The vertical lines represent range of variability analysis 
boundaries. 
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Figure 3-21 Clear Creek monthly flows comparing pre-Whiskeytown Dam (1941-1964) to post 
Whiskeytown (1965-2004) flows. The vertical lines represent range of variability analysis 
boundaries. 

 

Figure 3-22 Feather River monthly flows comparing pre-Oroville Dam (1902-1967) to post Oroville  
(1966-2004) flows in the low flow channel, total releases from Oroville Dam are much higher than 
those reported here. The vertical lines represent range of variability analysis boundaries. 
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Figure 3-23 American River at Fair Oaks monthly flows comparing pre-Folsom Dam (1905-1954) to 
post Folsom  (1955-2004) flows. The vertical lines represent range of variability analysis 
boundaries. 
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Figure 3-24 Stanislaus River at Ripon monthly flows comparing pre-New Melones Dam (1941-1982) 
to post New Melones  (1983-2004) flows. The vertical lines represent range of variability analysis 
boundaries. 

Water Temperature 

Water temperatures in tailwater reaches in the area currently designated as critical habitat are 
cooler during the summer and warmer during the winter than what occurred historically. This 
moderation in water temperatures is due to the volume of water stored in each reservoir 
dampening the seasonal variation in inflow water temperatures. Historically when Chinook and 
steelhead had access higher into the watersheds the area currently used for spawning and rearing 
of Chinook salmon and steelhead was less suitable because of higher water temperatures during 
the summer and fall. During winter and spring water temperatures were cooler in the currently 
accessible habitat than what occurs now within the tailwater influenced reaches.  

The change in temperature regime experienced by Chinook and steelhead may have changed the 
life history of the fish. For example warmer temperatures during the spring run and steelhead egg 
incubation period may result in earlier emergence than occurred historically. Current water 
temperature conditions throughout the year for each of the rivers is shown in Figure 3-25 through  
Figure 3-31. 
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Sacramento River at Bend Bridge Temperatures 1989-2006
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Figure 3-25 Sacramento River at Bend Bridge mean daily water temperatures 1998 – 2006. 

 

Bend Bridge Daily Temperature Fluctuation
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Figure 3-26 Sacramento River at Bend Bridge daily water temperature fluctuation (daily high 
temperature minus daily low temperature). 
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Clear Creek at Igo Water Temperatures, 1996-2006
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Figure 3-27 Clear Creek at Igo mean daily water temperatures 1996 – 2006. 
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Clear Creek at IGO Daily Temperature Fluctuation
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Figure 3-28 Clear Creek at Igo daily water temperature fluctuation (maximum daily minimum daily 
temperature). 

 

American River Water Temperatures, 2001 - 2007
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Figure 3-29 American River mean daily water temperatures, 2000 – 2007 at Hazel Avenue and Watt 
Avenue. 
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Stanislaus River at Orange Blossom Bridge Water Temperatures, 2000-2006
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Figure 3-30 Stanislaus River at Orange Blossom Bridge water temperatures, 2001 – 2005. Note: 
some gaps in data exist. 

 

 

 

 

 Figure 3-31 Feather River water temperatures, 2002 – 2004.  
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Effect of Cool Summer Time Dam Releases on Steelhead Habitat  

The critical habitat of the Sacramento River below Keswick Dam is managed for cool water 
during the summer to protect winter-run Chinook salmon. This area was historically warmer and 
was not as suitable for juvenile steelhead during the summer. Prior to dam construction most 
trout probably reared further upstream, above the Shasta Lake area. The cool water provided 
over the summer downstream of Shasta Dam for winter-run Chinook salmon has been implicated 
in potentially decreasing the steelhead population due to an increase in the resident trout 
population (Cramer 2006). A similar situation occurs in the Stanislaus River downstream of 
Goodwin Dam and Clear Creek downstream of Whiskeytown Dam where cool water releases are 
maintained throughout the summer and resident rainbow trout populations are high. The larger 
resident trout populations may potentially compete with juvenile steelhead, reducing the juvenile 
steelhead population. The existence of the large, stable areas of habitat conditions in the dam 
tailwaters may promote residualism of the anadromous trout. The Cantara chemical spill 
occurred July 14, 1991 in the upper Sacramento River five miles upstream of the city of 
Dunsmuir. An estimated 309,000 trout were killed by the spill in an approximately thirty mile 
reach of the river, upstream of Shasta Lake (Hankin and McCanne 2000). Scale analysis and 
genetic analysis indicated 83-96% of these fish were wild (non-hatchery produced) trout. This 
population size amounts to 10,300 trout per mile (two trout per linear foot of river). This may be 
the best estimate of trout population size in any part of the Sacramento River. The population has 
since recovered to a similar density of trout in this reach. Water temperatures in this reach of the 
river are probably not much changed (or potentially higher due to Lake Siskiyou) compared to 
historic temperatures. The high trout population in this reach is probably similar to what existed 
in the upper Sacramento River historically in the presence of steelhead. Therefore we expect that 
the high resident trout population supported by cool water downstream of Central Valley Dams 
such as Keswick, Goodwin, and Whiskeytown is not a major factor in decreasing the 
anadromous populations in those systems. In any event the resident fish do produce anadromous 
individuals and maintain a supply of fish for the anadromous population. 

San Joaquin River Flows 

San Joaquin River flows in the critical habitat from the Merced River downstream are managed 
for one life history type of Chinook salmon. Flows are managed for fall-run Chinook salmon to 
enter the river in October, spawn in November, and incubate and rear in the river until late 
spring. Since 2000, flows are increased and delta exports decreased from generally mid-April to 
mid-May to aid emigration of the large (~75-100 mm) Chinook salmon juveniles out of the river 
and improve survival through the Delta to the estuary as part of the Vernalis Adaptive 
Management Program (VAMP). Flows prior to April 15 are managed for in-river rearing of 
Chinook and steelhead with no pulses, other than that provided by brief tributary inflows, to aid 
emigration of yearling Chinook, Chinook fry, or steelhead from the system. Little data on 
steelhead in the San Joaquin system exists so it is assumed that the flows that are managed for 
fall-run Chinook will adequately support the steelhead life history. Data from the Stanislaus 
River weir shows that the adult steelhead population in the Stanislaus is very low compared to 
the large resident rainbow trout population that is evident when snorkeling the river. 



OCAP BA Steelhead Baseline 

 August 2008 3-39 

Predation 

Species that prey on steelhead and Chinook salmon in the critical habitat of the project area 
include striped bass, Sacramento pikeminnow, smallmouth bass, trout, largemouth bass, seagulls, 
mergansers, cormorants, river otters, herons, sea lions, and seals. Striped bass, smallmouth bass, 
and largemouth bass are the introduced species that prey on salmonids and probably represent 
the greatest change (increase) in predation that has been experienced in the critical habitat 
compared to historical conditions.  

Tucker et al (1998) found salmonids present in pikeminnow and striped bass stomachs at Red 
Bluff Diversion Dam. Salmonids outweighed other food in striped bass stomachs by a three to 
one margin. Reese and Harvey (2002) studied interactions between steelhead and Sacramento 
pikeminnows in laboratory streams. They found that growth of dominant steelhead was 
unaffected by presence of pikeminnow in water 15-18 ºC while at 20-23 ºC growth of dominant 
steelhead was reduced by over 50% in trials with steelhead alone compared to trials of steelhead 
with pikeminnows. 

Merz (1994) measured striped bass predation on salmonids and estimated that striped bass 
consumed 11%-28% of the estimated Mokelumne River natural Chinook salmon production in 
1993 at the Woodbridge Dam afterbay. 

Connor et al (2003) describe a relationship in the Snake River where emigrating juvenile 
Chinook salmon survival generally increased with increasing flow and decreased with increasing 
temperature. They postulate that the clearer water and lower water velocities during lower flows 
increase the time the fish are exposed to predators while moving downstream and that higher 
water temperatures disrupt downstream movement exacerbating predation. A similar relationship 
is possible in the Central Valley rivers. 

Consideration of Variable Ocean Conditions 

Salmon and steelhead spend the majority of their lives in the ocean. Therefore, conditions in the 
ocean exert a major influence on the growth and survival of these fish from the time they leave 
the critical habitat in the Action Area (freshwater) until they return as adults to reproduce. 
Mantua et al (1997) described a recurring pattern of ocean-atmosphere climate variability 
centered over the mid-latitude North Pacific basin. Over the past century, the amplitude of this 
climate pattern has varied irregularly at interannual-to-interdecadal time scales. They refer to this 
pattern as the Pacific Decadal Oscillation (PDO). Major changes in northeast Pacific marine 
ecosystems have been correlated with phase changes in the PDO; warm eras have seen enhanced 
coastal ocean biological productivity in Alaska and inhibited productivity off the west coast of 
the contiguous United States, while cold PDO eras have seen the opposite north-south pattern of 
marine ecosystem productivity. 

Another pattern, called the El Niño/Southern Oscillation (ENSO), occurs on a shorter time scale 
of six to eighteen months compared to 20 to 30 years for the PDO. The same general pattern is 
evident with warm periods showing inhibited productivity along the Pacific coast offshore of 
California and enhanced ocean biological productivity in Alaska. 
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Sierra snowpack and streamflow are also correlated with ENSO and PDO. During the warm 
phases lower snowpack and streamflows occur and during cool phases above average snowpack 
and streamflows occur (Mantua et al, 1997). 

During the cooler phases of ENSO and PDO, California salmonid populations generally 
experience increased marine survival. In addition, higher streamflows tend to occur during the 
cooler phases, enhancing freshwater production and providing the opportunity for more diverse 
life history types of juvenile salmonids. The inverse effects on California salmonid populations 
tend to occur during warm cycles. These alternating patterns of productivity, not caused by water 
operations, can mask and override most changes in populations that occur due to water 
operations. Therefore, any effects need to be considered in light of variable and difficult to 
quantify ocean conditions and climate variability.  

Mitigation Hatchery Steelhead Effects on Wild Steelhead 

Kostow and Zhou (2006) investestigated the effect of a hatchery program for summer steelhead 
on the productivity of a wild winter steelhead population in the Clackamas River, Oregon. They 
found that when high numbers of hatchery summer steelhead adults were present the production 
of wild winter steelhead smolts and adults was significantly decreased. Large releases of 
hatchery smolts also contributed to the decrease in adult productivity. They concluded that over 
the duration of the hatchery program the number of hatchery steelhead in the basin regularly 
caused the total number of steelhead to exceed carrying capacity, triggering density-dependent 
mechanisms that impacted the wild population. 

Levin and Williams (2002) tested the hypothesis that hatchery-reared steelhead released into the 
Snake River Basin negatively affect the survival of wild Snake River steelhead and Chinook 
salmon. They demonstrated that the survival of wild Chinook salmon is negatively associated 
with hatchery releases of steelhead but observed no relationship between survival of wild 
steelhead and steelhead hatchery releases. Steelhead Straying and Genetic Introgression 

 
• The lack of distinction between San Joaquin and Sacramento steelhead populations 

suggests either a common origin or genetic exchange between the basins. Findings of a 
recent genetic study on Central Valley (CV) steelhead populations (Nielson et al. 2003) 
indicate that:Feather River steelhead populations (natural and FRFH-produced 
populations) are more similar to populations from streams in the same general geographic 
location—i.e., Clear Creek, Battle Creek, upper Sacramento River, Coleman National 
Fish Hatchery, and Cottonwood, Mill, Deer, and Antelope creeks. 

• Feather River steelhead populations are not closely linked to Nimbus Hatchery and 
American River populations. 

• Feather River steelhead population’s closest relative is the FRFH-produced steelhead and 
both are distinct from other Central Valley steelhead populations. 

• There are no data on the potential effects (e.g., reduced fitness) of inbreeding or 
outbreeding of FRFH-produced steelhead. 
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These data suggest that there appears to be considerable genetic diversity within the CV 
steelhead populations and that, although fish from the San Joaquin and Sacramento River basins 
cannot be distinguished genetically, there is still significant local genetic structure to CV 
steelhead populations. For example, Feather River and FRFH-produced steelhead are closely 
related, as are American River and Nimbus Hatchery fish. American River steelhead stocks are 
greatly influenced by Eel River transplants used to rebuild the run after Nimbus and Folsom 
Dams were built. 

Estimates of straying rates only exist for Chinook salmon produced at the FRFH. However, 
general principles and the potential effects of straying are also applicable for steelhead. 
However, based on available genetic data, the effects of hatcheries that rear steelhead appear to 
be restricted to the population on hatchery streams (DWR 2004a). These findings suggest that, 
although ongoing operations may impact the genetic composition of the naturally spawning 
steelhead population in these rivers, hatchery effects appear to be localized. It should be noted 
that genetic data for steelhead are limited (DWR 2004a).  

Summary of the Environmental Baseline 
Environmental baseline, as defined in 50 CFR 402.02, “includes the past and present impacts of 
all Federal, State, or private actions and other human activities in the action area, the anticipated 
impacts of all proposed Federal projects in the action area that have already undergone formal or 
early section 7 consultation, and the impact of State or private actions which are 
contemporaneous with the consultation in process”. The prior information in this chapter 
provides the status of steelhead in the action area which has resulted from the past and present 
impacts of activities in the action area.  

The majority of Central Valley steelhead are restricted to non-historical spawning and rearing 
habitat below dams within the action area. Populations of steelhead occur outside the action area 
(Yuba River, Deer Creek, Mill Creek, Antelope Creek), but the abundance of these populations 
is unknown. Existing spawning and rearing habitat within the action area can sustain steelhead at 
the current population level. Monitoring data indicates that much of the anadromous form of the 
species is hatchery supported. There remains a strong resident component that interacts with and 
produces anadromous individuals (Zimmerman et al. 2008). 

Chapter 4 describes the factors that affect the species and critical habitat in the action area. A 
large factor affecting the listed salmonids is the loss of spawning and rearing habitat upstream of 
impassable dams. High water temperatures in these lower elevations are a stressor to adult and 
juvenile life stages. The factors that affect the survival are high temperatures, low flows, limited 
spawning and rearing habitat, blocked or delayed passage, unscreened diversions, and flow 
fluctuations. 
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Chapter 4  Factors That May Influence 
Steelhead Distribution and Abundance 

This chapter describes the factors that affect steelhead and critical habitat in the action area. A 
large factor affecting all the listed salmonids is the loss of spawning and rearing habitat upstream 
of various dams. The limiting factors that affect steelhead survival are high water temperatures, 
low flows and flow fluctuations, limited spawning and rearing habitat, blocked or delayed 
passage, and unscreened river diversions. Other factors that may influences steelhead distribution 
and abundance include:  predation and competition; food abundance in the Delta; contaminants, 
harvest, hatchery operations, and disease. 

Water Temperature 
Water temperatures that are too low or too high can kill steelhead by impairing metabolic 
function, or indirectly by increasing the probability of disease, predation, or other secondary 
mortality factors (Myrick and Cech 2001, Leitritz and Lewis 1980; Reiser and Bjornn 1979, all 
as cited in McEwan and Jackson 1996). Steelhead temperature tolerances vary among life stages 
(Bovee 1978; Reiser and Bjornn 1979; Bell 1986, all as cited in McEwan and Jackson 1996) and 
stocks (Myrick 1998, 2000; Nielsen et al. 1994a) (Table 4-1). In this biological assessment (BA), 
temperature recommendations of McEwan and Jackson (1996) are used for all life stages except 
fry and juveniles, which have recently been studied using local stocks in a laboratory situation 
(Myrick 1998, 2000).  

Myrick (1998, 2000) found the preferred temperatures for Mokelumne River Fish Installation, 
Feather River Hatchery, and naturally spawned Feather River juvenile steelhead placed into 
thermal gradients were between 62.5 °F and 68°F (17 and 20 degrees Celsius [°C]). Myrick and 
Cech (2005) also found that Nimbus-strain steelhead had a higher growth rate at 66°F (19°C) 
than groups of steelhead raised at lower temperatures. This is considerably warmer than the 
rearing temperature recommended by McEwan and Jackson (1996). Feather River snorkel survey 
observations and temperature data from summer 1999 also appear to corroborate Myrick’s 
(1998, 2000) results. Young-of-the-year (YOY) steelhead in the American River have been 
observed in snorkel surveys, captured by seining, and passive integrated transponder (PIT) 
tagged in habitats with a daily average temperature of 72 °F and a daily maximum over 74 °F 
(California Department of Fish and Game [DFG] and the U.S. Bureau of Reclamation 
[Reclamation] unpublished data).  

Table 4-1 Recommended water temperatures (°F) that provide for highest survival for life stages of 
steelhead in Central Valley streams from McEwan and Jackson (1996), Myrick (1998, 2000), Piper 
et al 1982, Bell 1991 Myrick and Cech (2001). 

Life stage Temperature recommendation (°F) 

Migrating adult 46–52 

Holding adult 50-56 
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Life stage Temperature recommendation (°F) 

Spawning 39–52 

Egg incubation 48–52 

Juvenile rearing <65 

Smoltification <57 

 

Flow 
Adverse effects to steelhead stocks in the Sacramento and San Joaquin rivers have been mostly 
attributed to water development (McEwan and Jackson 1996). Specific examples include 
inadequate instream flows caused by water diversions, rapid flow fluctuations due to water 
conveyance needs and flood control operations, inadequate coldwater releases from upstream 
reservoirs, loss of spawning and rearing habitat due to dams, and juvenile entrainment into 
unscreened or poorly screened water diversions. 

Measures to minimize effects on salmon will usually result in concomitant effects on steelhead. 
However, life history differences between steelhead and Chinook salmon may also lead to 
different, and potentially conflicting, flow requirements for each species. Although the most 
important flow needs for steelhead in Central Valley rivers are for cold water during the summer 
and early fall, increased flows for Chinook salmon are typically scheduled for the spring and 
mid-fall migration periods. In some cases, such as the temperature criteria for winter-run 
Chinook from Keswick to Red Bluff Diversion Dam (RBDD), reservoir operations coincide with 
steelhead requirements. Differences in the timing of flow needed by different species can create 
difficult management dilemmas, particularly during an extended drought. 

In the upper Sacramento River basin, problems of outflow and temperature are closely related 
(McEwan and Jackson 1996). Low summer and fall outflows can reduce the quality of steelhead 
rearing habitat because of associated increases in water temperature. In addition, adequate habitat 
conditions must be maintained all year for steelhead to benefit. 

PHABSIM Flow Studies 

Sacramento River 

The U.S. Fish and Wildlife Service (FWS) (2003) developed spawning flow-habitat relationships 
for steelhead spawning habitat in the Sacramento River below Keswick Dam using the Physical 
Habitat Simulation (PHABSIM) component of the Instream Flow Incremental Methodology 
(IFIM). Relationships were developed by cross section and by stream segments but were not 
aggregated into riverwide flow-habitat relationships.  

Steelhead spawning-weighted-usable-area peaked at river flows of 3,250 cubic feet per second 
(cfs) in the reach upstream of the Anderson-Cottonwood Irrigation District (ACID) Diversion 
Dam. This habitat relationship holds regardless of whether the dam boards are in or out. The 
reach between ACID dam and Cow Creek, spawning usable area also peaked at river flows of 
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3,250 cfs. In the lower reach, from Cow Creek to Battle Creek, spawning usable area peaked at 
river flows of about 13,000 cfs, but did not vary significantly in a flow range between about 
6,000 and 14,000 cfs. 

The minimum required Sacramento River flow is 3,250 cfs. This flow level provides adequate 
physical habitat to meet the needs of all steelhead life stages in the Sacramento River. Flows 
during the summer generally well exceed this amount in order to meet temperature requirements 
for winter-run Chinook salmon. The winter-run temperature requirements result in water 
temperatures suitable for year-round rearing of steelhead in the upper Sacramento River.  

Clear Creek 

Denton (1986) used the IFIM to estimate optimal Clear Creek flows for salmon and steelhead. 
The resultant estimate of optimal Whiskeytown Dam release schedule from the IFIM study is 
shown in Figure 5−4. Summer-rearing habitat resulting from high water temperatures appeared 
to be the limiting factor for steelhead. Optimal steelhead flows in the upstream (above the former 
Saeltzer Dam site) reach were 87 cfs for spawning and 112 cfs for juvenile rearing. Optimum 
flows for steelhead in the reach below Saeltzer Dam were predicted to be 250 cfs in all months 
except April when they drop to 225 cfs and May 1 through 15 when they are 150 cfs. Denton 
(1986) recommended that tributary streamflows occurring below Whiskeytown Dam be included 
in computing the additional releases required from Whiskeytown Dam to meet the total 
recommended fishery flow needs. 

Feather River 

In 2002, DWR conducted an IFIM habitat analysis for the lower Feather River (DWR 2004). 
This analysis drew on the earlier IFIM work of Sommer et al. (2001), but added an additional 
24 transects and included additional fish observations. The river segments above (the low-flow 
channel [LFC]) and below (the high-flow channel [HFC]) the Thermalito Afterbay Outlet (TAO) 
were modeled separately because of their distinct channel morphology and flow regime. The 
weighted usable (spawning) area (WUA) for steelhead spawning in the LFC had no distinct 
optimum over the range of flow between 150 and 1,000 cfs. However, in the HFC, a maximum 
WUA was observed at a flow just under 1,000 cfs. The difference in these results can be 
attributed to the relative scarcity of suitable steelhead spawning gravels in the LFC segment of 
the Feather River.  

American River 

FWS (1997) measured 21 cross sections of the American River in high-density Chinook 
spawning areas. They estimated the flows at which the greatest usable spawning area would be 
available to steelhead and Chinook based on measurements of water velocity, water depth, and 
substrate size from steelhead and Chinook redds in the American River. There was low 
variability in WUA throughout the range of flows analyzed (1,000-6,000 cfs). Table 4-2 shows 
the average of the WUA from the 21 cross sections expressed as 1,000 square feet of spawning 
area per 1,000 feet of stream. The WUA for steelhead peaked at a flow of 2,400 cfs. All flows 
from 1,000-4,000 cfs provided at least 84 percent of the maximum WUA.  
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Table 4-2 Average WUA (expressed as 1,000 square feet of spawning area per 1,000 feet of stream) 
from 21 cross sections measured in 1995 in high-density Chinook spawning areas. Summarized 
from FWS 1997. 

Nimbus Release (cfs) Steelhead Average WUA Chinook Average WUA 

1,000 31 62 

1,200 33 71 

1,400 34 78 

1,600 35 82 

1,800 36 84 

2,000 36 83 

2,200 36 81 

2,400 37 78 

2,600 36 74 

2,800 36 69 

3,000 36 65 

3,200 36 60 

3,400 35 56 

3,600 34 52 

3,800 32 48 

4,000 31 45 

4,200 29 42 

4,400 27 38 

4,600 26 36 

4,800 24 33 

5,000 23 31 

5,200 22 28 

5,400 21 26 

5,600 20 25 

5,800 19 23 

6,000 19 21 
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Snider et al. (2001) evaluated effects of flow fluctuations in the American River on steelhead and 
salmon. They defined flow fluctuations as unnatural rapid changes instream flow or stage over 
short periods resulting from operational activities of dams and diversions. They recommended 
ramping flows in the American River of 100 cfs/hour or less at flows less than 4,000 cfs to 
reduce stranding of steelhead caused by rapid dewatering of habitat. They further recommended 
avoiding flow increases to 4,000 cfs or more during critical rearing periods. These critical rearing 
periods are January through July for YOY salmon and steelhead, and October through March for 
yearling steelhead and non-natal rearing winter-run Chinook salmon, unless the higher flows can 
be maintained throughout the entire period. For the maintenance of sufficient spawning habitat 
and to keep water flowing through redds, they recommended precluding flow fluctuations that 
decrease flow below 2,500 cfs during critical spawning periods (December through May). 

Ayres Associates (2001) used detailed topography of the river to model sediment mobilization at 
various flows in the American River. They found that at 115,000 cfs (the highest flow modeled), 
particles up to 70 millimeters (mm) median diameter would be moved in the high-density 
spawning areas around Sailor Bar and Sunrise Avenue. Preferred spawning gravel size is 
6−125 mm (1/4−5 inches) in diameter. 

Snider et al. (2001) produced survival indices for Chinook salmon based on number of redds 
versus the population estimate of outmigrating juveniles over a period of 7 years of monitoring 
in the 1990’s. They found that high flows in January had the largest effect on survival according 
to the following equation: Survival = 11,200*(January maximum flow, cfs)-0.28. The higher the 
flow in January, the lower the survival index, although the confidence bounds in this relationship 
are large. January is the period with the greatest number of Chinook eggs in the gravel; thus, the 
high flows are supposedly reducing survival of incubating eggs by scouring or suffocating the 
eggs and alevins in redds. Because steelhead spawn in similar habitat and require similar 
incubation conditions, high flows could affect incubating steelhead eggs in a similar manner.  

Monitoring has shown that juvenile steelhead numbers in the river decrease throughout the 
summer such that the available rearing habitat is not fully seeded with fish. Therefore, the 
rearing population in the river is not likely limited by density-dependent factors. More likely, 
water temperature and, potentially, predator fish species such as striped bass limit the rearing 
population of steelhead in the American River. Flows of about 1,500 cfs or greater have 
sufficient thermal mass to maintain much of the water temperature benefits of cool Folsom 
releases downstream to Watt Avenue. During years with a low coldwater pool, there may not be 
enough cold water to provide optimal water temperatures through summer and fall into the peak 
Chinook spawning period in November. Table 4-3  shows a calculation of estimated fry to smolt 
survival in the American River. 
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Table 4-3 Estimates of wild steelhead smolt production and hatchery smolt survival in the 
American River based on adult hatchery counts, spawner surveys and hatchery yearling releases 
(Hannon and Deason 2007). 

Adult Spawning Year 2007 2006 2005 2004 2003 2002 2001 2000
Year smolts released or outmigrated 2005 2004 2003 2002 2001 2000 1999 1998
Hatchery smolts released in Jan/Feb. of above year3 400,000 400,000 419,160 414,819 467,023 402,300 416,060 385,887
In-river spawning adults 504 266 330 343 300
Total Hatchery Produced Adult Return1 3,613 2,660 3,472 2,425 1,386 1,745 3,392 2,057
Unclipped Adults in hatchery 116 118 17 27 69 50
Percent return of hatchery fish (clipped adult return 
divided by smolts released two years prior) 0.90% 0.67% 0.83% 0.58% 0.30% 0.43% 0.82% 0.53%
Wild smolts that outmigrated (two years prior)2 18,424 17,457 8,552 20,661 22,827 6,132
Estimate of fry produced based on redd surveys 448,749 220,987 405,445 446,017 333,900
Fry to smolt survival estimated available 2010 available 2008 5% 5%

1 assumes 20% recreational harvest based on angler surveys in 1999 and 2001
2  assumes same smolt to adult survival of wild smolts as for hatchery released smolts and that 10% of in-river spawners are naturally produced fish
3 values for 2004 and 2005 are estimates  

 

Stanislaus River 

Aceituno (1993) applied the IFIM to the Stanislaus River between Riverbank and Goodwin Dam 
(24 river miles) to help to determine instream flow needs for Chinook salmon and steelhead. 
Table 4-4 gives the resulting instream flow recommendations for rainbow trout and steelhead 
based on PHABSIM results. Macrohabitat conditions such as water quality, temperature, and the 
value of outmigration, attraction, and channel maintenance flows were not included in the 
analysis.  

Table 4-4 In-stream flows that would provide the maximum weighted usable area of habitat for 
rainbow trout and steelhead trout in the Stanislaus River between Goodwin Dam and Riverbank, 
California (Aceituno 1993). 

Instream Flow (cfs) 

Life Stage Rainbow Trout Steelhead 

Spawning 100 200 

Fry 50 50 

Juvenile 150 150 

Adult 400 500 

 

Habitat Availability 
Large-scale loss of spawning and rearing habitat has been attributed as having the single greatest 
effect on steelhead distribution and abundance (McEwan and Jackson 1996). Historically, 
steelhead spawned and reared primarily in mid- to high-elevation streams where water 
temperatures remained suitable all year. Yoshiyama et al. (1996) estimated that 82 percent of the 
historical Chinook salmon spawning and rearing habitat has been lost. The percentage of habitat 
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loss for steelhead is presumably greater, because steelhead were more extensively distributed 
upstream than Chinook salmon. Steelhead could have used numerous smaller tributaries not used 
by Chinook salmon due to the steelhead’s upstream migration during periods of higher flow, 
superior leaping ability, ability to use a wider variety of spawning gravels, and ability to pass 
through shallower water. The estimated number of historical, pre-impassable dam, and post-
impassable dam river miles available to steelhead in the Sacramento, Feather, American, and 
Stanislaus rivers and Clear Creek is provided in Table 4-5. Potential migration barriers also 
occur in many other streams (Table 4-6).  

Table 4-5 Estimated number of historical, pre-dam, and post-dam river miles available to steelhead 
(includes mainstem migratory, spawning, and rearing habitat). The extent of historical habitat is 
based on Chinook salmon distribution and should be considered minimum estimates for 
steelhead. 
Source: Yoshiyama et al. (1996). 

 Historical Pre-dam Post-dam Lower Dam Completed 

Clear Creek 25 25 16 1963 

Sacramento River 493 493 286 1945 

Feather River 211 <211 67 1968 

American River 161 27 23 1955 

Stanislaus River 113 113 58 1912 

 

Table 4-6 Summary of potential salmonid migration barriers on Central Valley streams. Adapted 
from Yoshiyama et al. (1996). 

Streama and 
Passable Structures Notes 

First Impassable 
Barrier Operator 

Sacramento River    

Red Bluff Diversion Dam FB, SC, FLD Keswick Dam Reclamation 
Anderson-Cottonwood Irrigation 
District Diversion Dam 

FB, SC, FLD  ACID 

Clear Creek    

  Whiskeytown Dam Reclamation 
Battle Creek    
Coleman National Fish Hatchery 
Weir and various Pacific Gas & 
Electric (PG&E) dams (e.g. 
Wildcat) 

FLDb Coleman South Fork 
Diversion Dam; Eagle 
Canyon Dam (being 
laddered as part of 
restoration program) 

PG&E  

Antelope Creek DW Mouth Edwards Ranch; Los Molinos 
Mutual Water Co. 

Mill Creek    
Ward Diversion Dam SC, SL, FLD Morgan Hot Spring Los Molinos Mutual Water Co. 
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Streama and 
Passable Structures Notes 

First Impassable 
Barrier Operator 

Clough Diversion Dam BR   
Upper Diversion Dam SC, SL, FLD  Los Molinos Mutual Water Co. 
Deer Creek    
Stanford-Vina Diversion Dam SC, FLD Upper Deer Creek 

Falls 
Stanford-Vina Irrigation Co. 

Cone-Kimball Diversion Dam SC, SO  Stanford-Vina Irrigation Co. 
Deer Creek Irrigation Co. Diversion SC, SO  Deer Creek Irrigation Co. 
Lower and Upper Deer Creek Falls FLD   
Butte Creek    
Parrott-Phelan Diversion Dam SC, FLD Centerville Head Dam 

or Quartz Bowl Barrier 
(barrier most years) 

M&T Ranch 

Durham-Mutual Diversion Dam SC, FLD  Durham-Mutual Water Co. 
Gorrill Diversion Dam SC, FLD  Gorrill Ranch 
Adams Diversion Dam SC, FLD  Rancho Esquon Investment Co.
Butte Slough Outfall Gates    
Sanborn Slough FLD  FWS/RD1004 
East-West Weir FLD  Butte Slough Irrigation District 
Weir 2 FLD  DWR 
Weir 5 FLD, SC  Butte Slough Irrigation District 
Weir 3 FLD  Butte Slough Irrigation District 
Weir 1 FLD  FWS 
Stony Creek    
Glenn-Colusa Irrigation District 
(GCID) Canal (Formerly a gravel 
berm was used, but water canal is 
now piped under river.) 

BR Black Butte Dam U.S. Army Corps of Engineers 
(Corps) 

Tehama Colusa Canal Authority 
(TCCA) rediversion berm (Absent 
during adult migration) 

UN   

Orland North Canal Diversion  FB, UN   
Yuba River    
Daguerre Point Dam UN, FLD Englebright Dam Corps and Yuba County Water 

Agency 
Feather River  Feather River Fish 

Barrier Dam 
DFG 

American River  Nimbus Dam Reclamation 
Putah Creek  Putah Diversion Dam Solano County Water Agency 
Yolo Bypass  Fremont Weir DWR 
Mokelumne River    
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Streama and 
Passable Structures Notes 

First Impassable 
Barrier Operator 

Woodbridge (Lodi Lake) Dam FLD, FB Camanche Dam East Bay Municipal Utility 
District (EBMUD) 

Central Valley Project (CVP)- and 
State Water Project (SWP)-
influenced channels 

   

Calaveras Riverd    
Bellota Dam UN with FB New Hogan Dam USACE 
    
Stanislaus River  Goodwin Dam Reclamation 
Tuolumne River  La Grange Dam Tulare Irrigation District 
Merced River    
  Crocker-Hoffman Dam Maxwell Irrigation District 
San Joaquin River    
Hill’s Ferry Fish Barrier 10/1 - 12/31 Alaskan Weir DFG 

a Only streams with barriers are listed. 
b Not currently operational.  
c Harrell and Sommer, In press. 
d Tetra Tech (2001). 

BR = breached 
DW = dewatered at some point throughout the year 
FB = flashboards removed during winter 
FLD = fish ladder 

SC = screened diversion 
SL = sloped dam 
SO = salmon can swim over dam 
UN = unscreened diversion 

 

Habitat Suitability 

Fish Passage, Diversion, and Entrainment 

As described above, upstream passage of steelhead has been most severely affected by large 
dams blocking access to headwaters of the Sacramento and San Joaquin rivers on most major 
tributaries (McEwan and Jackson 1996). The remaining areas below major dams may not have 
optimal habitat characteristics. For example, lower elevation rivers have substantially different 
flow, substrate, cover, nutrient availability, and temperature regimes than headwater streams. In 
addition, small dams and weirs may impede upstream migrating adults, depending on the 
effectiveness of fish ladders at various flows or whether the boards are removed from the weirs 
during the migration period. Salmonids are able to pass some of these dams and weirs under 
certain conditions, but studies have not been conducted to fully evaluate fish passage at all 
structures at all flows. In particular, there is concern that high flows over small dams and weirs 
may obscure the attraction flows at the mouths of the ladders, effectively blocking upstream 
migration (CALFED 1998). 
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Sacramento River 

Until recently, three large-scale, upper Sacramento River diversions (RBDD, ACID, and GCID) 
have been of particular concern as potential passage or entrainment problems for steelhead 
(McEwan and Jackson 1996). The GCID diversion is now screened using large flat-plate screens. 
Operational controls in effect to protect winter-run Chinook (a reduction in diversion rate to 
reduce approach velocities to 0.33 ft/s) are likely to provide protection to steelhead as well. In 
addition, construction to double the screen area, increase the number of bypass structures, and 
provide a new downstream control structure was completed in 2001. A gradient control structure 
in the mainstem of the river at mile 206 was completed in 2001 to provide suitable flow 
conditions through the side channel for operation of the diversion. 

In the past, the ACID diversion dam created fish passage problems. However, new fish ladders 
and fish screens were installed around the diversion and were operated starting in the summer 
2001 diversion period. Prior to the 1990s, the dam required a temporary but substantial reduction 
in Keswick Reservoir releases to manually adjust the dam flashboards, which resulted in 
dewatered redds, stranded juveniles, and high water temperatures. Reclamation helped modify 
the flashboards in the 1990s to facilitate adjustment at higher flows, reducing the risk of 
dewatering redds.  

Salmonid passage problems at RBDD have been well-documented (Vogel and Smith 1986; 
Hallock 1989; FWS 1987, 1989, 1990b; Vogel et al. 1988, all as cited in DFG 1998). Vogel 
(1989, as cited in DFG 1998) estimated the entrainment of young salmon from 1982 through 
1987 averaged approximately 350,000 fish per year. The fish louver and bypass system 
originally constructed at RBDD was replaced with rotary drum screens and an improved bypass 
system, which began operation in April 1990. The drum screen facility was monitored to assess 
juvenile salmon entrainment into the Tehama-Colusa Canal through 1994 (FWS 1998). No fish 
were collected in monitoring efforts in 1990 to 1992 or 1994. In 1993, 33 salmon were entrained, 
resulting in an estimated 99.99 percent screening efficiency. The drum screen facility at RBDD 
is highly efficient at reducing salmonid entrainment. 

Facilities improvements have been second only to the implementation of “gates-out” operation of 
RBDD for improving juvenile salmonid survival (FWS 1996). The RBDD gates were raised 
during the non-irrigation season beginning in 1986-87 to improve fish passage conditions, 
especially for winter-run Chinook salmon. The initial gates-out period of 4 months was 
incrementally increased to 8 months by 1994-95. Run timing past RBDD is shown in Figure 4-1. 
The initial four month gates out period resulted in a blockage of steelhead during the peak of 
their upstream migration, forcing them to use the fish ladders to obtain passage. Under these 
operations only the earliest migrating steelhead arrive at RBDD before the gates are raised.  

During the current gates-out operation (September 15 through May 14), fish passage conditions 
are “run of the river,” and essentially all adverse effects associated with fish passage are 
eliminated. Water deliveries at RBDD are limited during these 8 months to diversions through a 
series of screened, temporary pumps and at the RBDD Research Pumping Plant (FWS 1998). 
Although the historical counts of juvenile steelhead passing RBDD do not differentiate steelhead 
from resident rainbow trout, approximately 95 percent of steelhead/rainbow trout juvenile 
emigrants pass during the gates-out period based on historical emigration patterns at RBDD 
(DFG 1993, as summarized in FWS 1998). 
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Figure 4-1 Run timing of adult steelhead and Chinook salmon past RBDD (from TCCA and 
Reclamation 2002). 

Immigrating adult steelhead must also negotiate RBDD to gain access to natal streams, including 
the upper Sacramento River, Clear Creek, and Battle Creek. Approximately 84 percent of adult 
steelhead immigrants pass RBDD during the gates-out period based on average run timing at 
RBDD. Therefore, most steelhead have had unimpeded passage past RBDD since 1994-95 (FWS 
1998; TCCA and Reclamation 2002). During the late summer and fall months, the steelhead 
immigration season, delays were typically less than four days for fall-run Chinook salmon 
(Vogel et al 1988). 

In addition to the problems created by large canal diversions, there are an estimated 300 smaller 
unscreened diversions on the Sacramento River between Keswick Dam and the Delta (McEwan 
and Jackson 1996) and another 2,000 or so in the Delta itself (DFG diversion database). 
Operation of these diversions likely entrain juvenile steelhead. However, no steelhead were 
observed during several years of sampling agricultural diversions in the Delta (Cook and 
Buffaloe 1998), and only one steelhead was collected during a 2-year study of the large Roaring 
River Diversion in Suisun Marsh before it was screened (Pickard et al. 1982b). 

The diversions at RBDD during the gates-out period are supplemented by rediversions of CVP 
water stored in Black Butte Reservoir through the Constant Head Orifice (CHO) on the Tehama-
Colusa Canal. This rediversion requires the use of a temporary berm across Stony Creek that 
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potentially blocks upstream passage and impedes downstream passage of salmonids and creates 
an entrainment hazard for downstream migrating juveniles. Over 90 percent of the flow is into 
the CHO at peak diversions during late May. Although few salmonids are present above the 
CHO, it creates a significant hazard for those that are present. Recent monitoring data, following 
installation of the GCID siphon downstream of the CHO, caught few salmonids, suggesting this 
rediversion hazard poses little risk to salmonids. Although the data are limited, it appears the 
salmonids move downstream to the mouth of the creek before rediversions begin, which 
generally coincides with the rise of temperature above 56°F (Reclamation 1998, 2002, and 
2003).  

The Sacramento-San Joaquin Delta 

The Delta serves as a migration corridor to the upper Sacramento and San Joaquin River basins 
for adult and juvenile steelhead. It also serves as a rearing habitat for juveniles that move into the 
Delta before they enter saltwater. Presumably, one of the anthropogenic factors that might 
influence steelhead abundance and distribution in the Delta is CVP and SWP operations. Little 
data are available to determine the extent to which CVP and SWP Delta operations affect 
steelhead population abundance.  

DWR and Reclamation (1999) reported that significant linear relationships exist between total 
monthly export (January through May) and monthly steelhead salvage at both Delta fish 
facilities. The months included in the analysis were based on months that steelhead consistently 
appeared at the salvage facilities between 1992 and 1998. Scatterplots of 1993 through 2006 
CVP and SWP steelhead salvage versus exports are shown in Figure 4-2 and Figure 4-3, 
respectively.  
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CVP log monthly steelhead salvage vs. pumping, 
1993 - 2006
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Figure 4-2 Scatterplot of total monthly CVP export in acre feet vs. log10 total monthly CVP 
steelhead salvage, 1993-2006. 
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SWP log monthly steelhead salvage vs pumping, 
1993 - 2006

y = 0.004x + 1.5103
R2 = 0.4913

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

0 100 200 300 400 500 600

Monthly export, taf

lo
g

 m
o

n
th

ly
 s

te
el

h
ea

d
 s

al
va

g
e 

(J
an

 -
 A

p
r)

 

Figure 4-3 Scatterplot of total monthly SWP export in acre-feet vs. log10 total monthly SWP 
steelhead salvage, 1993-2006.  

 

Figure 4-4 shows steelhead salvage since 1992 (Figure 4-4). Implementation of the Bay-Delta 
Accord likely helped to reduce steelhead entrainment that otherwise would have occurred. 
Steelhead presence in the south delta is likely related to yearly population flucuations and water 
flows from upstream tributaries. Returns to Nimbus and Feather River Hatcheries since 1992 are 
not correllated (Figure 3-10). These hatcheries release relatively equal numbers of steelhead 
smolts each year. The lack of correlation in returns to Nimbus and Feather River Hatcheries 
indicates that factors associated with steelhead survival are complex. 
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Steelhead Salvage at the CVP and SWP, 1993 - 2007
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Figure 4-4 Steelhead salvage, 1993 – 2007 by adipose clip status and facility. 

 

In addition to being correlated to amount of water exported, steelhead salvage is positively 
correlated to December through June catch per unit effort (CPUE) of steelhead in the FWS 
Chipps Island Trawl (Spearman R = 0.89, P = 0.02; Figure 4-5), which is considered the best 
available estimate of juvenile steelhead year-class strength. In other words, the Delta facilities 
take more steelhead when there are more steelhead. This suggests steelhead salvage at the 
facilities is an indicator of juvenile year-class strength. Steelhead that are captured at Chipps 
Island Trawl (Figure 4-6) do not appear to have decreased since 1998 when hatcheries began 
clipping all steelhead they released. Prior to 1998 abundances may have been higher but there is 
no way to know if the higher numbers were hatchery or wild fish. 
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Figure 4-5 Relationship between total combined CVP and SWP steelhead salvage December 
through June, and December through June steelhead catch per minute trawled at Chipps Island, 
December 1993 through June 1999. 
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Figure 4-6 Steelhead captured in the Chipps Island Trawl, 1993 – 2006 (data from BDAT) note: 
100% hatchery steelhead clipping began in 1998. 
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The currently available data suggest salvage represents small percentages of hatchery and wild 
steelhead smolts. The estimated percentages of hatchery smolts in combined (SWP and CVP) 
salvage ranged from 0.01 to 0.4 percent of the number released from 1998 through 2000. The 
estimated percentages of the wild steelhead smolt populations salvaged were higher, but were 
still less than 1 percent each year and ranged from 0.06 percent to 0.9 percent (Nobriga and 
Cadrett 2001). For salmonids, typically 1-2 percent of smolts survive to return as adults. At a 
2 percent smolt-to-adult survival, each steelhead smolt lost represents 0.02 adult or one potential 
adult for each 50 smolts lost at the pumps. A high percentage of the unclipped steelhead captured 
at the CVP salvage facility in 2003 had fin erosion, indicating they were likely hatchery fish that 
missed getting clipped. These fish are currently counted as unclipped and assumed to be wild. 
Lloyd Hess (personal communication 2003) recommended updating the data sheet for salvage 
monitoring to include unclipped steelhead that display physical characteristics of hatchery reared 
steelhead.  

The assessment of effects of operations of the CVP and SWP on the Central Valley steelhead 
DPS is confounded by hatchery fish, which constitute the majority of steelhead in the Central 
Valley. Since 1998, Central Valley hatcheries have attempted to clip the adipose fins of all 
hatchery-produced steelhead, enabling an estimate of the proportion of naturally spawned 
steelhead smolts emigrating through the Delta. The proportions of adipose fin-clipped steelhead 
are shown in Figure 4-7. This figure shows that wild (unclipped) steelhead are larger on average 
than hatchery (clipped) fish. 

If hatcheries continue to clip the adipose fins of all hatchery-reared steelhead, the FWS Chipps 
Island Trawl may eventually also be a useful tool for devising an emigration abundance index 
specifically for naturally spawned steelhead that can be compared to salvage or other potential 
influencing factors.  
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Delta Fish Facility Sampled Steelhead Size Distribution, 
clipped vs unclipped, 2001 - 2004
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Figure 4-7 Steelhead length frequency, 2001 - 2004. Unclipped fish were significantly larger than 
clipped fish (t=9.7, P<0.001). 

Steelhead salvage and loss density at the SWP and CVP fish salvage facilities are shown in 
Figure 4-8 through Figure 4-11. Steelhead loss was calculated using a simplified salmon loss 
equation (at the SWP:  LOSS = SALVAGE x 4.34    and at the CVP:  LOSS = SALVAGE x 
0.579). These densities are indicative of the density of fish in the water in the vicinity of the 
water intakes for each month. 
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Steelhead Unclipped Salvage Density at SWP
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Figure 4-8 Unclipped steelhead salvage density at the SWP, 1993 – 2006. 
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Figure 4-9 Unclipped steelhead salvage density at the CVP, 1996 – 2006. 
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Unclipped Steelhead Loss at SWP
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Figure 4-10 Unclipped steelhead loss density at the SWP, 1993 – 2006. 
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Figure 4-11 Unclipped steelhead loss density at the CVP, 1993 – 2006. 

Yolo Bypass 

The Yolo Bypass is the primary floodplain of the Sacramento River basin. It is a 59,000-acre 
leveed basin that conveys flood flows from the Sacramento Valley including the Sacramento 
River, Feather River, American River, Sutter Bypass, and westside streams. The 40-mile-long 
floodplain seasonally floods in winter and spring in about 60 percent of water years, when it is 
designed to convey up to 500,000 cfs. Under typical flood events, water spills into the Yolo 
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Bypass via the Fremont Weir when Sacramento River basin flows surpass approximately 75,000 
cfs. Water initially passes along the eastern edge of the Bypass through the Toe Drain channel, a 
riparian corridor, before spreading throughout the floodplain. During dry seasons, the Toe Drain 
channel remains inundated as a result of tidal action. At higher levels of Sacramento Basin flow, 
the Sacramento Weir is also frequently operated by removal of flashboards. Westside streams 
such as Cache and Putah creeks and Knight’s Landing Ridge Cut may also be substantial sources 
of flow. The habitat types include agriculture, riparian, wetlands, and permanent ponds. 

DWR staff have been conducting fish studies in the Yolo Bypass for the past several years 
(Harrell and Sommer 2003). They believe that Fremont Weir, the northernmost part of the Yolo 
Bypass, is a major impairment to fish passage in the lower Sacramento basin. The key problems 
are summarized below.  

Adult Passage during Low-flow Periods 
Fyke trap monitoring by DWR from 2000 – 2002 shows that adult salmon and steelhead migrate 
up through the Toe Drain in autumn and winter regardless of whether Fremont Weir spills 
(Harrell and Sommer 2003). The Toe Drain does not extend all the way to Fremont Weir because 
the channel is blocked by roads or other higher ground at several locations. Even if the channel 
extended all the way to Fremont Weir, there are no facilities at the weir to pass upstream 
migrants at lower flows. Therefore, unless there is overflow into the Yolo Bypass, fish cannot 
pass Fremont Weir and migrate farther upstream to reach the Sacramento River. DWR staff has 
evidence that this is a problem for fall-run, winter-run, and spring-run Chinook salmon and 
steelhead.  

Adult Passage during High-flow Periods 
During high-flow events, water spills into the bypass from the Sacramento River via Fremont 
Weir. These flow events attract substantial numbers of upstream migrants through the Yolo 
Bypass corridor, which can often convey the majority of the Sacramento basin flow (Harrell and 
Sommer 2003). At all but the highest flows (for example, 100,000 cfs), there is an elevation 
difference between Yolo Bypass and Sacramento River at the weir. This creates a 1.5-mile-long 
migration barrier for a variety of species, but fish with strong jumping capabilities, such as 
salmonids, may be able to pass the barrier at higher flows. Although there is a fish ladder 
(maintained by DFG) at the center of the weir, the ladder is tiny, outdated, and exceptionally 
inefficient. Field and anecdotal evidence suggests that this creates major problems for sturgeon 
and sometimes salmonids. These species are attracted by high flows into the basin, and then 
become “concentrated” behind Fremont Weir. They are subject to heavy legal and illegal fishing 
pressure. 

Juvenile Passage 
Yolo Bypass has the potential to strand salmonids as floodwaters recede (Sommer et al. 1998). 
Sixty-two juvenile steelhead were captured during the 1998-99 Yolo Bypass study (58 in 1998; 
4 in 1999) (DWR unpublished data). Twenty-four (38.7 percent) were adipose fin-clipped; 
54 (87 percent) of the steelhead were captured in a rotary screw fish trap (RST) in the Yolo 
Bypass Toe Drain. The remainder were captured in beach seine hauls in the scour ponds 
immediately below the Fremont and Sacramento weirs. 
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The 1998 Yolo Bypass Toe Drain RST CPUE for steelhead is shown in Figure 4-12. The data 
indicate steelhead emigrate off the floodplain near the end of drainage cycles. However, small 
sample size, hatchery releases, and improved gear efficiency during drainage events may 
confound results. Stranding estimates were not attempted because steelhead were not collected in 
beach seine sampling outside the scour ponds mentioned above. Although 50-foot beach seines 
are inefficient at sampling large fish, it is not believed that steelhead were stranded in large 
numbers. Sommer et al. (1998) found most juvenile salmon emigrated off the floodplain as it 
drained. In later studies, they found that young salmon grew significantly faster in the Yolo 
Bypass than the adjacent Sacramento River, with some evidence of higher survival rates 
(Sommer et al. 2001). The available evidence suggests steelhead show a similar response to 
floodplain drainage. 

 

Figure 4-12 Steelhead catch per minute from the Yolo Bypass Toe Drain RST and total Yolo 
Bypass flow, 1998. 

The stomach contents of eight adipose fin-clipped steelhead captured during the 1998 screw trap 
survey were examined before they were turned over to FWS for coded-wire-tag (CWT) 
extraction (Table 4-7). The diet data are biased by the artificial feeding opportunities present in 
the screw trap live box, but they support the hypothesis that steelhead may use the Yolo Bypass 
as a rearing habitat because they were feeding as they emigrated. 
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Table 4-7 Stomach contents of adipose fin-clipped steelhead captured in Toe Drain of Yolo 
Bypass 1998 (DWR unpublished data). 

Collection date 
Water 

temperature (°F)
Fork 

length (mm) Stomach contents 

3/1 53 225 8 Chinook salmon (30-50 mm FLD); 
1 pikeminnow (50 mm FLD); 1 unidentified fish;
1 dipteran pupa 

3/6 52 217 Empty, but gut distended as if prey recently 
evacuated 

3/6 52 247 4 Chinook salmon (40-50 mm FLD); 
2 inland silversides (70 mm FLD) 

3/7 51 234 Empty 

3/10 55 234 Empty 

3/10 55 206 Larval chironomid remains; Damselfly remains 

3/10 55 238 Empty 

4/17 61 208 1 damselfly nymph 

 

Suisun Marsh Salinity Control Gates 

Work completed by Edwards et al. (1996) and Tillman et al. (1996) found the Suisun Marsh 
Salinity Control Gages (SMSCG) have the potential to impede all four races of Chinook salmon 
immigrating through Montezuma Slough. However, population-level effects have not been 
demonstrated. No work has been completed to specifically test the effects of the SMSCG on 
immigrating adult steelhead, but it is reasonable to expect similar results. 

It is possible for SMSCG operations to affect adult steelhead immigration any time the gates are 
operated from September through May, given the life history of Central Valley steelhead. An 
evaluation of a method for minimizing gate effects through modification of the flashboards 
indicated that the modified flashboards were not successful in improving salmonid immigration. 
Following the evaluation, the regular flashboards are re-installed as long as the gates are needed 
to control salinity. Based on the results showing that the modification was not successful, another 
solution was developed for evaluation. The modification implemented for study years 2001-03 is 
a continuously open boat lock, with full flashboards in when the gate is operational. The effort to 
minimize the adverse effects of the SMSCG on salmonid immigration through Montezuma 
Slough is ongoing. Because the gates are operated only to meet salinity standards, avoidance 
measures (in other words, flashboards removed and gates out of water) are already in place 
during periods when the gates are not needed to control salinity. 

Predation and Competition 
Restriction of steelhead to mainstem habitats below dams may expose eggs and rearing juveniles 
to higher predation rates than those encountered in historical headwater habitats (McEwan and 
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Jackson 1996). Predatory fish are more abundant and diverse in mainstem rivers than headwater 
streams. Thus, predation loss is probably greater in mainstem rivers than in the historical 
spawning areas (CALFED 1998). However, essentially very little is known about predation on 
Central Valley steelhead. There are specific locations (e.g., dams, bridges, or diversion 
structures) where predation has become a significant problem for Chinook salmon. Some of 
these locations may also pose predation problems for rearing and migrating steelhead. During 
snorkel observations of juvenile steelhead in the American River, steelhead tended to hold in 
moderately swift currents in riffles during the summer. In most cases, adult striped bass and 
pikeminnows were holding within 100 feet downstream from these areas in deeper and slower 
moving water. When there was structure in faster currents such as bridge pilings or rootwads, 
adult pikeminnows were congregated in the eddies behind the structures. Steelhead were usually 
nearby. Anglers report that the most effective bait for stripers in the American River is a rainbow 
trout imitation. 

Large constructed structures like diversion dams increase resting and feeding habitat for 
predatory fish. As an example, RBDD formerly impeded upstream passage, or provided a 
predator refuge and feeding area, for Sacramento pikeminnow and striped bass, resulting in 
increased densities of these two predators downstream of the dam. Current estimates of 
pikeminnow densities around RBDD were substantially lower than they were when the gates 
were left in year-round, although some aggregations still occur (FWS 1998). Furthermore, 
pikeminnow densities around RBDD appear to be much lower than the densities found to be a 
problem in the Columbia River system. Gate removal during March through May, the peak 
pikeminnow spawning migration period, is considered important in preventing the large 
aggregations that previously occurred. Approximately 81 percent of adult pikeminnow 
immigrants should pass during the gates-out period based on average run timing at RBDD (FWS 
1998). 

Predation rates on fishes are usually size-dependent, with the highest level of predation incurred 
upon smaller size classes. The available data from the FWS Chipps Island Trawl indicate an 
extremely small percentage of steelhead emigrate as YOY (see above). Therefore, it is expected 
that most steelhead predation occurs upstream of the Delta, where the habitat use of small size 
classes has been shown to be affected by the presence of potential predators (Brown and Brasher 
1995) and predation risk appears to be affected by habitat use (DWR unpublished). The small 
percentages of YOY steelhead emigrating through the Delta would presumably face the same 
predation pressures as Chinook salmon smolts (Dennis McEwan, personal communication, 
1998). However, steelhead were not listed as a prey item for any Delta fish by DFG (1966), even 
though they were more abundant at that time. The lack of steelhead in the stomachs of Delta 
piscivores is consistent with the observation that few steelhead emigrate as YOY, and also 
suggests predation pressure on the relatively large steelhead smolts migrating through the Delta 
may typically be low. An Interagency Ecological Program (IEP) funded study (#2000-083 
Predator-Prey Dynamics in Shallow Water Habitats of the Sacramento-San Joaquin Delta) 
investigated the feeding ecology of piscivorous fishes in nearshore habitats of the Delta during 
2001 and 2003. No steelhead were found in any of the 570 striped bass stomachs, 320 
largemouth bass stomachs, or 282 Sacramento pikeminnow foreguts examined (Nobriga and 
Feyrer 2007). 
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The highest ocean mortality for steelhead occurs soon after their initial ocean entry (McEwan 
and Jackson 1996). Predation is presumed to be the principal cause of mortality, although this 
has not been studied. The effect may be more substantial during El Niño years when warm water 
off the California coast increases the metabolic demands of predators and attracts additional 
piscivorous species such as the Pacific mackerel. 

Competition for spawning space among steelhead, resident rainbow trout, and Chinook salmon 
can be a source of egg mortality in mainstem rivers below dams. Substantial superimposition of 
salmon redds has been documented in the Feather River at a time of year when some steelhead 
may be attempting to spawn (Sommer et al. 2001a). Superimposition of salmon redds has also 
been documented in the upper Sacramento River below Keswick Dam (DFG 1998), and may be 
a problem for steelhead there as well. 

Competition between steelhead and other species for limited food resources in the Pacific Ocean 
may be a contributing factor to declines in steelhead populations, particularly during years of low 
productivity (Cooper and Johnson 1992, as cited in McEwan and Jackson 1996). Pacific hake 
and Pacific salmon may compete with steelhead for food resources. Releases of hatchery 
salmonids may also increase competition and decrease survival and/or growth of hatchery and 
wild fish in the ocean. During years of lowered ocean productivity, smolt-to-adult survival rates 
indicated increased competition and mortality occurred when large numbers of hatchery and wild 
smolts were present together (McCarl and Rettig 1983; Peterman and Routledge 1983; McGie 
1984; Lin and Williams 1988, all as cited in Pearcy 1992). Recent studies are also finding 
evidence that the reduced returns of adult salmonids to streams throughout the North Pacific 
could be seriously limiting the input of marine-derived nutrients to spawning and rearing streams 
(Gresh et al. 2000). The ecological importance of salmonid carcasses and surplus eggs to stream 
productivity and juvenile steelhead growth has been demonstrated experimentally (Bilby et al. 
1996, 1998). Bilby et al. (1998) also presented evidence that juvenile steelhead may actively 
seek out areas of streams with abundant carcasses to prey on unspawned eggs. 

Food Abundance in the Delta 
Food supply limitation and changes to invertebrate species composition, which influence food 
availability for young fish in the estuary, have been suggested as factors in the decline of 
estuarine-dependent species such as delta smelt and striped bass (Bennett and Moyle 1996). 
However, food limitation for steelhead in the Delta or lower estuary has not been studied. 
Steelhead smolts tend to migrate through the Delta at the same time that many small Chinook are 
present. The abundance of the smaller Chinook likely provides a readily available food supply 
for outmigrating steelhead and may be an important food source during the early stages of ocean 
rearing. 

Contaminants 
The introduction of contaminants into steelhead habitat could negatively affect steelhead 
abundance and distribution directly and/or indirectly (McEwan and Jackson 1996). However, 
there is little direct information on individual impacts, and population-level effects are unknown. 
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Runoff from the Iron Mountain Mine complex into the upper Sacramento River is known to 
adversely affect aquatic organisms (USRFRHAC 1989). Spring Creek Dam was built to capture 
pollution-laden runoff from the Iron Mountain Mine complex so lethal effects of the pollutants 
could be attenuated by controlled releases from the reservoir. Spring Creek Reservoir has 
insufficient capacity to perform under all hydrologic conditions, and uncontrolled spills resulted 
in documented fish kills in the 1960s and 1970s. Greater releases from Shasta Reservoir are 
required to dilute the uncontrolled releases, diminishing storage needed to maintain adequate 
flows and water temperatures later in the year (McEwan and Jackson 1996). 

The role of potential contaminant-related effects on steelhead survival in the Delta also has not 
been examined, but some common pollutants include effluent from wastewater treatment plants 
and chemical discharges such as dioxin from San Francisco Bay petroleum refineries (McEwan 
and Jackson 1996). In addition, agricultural drain water, another possible source of contaminants, 
can contribute up to 30 percent of the total inflow into the Sacramento River during the low-flow 
period of a dry year. 

During periods of low flow and high residence time of water through the Stockton deep-water 
ship channel, high oxygen demand from algae concentrations can deplete dissolved oxygen to 
lethal levels. This can result in a barrier to upstream and downstream migrating steelhead and 
could kill steelhead present in the area of low dissolved oxygen. 

Harvest 
There is little information on harvest rates of Central Valley steelhead. Prior to listing in 1998, 
steelhead were vulnerable to over-harvest because anglers could catch them as juveniles and 
adults. McEwan and Jackson (1996) did not believe over-harvest had caused the overall 
steelhead decline, but suggested it could have been a problem in some places. For example, 
estimates of juvenile harvest, including hatchery-produced juveniles from the American River 
and Battle Creek, were as high as 51 percent and 90 percent, respectively. The proportion of 
naturally spawned steelhead harvested and the incidence and effects of hooking mortality are 
unknown. Most of the steelhead sports fishing effort occurs in the American and Feather Rivers. 
Regulations in place since 1999 prohibit the harvest of naturally produced (no adipose fish clip) 
steelhead greater than 16 inches long. 

There is no longer a commercial ocean fishery for steelhead (McEwan and Jackson 1996). 
However, steelhead may be caught in either unauthorized drift net fisheries, or as bycatch in 
other authorized fisheries such as salmon troll fisheries. Based on very limited data collected 
when drift net fishing was legal, the combined mortality estimates for these fisheries were 
between 5 and 30 percent. Steelhead are routinely captured and often retained for personal 
consumption in salmon seine fisheries in Alaska and British Columbia. McEwan and Jackson 
(1996) did not think these mortality estimates were high enough to explain the steelhead decline, 
but they could have been a contributing factor. As mentioned above, the substantial declines in 
marine-derived nutrients to streams due to overall salmonid declines may also affect growth and 
survival of juvenile salmonids (Bilby et al. 1996, 1998). Levels of ocean harvest that result in 
minimum escapements to spawning grounds may exacerbate stream nutrient deficiencies (Gresh 
et al. 2000). Hatcheries currently remove the carcasses of spawned Chinook salmon and excess 
Chinook that ascend the hatchery ladders. The fish are used in food programs and not returned to 



OCAP BA Steelhead Factors 

 August 2008 4-27 

the rivers. Approximately 20% of the marine derived nutrients may be removed from the Central 
Valley watershed by the current hatchery practices.  

Hatcheries 
Four Central Valley steelhead hatcheries (Mokelumne River, Feather River, Coleman, and 
Nimbus hatcheries) collectively produce approximately 1.5 million steelhead yearlings annually 
when all four hatcheries reach production goals (CMARP 1998). The hatchery steelhead 
programs originated as mitigation for the habitat lost by construction of dams. Steelhead are 
released at downstream locations in January and February at about four fish per pound, generally 
the time period that the peak of outmigration is believed to begin (Table 4-8). 

Table 4-8 Production and release data for hatchery steelhead.a 

Hatchery River Yearly production goal 

Number 
released in 

1999 Release location 

Coleman Battle Creek 600,000 smolts 496,525 Battle Creek 
and Balls Ferry 

Feather R. Feather 450,000 yearlings 345,810 Gridley 

Nimbus American 430,000 yearlings 400,060 Sacramento R. below 
American R. 

Mokelumne R. Mokelumne 100,000 yearlings b 102,440 Lower Mokelumne R. 
a Source: DFG and National Marine Fisheries Service 2001. 
b From American or Feather reared at Mokelumne. 

 

The hatchery runs in the American and Mokelumne rivers are probably highly introgressed 
mixtures of many exotic stocks introduced in the early days of the hatcheries (McEwan and 
Jackson 1996; NMFS 1997b, 1998). Beginning in 1962, steelhead eggs were imported into 
Nimbus Hatchery from the Eel, Mad, upper Sacramento, and Russian rivers and from the 
Washougal and Siletz Rivers in Washington and Oregon, respectively (McEwan and Nelson 
1991, as cited in McEwan and Jackson 1996). Egg importation has also occurred at other Central 
Valley hatcheries (McEwan and Jackson 1996). 

Stock introductions began at the Feather River Hatchery in 1967, when steelhead eggs were 
imported from Nimbus Hatchery to raise as broodstock. In 1971, the first release of Nimbus-
origin fish occurred. From 1975 to 1982, steelhead eggs or juveniles were imported from the 
American, Mad, and Klamath rivers and the Washougal River in Washington. The last year that 
Nimbus-origin fish were released into the Feather River was 1988. Based on preliminary genetic 
assessments of Central Valley steelhead, NMFS Fisheries (1998) concluded the Feather River 
Hatchery steelhead were part of the Central Valley ESU despite an egg importation history 
similar to the Nimbus Hatchery stock, which NMFS did not consider part of the Central Valley 
ESU. It is possible the Feather River Hatchery stock maintained substantial genetic affinity to 
other Central Valley stocks because it was not completely extirpated before the construction of 
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Feather River Hatchery, as the American River stock possibly was (Dennis McEwan, personal 
communication, 1999). 

Hatcheries have come under scrutiny for their potential effects on wild salmonid populations 
(Bisson et al. 2002, Araki it al. 2007). The concern with hatchery operations is two-fold. First, 
they may result in unintentional, but maladaptive genetic changes in wild steelhead stocks 
(McEwan and Jackson 1996). DFG believes its hatcheries take eggs and sperm from enough 
individuals to avoid loss of genetic diversity through inbreeding depression and genetic drift. 
However, artificial selection for traits that improve hatchery success (fast growth, tolerance of 
crowding) are not avoidable and may reduce genetic diversity and population fitness (Araki et al. 
2007). 

The second concern with hatchery operations revolves around the potential for undesirable 
competitive interactions between hatchery and wild stocks. Intraspecific competition between 
wild and artificially produced stocks can result in wild fish declines (McMichael et al. 1997, 
1999). Although wild fish are presumably more adept at foraging for natural foods than 
hatchery-reared fish, this advantage can be negated by density-dependent effects resulting from 
large numbers of hatchery fish released at a specific locale, as well as the larger size and more 
aggressive behavior of the hatchery fish. 

Hallock et al. (1961, as cited in McEwan and Jackson 1996) reported that the composition of 
naturally produced steelhead in the population estimates for the 1953-54 through 1958-59 
seasons ranged from 82 to 97 percent and averaged 88 percent. This probably does not reflect the 
present composition in the Central Valley due to continued loss of spawning and rearing habitat 
and increased hatchery production. During the latter 1950s, only Coleman and Nimbus 
Hatcheries were in operation.  

Current data are not available to estimate the relative abundance of naturally spawned and 
hatchery-produced steelhead adults in the Central Valley. Since 1998 however, Central Valley 
hatcheries have attempted to clip the adipose fins of all hatchery-produced steelhead. This 
provides an opportunity to estimate the proportion of naturally spawned steelhead smolts 
emigrating through the Delta. Data from the FWS Chipps Island Trawl indicate the proportion of 
juvenile steelhead that are adipose-clipped is between 60 percent and 80 percent. Estimates of 
clipped and unclipped steelhead proportions are very difficult to obtain during adult steelhead 
spawning surveys (Hannon and Deason 2007). 

Hatchery and Genetic Management Plans (HGMP) are under development for Nimbus, Feather 
River, Coleman, and Trinity River hatcheries. These are intended as a mechanism for addressing 
take of ESA-listed species that may occur as a result of artificial propagation activities and are 
occurring under separate ESA consultations for each hatchery. 

Disease and Parasites 

Steelhead are presumed to be susceptible to the same diseases as Chinook salmon (Dennis 
McEwan, personal communication, 1998). Loss of heterogeneity in hatchery fish can affect 
resistance to diseases (Arkush et al. 2002). Disease problems are often amplified under crowded 
hatchery conditions and by warm water. See DFG (1998) for a detailed discussion of Central 
Valley salmonid diseases. 



OCAP BA Salmon 

 August 2008 5-1 

Chapter 5  Basic Biology, Life History, and 
Baseline for Winter-run and Spring-run Chinook 
Salmon and Coho Salmon 

This chapter provides information on the basic biology, life history, and status of winter-run and 
spring-run Chinook salmon, and Coho salmon in the study area. In general, the major factor 
affecting all listed salmonids in the Central Valley and Coho salmon on the Trinity River is the 
loss of spawning and rearing habitat due to large dams. For example, access to approximately 58 
percent of the original winter-run Chinook salmon habitat has been blocked by dam construction. 
The remaining accessible habitat occurs in the Sacramento River below Keswick Dam and in 
Battle Creek. 

The Sacramento River winter-run Chinook salmon Evolutionarily Significant Unit (ESU) is 
restricted to one population entirely contained within the action area. Construction of the 
Livingston Stone National Fish Hatchery in 1996 has safeguarded the natural population since 
the critically low abundance of the 1990's. Improvements in Central Valley Project (CVP) 
operations since 1993 include: changes in operations to directly protect winter-run Chinook 
salmon, construction of a temperature control device on Shasta Dam in 1998, opening the gates 
at Red Bluff Diversion Dam (RBDD) for longer periods of time, and periodic closures of Delta 
Cross Channel (DCC) gates. These required actions have helped to bring the run to within 50 
percent of the recovery goal. In addition, improvement of critical habitat from Central Valley 
Project Improvement Act (CVPIA) gravel augmentation projects and increased restrictions on 
recreational and commercial ocean harvest of Chinook salmon since 1994, likely have had a 
positive impact on winter-run Chinook salmon adult returns to the upper Sacramento River. 

The Central Valley spring-run Chinook salmon ESU is comprised mainly of three self-sustaining 
wild populations (Mill, Deer and Butte Creeks) which are outside of the action area; however, all 
migratory life stages must past through the action area. In addition, spring-run Chinook salmon 
inhabitat the Feather River and Clear Creek, which are within the action area.  These three 
populations have been experiencing positive growth rates since the low abundance levels of the 
late 1980s. Restrictions on ocean harvest to protect winter-run Chinook salmon and improved 
ocean conditions have likely had a positive impact on spring-run Chinook salmon adult returns to 
the Central Valley. Abundance for the key indicator streams, Mill, Deer and Butte Creeks, have 
recently been at historical levels. Current risks to the remaining populations include stream 
habitat degradation, high water temperatures during the summer adult holding period, and the 
operations of the Feather River Hatchery. 

The Trinity River portion of the Southern Oregon/Northern California Coast coho salmon ESU is 
predominately of hatchery origin. Termination of hatchery production of coho salmon at the Mad 
River and Rowdy Creek facilities has eliminated further potential adverse risks associated with 
hatchery releases from these facilities. Likewise, restrictions on recreational and commercial 
harvest of coho salmon since 1994 likely have had a positive impact on coho salmon adult 
returns. 
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Status 
Sacramento River winter-run Chinook salmon were originally listed as threatened in August 
1989, under emergency provisions of the Federal Endangered Species Act (ESA), and formally 
listed as threatened in November 1990 (55 FR 46515). The Sacramento River winter-run 
Chinook salmon ESU consists of only one population that uses spawning habitat confined to the 
upper Sacramento River in California’s Central Valley. The National Marine Fisheries Service 
(NMFS) designated critical habitat for winter-run Chinook salmon on June 16, 1993 (58 FR 
33212). They were reclassified as endangered on January 4, 1994 (59 FR 440) due to increased 
variability of run sizes, expected weak returns as a result of two small year classes in 1991 and 
1993, and a 99 percent decline between 1966 and 1991. Critical habitat area was delineated as 
the Sacramento River from Keswick Dam, (River Mile [RM] 302) to Chipps Island (RM 0) at 
the westward margin of the Sacramento- San Joaquin Delta, including Kimball Island, Winter 
Island, and Brown’s Island; all waters from Chipps Island westward to the Carquinez Bridge, 
including Honker Bay, Grizzly Bay, Suisun Bay, and the Carquinez Strait; all waters of San 
Pablo Bay westward of the Carquinez Bridge, and all waters of San Francisco Bay north of the 
San Francisco-Oakland Bay Bridge. The critical habitat designation identifies those physical and 
biological features of the habitat that are essential to the conservation of the species and that may 
require special management consideration and protection. Within the Sacramento River this 
includes the river water, river bottom (including those areas and associated gravel used by 
winter-run Chinook salmon as spawning substrate), and adjacent riparian zone used by fry and 
juveniles for rearing. In the areas west of Chipps Island, including San Francisco Bay to the 
Golden Gate Bridge, this designation includes the estuarine water column and essential foraging 
habitat and food resources utilized by winter-run Chinook salmon as part of their juvenile 
outmigration or adult spawning migrations.  

Central Valley spring-run Chinook salmon were listed as threatened on June 18, 2005 (70 FR 
37160). This ESU consists of spring-run Chinook salmon occurring in the Sacramento River 
Basin. Critical habitat was designated for spring-run Chinook on September 2, 2005 (70 FR 
52488).  

Southern Oregon/Northern California Coast (SONCC) coho salmon were listed as threatened 
under the ESA on June 18, 2005 (70 FR 37160). This ESU consists of populations from Cape 
Blanco, Oregon, south to Punta Gorda, California, including coho salmon in the Trinity River. 
NMFS designated critical habitat for SONCC coho salmon on May 5, 1999 (64 FR 24049) as 
accessible reaches of all rivers (including estuarine areas and tributaries) between the Elk River 
in Oregon and the Mattole River in California, inclusive). The critical habitat designation 
includes all waterways, substrate, and adjacent riparian zones, excluding: 1) areas above specific 
dams identified in the Federal Register notice (including Lewiston Dam); 2) areas above 
longstanding, natural impassable barriers (i.e., natural waterfalls in existence for at least several 
hundred years); and 3) Indian tribal lands. 

NMFS listed winter-run Chinook as threatened under emergency provisions of the ESA on 
August 4, 1989 (54 FR 32085), and formally listed the species as threatened on November 5, 
1990 (55 FR 46515). The State of California listed winter-run Chinook as endangered in 1989 
under the California Endangered Species Act (CESA). On January 4, 1994, NMFS reclassified 
the winter-run Chinook as an endangered species. The Central Valley spring-run Chinook 
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salmon ESU is listed as a threatened species under both the California and the Federal ESAs. 
The State and Federal listing decisions were finalized in February 1999 and September 1999, 
respectively. The fall and late-fall runs of Chinook salmon are currently Federal Species of 
Concern, but have not been listed. They are included in this consultation to cover Essential Fish 
Habitat (EFH) consultation requirements as specified in the Magnuson Stevens Fisheries 
Conservation and Management Act, as amended in 1996. 

Taxonomy 
Chinook salmon (Oncorhynchus tshawytscha) (Walbaum) is one of nine Oncorhynchus species 
distributed around the North Pacific Rim (California Department of Fish and Game [DFG] 
1998). The Chinook is most closely related to the coho salmon (Oncorhynchus kisutch) 
(Walbaum). The Chinook is physically distinguished from other salmon species by its large size 
(occasionally exceeding 50 pounds.), the presence of small black spots on both lobes of the 
caudal fin, black pigment along the base of the teeth, and a large number of pyloric cecae (Moyle 
2002). The anal fin of Chinook fry and parr is not sickle-shaped with the leading edge longer 
than the base as seen in coho salmon fry and parr (Pollard et al. 1997). Juvenile characteristics 
are highly variable, however, and in areas where several salmon species co-occur, reliable 
identification can be dependent on branchiostegal and pyloric cecae counts. The Chinook, like 
other Pacific salmon, is anadromous. Adults spawn in fresh water and juveniles emigrate to the 
ocean where they grow to adulthood. Upon their return to freshwater, adults spawn and then die. 
On the North American coast, spawning populations of Chinook salmon are known to be 
distributed from Kotzebue Sound, Alaska, to central California (Healey 1991). The southernmost 
populations of Chinook salmon occur in the Sacramento-San Joaquin River systems. 

Central Valley Chinook Salmon Biology and Life History 

Chinook salmon stocks exhibit considerable variability in size and age of maturation, and at least 
some portion of this variation is genetically determined. The relationship between fish size and 
length of migration may also reflect the earlier timing of river entry and the cessation of feeding 
for Chinook salmon stocks that migrate to the upper reaches of river systems. Body size, which 
is correlated with age, may be an important factor in migration and redd (nest) construction 
success. Roni and Quinn (1995) reported that under high-density conditions on the spawning 
ground, natural selection may produce stocks with exceptionally large returning adults. 

Among Chinook salmon, two distinct types have evolved: stream and ocean-rearing types (Groot 
and Margosis 1991). The stream-type is found most commonly in headwater streams. Stream-
type Chinook salmon have a longer freshwater residency, and perform extensive offshore 
migrations before returning to their natal streams in the spring or summer months. Stream-type 
juveniles are much more dependent on freshwater stream ecosystems because of their extended 
residence in these areas. A stream-type life history may be adapted to areas that are more 
consistently productive and less susceptible to dramatic changes in water flow, allowing 
juveniles to survive a full year or more in freshwater and grow larger prior to smolting. At the 
time of saltwater entry, stream-type (yearling) smolts are much larger, averaging 73 to 134 
millimeters (mm) depending on the river system, than their ocean-type (subyearling) 
counterparts and are, therefore, able to move offshore relatively quickly. Stream-type Chinook 
salmon are found migrating far from the coast in the central North Pacific (Healey 1991). 
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Ocean-type Chinook are commonly found in coastal streams in North America. Ocean-type 
Chinook typically migrate to sea within the first 3 months of emergence, but a few spend up to a 
year in freshwater prior to emigration. They also spend their ocean life in coastal waters. Ocean-
type Chinook salmon return to their natal streams or rivers as spring-run, winter-run, summer-
run, fall-run, and late-fall-run, but summer and fall-runs predominate. Ocean-type Chinook 
salmon tend to use estuaries and coastal areas more extensively for juvenile rearing. The 
development of the ocean-type life history strategy may have been a response to the limited 
carrying capacity of smaller stream systems and unproductive watersheds, or a means of 
avoiding the effects of seasonal floods. Ocean-type Chinook salmon tend to migrate along the 
coast. Populations of Chinook salmon south of the Columbia River drainage, including Central 
Valley stocks, appear to consist predominantly of ocean-type fish, although many Central Valley 
winter-run and spring-run juveniles do remain in their natal streams for up to a year. 

The DFG (1998) recognizes four Chinook salmon runs in the Central Valley, which are 
differentiated by the timing of the adult spawning migration (fall-run, late-fall-run, winter-run, 
and spring-run). NMFS (1999) determined the four Central Valley Chinook races comprise only 
three distinct ESUs: the fall/late-fall-run, the spring-run, and the winter-run. NMFS (1999) 
determined that the Central Valley spring-run Chinook salmon ESU specifically comprises fish 
occupying the Sacramento River basin, which enter the Sacramento River between March and 
July and spawn between late August and early October. 

Molecular data, including variability in multiple microsatellites (Banks et al. 2000), major 
histocompatibility complexes (Kim et al. 1999), and mitochondrial DNA (NMFS 1999) have 
been used to demonstrate genetic distinction between Central Valley Chinook salmon ESUs. 
This work complements long-recognized differences in life history (DFG 1998), but also adds to 
our understanding of Chinook salmon population genetics in the Central Valley. The historical 
Chinook phenotypes were differentiated by the timing of spawning migration, degree of sexual 
maturity when entering fresh water, spawning habitats, and to some degree, by the timing of the 
juvenile emigration (Moyle 1976, 2002; DFG 1998). However, recent results by Banks et al. 
(2000) suggest the spring-run phenotype in the Central Valley is actually shown by two 
genetically distinct subpopulations, Butte Creek spring-run and Deer and Mill Creeks spring-run. 
Spring-run acquired and maintained genetic integrity through spatio-temporal isolation from 
other Central Valley Chinook salmon runs. Historically, spring-run Chinook was temporally 
isolated from winter-run, and largely isolated in both time and space from the fall-run. As 
discussed below, much of this historical spatio-temporal integrity has broken down, due to 
spatial constraints on spawning habitat by dam construction, resulting in intermixed life history 
traits and hybridization in many remaining habitats. 

Spawning 

Spawning occurs in gravel beds that are often located at the tails of holding pools (US Fish and 
Wildlife Service [FWS] 1995a, as cited in DFG 1998). Adults have been observed spawning in 
water as shallow as 0.8 foot deep and in water velocities of 1.2 to 3.5 feet per second (Puckett 
and Hinton 1974, as cited in DFG 1998). Montgomery et al. (1999) reported adult Chinook tend 
to spawn in stream reaches characterized as low-gradient pool-riffle or forced pool-riffle reaches. 
Like steelhead, Chinook dig a redd (nest) and deposit their eggs within the stream sediment 
where incubation, hatching, and subsequent emergence take place. Optimum substrate for 
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embryos is a gravel/cobble mixture with a mean diameter of 1 to 4 inches and a composition 
including less than 5 percent fines (particles less than 0.3 inch in diameter) (Platts et al. 1979; 
Reiser and Bjornn 1979 both as cited in DFG 1998).  Spawning habitat requirements are similar 
for all races of Chinook salmon.  Spawning habitat defined by habitat suitability models is 
generally found in riffles but when structure such as woody debris, boulders, pools, and 
overhanging vegetation is present salmonids often preferentially select these areas for spawning 
(Wheaton et al. 2004, Merz 2001). 

Winter-run Life History and Habitat Requirements 
The following information on winter-run Chinook salmon biology is from the proposed winter-
run Chinook recovery plan (NMFS 1997).  

Adult winter-run Chinook salmon return to freshwater during the winter but delay spawning until 
the spring and summer. Juveniles spend about 5 to 9 months in the river and estuary systems 
before entering the ocean. This life-history pattern differentiates the winter-run Chinook from 
other Sacramento River Chinook runs and from all other populations within the range of 
Chinook salmon (Hallock and Fisher 1985, Vogel 1985, DFG 1989). 

In addition to their unique life-history patterns, the behavior of winter-run Chinook adults as they 
return to spawn differentiates the population. Adults enter freshwater in an immature 
reproductive state, similar to spring-run Chinook, but winter-run Chinook move upstream much 
more quickly and then hold in the cool waters below Keswick Dam for an extended period 
before spawning (Moyle et al. 1989.) 

The habitat characteristics in areas where winter-run adults historically spawned suggest unique 
adaptations by the population. Before the construction of Shasta Dam, winter-run Chinook 
spawned in the headwaters of the McCloud, Pit, and Little Sacramento rivers and Hat Creek as 
did spring-run Chinook salmon. Scofield (1900) reported that salmon arriving “earlier” than 
spring-run (presumably winter-run) ascended Pit River Falls and entered the Fall River while the 
succeeding spring-run Chinook remained to spawn in the waters below. This indicates that 
winter-run Chinook, unlike the other runs, ascended to the highest portions of the headwaters, 
and into streams fed mainly by the flow of constant-temperature springs arising from the lavas 
around Mount Shasta and Mount Lassen. These headwater areas probably provided winter-run 
Chinook with the only available cool, stable temperatures for successful incubation egg over the 
summer (Slater 1963). 

Adult Spawning Migration and Distribution 

Sacramento River winter-run Chinook salmon enter San Francisco Bay from November through 
May or June. Their migration past RBDD at river mile 242 begins in mid-December and 
continues into early August. The majority of the run passes RBDD between January and May, 
with the peak in mid-March (Hallock and Fisher 1985). In general, winter-run Chinook spawn in 
the area from Redding downstream to Tehama. However, the spawning distribution, as 
determined by aerial redd surveys is somewhat dependent on the operation of the gates at RBDD, 
river flow, and probably temperature. At present, winter-run Chinook salmon are found only in 
the Sacramento River below Keswick Dam. 
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Timing of Spawning and Fry Emergence 

Winter-run Chinook spawn from late-April through mid-August with peak spawning in May and 
June. Fry emergence occurs from mid-June through mid-October. Once fry emerge, storm events 
may cause en masse emigration pulses. Martin et al. (2001) evaluated brood years (BYs) 1995 
through 1999 and found that emergence began in July during all BYs with peak dispersal 
occurring in September and October (based on RBDD data through 2007). 

Juvenile Emigration 

From 1995 through 1999, the pre-smolt/smolt emigration (greater than 45 mm fork length) 
started in September with 100 percent of production passing RBDD 2 to 3 months prior to the 
next brood year. Between 44 and 81 percent of winter-run production used areas below RBDD 
for nursery habitat and the relative use above and below RBDD appeared to be influenced by 
river discharge during fry emergence (Martin et al. 2001). Emigration past Red Bluff (RM 242) 
may begin in late July, generally peaks in September, and can continue until mid-March in drier 
years (Vogel and Marine 1991). Juveniles are found above Deer Creek from July through 
September and spread downstream to Princeton (RM 164) between October and March (Johnson 
et al. 1992). The peak emigration of winter-run through the Delta generally occurs in January 
and extends through April (USFWS data at Sacramento and DFG data at Knights Landing). 
Winter-run are detected leaving the Delta from September to June with a peak in March and 
April (USFWS trawl data at Chipps Island). Distinct emigration pulses appear to coincide with 
high precipitation and increased turbidity (Hood 1990 and Data Assessment Team). 

Scale analysis indicates that winter-run Chinook smolts enter the ocean at an average fork length 
of about 118 mm, while fall-run smolts average about 85-mm fork lengths (DFG unpublished 
data). This suggests that winter-run juveniles reside in fresh and estuarine waters for 5 to 
9 months, exceeding freshwater residence of fall-run Chinook by 2 to 4 months. 

It is believed that winter-run Chinook salmon, like all Central Valley Chinook, remain localized 
primarily in California coastal waters. Coded wire tag (CWT) returns indicate that only 4 percent 
of winter-run hatchery production recoveries from ocean waters occurred in Oregon (Regional 
Mark Information System [RMIS] database). The majority of ocean tag recoveries were from the 
Monterey Bay, San Francisco Bay, and North Coast regions. 

Historical and Current Distribution and Abundance of 
Winter-run Chinook Salmon 
Following is a summary of original winter-run distribution from Yoshiyama et al. (2001): 

The winter-run, unique to the Central Valley (Healey 1991), originally existed in the 
upper Sacramento River system (Little Sacramento, Pit, McCloud, and Fall rivers) and in 
Battle Creek. There is no evidence that winter runs naturally occurred in any of the other 
major drainages before the era of watershed development for hydroelectric and irrigation 
projects. The winter-run typically ascended far up the drainages to the headwaters (CFC 
1890). All streams in which winter-run were known to exist were fed by cool, constant 
springs that provided the flows and low temperatures required for spawning, incubation, 
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and rearing during the summer season (Slater 1963) when most streams typically had low 
flows and elevated temperatures.  

Access to approximately 58 percent of the original winter-run habitat has been blocked by dam 
construction (Table 5-1). The remaining accessible habitat occurs in the Sacramento River below 
Keswick Dam and in Battle Creek. Shasta and Keswick dams blocked access to the original 
winter-run spawning habitat in the Sacramento River. The population now spawns downstream 
of Keswick Dam. Until recent years, salmon passage was not allowed above the Coleman 
Hatchery barrier weir located on Battle Creek. In recent years, there has been no winter-run 
spawning observed in Battle Creek but winter-run Chinook were detected above the weir in 2006 
(high flow year). All winter-run production occurs in the Sacramento River (DFG 2003). 

Table 5-1 Historical upstream limits of winter-run Chinook salmon in the California Central Valley 
drainage (from Yoshiyama et al. 2001). 

Stream Upstream Distributional Limit 

Miles of 
Stream 

Historically 
Available 

Miles of 
Stream 

Currently 
Available 

Miles 
Lost 

Percent 
Lost 

Mainstem 
Sacramento River 

none 299 286 13 4 

Pit River Mouth of Fall River 99 0 99 100 
Fall River Source springs near Dana, about 

9 miles above mouth 
    

McCloud River Lower McCloud Falls 50 0 50 100 
Upper (Little) 
Sacramento River 

Vicinity of Box Canyon Dam 
(Mt. Shasta City) and Lake Siskiyou 
(Box Canyon Reservoir) 

52 0 52 100 

Battle Creek 
North Fork 

Falls 3 miles above Volta 
Powerhouse 

43 43* 0 0 

Digger Creek Vicinity of Manton, possibly higher     
South Fork Falls near Highway 36 crossing     
Total  543 329 214 39 
* Yoshiyama et al. (2001) lists Battle Creek as having unobstructed passage for winter-run but according to Kier Associates 

(2000) the fish ladders around existing dams are ineffective and need replacement. Length of habitat below/above the 
lower barriers was not given. 

 

Yearly winter-run escapement was estimated by counts in traps at the top of fish ladders at 
RBDD and more recently has been estimated using carcass counts (Figure 5-1). Escapements 
have declined from that which occurred in the 1960’s and 1970’s. The low escapements during 
dry years in the early 1990’s prompted the listing. Escapement subsequently increased after 
RBDD operations were modified and temperature control shutters were installed on Shasta Dam. 



Salmon OCAP BA  

5-8  August 2008  

Sacramento River Winter-run Chinook Escapement
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Figure 5-1 Sacramento River winter-run Chinook escapement. (brackets indicate preliminary data). 

 

The Cohort Replacement Rate (CRR) is a parameter used to describe the number of future 
spawners produced by each spawner and is thus a measure of whether the population is 
increasing or decreasing. This spawner-to-spawner ratio is defined as the number of naturally 
produced and naturally spawning adults in one generation divided by the number of naturally 
spawning adults (regardless of parentage) in the previous generation. As such, the ratio describes 
the rate at which each subsequent generation, or cohort, replaces the previous one, and can be 
described as a natural CRR. When this rate is 1.0, the subsequent cohort exactly replaces the 
parental cohort and the population is in equilibrium, neither increasing nor decreasing. When the 
rate is less than 1.0, subsequent cohorts fail to fully replace their parents and abundance declines. 
If the ratio is greater than 1.0, there is a net increase in the number of fish surviving to reproduce 
naturally in each generation and abundance increases.  

Figure 5-2 and Table 5-2 show that winter-run CRRs were generally less than 1 for the data up to 
1990, i.e., the population was declining. CRRs have been mostly greater than 1 every year since 
1990, indicating a generally increasing population in recent years. The winter-run population 
declined in 2007, consistent with the larger decline in fall-run Chinook. 
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Figure 5-2 Sacramento River winter-run and spring run Chinook salmon cohort replacement rates 
(brackets indicate that the escapement estimate is preliminary). 

Rates in the top chart were calculated by taking the BY escapement and dividing it by the sum of grilse 2 
years later, 3-year olds 3 years later, and 4-year olds 4 years later; assuming that 95 percent of adults are 
3-year olds and 5 percent are 4 years old, i.e., the 1999 CRR is based on adult returns in 2000 - 2002 
(age distributions based on 2001 scale data).  
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Table 5-2 Sacramento River winter-run and Central Valley spring-run escapements and cohort 
replacement rates. Brackets around years indicate preliminary data (data from DFG’s Grandtab 
spreadsheet dated 3-7-2008). 

Escapement Cohort Replacement Rates
Year Winter run Spring run Winter run Spring run

1960 11,068
1961 4,327
1962 3,642
1963 10,817 0.98
1964 8,021 1.85
1965 1,788 0.49
1966 427 0.04
1967 476 0.06
1968 663 0.37
1969 21,378 50.07
1970 45,673 7,672 16.12
1971 53,089 9,281 14.00
1972 35,929 8,844 0.41
1973 22,651 11,430 0.50 1.49
1974 18,536 9,251 0.35 1.00
1975 23,079 23,578 0.64 2.67
1976 33,529 25,840 1.48 2.26
1977 16,470 12,730 0.89 1.38
1978 24,885 8,126 1.08 0.34
1979 2,339 3,116 0.07 0.12
1980 1,142 12,464 0.07 0.98
1981 19,795 22,105 0.80 2.72
1982 1,233 27,890 0.53 8.95
1983 1,827 7,958 1.60 0.64
1984 2,762 9,599 0.14 0.43
1985 5,048 15,221 4.09 0.55
1986 2,596 25,696 1.42 3.23
1987 2,186 13,888 0.79 1.45
1988 2,885 18,933 0.57 1.24
1989 696 12,163 0.27 0.47
1990 430 7,683 0.20 0.55
1991 211 5,927 0.07 0.31
1992 1,240 3,044 1.78 0.25
1993 387 6,075 0.90 0.79
1994 186 6,187 0.88 1.04
1995 1,297 15,238 1.05 5.01
1996 1,337 9,082 3.45 1.49
1997 880 8,448 4.73 1.37
1998 3,002 31,471 2.31 2.07
1999 3,288 9,835 2.46 1.08
2000 1,352 9,234 1.54 1.09
2001 8,224 17,698 2.74 0.56
2002 7,348 17,409 2.23 1.77
2003 8,105 17,570 5.99 1.90
2004 7,784 13,986 0.95 0.79

[2005] 15,730 16,117 2.14 0.93
[2006] 17,153 10,652 2.12 0.61
[2007] 2,488 10,571 0.32 0.76  
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The number of grilse in the population is probably over-estimated in the current RBDD counts. 
Current RBDD estimates are based on the late portion of the run, passing the dam after May 15 
when the dam gates are closed. Historically, when dam counts were made year-round, there was 
a greater proportion of grilse in the later portion of the run. The proportion of grilse tends to be 
highly variable from year-to-year. The carcass count escapement data are believed to provide 
better abundance estimates, but there is not enough carcass survey data yet to draw any 
conclusions. Table 5-3 shows a comparison between RBDD fish ladder counts and carcass 
counts. 

Table 5-3 Comparison of RBDD winter-run Chinook escapement vs. carcass count (Peterson 
estimate) winter-run escapement. 

 Grilse RBDD Adult RBDD Total RBDD Carcass Count 

1996 629 708 1,337 820 

1997 352 528 880 2,053 

1998 924 2,079 3,002 5,501 

1999 2,466 822 3,288 2,262 

2000 789 563 1,352 6,670 

2001 3,827 1,696 5,523 12,797 

  Mean 2,564 5,017 

  Standard Deviation 1,748 4,416 

 

Aerial redd counts provide information on spatial distribution of spawners and number of redds 
constructed by winter-run Chinook. DFG has conducted yearly aerial redd surveys for Chinook 
spawning in the upper Sacramento River since 1969. The surveys attempted to enumerate winter-
run redds beginning in the 1980s. Table 5-4 shows the distribution of redds by reach summarized 
by time. RBDD gate operations were changed from 1989 through 1993 to the current September 
15 through May 15 gates-up operation. Redd distribution showed a clear shift to nearly all redds 
now occurring in locations upstream of RBDD. New fish ladders at the Anderson-Cottonwood 
Irrigation District (ACID) diversion dam began operating in 2001. Almost no winter-run redds 
were counted upstream of the ACID dam prior to 2001. Surveys counted 484 winter-run redds 
upstream of the ACID dam in 2001 and 297 redds in 2002. Table 5-5 shows winter-run spawning 
distribution 2001-2005. The spawning distribution over this period is used in the temperature 
model for assessing water temperature effects on spawning and incubating Chinook salmon eggs. 
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Table 5-4 Sacramento River winter-run Chinook salmon spawning distribution from aerial redd 
surveys grouped by 1987-92, 1993-2005, and all years combined. 

years 
87-92

yearly 
average

% 
distrib

years 93-
2005

yearly 
average

% 
distrib

years 87-
2005

overall 
average

% 
distrib.

Keswick to A.C.I.D. Dam. 17 3 1 2,563 197 33 2,580 136 27
A.C.I.D. Dam to Highway 44 Bridge 411 69 23 2,282 176 30 2,693 142 28
Highway 44 Br. to Airport Rd. Br. 544 91 30 2,566 197 33 3,110 164 33
Airport Rd. Br. to Balls Ferry Br. 159 27 9 127 10 2 286 15 3
Balls Ferry Br. to Battle Creek. 62 10 3 65 5 1 127 7 1
Battle Creek to Jellys Ferry Br. 88 15 5 15 1 0 103 5 1
Jellys Ferry Br. to Bend Bridge 166 28 9 55 4 1 221 12 2
Bend Bridge to Red Bluff Diversion Dam 23 4 1 0 0 0 23 1 0
Red Bluff Diversion Dam to Tehama Br. 226 38 12 17 1 0 243 13 3
Tehama Br. To Woodson Bridge 124 21 7 0 0 0 124 7 1
Woodson Bridge to Hamilton City Br. 4 1 0 0 0 0 4 0 0
Hamilton City Bridge to Ord Ferry Br. 0 0 0 0 0 0 0 0 0
Ord Ferry Br. To Princeton Ferry. 0 0 0 0 0 0 0 0 0
Total 1,824 304 100 7,690 592 100 9,514 501 100  

 

Table 5-5 Sacramento River winter-run and spring-run redd distribution 2001 through 2005 (winter) 
and 2001-2004 (spring). 

Winter Redds Percent Spring redds Percent
Keswick to A.C.I.D. Dam. 1,931 42% 9 5%
A.C.I.D. Dam to Highway 44 Bridge 1,269 27% 38 19%
Highway 44 Br. to Airport Rd. Br. 1,332 29% 63 32%
Airport Rd. Br. to Balls Ferry Br. 68 1% 35 18%
Balls Ferry Br. to Battle Creek. 5 0% 21 11%
Battle Creek to Jellys Ferry Br. 2 0% 30 15%
Jellys Ferry Br. to Bend Bridge 8 0% 3 2%
Bend Bridge to Red Bluff Diversion Dam 0 0% 0 0%
Red Bluff Diversion Dam to Tehama Br. 9 0% 1 1%
Tehama Br. To Woodson Bridge 0 0% 0 0%
Woodson Bridge to Hamilton City Br. 0 0% 0 0%
Hamilton City Bridge to Ord Ferry Br. 0 0% 0 0%
Ord Ferry Br. To Princeton Ferry. 0 0% 0 0%

4,624 100% 200 100.0%  

 

Spring-Run Life History and Habitat Requirements 
Adult Upstream Migration, Holding, and Spawning 
Adult Sacramento River spring-run Chinook probably begin to leave the ocean for their upstream 
migration in late January to early February based on time of entry to natal tributaries (DFG 
1998). They enter the Feather River as immature adults from March to September (DFG 1998; 
Sommer et al. 2001). Spring-run in other tributaries sometimes hold downstream and migrate 
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later in the summer (Marcotte 1984). Spring-run Chinook are sexually immature when they enter 
freshwater. Their gonads mature during the summer holding period. Adult Chinook salmon of 
any race do not feed in freshwater. Stored body fat reserves are used for maintenance and 
gonadal development. During their upstream migration, adults require sufficient streamflow to 
provide olfactory and other orientation cues to locate their natal streams. Adequate streamflow is 
also necessary to allow adult passage to holding and spawning habitat. The timing of the spring-
run migration is believed to be an adaptation that allowed the fish to use high spring outflow to 
gain access to upper basin areas (NMFS 1998). 

The most complete historical record of spring-run Chinook migration timing and spawning is 
contained in reports to the U.S. Fish Commissioners of Baird Hatchery operations on the 
McCloud River (Stone 1893, 1895, 1896a, 1896b, 1896c, 1898; Williams 1893, 1894; Lambson 
1899, 1900, 1901, 1902, 1904, all as cited in DFG 1998). Spring-run Chinook migration in the 
upper Sacramento River and tributaries extended from mid-March through the end of July with a 
peak in late May and early June. Baird Hatchery intercepted returning adults and spawned them 
from mid-August through late September (Table 5-6). Peak spawning occurred during the first 
half of September. The average time between the end of spring-run spawning and the onset of 
fall-run spawning at Baird Hatchery was 32 days from 1888 through 1901. 

Table 5-6 Dates of spring-run and fall-run Chinook salmon spawning at Baird Hatchery on the 
McCloud River (DFG 1998). 

Year Spring-run Fall-run Reference 

1888 8/15-9/24 10/29-12/15 Stone 1893 

1889 8/27-9/26 No egg take Williams 1893 

1890 8/15-9/23 11/6-11/25 Williams 1893 

1891 8/31-9/19 10/30-11/10 Williams 1894 

1892 8/13-9/12 10/20-11/26 Stone 1895 

1893 8/22-9/15 10/21-11/28 Stone 1896 

1894 8/24-9/30 10/22-11/23 Stone 1896 

1895 8/26-9/30 10/18-11/14 Stone 1896 

1896 8/2-9/20 No egg take Stone 1898 

1897 8/14-9/20 10/8-12/8 Lambson 1897 

1898 8/15-9/17 11/5-12/27 Lambson 1900 

1899 8/21-9/27 10/18-11/9 Lambson 1901 

1900 8/18-9/22 No egg take Lambson 1902 

1901 8/16-9/25 10/25-11/25 Lambson 1904 
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Adult Holding 

Spring-run adults may hold in their natal tributaries for up to several months before spawning 
(DFG 1998). Pools in the holding areas need to be sufficiently deep, cool (about 64 F or less), 
and oxygenated to allow over-summer survival. Adults tend to hold in pools near quality 
spawning gravel. DFG (1998) characterized these holding pools as having moderate water 
velocities (0.5 to 1.3 feet per second) and cover, such as bubble curtains. 

Spawning 

Spawning occurs in gravel beds that are often located at the tails of holding pools (FWS 1995a, 
as cited in DFG 1998). Adult Chinook have been observed spawning in water greater than 
0.8 foot deep and in water velocities of 1.2 to 3.5 feet per second (Puckett and Hinton 1974, as 
cited in DFG 1998). Montgomery et al. (1999) reported adult Chinook tend to spawn in stream 
reaches characterized as low-gradient pool-riffle or forced pool-riffle reaches. Like steelhead, 
Chinook dig a redd and deposit their eggs within the stream sediment where incubation, 
hatching, and subsequent emergence take place. Optimum substrate for embryos is a 
gravel/cobble mixture with a mean diameter of 1 to 4 inches and a composition including less 
than 5 percent fines (particles less than 0.3 inch in diameter) (Platts et al. 1979; Reiser and 
Bjornn 1979 both as cited in DFG 1998). 

Currently, adult Chinook that DFG consider spring-run, spawn from mid to late August through 
early October, with peak spawning times varying among locations (Figure 5-3). For instance, in 
Deer Creek, spawning begins first at higher elevations, which are the coolest reaches. Spawning 
occurs progressively later in the season at lower elevations as temperatures cool (Harvey 1995, 
1996, 1997, all as cited in DFG 1998). Water temperatures between 42 F and 58 F are considered 
most suitable for spawning. 

Sex and Age Structure 

Fisher (1994) reported that 87 percent of spring-run adults are 3-year olds based on observations 
of adult Chinook salmon trapped and examined at RBDD between 1985 and 1991. Studies of 
CWT’ed Feather River Hatchery spring-run recovered in the ocean fishery indicated harvest 
rates average 18 to 22 percent for 3-year-old fish, 57 to 85 percent for 4-year-old fish, and 97 to 
100 percent for 5-year-old fish (DFG 1998). These data are consistent with Fisher’s (1994) 
finding that most of the spawning population are 3-year olds. 

Fecundity 

DFG (1998) developed a regression model to predict Sacramento River Chinook fecundity from 
fork length. Using this model, they estimated Central Valley spring-run fecundity ranged from 
1,350 to 7,193 eggs per female, with a weighted average of 4,161 eggs per female. These values 
are very similar to the fecundity of spring-run estimated for the Baird Hatchery in the latter 
nineteenth century using the number of females spawned and total egg take. Baird Hatchery 
estimates ranged from 3,278 to 4,896 eggs and averaged 4,159 eggs per female between 1877 
and 1901. 



OCAP BA Salmon 

 August 2008 5-15 

Egg and Larval Incubation 

Egg survival rates are dependent, in part, on water temperature. Chinook salmon eggs had the 
highest survival in the American River when water temperatures were 53 to 54 degrees 
Fahrenheit (°F) (Hinze et al. 1959, as cited in Boles et al. 1988). Incubating eggs from the 
Sacramento River showed reduced viability and increased mortality at temperatures greater than 
58°F, and suffered 100 percent mortality at temperatures greater than 65°F (Seymour 1956 as 
cited in Boles et al. 1988). Healey (1979) observed greater than 82% mortality in Sacramento 
River fall-run Chinook eggs at temperatures over 57 F and that post-hatching mortality was 
higher in warmer water. He concluded that Sacramento River fall-run eggs are no more tolerant 
of high water temperatures than more northern Chinook stocks. Velson (1987) (as cited in DFG 
1998) found developing Chinook salmon embryos also experienced 100 percent mortality at 
temperatures less than or equal to 35°F. The time for incubating eggs to reach specific embryonic 
developmental stages is determined by water temperature. At an incubation temperature of 56°F, 
eggs would be in the gravel approximately 70 days. Chinook eggs and alevins are in the gravel 
(spawning to emergence) for 900 to 1,000 accumulated temperature units. One accumulated 
temperature unit is equal to a temperature of 1°C for 1 day. Expressed in degrees Fahrenheit, the 
range is 1,652 to 1,832 accumulated temperature units. 

Juvenile Rearing and Emigration 

Juvenile spring-run rear in natal tributaries, the Sacramento River mainstem, nonnatal tributaries 
to the Sacramento River, and the Delta (DFG 1998). Emigration timing is highly variable (Figure 
5-3). Juvenile spring-run from Mill and Deer creeks are thought to emigrate as yearlings in 
greater proportions than spring-run from other tributaries (DFG 1998).  
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Figure 5-3 Spring-run Chinook salmon life cycle for various Central Valley streams. Cross 
hatching indicates period of peak occurrence. 
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This was apparently not the typical historical emigration pattern for the majority of Central 
Valley spring-run Chinook (NMFS 1998). Yearling emigration occurs from October through 
March and may be triggered in part by precipitation events. In some years however, under 
certain flow and/or water temperature conditions, greater proportions of juveniles in Mill and 
Deer Creeks may emigrate as fry or fingerlings soon after emergence. The bulk of Butte and Big 
Chico Creek production emigrates as fry from natal tributaries in December and January (Brown 
1995 as cited in DFG 1998). Some also emigrate as fingerlings from February through May, and 
as yearlings from October through February. In contrast, no yearling emigration has been 
detected in the Feather River (DWR 1999c, 1999d). Instead, rotary screw trap (RST) data from 
1998 to 2000 suggest that emigration of spring-run sized Chinook salmon from the Feather River 
peaks in December and is followed by another pulse of juvenile young-of-the-year (YOY) 
emigrants at Live Oak in April and May (DWR 2003, Seesholtz et al. 2004). 

Juvenile rearing habitat must provide adequate space, cover, and food supply (DFG 1998). 
Optimal upstream habitat includes abundant instream and overhead cover (for example, undercut 
banks, submergent and emergent vegetation, logs, roots, other woody debris, and dense overhead 
vegetation) to provide refuge from predators, and a sustained, abundant supply of invertebrate 
and larval fish prey. Further downstream, fry use low-velocity areas where substrate 
irregularities and other habitat features create velocity refuges and they may increasingly rely on 
turbidity as cover (Gregory and Levings 1998). 

Juvenile Chinook, including spring-run, also rear in ephemeral habitats including the lower 
reaches of small intermittent streams (Maslin et al. 1997) and in floodplain areas (Sommer et al. 
2001b). Growth rates and mean condition factors were higher for juvenile Chinook rearing in 
intermittent tributaries than in the heavily channelized Sacramento River (Moore 1997). 
Similarly, growth rates and bioenergetic status were found to be significantly higher for juvenile 
Chinook rearing in the intermittent habitat of the Yolo Bypass floodplain than in the adjacent 
reach of the Sacramento River (Sommer et al. 2001b). These results highlight the importance of 
off-channel seasonal rearing habitats to young Central Valley salmon. 

It is not known how similar the rearing patterns of Central Valley spring-run are to the fall-run 
because the Delta rearing patterns of spring-run Chinook have not been studied. Juvenile 
emigration is thought to alternate between active movement, resting, and feeding. The amounts 
of time spent doing each are unknown (DFG 1998), but studies have generally shown feeding is 
most intense during daylight or crepuscular periods (Sagar and Glova 1988). Juvenile 
outmigration monitoring results from throughout the Central Valley and elsewhere indicate that 
active emigration is most prevalent at night. Juvenile fall-run salmon may rear for up to several 
months within the Delta before ocean entry (Kjelson et al. 1982). Rearing within the Delta 
occurs principally in tidal freshwater habitats. Juveniles typically do not move into brackish 
water until they have smolted, after which NMFS studies indicate they move quickly to the 
ocean. 

Chironomidae (midges) are typically cited as an important prey for juvenile Chinook upstream of 
the Delta (Sasaki 1966; Merz and Vanicek 1996; Moore 1997; Sommer et al. 2001b), whereas 
crustaceans may be more important in the western Delta (Sasaki 1966; Kjelson et al. 1982). 
Juvenile Chinook diets often vary by habitat type, resulting in differences in caloric intake and 
growth rate (Rondorf et al. 1990; Moore 1997; Sommer et al. 2001b). However, it remains 
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unclear whether these spatial differences in feeding and growth translate into improved survival 
(Sommer et al. 2001b). 

Before entering the ocean, juvenile Chinook smolt, a physiologic transformation that prepares 
them for the transition to salt water (Moyle 1976, 2002). The transformation includes lowered 
swimming stamina and increased buoyancy, which make the fish more likely to be passively 
transported by currents (Saunders 1965, Folmar and Dickhoff 1980, Smith 1982, all as cited in 
DFG 1998). It is believed to be optimal for smoltification to be completed as fish near the low-
salinity zone of an estuary (DFG 1998). Too long a migration delay after the process begins may 
cause the fish to miss a biological window of optimal physiological condition for the transition 
(Walters et al. 1978, as cited in DFG 1998). Chinook salmon that complete the juvenile and 
smolt phases in the 55 to 61°F range are optimally prepared for saltwater survival (Marine and 
Cech 2004). The optimal thermal range during smoltification and seaward migration was 
estimated to be 50 to 55°F (Boles et al. 1988), based largely on studies of steelhead and coho 
salmon in the Northwest. 

Ocean Distribution 

CWT recoveries from harvested hatchery-released adult spring-run Chinook provide information 
on ocean distribution and harvest of adult spring-run. Table 5-7 shows that most recoveries of 
hatchery-released spring-run (all from Feather River Hatchery) occur off the California Coast but 
some do occur along the Oregon Coast. Recent CWT studies conducted on Butte Creek spring-
run have shown 12 percent were harvested in the Garibaldi to Coos Bay area, 14 percent from 
Crescent City to Fort Bragg, 44 percent from Fort Ross to Santa Cruz, and 30 percent from 
Monterey to Point Sur (DFG 2003). 
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Table 5-7 Recovery locations of hatchery-released spring-run and estimated number recovered, 
1978 – 2002 (RMIS database). All are from the Feathery River Hatchery. Location identifiers with 
less than 8 recoveries (48 of them) are not shown. 

Sum of estimated_number run_year
recovery_location_name 1978 1979 1980 1981 1983 1984 1985 1986 1987 1988 1989 1990 1993 1994 1995 1996 1998 1999 2000 2001 2002 Grand Total percentag
FORT ROSS-PIGEON PT 787 1,981 539 51 12 177 248 400 412 488 404 11 96 236 8 129 568 430 6,976 23.3%
FEATHER RIVER 414 42 4,412 4,867 16.2%
PIGEON PT.-POINT SUR 159 478 219 14 116 33 375 320 260 186 17 5 216 22 244 970 744 315 4,693 15.7%
FEATHER R HATCHERY 342 749 420 1,511 5.0%
NEWPORT TROLL 4 6 3 60 58 104 66 60 6 37 63 773 236 1,470 4.9%
PT.REYES-PIGEON PT. 631 829 1,460 4.9%
C.VIZCAINO-NAVARR.HD 87 424 71 8 9 16 84 15 140 24 6 5 11 23 57 89 1,068 3.6%
FORT ROSS-POINT SUR 139 10 24 45 551 280 1,049 3.5%
COOS BAY TROLL 5 5 18 106 60 118 58 4 107 108 298 108 989 3.3%
POINT SUR-CA/MEX.BOR 4 141 95 60 10 168 3 146 76 41 744 2.5%
PT.ARENA-PT.REYES 476 239 715 2.4%
SPAN.FLAT-C.VIZCAINO 15 18 81 85 149 44 3 3 14 33 60 55 560 1.9%
BIG LAG.-CENTERV.BEA 8 147 15 3 20 11 53 3 18 3 5 35 29 54 33 438 1.5%
NAVARRO HD-FORT ROSS 5 32 154 44 11 2 2 249 0.8%
COLUSA TO RBDD 239 239 0.8%
GARIBALDI TROLL 3 14 11 10 5 12 15 19 94 38 218 0.7%
AMERICAN RIVER 43 126 169 0.6%
SPAN.FLAT-PT.ARENA 32 135 167 0.6%
CA/OR BOR-FA.KLAM.RC 18 20 4 4 31 17 6 14 8 16 14 5 157 0.5%
WINCHESTER B TROLL 5 4 29 15 33 18 11 12 25 5 153 0.5%
LOW FLOW AREA 153 153 0.5%
WINCHESTER B SPORT 5 4 3 14 26 2 10 56 29 144 0.5%
BROOKINGS SPORT 6 3 2 22 3 28 27 4 2 2 3 7 18 21 142 0.5%
NAVARRO HD-PIGEON PT 40 66 106 0.4%
PIGEON PT-CA/MEX.BOR 11 2 38 37 88 0.3%
MARINE AREA 2 1 6 9 10 19 2 3 19 9 8 85 0.3%
AMER.R. TO COLUSA 40 40 80 0.3%
SIUSLAW BAY TROLL 5 12 29 14 10 6 71 0.2%
HIGH FLOW AREA 66 66 0.2%
SPAN.FLAT-NAVARRO HD 41 11 8 60 0.2%
PORT ORFORD TROLL 5 3 3 1 5 5 2 23 11 53 0.2%
C.VIZCAINO-FORT ROSS 28 10 13 50 0.2%
CA/OR BDR.- HMBT.JET 27 21 48 0.2%
PT.REYES-PT.SUR 40 4 44 0.1%
NEWPORT TROLL 5 1 11 1 2 3 12 13 44 0.1%
MARINE AREA 4 4 7 3 3 12 3 7 2 40 0.1%
BROOKINGS TROLL 6 12 9 4 2 6 2 3 38 0.1%
NEWPORT SPORT 4 3 3 3 6 12 7 34 0.1%
COOS BAY TROLL 6 17 11 34 0.1%
BROOKINGS TROLL 30 2 32 0.1%
BATTLE CREEK 17 15 32 0.1%
COOS BAY SPORT 5 4 4 5 4 15 32 0.1%
ASTORIA TROLL 2 2 5 9 10 27 0.1%
MARINE AREA 1 4 3 5 3 3 7 25 0.1%
YUBA RIVER 2 21 23 0.1%
COOS BAY TROLL 4 7 10 4 22 0.1%
PT.ARENA-PIGEON PT. 20 20 0.1%
ASTORIA SPORT 2 15 4 19 0.1%
PT.SN.PEDRO-PIGN.PT. 6 14 19 0.1%
NEWPORT TROLL 19 19 0.1%
RBDD TO ACID 18 18 0.1%
TEHAMA-COLUSA FF 4 8 2 1 2 17 0.1%
NEWPORT TROLL 3 2 1 6 5 3 17 0.1%
WSPT         LONG BE 14 3 17 0.1%
1A PLUS 1B 16 16 0.1%
DEPOE BAY SPORT 4 2 2 2 1 10 16 0.1%
FLORENCE SPORT 5 4 9 2 15 0.0%
SWTR         114-000 8 4 13 0.0%
1A (BUOY10 - BRIDGE) 6 6 12 0.0%
WSPT         CREE IS 12 12 0.0%
OCEAN SPORT AREA 72 4 4 2 10 0.0%
MARINE AREA 3 9 1 10 0.0%
FA.KLA.RC-BIG LAGOON 10 10 0.0%
SWTR         111-000 10 10 0.0%
CLEAR CREEK 7 3 9 0.0%
PACIFIC CITY TROLL 3 3 6 9 0.0%
SWTR         021-000 9 9 0.0%
HIGH SEAS 1 47N 124W 9 9 0.0%
MARINE AREA 5  TROLL 7 2 8 0.0%
SWTR         023-234 8 8 0.0%
COLEMAN NFH 1 5 2 8 0.0%
OCEAN SPORT AREA 82 3 2 2 8 0.0%
NWTR         025-000 4 4 7 0.0% 
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Historical and Current Distribution and Abundance 
of Spring-Run Chinook Salmon 
Spring-run Chinook salmon populations once occupied the headwaters of all major river systems 
in the Central Valley up to any natural barrier (Yoshiyama et al. 1996, 1998). DFG (1998) 
reported that historically spring-run abundance was second only to fall-run abundance in the 
Central Valley, but NMFS (1998) indicated spring-run may actually have been the most 
abundant run in the Central Valley during the nineteenth Century. The gill-net fishery, 
established around 1850, operated in the Delta and initially targeted spring- and winter-run 
Chinook salmon due to their fresher appearance and better meat quality than fall-run, which 
return to freshwater in a more advanced spawning condition (Stone 1874, as cited in DFG 1998). 
Early gill-net landings reported in excess of 300,000 spring-run per year (CFC 1882, as cited in 
DFG 1998). Commercial fishing along with residual effects of mining probably contributed to 
spring-run declines by the early part of the twentieth century (DFG 1998). 

Recent estimates indicate roughly 2,000 miles of salmon spawning and rearing habitat were 
available before dam construction and mining, but 82 percent of that habitat is unavailable or 
inaccessible today (Yoshiyama et al. 1996). The available habitat may be less when the quality 
of remaining habitat is considered. Stream reaches below major dams may be accessible to 
spring-run, but competition and/or introgression with fall-run may render these reaches 
marginally useful to the spring-run. Moreover, it is possible that spring-run prefer to spawn in 
smaller channels similar to their historical upstream habitat, rather than the existing broad, low-
elevation reaches available below dams. Most of these habitat modifications were in place before 
more recent declines occurred however, suggesting other factors and gradual habitat degradation 
below dams have also affected spring-run abundance in the Central Valley. 

Currently, the bulk of the remaining spring-run Chinook are produced in Deer, Mill, and Butte 
creeks, the Feather River, and perhaps the mainstem Sacramento River. Small numbers of 
spring-run have intermittently been observed in the recent past in other Sacramento River 
tributaries as well (DFG 1998). Of the three tributaries producing naturally spawned spring-run 
(Mill, Deer, and Butte Creek), Butte Creek has produced an average of two-thirds of the total 
production over the past 10 years. Some distribution and abundance data are presented below for 
current spring-run producing streams. Additional details on these and other streams can be found 
in DFG (1998) and NMFS (1998). 

Estimation methods for spring-run in the tributaries have varied through the years. Confidence 
intervals are usually not developed on the escapement estimates making comparison of estimates 
between years problematic. The recent (last 10 years) preferred method is a snorkel survey in 
tributaries other than Mill Creek. Snorkel surveys are good for identifying population trends 
when experienced observers use consistent methods, but they usually underestimate the actual 
number of fish present. Comparisons during 2001 and 2002 on Butte Creek of the snorkel survey 
with a rigorous Schaefer carcass survey suggest that the snorkel survey underestimates by as 
much as 50 percent (DFG 2003). The underestimate is probably greater on a stream like Butte 
Creek with fish in higher densities than in some of the other tributaries.  
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Clear Creek 

Prior to European settlement, Clear Creek supported spring-run, fall-run, and late-fall-run 
Chinook salmon and steelhead. Absent from Clear Creek for 30 years, approximately 30 adult 
spring-run Chinook salmon reappeared in the lower reaches of Clear Creek in 1999. Historical 
accounts of spring-run Chinook in Clear Creek are sparse and population estimates are 
nonexistent. Spring-run were observed in Clear Creek upstream of Saeltzer Dam in 1956 for the 
first time since 1948. Construction of Whiskeytown Dam in 1963 permanently eliminated access 
to the upper reaches of the creek to salmon. Previous observations of spring-run indicate that 
they likely held over and spawned in cooler water present in the upper watershed upstream of 
Whiskeytown Dam. A waterfall at French Gulch restricted upstream migration to periods of high 
runoff in the spring. 

Attempts to re-establish the spring-run Chinook on Churn Creek have been made. In 1991, 1992, 
and 1993, 200,000 juvenile spring-run Chinook salmon from the Feather River Hatchery were 
planted in Clear Creek. A number of these fish returned to Clear Creek in the fall of 1995 rather 
than in the spring as expected. They may have remained in the cooler Sacramento River until 
Clear Creek cooled or they may be offspring of hybrid spawning of spring- and fall-run for 
several generations at Feather River Hatchery. FWS conducts snorkel surveys for spring run in 
Clear Creek (Table 5-8). 

Table 5-8 Clear Creek adult spring-run Chinook escapement, 1999-2006 (Source: FWS, 
unpublished data). 

1999 2000 2001 2002 2003 2004 2005 2006 

30 19 9 66 25 98 69 70 

 

The FWS operates a rotary screw trap at river mile 1.7 on Clear Creek, upstream of the sheet pile 
dam associated with the ACID canal siphon crossing. Spring-run-sized juvenile Chinook salmon 
are enumerated in the trap according to length criteria developed for the upper Sacramento River. 
In late 1999, approximately 2,300 spring-run sized juvenile Chinook were collected in the trap 
after many Chinook had spawned in lower Clear Creek during September. In late 2000, 41 spring 
Chinook juveniles were collected in the trap. During 2001, the first spring-run-sized juvenile was 
captured in the trap on November 14. The estimated number of potential spring-run captured in 
the trap in 2001 was 1,083 in November and December (DFG 2002). The estimate for 2002 was 
7,722 and the estimate in 2003 was 11,144 (DFG 2004). Currently a segregation weir is installed 
yearly after spring run have migrated upstream. This weir prevents fall run from migrating 
upstream to the spawning area used by spring run, thereby preventing fall run from spawning 
over the top of spring run redds. 

Denton (1986) used the PHABSIM module of the IFIM approach to estimate optimal Clear 
Creek flows for salmon and steelhead. The resultant estimate of optimal flows from the IFIM 
study is shown in Figure 5-4. The timing of these flows was based on the fall-run Chinook life 
cycle, but the recommended steelhead flows would provide the needed flows for spring-run, 
except potentially in April and May when an extra 25 cubic feet per second (cfs) would be 
required to bring the flows up to the salmon recommendation. The recommended spawner 
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attraction flow releases shown in October and November could be provided around April and 
May for spring-run. 

Although the optimum flows that were recommended for fall-run of 250 cfs may provide a 
maximum amount of suitable spring-run spawning and rearing habitat because the number of 
spring-run in Clear Creek is low, the population does not appear to be currently habitat-limited as 
long as temperatures are suitable. The section of Clear Creek from the mouth to the former 
Saeltzer Dam is fall and late-fall Chinook habitat. The Clear Creek Road Bridge to Whiskeytown 
Dam reach is the section of creek more suitable for spring-run Chinook because temperatures are 
cooler than in the downstream reach in the summer. The IFIM study showed higher flow needs 
in the downstream habitat than in the upstream habitat. Optimal flows for salmon in the upstream 
reach where spring-run are located were 62 cfs for spawning and 75 cfs for rearing from the 
IFIM study (Denton 1986). Optimal steelhead flows in the same upstream reach were 87 cfs for 
spawning and 112 cfs for juvenile rearing. 

Flows in Clear Creek likely resulted from a general flow schedule developed for salmon and 
steelhead maintenance. The schedule was intended as an interim flow release schedule for 
monitoring purposes to be fine-tuned as the fishery effects were determined (Denton 1986). 
Studies are underway by a Clear Creek flow group to fine-tune the flow schedule. 
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Figure 5-4 Clear Creek flows for optimum salmon and steelhead habitat. 

Sacramento River Mainstem 

Some spring-run Chinook may spawn in the Sacramento River between RBDD and Keswick 
Dam. Sacramento River main-stem spring-run abundance has declined sharply since the mid-
1980s (Figure 5-5). The criteria for run classification at RBDD have changed so no conclusions 
can be reached about spring-run abundance changes in the Sacramento River. The variable 
abundance estimates may be an artifact of the counting methods used in different years and 
categorization of fish between runs. The 5-year geometric mean abundance reported by NMFS 
(1998) was 435 fish. There is evidence that the spring-run that pass RBDD are spring-run/fall-
run hybrids (Figure 5-6). Historically, the onset of fall-run spawning occurred well after spring-
run had completed spawning. The increasing overlap in spring-run and fall-run spawning periods 
is evidence that introgression is occurring. Because spring-run and fall-run Chinook now use the 
same spawning riffles, fall-run spawners may reduce survival of eggs in the spring-run redds. 
This redd displacement is called superimposition. The criteria used to distinguish spring-run 
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from fall-run between 1970 and 1988 (timing) probably resulted in many fall-run fish being 
classified as spring-run (DFG 2003), so the increasing overlap may be simply an artifact of the 
variable run classification. 

Sacramento River Spring Run Chinook Escapement
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Figure 5-5 Estimated adult spring-run Chinook salmon population abundance in the 
upper Sacramento River. Brackets indicate the data for that year is preliminary. 
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Figure 5-6 Migration timing of spring-run and fall-run Chinook salmon.  

Historical distribution of timing is based on composite data from Mill and Deer Creeks, Feather River, and 
the upper Sacramento River prior to Shasta Dam. Present distributions are for spring-run and fall-run 
timing past RBDD (1970-1988). Data were taken from DFG 1998. 

 

Cohort Replacement Rates Used for Mill, Deer, and 
Butte Creeks 
DFG (1998) evaluated spring-run Chinook population trends by examining the strength of 
BY lineages with a CRR. The varied methods used over the years to estimate population 
abundance in each tributary left few data adequate for such analyses. DFG (1998) considered the 
more recent data for Mill, Deer, and Butte Creeks to be the most consistent and robust. 
Individual brood year data are lacking altogether on rates of grilse (2-year old) returns, age 
structure, and sex ratio of returning adults. In estimating CRR, DFG (1998) assumed the 
following: (1) spawning adults return as 3-year olds; (2) there is a 1:1 male to female sex ratio; 
and (3) there is not much variation in these factors between BYs. The CRR for spring-run was 
estimated by dividing the number of returning adults in a given BY by the number of returning 
adults 3 years prior. Values greater than 1.0 suggest the cohort abundance is increasing, while 
values less than 1.0 indicate cohort abundance is decreasing. A value around 1.0 suggests the 
cohort has replaced itself. CRR data are provided in the discussions of abundance in Mill, Deer, 
and Butte Creeks, and also for the Feather River. 

Mill Creek 

The present range and distribution of spring-run Chinook salmon in Mill Creek is the same as it 
was historically (DFG 1998). Adults migrate upstream and hold in a 20-mile reach from the 
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Lassen National Park boundary downstream to the confluence of Little Mill Creek. There are no 
early records of population size for Mill Creek. Spring-run counts were initiated by FWS in 1947 
(DFG 1998). Although some of these counts were incomplete, they ranged from 300 to 
3,500 fish from 1947 to 1964. The average run size for the 1947 to 1964 period was about 
1,900 fish (geometric mean = 1,717). 

During the 1990s, the geometric mean spring-run escapement to Mill Creek was 299, an order of 
magnitude lower than 1947 to 1964 (Figure 5-7). The Mill Creek spring-run population trend 
during the 1990s was somewhat uncertain. The mean CRR for 1990-99 was 2.2, indicating a 
population increase (Table 5-9). However, the more conservative geometric mean CRR was only 
1.05, suggesting the population was merely replacing itself. More recent cohorts show a trend of 
CRR less than 1.0 (Table 5-9) reflecting a declining trend in recent adult abundance.This agrees 
with the 1990 through 1999 3-year running average escapement, which shows no consistent 
trend of either increase or decrease (Figure 5-8). The escapement has increased since the 1990s. 

 

 
Mill Creek Spring Run Chinook Escapement, 1960 - 2006
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Figure 5-7 Adult spring-run Chinook counts in Mill Creek. Figure on top shows escapement back 
to 1947. 
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Table 5-9 Mill Creek spring-run Chinook salmon CRR. 

Cohort BY CRR 

1 1957 1203/1789 = 0.7 
2 1958 2212/2967 = 0.7 
3 1959 1580/2233 = 0.7 
1 1960 2368/1203 = 2.0 
2 1961 1245/2212 = 0.6 
3 1962 1692/1580 = 1.1 
1 1963 1315/2368 = 0.6 
2 1964 1628/1245 = 1.3 
3 1990 844/89 = 9.5 
1 1991 319/572 = 0.6 
2 1992 237/563 = 0.4 
3 1993 61/844 = 0.1 
1 1994 723/319 = 2.3 
2 1995 320/237 = 1.4 
3 1996 252/61 = 4.1 
1 1997 200/723 = 0.3 
2 1998 424/320 = 1.3 
3 1999 560/252 = 2.2 
1 2000 544/200 = 2.7 
2 2001 1100/424 = 2.6 
3 2002 1,594/560 = 2.8 
1 2003 1,426/544 = 2.6 
2 2004 998/1,100 = 0.9 
3 2005 1,150/1,594 = 0.7 
1 2006 1,002/1,426 = 0.7 
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Figure 5-8 Three-year running average abundance of returning adult spring-run Chinook salmon 
in highest producing Central Valley spring run streams. 

Deer Creek 

The present spring-run range in Deer Creek has been extended beyond the historical range (DFG 
1998). A fish ladder was constructed around Lower Deer Creek Falls in 1943, opening an 
additional 6 miles of holding and spawning habitat. The present habitat is a 22-mile reach 
extending from Dillon Cove to Upper Deer Creek Falls. Approximately 20 percent of the 
spawning now occurs in the 6-mile extension. A fish ladder constructed around Upper Deer 
Creek Falls allows steelhead passage, but not spring-run passage. Spring-run are excluded 
because the reach lacks the large holding pools needed to sustain a large salmon population. 
There are no early records of spring-run population size for Deer Creek either, but counts were 
initiated by FWS in 1940 (DFG 1998). As with Mill Creek, some counts were incomplete, but 
ranged from 268 to 4,271 fish between 1940 and 1964. The average run size for the 1940 
through 1964 period was about 2,200 fish (geometric mean of 2,290). Again, as in Mill Creek, 
recent counts are lower, with a geometric mean escapement of 906 for the 1990 through 2006 
period. 

The mean Deer Creek CRR was 1.9 during 1990 through 2006, suggesting that, like Mill Creek, 
the population may be rebounding (Table 5-10). In addition, the geometric mean CRR of 1.5, 
and the 1990 through 2006 3-year running average escapement (Figure 5-8) also suggest a slight 
population increase during since the 1980’s. 

Table 5-10 Deer Creek spring-run Chinook salmon CRR. 

Cohort BY CRR 

1 1990 458/200 = 2.3 
2 1991 448/371 = 1.2 
3 1992 209/77 = 2.7 
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Cohort BY CRR 

1 1993 259/458 = 0.6 
2 1994 485/448 = 1.1 
3 1995 1295/209 = 6.2 
1 1996 614/259 = 2.4 
2 1997 466/485 = 1.0 
3 1998 1879/1295 = 1.5 
1 1999 1591/614 = 2.6 
2 2000 637/466 = 1.4 
3 2001 1622/1879 = 0.9 
1 2002 2,185/1,591 = 1.4 
2 2003 2,759/637 = 4.3 
3 2004 804/1,622 = 0.5 
1 2005 2,239/2,185 = 1.0 
2 2006 2,432/2,759 = 0.9 

 

Butte Creek 

The present range of spring-run Chinook salmon in Butte Creek does not differ substantially 
from its historical range and is limited to the reach below the PG&E Centerville Head Dam 
downstream to the Parrott-Phelan Diversion Dam (DFG 1998). It is likely the historical limit of 
travel for spring-run salmon and steelhead during most years was a natural barrier (Quartz Bowl 
Barrier) 1 mile below the PG&E Centerville Head Dam. The only time recent DFG surveys have 
found fish above the Quartz Bowl barrier is when flows were atypically high into late-May. Even 
then, there were only 25 fish noticed out of an estimated total population of 22,000 (DFG 2003). 
There are numerous additional large impassable natural barriers immediately above the 
Centerville Head Dam. As with the above-mentioned streams, there are no early accounts of the 
number of spring-run in Butte Creek. During 1954, a counting station was maintained at the 
Parrott-Phelan Diversion Dam to record adult spring-run salmon passing through the fish ladder 
(Warner 1954 as cited in DFG 1998). From May 7 through 27, 1954, 830 fish were observed. 
Various census techniques have been employed to evaluate the Butte Creek spring-run 
population since 1954 (DFG 1998). The population has fluctuated significantly, from a low of 
10 in 1979 to a high of 20,259 in 1998. The fluctuation may be explained in part by the variety of 
survey techniques used, but the population appears to have been nearly extirpated numerous 
times between the 1960s and the early 1990s. 

The Butte Creek spring-run increased dramatically during the last decade. CRRs have been 
highly variable, but usually greater than 1.0 since 1993, ranging from 0.5 to 10.3, with a mean of 
3.1 and a geometric mean of 2.2 (Table 5-11). The 3-year running average escapement for 1990 
through 2006 suggests a comparatively rapid abundance increase as well (Figure 5-8). 
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Table 5-11 Butte Creek spring-run Chinook salmon CRR. 

Cohort BY CRR 

1 1993 650/100 = 6.5 
2 1994 474/100 = 4.7 
3 1995 7,500/730 = 10.3 
1 1996 1,413/650 = 2.2 
2 1997 635/474 = 1.3 
3 1998 20,259/7,500 = 2.7 
1 1999 3,600/1,413 = 2.5 
2 2000 4,118/635 = 6.5 
3 2001 9,605/20,259 = 0.5 
1 2002 8,785/3,600 = 2.4 
2 2003 4,398/4,118 = 1.1 
3 2004 7,390/9,605 = 0.8 
1 2005 10,625/8,785 = 1.2 
2 2006 4,579/4,398 = 1.0 

 

Feather River 
Historically, the Feather River spring-run population was similar in magnitude to the size of the 
present hatchery run (Figure 5-9). Spring-run ascended the very highest streams and headwaters 
of the Feather River watershed prior to the construction of hydropower dams and diversions 
(Clark 1929, as cited in DFG 1998). Prior to Oroville Dam (1946-63), available population 
estimates ranged from 500 to 4,000 fish and averaged 2,200 per year (Painter et al. 1977, 
Mahoney 1958, 1960, all as cited in DFG 1998; DFG 1998). However, Feather River spring-run 
had probably been significantly affected by hydropower facilities in the upper watershed well 
before the completion of Oroville Dam. For instance, DFG (1998) found substantial overlap in 
the spawning distributions of fall-run and spring-run Chinook upstream of the Oroville Dam site. 
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Feather River Spring Run Chinook Escapement
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Figure 5-9 Estimated adult spring-run Chinook salmon population abundance in Feather River.  
Brackets indicate data is preliminary. 

Following construction of Oroville Dam in 1967, the spring-run population dropped to 146 fish, 
but averaged 312 fish per year between 1968 and 1974 (Menchen 1968; Painter et al. 1977, both 
as cited in DFG 1998). The highest post-Oroville Dam population estimate was recorded in 1998 
(8,430 adults) based on numbers of fish returning to Feather River Hatchery (FRH). The Feather 
River spring-run Chinook salmon CRR is presented in Table 5-10. All post-Oroville spring-run 
population estimates are based on counts of salmon entering FRH. The 10-year average from 
1992 to 2002 was 4,727 adults returning to the FRH (NMFS 2004). 

DWR initiated fish studies in the lower Feather River in 1991. The focus and methods used for 
these studies were altered in 2003 as a result of consultations with NMFS, DFG, and others to 
gather information needed to relicense the Oroville facilities with the Federal Energy Regulatory 
Commission (FERC) http://orovillerelicensing.water.ca.gov/documents.html.  

Since the signing in 2006 of the Settlement Agreement for the FERC relicensing process, the 
monitoring program refocused on increasing our understanding of the listed fish species in the 
Lower Feather River. The present program consists of several elements to monitor salmonid 
spawning, rearing, and emigration, including spring-run Chinook salmon, and to document any 
potential impacts of project operations on fish species. A wide variety of equipment and 
monitoring methods are used including rotary screw traps, fyke traps, snorkel surveys, 
electrofishing, radio and acoustic tagging, carcass surveys, redd mapping, etc. Reports 
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summarizing the results and findings are prepared and submitted to the regulatory agencies 
annually. 
http://wwwdes.water.ca.gov/ecological_studies_branch/frp_program/technicalreports.htm. 

 

Like several of the other spring-run streams, both the mean (1.4) and the geometric mean (1.2) 
CRR for FRH spring-run suggest the population has been increasing slightly in the recent past 
(Table 5-12). The 3-year running average escapement suggests the same (Figure 5-8). 

Table 5-12 Feather River Spring-run Chinook Salmon CRR. 

Cohort BY CRR 

1 1991 3448/6833 = 0.50 

2 1992 1670/5078 = 0.33 

3 1993 4672/1893 = 2.50 

1 1994 3641/3448 = 1.06 

2 1995 5414/1670 = 3.24 

3 1996 6381/4672 = 1.37 

1 1997 3653/3641 = 1.00 

2 1998 8430/5414 = 1.56 

3 1999 3731/6381 = 0.59 

1 2000 3657/3653 = 1.00 

2 2001 2468/8430 = 0.29 

3 2002 4,189/3,731 = 1.1 

1 2003 8,662/ 3,657 = 2.4 

2 2004 4,212/ 2,468 = 1.7 

3 2005 1,835/ 4,189 = 0.4 

1 2006 1,952/ 8,662 = 0.2 

 

Since the construction of Oroville Dam however, spring-run salmon have been restricted to the 
area downstream of the fish barrier dam near Oroville, where the intermixing with the fall-run 
observed by DFG (1959, as cited in DFG 1998) has probably increased (Figure 5-10 and Figure 
5-11). Based on an assessment of FRH operations, the Feather River population was considered a 
likely hybrid of spring- and fall-run populations (Brown and Greene 1993). However, initial 
genetic studies of spring- and fall-run from FRH and Feather River found no distinction between 
spring- and fall-run (Dr. Dennis Hedgecock, presentation at the 1999 Salmon Symposium in 
Bodega Bay). 
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Figure 5-10 The disposition of Chinook salmon spawned, tagged, and released as spring-run 
from FRH. 

 

 

Figure 5-11 The disposition of Chinook salmon spawned, tagged, and released as fall-run 
from FRH. 

 

Trinity River Coho Salmon 
Coho Salmon (Oncorhynchus kisutch) in the Trinity River are in the Southern Oregon/Northern 
California Coast coho salmon ESU, which was listed as threatened under the ESA on June 18, 
2005 (70 FR 37160). The Southern Oregon/Northern California Coast coho ESU extends from 
Punta Gorda on the south to Cape Blanco in Oregon. 
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Life History 

Coho salmon exhibit a 3-year life cycle in the Trinity River and are dependent on freshwater 
habitat conditions year round because they spend a full year residing in freshwater. Most coho 
salmon enter rivers between August and January with some more northerly populations entering 
as early as June. Coho salmon river entry timing is influenced by a number of factors including 
genetics, stage of maturity, river discharge, and access past the river mouth. Spawning is 
concentrated in riffles or in gravel deposits at the downstream end of pools with suitable water 
depth, velocity, and substrate size. Spawning in the Trinity River occurs mostly in November 
and December. 

Coho salmon eggs incubate from 35 to more than 100 days depending on water temperature, and 
emerge from the gravel 2 weeks to 7 weeks after hatching. Coho eggs hatch after an 
accumulation of 400 to 500 temperature units measured in degrees Celsius and emerge from the 
gravel after 700 to 800 temperature units. After emergence, fry move into areas out of the main 
current. As coho grow they spread out from the areas where they were spawned. 

During the summer, juvenile coho prefer pools and riffles with adequate cover such as large 
woody debris with smaller branches, undercut banks, and overhanging vegetation and roots. 
Juvenile coho overwinter in large mainstem pools, beaver ponds, backwater areas, and 
off-channel pools with cover such as woody debris and undercut banks. Most juvenile coho 
salmon spend a year in freshwater with some northerly populations spending 2 full years in 
freshwater. Coho in the Trinity River are thought be be exclusively three year lifecycle fish (one 
year in freshwater). Because juvenile coho remain in their spawning stream for a full year after 
emerging from the gravel, they are exposed the full range of freshwater conditions. Most smolts 
migrate to the ocean between March and June with most leaving in April and May.  

Coho salmon typically spend about 16 to 18 months in the ocean before returning to their natal 
streams to spawn as 3- or 4-year olds, age 1.2 or 2.2. Trinity River coho are mostly 3-year olds. 
Some precocious males, called jacks, return to spawn after only 6 months in the ocean. 

Trinity River Coho Population Trends 

Coho salmon were not likely the dominant species of salmon in the Trinity River before dam 
construction. Coho were, however, widespread in the Trinity Basin ranging as far upstream as 
Stuarts Fork above Trinity Dam. Wild coho in the Trinity Basin today are not abundant and the 
majority of the fish returning to the river are of hatchery origin. An estimated 2 percent 
(200 fish) of the total coho salmon run in the Trinity River were composed of naturally produced 
coho from 1991 through 1995 at a point in the river near Willow Creek (FWS 1998). This in part 
prompted the threatened status listing in 1997. Recapture estimates of coho salmon run size 
conducted since 1977 are shown in Figure 5-12. These estimates included a combination of 
hatchery produced and wild coho. Figure 5-13 shows the estimated natural and hatchery 
contribution to the coho run in 1997 – 2005. About 10 percent of the coho were naturally 
produced since 1995. 
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Coho  Run-size, Upstream of
 Willow Creek Weir 1977 -2006
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Figure 5-12 Trinity River adult coho salmon escapement, 1977 – 2006. 
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Figure 5-13 Trinity River adult coho salmon escapement 1997 – 2005 separated into hatchery and 
naturally spawned fish. 
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Critical Habitat 
The spring run Chinook critical habitat potentially affected by CVP and SWP operations 
includes the Sacramento River up to Keswick Dam, Clear Creek up to Whiskeytown Dam, the 
Feather River up to the fish barrier dam, and the American River up to Watt Avenue. Winter run 
Chinook salmon critical habitat includes the Sacramento River from Keswick Dam downstream 
to the Delta and includes the northern Delta and northern part of San Francisco Bay to the 
Golden Gate Bridge (Figure 5-14). 

Spawning Habitat 

Winter run Chinook in spawn only in the Sacramento River mostly (99%) upstream of Balls 
Ferry based on current aerial redd survey data collected since passage was provided past the 
ACID diversion dam. Spawning occurs May through July with the peak in early June. 

Spring run Chinook in the Sacramento River spawn mostly (99%) upstream of Jellys Ferry 
bridge, based on current aerial redd survey data (2001-2004) that was collected under current 
river conditions. Spring run spawning is not as concentrated in the upstream area immediately 
above and below ACID Dam as is the winter run spawning distribution. Spring run in Clear 
Creek spawn mostly upstream of a weir that is installed each year near Igo to prevent putative 
spring run from spawning with fall run. Spring run in the Feather River spawn primarily in the 
low flow channel with the highest concentration in the uppermost mile, near the hatchery fish 
ladder (DWR 2006, Brad Cavallo personal communication). The section of the American River 
denoted as critical habitat (up to Watt Avenue) serves only as juvenile rearing habitat. There is 
no spring run spawning in the American River. The Stanislaus River and San Joaquin River 
contain no spring run critical habitat. 

Freshwater Rearing Habitat 

Winter run begin to emerge in August and continue into October. A majority of the winter run 
fry move downstream past Red Bluff soon after emergence. A small proportion remains 
upstream into the winter and spring. The fry that move downstream early move slowly, and 
probably sporadically, stopping in suitable habitat to feed and grow. They begin to reach the 
Delta as early as November but generally peak past the first of the year.  

Spring run in the Sacramento River start to emerge from the gravel in December. Many Chinook 
emigrate as fry but a small proportion of spring run rear for up to a year in the upstream portion 
of the river. Because of the timing overlap with the abundant fall run, separation of the juveniles 
of the run based on size is inaccurate, making spring run rearing habitats difficult to differentiate 
from fall run, but they likely use the same habitats. Rearing for most of the spring run occurs 
during the winter when water temperatures are suitable throughout the system. Some spring run 
hang out in the rivers near the spawning habitat until they are ready to emigrate. When they 
emigrate, either as fry or juveniles, they gradually make their way towards the ocean during 
winter and spring. Emigration from the upper rivers to the ocean generally takes about one to 
three months. The spring run juveniles that remain in the rivers over the summer are confined to 
the upstream areas of the rivers where cool water temperatures are maintained by dam releases. 
This includes over 100 miles of the Sacramento River, 10 miles in Clear Creek, and about 8 
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miles in the Feather River. The lower American River is classified as critical habitat for spring 
run rearing up to Watt Avenue. This area contains suitable water temperatures for Chinook 
rearing from about December through April of most years.  

Freshwater Migration Corridors 

Adult winter run migrate up to the spawning area during the winter and spring months. The 
juveniles emigrate downstream between August and May. Spring run Chinook emigrate during 
the winter and spring months (December through May). Strategic closure of the DCC gates, in 
tandum with river monitoring, helps facilitate the outmigration of juvinile Chinook salmon. 
Flows probably play a greater role in assisting emigration for spring run than for steelhead, due 
to their smaller size. Pulse flows that occur during precipitation events tend to stimulate 
downstream movement along the Sacramento River. The higher water velocities during the 
higher flow events assist juvenile Chinook in reaching the estuary safely. Once Chinook salmon 
reach the ocean their growth increases substantially in most years with abundant food resources. 

Estuarine Areas 

Winter and spring run Chinook use the San Francisco estuary as a rearing area and migration 
corridor between their upstream rearing habitat and the ocean. The San Francisco Bay estuarine 
system includes the waters of San Francisco Bay, San Pablo Bay, Grizzley Bay, Suisuin Bay, 
Honker Bay, and can extend as far upstream as Sherman Island during dry periods. Chinook 
gradually make their way downstream moving with the tidal currents. At times, juvenile Chinook 
likely remain for extended periods in areas of suitable habitat when food such as anchovies, 
young herring, large zooplankters and other aquatic invertebrates is available. 
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Figure 5-14 Winter Run Chinook salmon critical habitat. 
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Effect of Reduced Trinity River Diversions on Clear Creek Critical Habitat for 
Spring-run and Steelhead 

Implementation of the Trinity River Restoration Program Record of Decision increased flows in 
the lower Trinity River and decreased diversions into the Sacramento River Basin. Now less 
water passes through Whiskeytown Reservoir than prior to the Trinity decision. Because less 
cool Trinity River water passes through Whiskeytown Reservoir there may be increased heating 
of the water as it passes through with the lower thermal mass. This appeared to result in a 
slightly warmer release into lower Clear Creek in 2005 than in prior years. The warmer 
temperatures occurred primarily during September and October (Figure 5-15). This period 
coincides with the incubation period for spring run Chinook salmon when the target temperature 
is a mean daily average of 56 °F or below at Igo (NMFS 2004). The mean of the mean daily 
temperatures during the period June 1 through September 15 in 1996 through 2004 was 58.1 °F 
and in 2005 it was also 58.1 °F. The mean of the mean daily temperatures during the period 
September 15 through October 31 in 1996 through 2004 was 54.2 °F. The mean of the mean 
daily temperatures for this same period in 2005 was 56.7 °F. The warmer temperatures that 
occurred in the latter part of the temperature control season in 2005 are a tradeoff for the 
improved flow and temperature conditions being provided in the Trinity River.  

The higher temperatures occurred during the spring run incubation period and on average 
exceeded the 56 °F target temperature by 0.7 °F. Chinook salmon eggs in other rivers (eg. 
American River) survive at high rates, at least in the hatchery, when spawned at 60 °F as long as 
the water temperature quickly declines to 56°F. Temperatures in Clear Creek dropped to 50 °F 
by the end of November in 2005. Therefore, effects of the slightly higher temperatures during 
early incubation for spring run Chinook in 2005 were expected to be negligible. Similar 
temperature conditions will likely occur in future years. A larger volume of water from the 
Trinity River goes to the Sacramento River through the Spring Creek tunnel than goes to Clear 
Creek. The Spring Creek tunnel water is used primarily to help cool the Sacramento River during 
the heat of the summer for winter run Chinook spawning and incubation. The higher volume 
going to the Sacramento River necessitates operating the system primarily for Sacramento River 
temperature targets. Clear Creek receives the same temperature water as what goes to the 
Sacramento. This has generally provided suitable Clear Creek temperature conditions most of the 
time in the past. Daily temperature fluctuation in Clear Creek at Igo peaks in June and July when 
days are the longest at around 8 °F difference between the high and low temperature for the day 
(Figure 5-15). 
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Whiskeytown Lake Isothermobaths - 2004
(Water Temperature, in ˚ F)
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Whiskeytown Lake Isothermobaths - 2005
(Water Temperature, in ˚ F)
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Figure 5-15 Whiskeytown Lake Isothermobaths, 2004 (top) and 2005 (bottom). 
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Table 5-13 Spring Creek tunnel release volume, 1999-2004 compared to 2005. 

Spring Creek Tunnel Volume (thousand acre feet)

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC ANNUAL
2005 28.7 26.2 60.2 10.0 60.2 47.7 51.7 70.2 68.7 62.6
2004 54.4 111.7 202.6 123.8 19.4 89.0 133.6 89.8 95.0 156.3 8.7 26.3 1110.6
2003 84.0 84.1 86.7 47.7 114.2 109.4 92.8 150.7 137.1 122.4 65.9 49.5 1144.5
2002 71.1 27.6 23.2 7.2 41.1 103.8 131.2 131.0 57.8 80.8 16.4 84.0 775.2
2001 36.9 68.9 75.2 18.7 32.0 92.4 159.2 154.0 108.2 121.6 0.0 53.9 921.0
2000 42.0 89.8 148.9 122.3 158.7 167.6 193.8 203.4 117.5 31.6 5.4 16.8 1297.8
1999 102.0 86.0 130.6 100.0 95.1 128.9 142.0 95.5 91.0 31.7 45.8 38.8 1087.4

AVG 99-04 = 65.1 78.0 111.2 70.0 76.8 115.2 142.1 137.4 101.1 90.7 23.7 44.9 1056.1

2005 % Diff -56% -66% -46% -86% -22% -59% -64% -49% -32% -31%  

 

Consideration of the Risks Associated with Hatchery Raised 
Mitigation Fish 

Reclamation funds the operation of Coleman Hatchery, Livingston Stone Hatchery, Nimbus 
Hatchery, and Trinity River Hatchery. DWR funds the operation of the Feather River Hatchery. 
The FWS operates Coleman and Livingston Stone Hatcheries and DFG operates Feather River, 
Nimbus, and Trinity Hatcheries. These hatcheries are all operated to mitigate for the anadromous 
salmonids that would be produced by the habitat if not for the dams on each respective river. 
Reclamation and DWR have discretion over how the hatcheries are operated but generally leave 
operational decisions on how to meet mitigation goals up to the operating agency.  

Most hatchery production releases from the American and Feather Rivers are released in San 
Pablo Bay. The bay releases have been suspected of causing increased rates of returning adults 
straying into tributaries other than their tributary of origin. Examination of CWT data from the 
American River from 2001 and 2002 shows that straying was not as high as was suspected. Out 
of a contribution from Nimbus Hatchery to the Central Valley escapement of nearly 80,000 
Chinook in run years 2002-2004 only about 2.8 percent (2,193 fish) returned to rivers other than 
the American (Table 5-14). This is well within a straying rate that could be considered normal 
for wild fish. The highest percentage of strays from the American (0.7%) occurred in the 
Feather/Yuba River system. 
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Table 5-14 Contribution of Nimbus Hatchery Chinook from brood year 2000 and 2001 to Central 
Valley rivers. 

Contribution of Nimbus Hatchery Fish from BY 2000 and BY 2001 to Central Valley Rivers
Sum of Contribution runyr
sampsite 2002 2003 2004 Grand Total Percent of total
ABRB 142 142 0.2% Sacramento River (abov
AMN 2,406 49,887 12,604 64,897 82.3% American River, in-river
BUT 25 21 46 0.1% Butte Creek
FEA 214 214 0.3% Feather River
FRH 14 3 17 0.0% Feather River Hatchery
GUAD 7 7 0.0% ?
LFC 90 90 0.1% Feather Low Flow Chan
MER 76 52 128 0.2% Merced
MOK 166 564 55 784 1.0% Mokelumne
MRFI 65 65 0.1% Mokelumne River hatche
MRH 116 50 22 188 0.2% Merced Hatchery?
NFH 1,797 6,769 2,777 11,343 14.4% Nimbus Hatchery
SAA 397 397 0.5% Carquinez to American
STA 110 56 166 0.2% Stanislaus
TUO 7 81 11 99 0.1% Tuolumne
YUB 27 220 247 0.3% Yuba
Grand Total 5,130 57,802 15,897 78,829 100.0%  
Total straying of Nimbus hatchery fish 2002-2004 
(sum of contribution recovered in rivers other than American)

2,193
2.8% recovered in other rivers compared to American  

 

Feather River Spring-Run Chinook Straying and Genetic Introgression 

Prior to the construction of numerous dams (including the Oroville Dam) on the Feather River, 
spawning spring- and fall-run Chinook salmon were temporally and spatially separated—i.e., 
spring-run Chinook salmon spawned earlier and in higher reaches of the watershed compared to 
fall-run Chinook salmon. Although data are limited, there is a general consensus that there were 
once genetically distinct Chinook salmon runs in the Feather River system (Lindley et al. 2004; 
Yoshiyama et al. 2001).  

Today, the Fish Barrier Dam blocks the early-returning (arriving in April through June) run of 
sexually immature adult Chinook salmon in the Feather River from moving upstream to 
historical spawning habitat. As there is overlap in the timing of spawning, this spring-run 
Chinook salmon now spawns in the same location as the more numerous later-returning fall-run 
Chinook salmon. Findings of recent genetic studies using microsatellite markers suggest that: 
(1) Feather River Hatchery (FRH) produced spring-run Chinook salmon are genetically similar 
to fall-run Chinook salmon and (2) phenotypic in-river spring-run Chinook salmon are 
genetically more similar to fall-run Chinook salmon than to spring-run Chinook salmon 
populations in Mill, Deer, and Butte creeks (Banks et al. 2000; Hedgecock et al. 2001; DWR 
2004a).  
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A review of available literature suggests two opportunities for genetic introgression in the 
Feather River: 

• Introgression between spring- and fall-run Chinook salmon in the Feather River;  

• Introgression between hatchery-produced and wild spring-run Chinook salmon in the 
Feather River; and 

• Straying and introgression between Feather River spring-run Chinook salmon and spring-
run Chinook salmon in other systems. 

Introgression Between Spring- and Fall-Run Chinook Salmon.  
Under the No-Action Alternative, conditions will continue to promote the commingling of 
spring-run and early maturing fall-run Chinook salmon on common spawning grounds, leading 
to increased opportunities for genetic introgression (hybridization) between spring- and fall-run 
Chinook salmon in the Feather River. In fact, data collected over the past 5 years by DWR on 
spawning populations of Chinook salmon in the Feather River do not show a bimodal peak that 
would be expected if there were temporally distinct spawning populations (DWR 2004a). In 
addition, under the No-Action Alternative, continued hatchery practices—specifically, the 
inability to distinguish between spring- and fall-run Chinook salmon when artificially 
spawning—will continue to be an additional contributor to the observed genetic introgression. 
Data on the returns of tagged fish suggest that there may have been considerable cross-
fertilization between nominal spring- and fall-run Chinook salmon at the FRH (DWR 2004a) 
over the past several years, and probably since the hatchery began operation in 1967.  

Introgression Between Hatchery-Produced and Wild Spring-Run Chinook Salmon.  
One of the key questions about Feather River Chinook salmon involves the genetic and 
phenotypic existence of a spring run, and the potential effects of the FRH on this run. The 
Feather River’s nominal spring run is part of the spring-run ESU and is thus listed as threatened. 
Conversely, the hatchery population is not included in the ESU. The nominal spring- and fall-run 
Chinook salmon in the Feather River are genetically similar and are most closely related to CV 
fall-run Chinook salmon. There is a significant phenotypic spring run that arrives in the Feather 
River in May and June and enters the FRH when the ladder to the hatchery was opened. 
Observations of these early arriving Chinook salmon cast doubt on the presence of a Feather 
River spring-run, as opposed to a hatchery spring-run. Nonetheless, under the No-Action 
Alternative, conditions will continue the commingling of hatchery-produced and wild spring-run 
Chinook salmon, leading to increased opportunities for domestication of wild populations. 

Due to the lack of pre-Oroville Facilities genetic data, the genetic identity of the historic Feather 
River spring-run Chinook salmon cannot be definitively ascertained. However, it appears that the 
early arriving, immature Chinook salmon run in the Feather River does not resemble current day 
spring-run populations in Mill, Deer, and Butte creeks. There are no data on the potential effects 
(e.g., reduced fitness) of inbreeding or outbreeding of FRH-produced Chinook salmon. In 
addition, there are no data indicating that spring-run timing on the Feather River is an inheritable 
trait and the loss of this phenotype would adversely affect the recovery of the CV spring-run 
Chinook salmon ESU (DWR 2004a). Nonetheless, under the No-Action Alternative, continued 
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operation of the Oroville Facilities is anticipated to continue to contribute to the ongoing genetic 
introgression currently observed under existing conditions. 

Straying and Introgression with Spring-Run Chinook Salmon in Other Systems.  
As part of existing operations, FRH-produced Chinook salmon are transported and released into 
San Pablo Bay. This hatchery practice was intended to reduce/avoid the mortality associated with 
migrating through the Sacramento-San Joaquin Delta. However, data suggest that the practice of 
releasing to San Pablo Bay increased the incidence of straying of FRH-produced Chinook 
salmon (DWR 2004a). Straying can lead to increased competition for spawning habitat and 
exchange of genetic material between hatchery and naturally spawning Chinook salmon (Busack 
and Currens 1995). 

To analyze the role that hatcheries play in influencing straying rates, DFG used mark-and-
recapture data (coded wire recoveries) in the ocean fisheries to reconstruct the 1998 fall-run 
Chinook salmon cohort from the FRH (Palmer-Zwahlen et al. 2004). This analysis was used to 
determine the rate at which fish released in the estuary return to the Feather River and to other 
streams (the stray rate). DFG estimated that of the approximately 44,100 FRH-produced fish that 
returned to the Central Valley, 85 percent returned to the Feather River (including the FRH), 7 
percent were caught in the lower Sacramento River sport fishery, and 8 percent strayed to 
streams outside the Feather River basin. If salmonids returned to the Feather River in the same 
proportion as observed in other river systems, the straying rate would be estimated to be 
approximately 10 percent (DWR 2004a). Although tags from FRH-produced fish were collected 
in most Central Valley streams sampled, about 96 percent of the 12,438 tags recovered during 
the 1997 to 2002 period were collected in the Feather River or at the FRH.  

A lower percentage of in-basin releases than bay releases survived to reenter the estuary as adults 
(0.3 percent versus 0.9 percent); however, these fish returned to the Feather River with greater 
fidelity (approximately 95 percent as compared to around 90 percent for bay releases). Although 
the straying rate from bay releases is less than might be expected based on earlier studies, it is 
still higher than natural straying rates and higher than the 5 percent straying rate recommended 
as a maximum by NMFS. Before rendering definitive conclusions, it should be noted that there 
are several limitations in the existing data: 

• Cohort analysis was only for one broodyear; 

• Tag recovery efforts on most Central Valley streams do not provide statistically reliable 
estimates of the number of tagged fish in the spawning populations; and 

• There is a significant inland sport fishery and, in recent years, sampling of this fishery 
and collecting tags has been spotty because of budget cuts. 

It should be noted that based on tag return and genetic data, minimal interbreeding appears to 
have occurred between FRH spring-run Chinook salmon and spring-run Chinook salmon in 
Butte, Mill, and Deer creeks. Only a few FRH-produced Chinook salmon have been collected in 
the lower portions of Deer, Mill, and Butte creeks, in sections supporting fall-run spawning 
activity. In addition, the genetic structure of spring-run Chinook salmon in the Feather River is 
distinct from spring-run Chinook salmon from Deer, Mill, and Butte creeks. 
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Feather River Spring-Run Chinook Susceptibility to Disease 

Susceptibility to disease is related to a variety of factors, including fish species, fish densities, the 
presence and amounts of pathogens in the environment, and water quality conditions such as 
temperature, DO, and pH. Oroville Facilities operations have the potential to affect all of these 
factors at the FRH and in the Feather River downstream of the Oroville Facilities.  

Several endemic salmonid pathogens occur in the Feather River basin, including Ceratomyxa 
shasta (salmonid ceratomyxosis), Flavobacterium columnare (columnaris), the infectious 
hematopoietic necrosis (IHN) virus, Renibacterium salmoninarum (bacterial kidney disease 
[BKD]), and Flavobacterium psychrophilum (cold water disease) (DWR 2003a). Of the fish 
pathogens occurring in the Feather River basin, those that are main contributors to fish mortality 
at the FRH (IHN and ceratomyxosis) are of highest concern for fisheries management in the 
region. Although all of these pathogens occur naturally, the Oroville Facilities have the 
opportunity to produce environmental conditions that are more favorable to these pathogens than 
under historic conditions: 

• Impediments to fish migrations may have altered the timing, frequency, and duration of 
exposure of anadromous salmonids to certain pathogens; 

• Out-of-basin transplants may have inadvertently introduced foreign diseases; and 

• Water transfers, pumpback operations, and flow manipulation can result in water 
temperature changes, which potentially increase the risk of disease. 

The transmission of disease from hatchery fish to wild fish populations is often cited as a 
concern in fish stocking programs. There is, however, little evidence of disease transmission 
between hatchery fish and wild fish (Perry 1995). Further, the FRH has implemented disease 
control procedures (e.g., disinfecting procedures) that are intended to minimize both the outbreak 
of disease in the hatchery and the possibility of disease transmission to wild fish populations.  

Field surveys indicated that IHN was not present in juvenile salmonids or other fish in the 
Feather River watershed (DWR 2004a). Eighteen percent of the adults returning to the Feather 
River watershed were infected with IHN, but there were no clinical signs of disease in these fish. 
The hypothesis advanced by DFG pathologists for the cause of the recent IHN epizootics at the 
FRH is that planting Chinook salmon in Lake Oroville (in the hatchery water supply) resulted in 
the virus entering the hatchery. Hatchery conditions can then lead to stress and the infections can 
rapidly escalate to clinical disease, as evidenced by high mortality. No additional epizootics have 
been observed since the plantings of Chinook salmon in the reservoir were brought to an end. 
Whether the cessation of stocking Chinook salmon will prevent future IHN outbreaks at the FRH 
is uncertain, as the cause of specific disease outbreaks in Oroville Facilities waters is poorly 
understood (DWR 2004a). 

Under the No-Action Alternative, continued operations of the Oroville Facilities are anticipated 
to result in potential exposures to pathogens similar to that currently observed under existing 
conditions. 
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Summary of the Environmental Baseline 
Environmental baseline, as defined in 50 CFR 402.02, “includes the past and present impacts of all 
Federal, State, or private actions and other human activities in the action area, the anticipated 
impacts of all proposed Federal projects in the action are that have already undergone formal or 
early section 7 consultation, and the impact of State or private actions which are contemporaneous 
with the consultation in process.” The prior information in this chapter provides the status of 
winter-run Chinook, spring-run Chinook, and coho salmon in the action area, which has resulted 
from the past and present impacts of activities in the action area. The Sacramento River winter-run 
Chinook salmon ESU is restricted to one population entirely contained within the action area. 
Construction of the Livingston Stone National Fish Hatchery in 1996 has safeguarded the natural 
population since the critically low abundance of the 1990's. Improvements in CVP operations since 
1993 include: changes in operations pursuant to the 1993 winter-run Chinook salmon biological 
opinion, construction of a temperature control device on Shasta Dam in 1998, opening the gates at 
RBDD for longer periods of time, and periodic closures of DCC gates. These required actions have 
helped to bring the winter-run Chinook population to within 50 percent of the recovery goal. In 
addition, improvement of critical habitat from CVPIA gravel augmentation projects and increased 
restrictions on recreational and commercial ocean harvest of Chinook salmon since 1994, likely 
have had a positive impact on winter-run Chinook salmon adult returns to the upper Sacramento 
River (NOAA Fisheries 2003, 69 FR 33102). 

The spring-run Chinook salmon ESU is comprised mainly of three self-sustaining wild populations 
(Mill, Deer and Butte creeks) which are outside of the action area; however, all migratory life 
stages must past through the Project action area. These three populations have been experiencing 
positive growth rates since the low abundance levels of the late 1980s. Restrictions on ocean 
harvest to protect winter-run Chinook salmon and improved ocean conditions have likely had a 
positive impact on spring-run Chinook salmon adult returns to the Central Valley (NOAA 
Fisheries 2003, 69 FR 33102). Abundance for the key indicator streams, Mill, Deer and Butte 
Creeks, are at historical levels. Current risks to the remaining populations include continuing 
habitat degradation related to water development and use, high water temperatures during the 
summer adult holding period, and the operations of the Feather River Hatchery. 

The Trinity River portion of the Southern Oregon/Northern California Coast coho salmon ESU is 
predominately of hatchery origin. Termination of hatchery production of coho salmon at the Mad 
River and Rowdy Creek facilities has eliminated further potential adverse risks associated with 
hatchery releases from these facilities. Likewise, restrictions on recreational and commercial 
harvest of coho salmon since 1994 likely have had a positive impact on coho salmon adult 
returns to SONCC coho salmon streams (NOAA Fisheries 2003, 69 FR 33102). The DFG 
developed a state-wide coho salmon recovery plan in 2004. 

Chapter 6 describes the factors that affect the species and critical habitat in the action area. A 
large factor affecting the listed salmonids is the loss of spawning and rearing habitat upstream of 
impassable dams. High water temperatures in these lower elevations are a stressor to adult and 
juvenile life stages. The limiting factors that affect the likelihood of survival are high 
temperatures, low flows, limited spawning and rearing habitat, blocked or delayed passage, 
unscreened diversions, and flow fluctuations. 
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Chapter 6  Factors That May Influence 
Abundance and Distribution of Winter-Run and 
Spring-Run Chinook Salmon and Coho Salmon 

This chapter describes the factors that may affect winter-run and spring-run Chinook salmon and 
critical habitat in the action area. A significant factor affecting all listed salmonids in the Central 
Valley is the loss of spawning and rearing habitat upstream of the major dams. Major limiting 
factors that affect survival of Chinook and Coho salmon include, but are not limited to, high 
water temperatures, low flows and flow fluctuations, and fish passage. Other factors that may 
affect various runs of Chinook salmon include changes in the Delta ecosystem. These changes 
that are of concern in the Delta include: altered flow patterns, varying salinity, contaminants, 
limited food supplies, and predation. In addition, ocean conditions and harvest, hatchery 
operations and disease can affect winter- and spring-run Chinook salmon. 

Factors That May Influence Abundance and 
Distribution of Winter-Run and Spring-Run Chinook 
Salmon 

Water Temperature 

California’s Central Valley is located at the extreme southern limit of Chinook salmon 
distribution (Moyle 2002). In particular, low water temperatures (< 5°C) are rarely of concern in 
the Sacramento – San Joaquin system because of the low frequency of periods of extreme cold in 
areas used by salmonids (Cech and Myrick 2001). However, because of the occurrence of 
temperatures stressful to salmonids in parts of the system, warm water temperatures are a critical 
management issue. Water temperatures in the lower Sacramento River mainstem regularly 
exceed 20°C by late spring (City of Sacramento water treatment plant, unpublished data); and 
statistical studies of coded-wire-tagged juvenile Chinook show that high temperatures are an 
important factor in mortality (Baker et al. 1995 as cited in Cech and Myrick 2001). Water 
temperatures that are too low or too high can kill Chinook salmon directly by impairing 
metabolic function or indirectly by increasing the probability of disease, predation, or other 
secondary mortality factors (Boles et al. 1988). Chinook salmon temperature tolerances vary by 
life stage, and may also vary among stocks, but the latter is not well studied. The 
recommendations included in this Biological Assessment (BA) were developed by Boles et al. 
(1988) based on previous temperature studies of Chinook salmon and other salmonids. An 
overview of temperature effects on Chinook salmon follows. 
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Table 6-1 Recommended water temperatures for all life stages of Chinook salmon in Central Valley 
streams as presented in Boles et al. (1988).a 

Life stage Temperature (°F) 

Migrating adult <65 
Holding adult <60 

Spawning 53 to 57.5b 

Egg incubation <55 
Juvenile rearing 53 to 57.5c 

Smoltification <64d 

a The lower thermal limit for most life stages was about 38°F. 
b Can have high survival when spawned at up to 60°F, provided temperatures drop quickly to less than 55°F. 
c Temperature range for maximum growth rate based on Brett (1952, as cited in Boles et al. 1988). 
d Marine and Cech 2004 

Note: °F = degrees Fahrenheit.  

 

The temperature recommendation for migrating adults was based on Hallock et al. (1970, as 
cited in Boles et al. 1988) who found Chinook immigration into the San Joaquin River was 
impeded by temperatures of 70°F, but resumed when the temperature fell to 65°F. There was 
also a low dissolved oxygen correlation in timing. 

The temperature recommendations for adult holding and spawning, and for egg incubation were 
based on laboratory studies of Sacramento River Chinook egg survival (Seymour 1956, as cited 
in Boles et al. 1988). Egg mortality was high at constant temperature of 60°F, but was 
considerably reduced at temperatures between 55°F and 57.5°F. However, sac-fry mortality 
remained very high (greater than 50 percent) at temperatures above 56°F, presumably due to 
“aberrations in sequential physiological development.” These were long-duration experiences 
that are not representative of river conditions. Table 6-2 shows the relationship between water 
temperature and mortality of Chinook eggs and pre-emergent fry compiled from a variety of 
studies. This is the relationship used for comparing egg mortality between scenarios. FWS 
(1998) conducted studies to determine Sacramento River winter run and fall run Chinook early 
life temperature tolerances. They found that higher alevin mortality can be expected for winter-
run between 56°F and 58°F. Mortality at 56°F was low and similar to fall-run Chinook mortality 
at 50°F. Their relationships between egg and pre-emergent fry mortality and water temperature 
were about the same as that used in the mortality model in this BA (Table 6-2). 
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Table 6-2 Relationship between water temperature and mortality of Chinook salmon eggs and pre-
emergent fry used in the Reclamation egg mortality model. 

Water 
Temperature (ΕF)a Egg Mortalityb 

Instantaneous Daily 
Mortality Rate (%) 

Pre-Emergent Fry 
Mortalityb 

Instantaneous 
Daily Mortality 

Rate (%) 

41-56 Thermal optimum 0 Thermal optimum 0 
57 8% @ 24d 0.35 Thermal optimum 0 
58 15% @ 22d 0.74 Thermal optimum 0 
59 25% @ 20d 1.40 10% @ 14d 0.75 
60 50% @ 12d 5.80 25% @ 14d 2.05 
61 80% @ 15d 10.70 50% @ 14d 4.95 
62 100% @12d 38.40 75% @ 14d 9.90 
63 100% @11d 41.90 100% @ 14d 32.89 
64 100% @ 7d 65.80 100% @10dc 46.05 

a This mortality schedule was compiled from a variety of studies each using different levels of precision in 
temperature measurement, the lowest of which was whole degrees Fahrenheit (+0.5oF). Therefore, the level of 
precision for temperature inputs to this model is limited to whole degrees Fahrenheit. 

b These mortality schedules were developed by the FWS and DFG for use in evaluation of Shasta Dam 
temperature control alternatives in June 1990 (Richardson et al. 1990) 

c This value was estimated similarly to the preceding values but was not included in the biological assumptions for 
Shasta outflow temperature control FES (Reclamation, 1991b). 

 

A number of factors affect water temperatures, including meteorological conditions, air-water 
surface area of the stream, water-bed area, temperatures of inflows into storage, temperature at 
release to river, river flows, tributary inflows, river diversions, and the amount of river shading. 
To help address Sacramento River water temperature concerns, the Bureau of Reclamation 
(Reclamation) installed a temperature control device on Shasta Dam in 1997 to allow cool water 
releases to meet winter-run Chinook salmon life history needs.  

Yearly water temperatures downstream at Balls Ferry and Bend Bridge are shown in Figure 6-1 
through Figure 6-4. Temperature compliance points (Bend Bridge and Balls Ferry) vary by water 
year type and date between April 15 and October 31 for winter-run spawning, incubation, and 
rearing. The objective is to meet a daily average temperature of 56°F for incubation and 60°F for 
rearing. After October 31, natural cooling generally provides suitable water temperatures for all 
Chinook life cycles. 

Rearing juvenile Chinook salmon can tolerate warmer water than earlier life stages. Nimbus 
Hatchery fall-run were able to feed and grow at temperatures up to at least 66°F (Cech and 
Myrick 1999), but this is not reflected in the Boles et al. (1988) temperature recommendation for 
juveniles. The relationship between temperature and growth rate seen in Cech’s and Myrick’s 
(1999) data parallels that observed in northerly salmon runs. Northern salmon (ie. Washington 
and north) exhibit maximum growth at 66°F when fed satiation rations. Nimbus Chinook had 
maximum growth rates at 66°F and lower rates at 59°F and 52°F (Myrick and Cech 2001). 
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Figure 6-1 Sacramento River at Balls Ferry mean daily water temperatures, 1990 – 2007. Dates on 
the x-axis expressed like 101 = Jan 1, 303 = March 3, etc. (Source:  cdec data) 
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Figure 6-2 Sacramento River at Balls Ferry maximum daily water temperatures, 1990 – 2007. 
(Source:  cdec data) 
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Sacramento River at Bend Bridge Temperatures 1989-2006
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Figure 6-3 Sacramento River at Bend Bridge Water Temperatures 1989−2006. (Source:  cdec data) 

Bend Bridge Daily Temperature Fluctuation
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Figure 6-4 Bend Bridge Daily Temperature Fluctuation 1989−2006. Dates on the x-axis expressed 
like 101 = Jan 1, 303 = March 3, etc. (Source:  cdec data) 
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The theoretical upper lethal temperature that Sacramento River Chinook salmon can tolerate has 
been reported as 78.5°F (Orsi 1971, as cited in Boles et al. 1988). However, this result must be 
interpreted with several things in mind.  

First, the theoretical maximum corresponds to the most temperature-tolerant individuals. It is not 
a generality that can be applied to an entire stock. Second, it is only a 48-hour LT 50 (lethal time 
for 50 percent mortality). This means it is a temperature that can only be tolerated for a short 
period. It does not indicate a temperature at which a Chinook could feed and grow. Third, 
indirect mortality factors (for example, disease and predation) would likely lead to increases in 
total mortality at temperatures well below this theoretical laboratory-derived maximum. For 
example, Banks et al. (1971, as cited in Boles et al. 1988) found Chinook growth rates were not 
much higher at 65°F than at 60°F, but the fish had higher susceptibility to disease at 65°F. 
Subacute and sublethal temperature thresholds have been identified for Central Valley Chinook 
salmon by Marine and Cech (2004). Sublethal impairment of predator avoidance, smoltification, 
and disease begins in the range of about 64° to 68°F. 

Myrick and Cech (2001) show that Chinook salmon that complete juvenile and smolt phases in 
the 50 to 62°F range are optimally prepared for saltwater survival. Marine and Cech (2004) 
identified a smoltification threshold of <64 F for Central Valley Chinook salmon. 

Newman (2000) modeled the effect of temperature on coded wire-tagged (CWT) fall-run smolt 
survival from Fish and Wildlife Service (FWS) paired Delta release experiments. Newman’s 
analysis indicated smolt survival would decrease by 40 percent as temperatures rose from 58 to 
76°F. This result indicates that water temperature would be unlikely to affect spring-run smolt 
survival until it exceeded 58°F. On average, Delta temperatures have exceeded 58°F during April 
or May (Figure 6-5), when subyearling spring-run are emigrating. Newman’s analysis is 
consistent with the lab findings of Marine and Cech 2004, where sublethal physiologic 
performance impairments were measured for CV Chinook salmon beginning at about 64° to 
68°F. The level of resolution in Newman’s data sets may not distinguish between 58-63°F, or 
there is an additional stressor in the Delta that further lowers temperature mortality relationship 
thresholds. Water project operations cannot effectively control water temperatures in the Delta. 

 

Figure 6-5 Monthly mean water temperatures for the Sacramento River at Chipps Island for water 
years 1975–1995. 
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It is also important to note that operation of CVP and SWP facilities cannot influence (1) the 
water temperatures on many of the tributaries to the Sacramento and San Joaquin Rivers or (2) 
those other factors that affect water temperatures that are unrelated to the appropriation of water 
for use by the CVP and SWP. Reclamation is not aware of any actions taken by others to address 
those other factors that are beyond the control of Reclamation and DWR that influence water 
temperatures. 

Flow and Spawning 
In-stream flow recommendations have been developed for Chinook salmon for most major 
Central Valley streams by AFRP and others. Many of the recommendations are intended to 
optimize habitat area for salmon spawning and egg incubation. High flows can affect redds by 
scouring the gravel away down to the depth of the eggs and washing the eggs out or by piling 
more gravel and fines on top of redds so that alevins are unable to emerge or are suffocated. 
Lowering flows to below the depth of the egg pockets following spawning can kill incubating 
eggs and alevins. 

In-stream Flow Studies 

Sacramento River  

The FWS (2003) developed spawning flow-habitat relationships for winter, fall, and late-fall 
Chinook salmon and steelhead spawning habitat in the Sacramento River below Keswick Dam 
using the Physical Habitat Simulation (PHABSIM) component of the instream flow incremental 
methodology (IFIM). Relationships were developed by cross section and by stream segments but 
were not aggregated into river-wide flow-habitat relationships.  

Winter-run Chinook salmon weighted usable spawning area (WUA) peaked at around 10,000 
cubic feet per second (cfs) in the upstream reach above the Anderson-Cottonwood Irrigation 
District (ACID) Dam when the dam boards are in. With the boards out, the peak was around 
4,000 to 5,000 cfs. In the next reach downstream (ACID Dam to Cow Creek) habitat peaked at 
8,000-9,000 cfs. In the lower reach (Cow Creek to Battle Creek) spawning habitat peaked at 
around 4,000 cfs but had low variability in wetted usable spawning habitat area in the flow range 
analyzed (3,250-30,000 cfs). The highest density redd counts for winter-run occur in the upper 
and middle reach, although since the ACID fish ladder was built there has been a substantial 
increase in spawning upstream of the dam (Killam 2002). ACID puts the boards in during early 
April and they stay in until fall, so the flows dictated by water use would be compatible with 
maximization of habitat area during that time. 

Fall-run and late-fall-run had different weighted usable spawning area values but the flow versus 
habitat relationship was about the same for the two runs. Upstream of the ACID Dam, spawning 
habitat peaked at 3,250 cfs with the dam boards out and at about 6,000 cfs with the boards in. 
Between ACID and Cow Creek spawning habitat peaked at around 4,000 cfs. Between Cow 
Creek and Battle Creek habitat peaked at about 3,500 cfs. The highest density redd counts for fall 
and late-fall-run occur in the middle reach. 
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Feather River 

Chinook salmon spawning distribution in the Feather River has been studied in detail by Sommer 
et al. (2001a), although the data are not specific for spring-run. Approximately three-quarters of 
spawning occurs in the low flow channel, where the heaviest activity is concentrated in the upper 
three miles. By contrast, spawning activity below Thermalito Afterbay Outlet is fairly evenly 
distributed. The proportion of salmon spawning in the low flow channel has increased 
significantly since the completion of the Oroville Complex and Feather River Hatchery (FRH). 
The significant shift in the distribution of salmon spawning in the Feather River to the upper 
reach of the low flow channel is perhaps one of the major factors affecting any in-channel 
production of spring-run as a result of redd superimposition mortality. Since they spawn later in 
the fall, fall-run fish may destroy a significant proportion of the redds of earlier spawning spring-
run. 

The major factors that had a statistically significant effect on spawning location were flow 
distribution and escapement (Sommer et al. 2001a). Significantly more salmon spawned in the 
low-flow channel when a higher proportion of flow originated from that reach. Attraction flows 
are known to change the spawning distribution of salmon in other rivers. Higher escapement 
levels were also weakly associated with increased spawning below Thermalito Afterbay Outlet. 
Since salmon are territorial, increasing densities of salmon would be expected to force more fish 
to spawn downstream. As will be discussed in further detail in the “Hatchery” section of this 
chapter, Feather River Fish Hatchery (FRF) operations may also affect salmon spawning 
location. 

In 2002, DWR conducted an IFIM habitat analysis for the lower Feather River (DWR 2004). 
This analysis drew on the earlier IFIM work of Sommer et al. (2001), but added an additional 24 
transects, and included additional spawning observations. The river segments above the low-flow 
channel (LFC) and below the high-flow channel (HFC) were modeled separately due to their 
distinct channel morphology and flow regime. The weighted usable area (WUA) for Chinook 
salmon spawning in the LFC increased from 150 cfs to a peak at 800 cfs. Beyond the peak, the 
WUA index falls sharply again. Although the WUA curve peaks at 800 cfs, the current base flow 
in the LFC (600 cfs) represents 90 percent of the highest habitat index value. In the HFC, the 
WUA rises from the lowest modeled flow (500 cfs) and peaks near 1,700 cfs, above which it 
again declines out to 7,000 cfs. 

Redd Scouring  

High flows, such as those released from dams to draw down storage for flood control during 
heavy runoff periods, have the potential to scour salmon and steelhead redds and injure eggs or 
sac-fry in the gravel. These same flows are important for maintaining rearing habitat and high-
quality spawning gravel. River-specific geomorphic studies evaluated the bedload mobilization 
flow for the affected rivers. The future probability of occurrence of flow releases exceeding the 
bedload mobilization flow is based on the historic hydrograph since the respective dam was 
constructed. This is because scouring flows are generally a result of flood control operations 
during high runoff periods, which will not likely change in the near future. 
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Clear Creek 

Sampling was conducted in Clear Creek at the U.S. Geological Survey (USGS) Clear Creek near 
Igo gauge during high flows in January and February 1998 to estimate a flow threshold that 
initiated coarse sediment transport (McBain & Trush and Matthews 1999). Sampling bedload 
movement during a 2,600 cfs flow showed that mainly sand was being transported. During a 
3,200 cfs flow, medium gravels were being transported. Particles slightly greater than 32 
millimeters (mm) were being transported by the 3,200 cfs (D84 = 7.5 mm) flow while no particles 
larger than 11 mm were sampled during the 2,600 cfs flow (D84 = 1.8 mm). Their initial estimate 
for a coarse sediment transport initiation threshold is in the 3,000 to 4,000 cfs range. Marked 
rock experiments at Reading Bar, the first alluvial reach downstream of the Clear Creek canyon, 
suggest that large gravels and cobbles (the D84) are not significantly mobilized by a 2,900 cfs 
flow. 

The majority of post-Whiskeytown Dam floods are produced from tributaries downstream of 
Whiskeytown Dam, but floods larger than about 3,000 cfs are caused by uncontrolled spillway 
releases from Whiskeytown Dam, as happened in WY 1983 (19,200 cfs, the largest post-
regulation flood), 1997 (15,900 cfs), and 1998 (12,900 cfs) floods. These flows are the result of 
heavy runoff from the upper Clear Creek watershed and are not affected by Reclamation water 
release operations. Reclamation does not make releases into Clear Creek that exceed the bedload 
mobilization point unless recommended by fishery agencies for the benefit of fish. A probability 
of exceedance plot for Whiskeytown Dam is shown in Figure 6-6. Instantaneous flows of 
3,000 cfs occur on average about once every 2 years and flows of 4,000 cfs occur about once 
every 3 years (Figure 6-7). One-day average flows of 3,000 cfs occur about once every 5 years.  
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Figure 6-6 Yearly probability of exceedance for releases from Whiskeytown Dam on Clear Creek 
based on historical dam operations records. 

 

Figure 6-7 Clear Creek near Igo (Station 11-372000) flood frequency analysis of annual maximum, 
1-day average, and 3-day average flood series for post-dam (1964–97) data. 
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Sacramento River 

Buer (1980) conducted bedload movement experiments by burying a 50-gallon drum in a riffle 
below Redding. Gravel up to 3 inches in diameter began to accumulate in the barrel at about 
25,000 cfs, indicating initiation of surface transport. Painted rocks moved 200 to 300 feet down 
the riffle at 25,000 cfs. Flows of 40,000 to 50,000 cfs would likely be required to move enough 
bedload to scour redds (Koll Buer, pers. comm. 2003.). The coarse riffles (small boulders and 
large cobbles), are probably armored from release of sediment-free flows from Shasta Dam. 
These armored riffles appear not to change and thus probably remain immobile even at flows 
exceeding 100,000 cfs (CALFED 2000). A bed mobility model was applied to four of the Army 
Corps of Engineers Comprehensive Study cross sections as another bed mobility estimate to 
compare to the empirical bed mobility observations. The bed mobility model suggests bed 
mobility thresholds between 15,000 and 25,000 cfs between River Miles 169 and 187, although 
the model is not considered appropriate for the Sacramento River (Calfed 2000). 

Probability of occurrence for a release exceeding 25,000 cfs at Keswick Dam is approximately 
50 percent each year and flows in the 40,000 to 50,000 cfs range occur in about 30 to 40 percent 
of years (Figure 6-8). Some redds could potentially be scoured in 10 – 25% of years when flows 
over 50,000 cfs occur while eggs are in the gravel. This would most likely occur during fall- and 
late-fall-run incubation. The significance to the population is difficult to determine, but based on 
the amount of scouring that occurs in unregulated rivers with large salmon runs compared to 
regulated rivers such as those in the Central Valley, long-term negative population effects from 
redd scouring are probably not very significant. On the Sacramento River, the 2-year return 
interval flood has been reduced from 119,000 cfs to 79,000 cfs since construction of Shasta Dam 
(as measured at Red Bluff, Figure 6-9). 

0

10,000

20,000

30,000

40,000

50,000

60,000

70,000

80,000

90,000

0%10%20%30%40%50%60%70%80%90%100%

Percent Exceedance

M
ax

im
u

m
 W

at
er

 Y
ea

r 
R

el
ea

se
 (

cf
s)

  
 ' 

 

Figure 6-8 Yearly probability of exceedance for releases from Keswick Dam on the 
Sacramento River from historical dam operations records. 
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Figure 6-9 Empirical flood frequency plots for the Sacramento River at Red Bluff (Bend Bridge 
gauge) for pre- and post-Shasta periods, and downstream at Colusa for the post-Shasta period.  

The reduced peak flows at Colusa reflect diversions into the Butte Basin between the two gauges. Data 
from U.S. Geological Survey internet site (www.usgs.gov), Red Bluff (Bend Bridge) and Colusa gauges. 
Chart from Calfed (2000). 

American River 

Ayres Associates (2001) used a two-dimensional model of the lower American River constructed 
on 2-foot topography to determine at what flows spawning beds would be mobilized. Their 
modeling results indicated that the spawning bed materials are moving for flows of 50,000 cfs or 
greater, although some movement may occur for flows between 30,000 and 50,000 cfs. Shear 
stress conditions tend to be highest upstream of Goethe Park, where the majority of salmon and 
steelhead spawning occurs.  

Flood frequency analysis for the American River at Fair Oaks gauge shows that, on average, 
flows will exceed 30,000 cfs about once every 4 years and exceed 50,000 cfs about once every 
5 years (Figure 6-10). Fair Oaks gauge flows result almost entirely from Folsom and Nimbus 
releases.  
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Figure 6-10 Flood frequency analysis for the American River at Fair Oaks Gauge (U.S. Army Corps 
of Engineers 1999). 

Stanislaus River 

Kondolf et al. (2001) estimated bedload mobilization flows in the Stanislaus River to be around 
5,000 to 8,000 cfs to mobilize the D50 (median particle size) of the channel bed material. Flows 
necessary to mobilize the bed increased downstream from a minimal 280 cfs near Goodwin Dam 
to about 5,800 cfs at Oakdale Recreation Area.  

Before construction of New Melones Dam, a bed mobilizing flow of 5,000 to 8,000 cfs was 
equivalent to a 1.5 to 1.8 year return interval flow. On the post dam curve, 5000 cfs is 
approximately a 5-year return interval flow, and 8,000 cfs exceeds all flows within the 21-year 
study period, 1979−99 (max flow = 7,350 cfs on January 3, 1997). The probability of occurrence 
for a daily average flow exceeding 5,330 cfs (the pre-dam bankfull discharge) is 0.01 per year. 
Figure 6-11 shows the yearly exceedance probability for Goodwin Dam releases. 
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Figure 6-11 Exceedance probability for yearly Goodwin Dam releases from historical dam 
operations records. 

Flow Fluctuations/Stranding 

Flow fluctuations have the potential to dewater salmon and/or steelhead redds or isolate and 
strand juvenile salmonids below project reservoirs. Depending on the frequency and timing of 
flow fluctuations within and between years, salmon and steelhead populations can be affected.  

Clear Creek 

Table 6-3 shows the stage discharge relationship in Clear Creek at Igo. Using the 5-inch redd 
depth as the threshold for redd dewatering, a 100-cfs flow drop in the 100 to 300 cfs range could 
start to dewater the shallowest redds. A flow drop of 150 cfs in the 300 to 800 cfs range could 
start to dewater redds, and a flow drop of 300 cfs between 800 and 1,800 cfs could start to 
dewater redds. Flows over 500 cfs in Clear Creek are the result of uncontrolled runoff or pulse 
flows prescribed through collaboration with fishery agencies for the benefit of fish and habitat. 
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Table 6-3 Stage discharge relationship for the Clear Creek at Igo USGS gauge, Station 11372000. 

Stage, inches Discharge, cfs 

33.12 101 

38.52 200 

42.72 301 

46.2 400 

49.32 501 

52.2 602 

54.72 702 

57 803 

59.16 903 

61.08 1000 

 

Sacramento River 

Based on the Sacramento River at Bend Bridge gauge, drops in flow of approximately 800 cfs in 
the low end of the flow range up to about 20,000 cfs have the potential to start drying the 
shallowest redds 5 inches deep (Table 6-4). Areas of the river away from stream gauges where 
there is not as much confinement and more spawning activity probably experience less change in 
stage for a given flow change but the data were not available to evaluate other locations. 

Table 6-4 Stage discharge relationship in the Sacramento River at Bend Bridge, gauge 11377100. 

Stage, inches Discharge, cfs 

8 4190 

10 4500 

12 5020 

15 5490 

18 5990 

21 6490 

24 6990 

27 7490 

31 7990 

34 8500 

38 9000 

41 9510 

45 10000 

48 10500 
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Stage, inches Discharge, cfs 

52 11000 

55 11500 

59 12000 

62 12500 

65 13000 

68 13500 

71 14000 

74 14500 

78 15000 

81 15500 

84 16000 

87 16500 

90 17000 

92 17500 

95 18000 

98 18500 

101 19000 

103 19500 

106 20000 

110 21000 

114 22000 

118 23000 

122 24000 

126 25000 

129 26000 

133 27000 

137 28000 

140 29000 

144 30000 

 

American River 

Snider et al. (2001) evaluated flow fluctuations relative to stranding in the American River and 
made the following recommendations for operations of the Folsom project. Reclamation 
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implements the recommendations where feasible after consultation with the American River 
Operations Group. This has reduced instances of stranding. 

• Ramping rates should not exceed 100 cfs per hour when flows are less than 4,000 cfs; 

• Flow increases to 4,000 cfs or more should be avoided during critical periods (January 
through July for young of the year salmon and steelhead and October through March for 
yearling steelhead and non-natal rearing winter-run Chinook salmon) unless they can be 
maintained throughout the entire period; and 

• Flow fluctuations that decrease flow below 2,500 cfs during critical spawning periods 
should be precluded: October through December for Chinook salmon and December 
through May for steelhead. They define flow fluctuations as unnatural rapid changes in 
stream flow or stage over short periods resulting from operational activities of dams and 
diversions. 

• Reclamation implements the recommendations where feasible after consultation with the 
American River Operations Group. This has reduced instances of stranding. 

The shallowest salmon redds observed prior to any flow changes were under 5 inches of water 
referenced to the original bed surface (Hannon, field observations 2002) and the shallowest 
steelhead redds observed were over 7-inches deep (Hannon and Healey 2002). Steelhead could 
likely spawn in water as shallow as Chinook, so this analysis is based on water depth reductions 
of 5 inches that could drop the water level to even with the top of the shallowest redds. Evenson 
(2001) measured Chinook egg pocket depth in the Trinity River. The shallowest egg depth found 
was 2.2 inches under the gravel referenced to the original bed surface and the mean depth to the 
top of the egg pocket was 9 inches. Ninety-three percent of the top of egg pockets were buried at 
least 5 inches under the gravel. Five-inch-deep eggs would not become dewatered until water 
drops at least 10 inches, but fry emergence could be prevented if no water is over the surface of 
the redd. Based on cross sections measured in 1998 by the FWS, flow changes of 100 cfs 
generally change the water depth by about 1 inch in a flow range of 1,000 to 3,000 cfs and by 
about 0.5 inch in a flow range from about 3,000 to 11,000 cfs. Therefore, when flows are 
3,000 cfs or lower, flow drops of 500 cfs or more can begin to dewater redds. When flow is over 
4,000 cfs, flow drops of 1,000 cfs or more can begin to dewater redds. Figure 6-12 shows the 
number of times by month that flow was raised above 4,000 cfs and then dropped back below 
4,000 over a 30 year period. The annually maximum daily Nimbus release exceedance is shown 
in Figure 6-13. 
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Figure 6-12 Frequency of times Nimbus releases fluctuated over and under 4000 cfs, 1972-2002. 
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Figure 6-13 Annual Maximum Daily Nimbus Release Exceedance. 
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Stanislaus River 

Based on the Stanislaus River at Ripon gauge, reductions in flow of approximately 50 cfs in the 
flow range of 100 to 300 cfs have the potential to start to dewater the shallowest redds 5-inches 
deep (Table 6-5). Although the Ripon gauge is downstream of spawning areas, the channel 
morphology at the gauging station is similar to that through much of the spawning area so the 
stage discharge relationship should be similar. Reductions in flow of 100 cfs in the flow range of 
about 150 to 1,000 cfs will cause a 5-inch drop in water surface elevation. Reductions in flow of 
about 175 cfs in the flow range of 1,000 to 2000 cfs will cause about a 5-inch drop in water level. 

Table 6-5 Stage discharge relationship in the Stanislaus River at Ripon, gauge 11303000. 

Stage, inches - 440 Discharge, cfs 

3 100 

5 125 

8 150 

10 174 

13 200 

17 251 

21 300 

24 350 

27 400 

32 501 

37 601 

43 700 

49 800 

54 900 

58 1000 

67 1200 

76 1400 

84 1600 

92 1800 

100 2000 

120 2500 

139 3000 

175 4000 

199 5000 

215 6000 
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Flow and Its Importance to Sub-adult Chinook Salmon 

Streamflow is important to subadult Chinook salmon (Healey 1991). Larger salmon populations 
tend to occur in larger river systems, suggesting a direct effect of discharge on the amount of 
suitable habitat area. River flows directly affect through-gravel percolation rates, which are very 
important to egg survival, and may help disperse swim-up fry to suitable rearing habitats. 

Streamflows indirectly affect other environmental conditions, which in turn affect Chinook 
survival. Flow rates can affect instream temperatures downstream of reservoirs. For example, 
releases from Shasta Dam affects temperature for up to 200 miles downstream but can only 
effectively “control” temperature in the top 40 or so miles. In natural stream systems, flow is 
correlated with turbidity. Turbidity may be important in juvenile life stages. Juvenile salmon 
losses to predators may be reduced by at least 45 percent in turbid-water stream reaches relative 
to clear-water reaches (Gregory and Levings 1998). Turbid water may also stimulate faster 
migration rates, which reduces the time young fish are exposed to freshwater mortality risks. The 
relative survival benefits of longer versus shorter freshwater residence time in juvenile Chinook 
has not been determined for Central Valley stocks. Pink salmon, the most abundant of the 
salmon species, emigrate to the ocean immediately upon emergence from the gravel and 
presumably derive survival benefits from this trait, although pink salmon are generally less 
abundant in watersheds requiring freshwater migrations over longer distances. High outflows and 
sediment loads can increase egg mortality through scouring and suffocation (Healey 1991). 

In the upper Sacramento River Basin, problems of flow and temperature are closely associated 
during the summer and fall. Low flows and limited cold water supplies make spring-run habitat 
in tributaries like Clear Creek, Cottonwood Creek, and Antelope Creek marginally usable, or 
even unsuitable. Problems with low flow and high temperature may also occur in current spring-
run habitat like Butte and Big Chico Creeks. The likelihood that survival will be reduced in low-
flow years could be greater in unregulated tributaries than in regulated tributaries where stored 
water can sustain releases longer through dry periods. 

Fish Passage 
As with steelhead and other salmon races, migration impediments and barriers are a problem for 
winter-run and spring-run Chinook (Table 4-5) as well as other salmonids. Spring-run Chinook 
salmon formerly spawned in the upper reaches of at least 22 major rivers and tributaries in the 
Central Valley. However, the construction of dams has blocked access to historical upstream 
spring-run Chinook salmon habitat in Central Valley rivers and streams. 

The presence of dams also has resulted in the probable hybridization of some spring- and fall-run 
Chinook salmon stocks. Historically, stocks occupying the same stream were separated in space 
and time because adult spring-run Chinook salmon migrated earlier in the year, and to spawning 
grounds farther upstream compared to fall-run Chinook salmon. Presently, both spring- and fall-
run Chinook salmon spawn together downstream of dams. Hybridization has the potential to 
occur because the spawning periods for spring- and fall-run Chinook salmon overlap and the fish 
intermingle while they spawn. In addition, migration may be slowed or prevented in smaller 
tributary streams by numerous smaller agricultural diversion facilities.  
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ACID Diversion Dam 

The ACID diversion dam created fish passage problems that required a substantial reduction in 
Keswick Reservoir releases to adjust the dam flashboards, which resulted in dewatered redds, 
stranded juveniles, and higher water temperatures. Reclamation assisted in the redesign and 
renovation of the flashboards and related ACID facilities in the 1990s to reduce the risks of 
dewatering redds. New fish ladders and fish screens were installed around the diversion and were 
operated starting in the summer 2001 diversion period. During the spawning runs in 2001 and 
2002, spawning upstream of the diversion dam substantially increased, which was attributable to 
the access provided by the fish ladders (Table 5-5 winter-run redd chart). 

Red Bluff Diversion Dam 

Problems in salmonid passage at Red Bluff Diversion Dam (RBDD) provide a well-documented 
example of a diversion facility impairing salmon migration (Vogel and Smith 1984; Hallock 
1989; FWS 1987, 1989, 1990a; Vogel et al. 1988, all as cited in DFG 1998). The implementation 
of gates-out operations and construction of the rotary-drum screen facility have substantially 
improved fish passage conditions at RBDD (see discussion of RBDD in Chapter 4). All spring-
run juvenile emigrants pass RBDD during the gates-out period based on historical average run 
timing at RBDD. However, only about 30 percent of adult spring-run immigrants that attempt to 
pass Red Bluff encounter gates-out conditions (FWS 1998, as cited in DFG 1998). The current 
gates-down operation potentially delays 15 percent of the adult winter-run, and 35 percent of the 
juveniles going downstream in July, August, and September encounter the lowered gates (NOAA 
Fisheries 2003). Based on winter-run population increases that have occurred since the current 
gate operations were initiated, the population seems capable of increasing under current 
operations. 

Aerial redd surveys conducted for winter-run and spring-run spawning since 1987 by DFG show 
that since the gates-out period was moved to September 15 to May 15 in 1993, few winter-run 
have spawned below RBDD (Table 6-6). During 1994 and 1995, higher percentages of spring-run 
spawned below RBDD than in other years. The majority of spring-run production in recent years 
has continued to occur in Sacramento River tributaries downstream of RBDD (Mill Creek, Deer 
Creek, Big Chico Creek, Butte Creek, and Feather River) despite the partial elimination of 
migration delays. Not counting Feather River spring-run, which are primarily considered to be of 
hatchery origin, 92 percent of spring-run since 1992 occurred in the tributaries downstream of 
RBDD. The proportion of spring-run using these tributaries was not affected by migratory delays 
at RBDD. The 8 percent of spring-run in the Sacramento River and tributaries upstream of 
RBDD were potentially affected by migratory delays at RBDD.  

Table 6-6 Percent of winter-run and spring-run redds counted below Red Bluff Diversion Dam, 
1987-2005. Data from Doug Killam, DFG. 

Year 

Winter-Run % 
Spawning  

Below RBDD 

Spring-Run % 
Spawning  

Below RBDD 
Months RBDD 
Gates Raised 

1987 5 no survey December - March 

1988 25 3 December - mid-February 
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Year 

Winter-Run % 
Spawning  

Below RBDD 

Spring-Run % 
Spawning  

Below RBDD 
Months RBDD 
Gates Raised 

1989 2 0 December - mid-April; gates in 11 days in February

1990 7 0 December - March 

1991 0 0 December - April 

1992 4 0 December - April 

1993 2 0 September 15 - May 15 

1994 0 15 September 15 - May 15 

1995 1 9 September 15 - May 15 

1996 0 0 September 15 - May 15 

1997 0 1 September 15 - May 15 

1998 3 0 September 15 - May 15 

1999 0 no survey September 15 - May 15 

2000 0 0 September 15 - May 15 

2001 0.4 3 September 15 - May 15 

2002 0.2 0 September 15 - May 15 

2003 0.3 0.6 September 15 - May 15 

2004 0 0 September 15 - May 15 

2005 0.1  September 15 - May 15 

 

New redds constructed in the Sacramento River during the typical spring-run spawning period 
(late August and September) since redd surveys began have shown low numbers of new redds 
relative to new redds counted during winter-run spawning timing and fall-run spawning timing. 
Peaks in redd count numbers are evident during winter-run spawning and fall-run spawning but 
not during spring-run spawning. The number of new redds has decreased through July and then 
increased at the end of September before the large increase that occurs after October 1 when they 
become classified as fall-run. This suggests that the number of spring-run spawning in the 
Sacramento River is low (average of 26 redds counted) relative to the average spring-run 
escapement estimate between 1990 and 2001 in the main stem Sacramento River of 908. The 
additional fish have not been accounted for in the tributaries upstream of RBDD. The additional 
fish appear to spawn in October and get counted as fall-run redds. 

Additional analysis of effects of RBDD on salmon and steelhead was analyzed in an 
Environmental Impact Statement (CH2M HILL 2002).  
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Suisun Marsh Salinity Control Gates 

The Suisun Marsh Salinity Control Gates (SMSCG) can affect immigration of all four Chinook 
races as adults move upstream through Montezuma Slough. Edwards et al. (1996) and Tillman et 
al. (1996) reported that operation of the SMSCG delays and/or blocks the upstream migration of 
adult salmon. The studies were unable to provide an accurate estimate of the magnitude of the 
delay or blockage due to variable results, but a potential minimum delay of about 12 hours per 
tidal day is possible when the gates are closed. The biological significance of this potential 
increase in migration time to spring-run populations is unknown because DFG staff estimates 
that it takes a salmon 30 days to reach its spawning area from the bays (DFG 1998). Further, 
Montezuma Slough is only one path through the estuary, and its relative importance to the 
overall immigration of adult spring-run has not been studied. 

Limited information is available regarding the behavior of adult Chinook in estuaries. 
Information from the literature indicates that tidal phase, natal origin, water temperature, 
dissolved oxygen, and changes in flow can all affect upstream immigration. Stein (2003) tracked 
480 adult salmon, tagged with ultrasonic transmitters, through the Delta as part of multi-agency 
DCC studies. Salmon movements varied among individuals. Many salmon crossed back and 
forth between different channels for weeks while some moved upstream quickly. Transit times in 
the Delta ranged from 3-48 days.  

Generally, adult spring-run may be present in Suisun Marsh from February through June, with 
peak occurrence in May. The SMSCG are operated only to meet salinity standards. Therefore, 
avoidance measures (flashboards and gates out of water) are already in place to minimize effects 
during months when specific conductance is below standards by more than 2 mS/cm. Measures 
to improve passage for adult spring-run would be most effective if implemented when adult 
spring-run are moving upstream in late March through May of dry and critical water years, and 
mid-April through May in above and below normal water years. In recent years DWR has 
substantially reduced the frequency and duration that the gates are closed, thereby reducing the 
potential to impact fish passage. 

DWR (1997) discussed several specific measures to mitigate gate operation effects on 
immigrating salmon. The measures examined included: (1) structural modifications to the 
flashboard section of the control gate facility in the form of openings or passages in individual 
flashboards; (2) lowering the height of the flashboard structure; and (3) altering the timing of 
gate closure on flood tides. 

The Suisun Marsh Salinity Control Gates Steering Group reviewed the results from the 
examination of mitigation alternatives and requested an evaluation of the potential effects of 
structural modifications to the flashboards. Under this evaluation, the flashboard structure was 
modified by removing one of the four, 6-foot-tall flashboards and creating two, 3-foot horizontal 
slots at two depths to potentially provide continuous unimpeded passage for adult salmon. To 
test the effectiveness of this modification, a three-year evaluation was initiated in the fall of 1998 
by DFG and DWR to sonic tag adult fall-run Chinook and monitor their movement through the 
gate structure during three phases of operation: (1) when the gates are open; (2) during full-bore 
gate operation; and (3) during full-bore gate operation with the modified flashboard structure 
installed. The evaluation was repeated in two consecutive control seasons with the fish tagging 
and tracking occurring from approximately September 15 through October 31 of both years. The 
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fish-tagging period was limited to the time when fall-run Chinook were present in Suisun Marsh. 
The Suisun Marsh Salinity Control Gates Steering Group decided, based on preliminary results 
from the modified SMSCG tests that the slots resulted in less adult passage than the original 
flashboards. The steering group decided to postpone the third year of the test until September 
2001 and to reinstall the original flashboards when gate operation was needed during the 2000-
2001 control season. DWR and Reclamation focused on data analysis from August 2000 through 
February 2001, and conducted the third year of the study during the 2001-2002 Control Season. 
Based on these results, another approach to improve passage was investigated, involving opening 
the boat lock and using full flashboards when gates are operational.  

Results in 2001, 2003, and 2004 indicate that leaving the boat-lock open during the migration 
period when the flashboards are in place at the SMSCG and the radial gates are tidally operated 
provides a nearly equivalent fish passage to the Non-migration period configuration when the 
flashboards are out and the radial gates are open. This approach minimizes delay and blockage of 
adult Sacramento River winter-run Chinook salmon, Central Valley spring-run Chinook salmon, 
and Central Valley steelhead migrating upstream during the migration season while the SMSCG 
is operating. However, the boat-lock gates may be closed temporarily to stabilize flows to 
facilitate safe passage of watercraft through the facility.  

Reclamation and DWR are continuing to coordinate with the SMSCG Steering Group in 
identifying water quality criteria, operational rules, and potential measures to facilitate removal 
of the flashboards during the migration period that would provide the most benefit to migrating 
salmonids. However, the flashboards would not be removed during the migration period unless it 
was certain that standards would be met for the remainder of the period without the flashboards 
installed. 

See “Suisun Marsh Salinity Control Gates” in Chapter 12 for more information. 

Bank Modification and Riparian Habitat Loss  
Sacramento River winter-run Chinook salmon are affected by bank modification and riparian 
habitat loss in the same manner as Central Valley spring-run Chinook salmon. Because adverse 
modification of shaded river aquatic cover may impede the recovery of winter-run Chinook 
salmon, NOAA Fisheries (1993) included nearshore rearing areas and adjacent riparian habitats 
of the Sacramento River in its determination of critical habitat for the winter-run Chinook 
salmon. 

Delta Emigration 
The following discussion emphasizes spring-run yearling emigrants, which have been of 
particular management concern since spring-run were listed. This primarily addresses emigration 
from Mill and Deer Creeks (DFG 1998), which have a higher proportion of spring-run 
emigrating as yearlings than either Butte Creek (Brown 1995) or the Feather River (DWR 1999a, 
1999b, 1999c). Sub-yearling spring-run emigrate during winter and spring when protections for 
delta smelt and winter-run Chinook salmon are in place. There is significant uncertainty 
regarding timing of emigration of yearling spring-run Chinook. Because a relatively small 
number of yearlings are emigrating, they are difficult to detect in the monitoring programs. 
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Yearlings are relatively large, strong swimmers, so they may also more easily avoid the 
monitoring gear (McLain 1998). Other juvenile Chinook in the main stem Sacramento River are 
in the same size range used to define yearling spring-run Chinook, confounding data 
interpretation. 

Marked releases of Coleman Hatchery yearling late-fall-run (hereafter Coleman late-fall-run 
Chinook) juveniles have been used as surrogates to estimate the timing of yearling spring-run 
emigration and incidental take at the SWP and CVP export facilities for the Salmon Decision 
Tree process and the OCAP biological opinions. Since 1994, FWS has released approximately 
17 percent of the Coleman Hatchery late-fall production in each of November, December, and 
January to evaluate hatchery operations. The fish were adipose fin-clipped and coded-wire 
tagged before release allowing identification of the members of individual release groups when 
they are recaptured downstream. The regulatory agencies considered Coleman late-fall-run 
Chinook salmon appropriate surrogates for yearling spring-run because they were reared to a 
similar size as spring-run yearlings and were released in the upper Sacramento River. Because 
they were large, they were expected to emigrate quickly. Some patterns have recently been 
revealed through the Butte Creek CWT program on naturally spawned spring-run. In particular, 
the potential effects of the Sutter Bypass (lower Butte Creek) potentially effects residence time 
for these fish in the Sutter Bypass seems to be 60 to 120 days and dependent on water levels in 
the bypass resulting from Sacramento River flows (DFG 2003). 

Coleman late-fall Chinook released in November were captured at Red Bluff and the Glenn-
Colusa Irrigation District (GCID) facility within 2 or 3 days of release. However, they were not 
captured downstream in the lower Sacramento River or the Delta, until about 3 days after the 
first significant, precipitation-induced flow event in November or December (Figure 6-14 
through Figure 6-22). This suggests Chinook yearlings may use these flow events as migration 
cues. Based on captures in the FWS Chipps Island midwater trawl and salvage at the Central 
Valley Project’s (CVP) and State Water Project’s (SWP) Delta export facilities, some individuals 
may continue to emigrate for up to 5 months. 

The Coleman late-fall Chinook released in December (Figure 6-14 through Figure 6-22) were 
released after the first significant, precipitation-induced flow event in the fall. However, they 
were not captured in the Delta until after a second significant precipitation event occurred unless 
there was significant Sacramento River flow associated with the earlier precipitation-induced 
events. Since precipitation events occurred sooner after the December releases than the 
November releases, these fish may have remained in the upper Sacramento River for a relatively 
short time (several days up to a week), then taken several more days to reach the Delta following 
a precipitation-induced flow event. Some emigration continued for up to 4 months. 
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Figure 6-14 Timing of recoveries of coded-wire-tagged Coleman National Fish Hatchery late-fall-
run Chinook salmon smolts, Sacramento River flow at Freeport, and precipitation at Red Bluff 
Airport, winter 1993–1994. 
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Figure 6-15 Timing of recoveries of coded-wire-tagged Coleman National Fish Hatchery late-fall-
run Chinook salmon smolts, Sacramento River flow at Freeport, and precipitation at Red Bluff 
Airport, winter 1994–1995. 
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Figure 6-16 Timing of recoveries of coded-wire-tagged Coleman National Fish Hatchery late-fall-
run Chinook salmon smolts, Sacramento River flow at Freeport, and precipitation at Red Bluff 
Airport, winter 1995–1996. 
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Figure 6-17 Timing of recoveries of coded-wire-tagged Coleman National Fish Hatchery late-fall-
run Chinook salmon smolts, Sacramento River flow at Freeport, and precipitation at Red Bluff 
Airport, winter 1996–1997. 
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Figure 6-18 Timing of recoveries of coded-wire-tagged Coleman National Fish Hatchery late-fall-
run Chinook salmon smolts, Sacramento River flow at Freeport, and precipitation at Red Bluff 
Airport, winter 1997–1998. 
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Figure 6-19 Timing of recoveries of coded-wire-tagged Coleman National Fish Hatchery late-fall-
run Chinook salmon smolts, Sacramento River flow at Freeport, and precipitation at Red Bluff 
Airport, winter 1998–1999. 
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Figure 6-20 Timing of recoveries of coded-wire-tagged Coleman National Fish Hatchery late-fall-
run Chinook salmon smolts, Sacramento River flow at Freeport, and precipitation at Red Bluff 
Airport, winter 1999–2000. 
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Figure 6-21 Timing of recoveries of coded-wire-tagged Coleman National Fish Hatchery late-fall-
run Chinook salmon smolts, Sacramento River flow at Freeport, and precipitation at Red Bluff 
Airport, winter 2000–2001. 
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Figure 6-22 Timing of recoveries of coded-wire-tagged Coleman National Fish Hatchery late-fall-
run Chinook salmon smolts, Sacramento River flow at Freeport, and precipitation at Red Bluff 
Airport, winter 2001–2002. 
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The emigration of Coleman late-fall Chinook released in January (Figure 6-14 through Figure 
6-22) was not as closely related to precipitation-induced flow events as the November or 
December releases; perhaps because significant precipitation and high flows had generally 
occurred prior to their release. The relationship between emigration and flow associated with 
precipitation events is variable, although the 1994 dry water year (Figure 6-14) is an example of 
January releases emigrating on precipitation-induced flow events throughout the winter and 
spring. Again, some emigration continued for up to 4 months. 

Because Coleman late-fall and spring-run yearlings are similar in size and rear in the upper 
Sacramento River, their emigration patterns should be similar. Therefore, Sacramento River flow 
associated with precipitation events, along with related tributary flow events, probably provides 
the major cue for yearling spring-run emigration. 

Pooling data for all late-fall-run yearling releases since November 1993, the average travel time 
from Coleman Hatchery to Sacramento has been 19 days, with a standard deviation of 12 days. 
The average travel time from the hatchery to Chipps Island has been 26 days (standard deviation 
= 11 days) and the average travel time from the hatchery to the Delta fish facilities has been 33 
days (standard deviation = 18 days). The median travel times to Sacramento and the facilities are 
significantly different; other combinations are not (ANOVA F = 4.33; p = 0.02, + post hoc 
multiple comparison tests). Sacramento River flow for 30 days following release from the 
hatchery explains some of the variability in median travel time to Chipps Island (Figure 6-23)  

 

 
 

Figure 6-23 Relationship between mean flow (cfs) in the Sacramento River and the log10 time to 
recapture in the FWS Chipps Island Trawl for Coleman Hatchery late-fall-run Chinook salmon 
smolts. The explanatory variable is mean flow at Freeport for 30 days beginning with the day of 
release from Coleman Hatchery. The response variable is an average of median days to recapture 
for November through January releases during winter 1993−94 through 1998−99. 
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Winter-run migrate through the Delta primarily from December to April. NOAA Fisheries 
develops an estimate of winter-run juvenile production each year based on the estimated 
escapement and applying a set of standard survival estimates including prespawning mortality, 
fecundity, egg-to-fry survival, and survival to the Delta (Table 6-7). Figure 6-24 shows Winter-
run and older juvenile Chinook loss at Delta fish facilities, October 2005-May 2006 and Figure 
6-25 shows observed Chinook salvage.(the ones salvaged and measured in sampling counts) 
during the 2005-2006 outmigration. 

Table 6-7 Example of how the winter-run Chinook juvenile production estimate, and take levels are 
calculated using 2001-02 adult escapement data. 

2001-2002 Winter-Run Chinook Juvenile Production Estimate (JPE) 

Total Spawner escapement (Carcass Survey) 7,572 
Number of females (64.4% Total) 4,876 
Less 1% pre-spawn mortality  4,828 
Eggs (4,700 eggs/female) 22,689,740 
Less 0.5% due to high temp 113,449 
Viable eggs 22,576,291 
Survival egg to smolt (14.75%)  3,330,003 
Survival smolts to Delta (56%) 1,864,802 
Livingston Stone Hatchery release  252,684 
Yellow light(1% natural + 0.5 hatchery)  19,911 
Red Light (2% natural + 1% Hatchery) 39,823 
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Figure 6-24 Winter-run and older juvenile Chinook loss at Delta fish facilities, 
October 2005-May 2006. 
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Figure 6-25 Observed Chinook salvage at the SWP and CVP delta fish facilities, 8/1/05 – 7/31/06. 
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Changes in the Delta Ecosystem and Potential Effects 
on Winter-Run, Spring-Run and Fall/Late-Fall-Run 
Chinook Salmon 
Changes in estuarine hydrodynamics have adversely affected a variety of organisms at all trophic 
levels, from phytoplankton and zooplankton to the young life stages of many fish species (Jassby 
et al. 1995; Arthur et al. 1996; Bennett and Moyle 1996). Ecological processes in the Delta have 
also been affected by interactions among native and introduced species (Bennett and Moyle 
1996; Kimmerer and Orsi 1996), the various effects of water management on Delta water quality 
and quantity (Arthur et al. 1996), and land use practices within the watershed (Simenstad et al. 
1999). Cumulatively, these changes may have diminished the suitability of the Delta as a 
juvenile salmon rearing habitat and may have reduced the survival of young salmon migrating 
through the Delta to the Pacific Ocean. Population level effects of changes in the Delta are 
complex and have not been quantified. 

As juvenile salmon from the Sacramento basin migrate through the Delta toward the Pacific 
Ocean, they encounter numerous junctions in the river and Delta channels (both natural and 
human-made). Two such junctions are located near Walnut Grove at the Delta Cross Channel 
(DCC) (a man-made channel with an operable gate at the entrance) and Georgiana Slough (a 
natural channel). Both channels carry water from the Sacramento River into the central Delta. 
The relatively high-quality Sacramento River water flows into the central Delta, mixes with 
water from the east-side tributaries (Mokelumne, Cosumnes and Calaveras Rivers) and the San 
Joaquin River. This mixture, which much of the time is predominantly Sacramento River water, 
flows westward through the estuary or is pumped from the Delta water in-Delta water users or 
for use south of the Delta. 

Significant amounts of flow and many juvenile salmon from the Sacramento River enter the 
DCC (when the gates are open) and Georgiana Slough. Mortality of juvenile salmon entering the 
central Delta is higher than for those continuing downstream in the Sacramento River. This 
difference in mortality could be caused by a combination of factors: the longer migration route 
through the central Delta to the western Delta, exposure to higher water temperatures, higher 
predation rates, exposure to seasonal agricultural diversions, water quality impairments due to 
agricultural and municipal discharges, and a more complex channel configuration making it 
more difficult for salmon to successfully megrate to the western Delta and the ocean.  

Water is drawn from the central Delta through lower Old River and Middle River to the export 
pumps when combined CVP/SWP pumping exceeds the flow of the San Joaquin River water 
down the upper reach of Old River and Middle Rivers. This situation likely increases the risk of 
juvenile salmon migrating to the south Delta and perhaps being entrained at the SWP and CVP 
facilities. This condition can be changed either by reducing exports or increasing Delta inflows 
or the use of physical barriers and gates. Decreasing exports to eliminate net upstream flows (or, 
if net flows are downstream, cause an increase in positive downstream flows) may reduce the 
chances of migrating juvenile salmonids moving up lower Old River towards the CVP/SWP 
diversions. Tidal flows, which are substantially greater than net flows, play an important role in 
salmon migrations. 
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Juvenile salmon, steelhead and other species of fish in the south Delta are directly entrained into 
the SWP and CVP export water diversion facilities (Table 6-8, Table 6-9, Table 6-10,Figure 
6-26, Figure 6-27). Many juvenile salmon die from predation in Clifton Court Forebay before 
they reach the SWP fish screens to be salvaged (80 percent mortality currently used in loss 
calculations based on Gringas 1997) and approved by the fishery agencies. Loss at the SWP is 
thought to vary inversely with the pumping rate because when water is drawn through Clifton 
Court Forebay faster, salmon are not exposed to predation for as long (Buell 2003). At the CVP 
pumping facilities the loss rate through the facility for Chinook is about 33 percent.  

Salmon from the San Joaquin Basin, and those migrating from the Sacramento River or east 
Delta tributaries through the central Delta are more directly exposed to altered channel flows due 
to exports and to entrainment because their main migration route to the ocean puts them in 
proximity to these diversions. Some juvenile salmon migrating down the main stem Sacramento 
River past Georgiana Slough may travel through Three-Mile Slough or around Sherman Island 
and end up in the southern Delta. There is a lack of understanding about how or why salmon and 
steelhead from the north Delta end up at the diversions in the south Delta, particularly regarding 
the influence of the SWP and CVP export pumping. Nevertheless it is clear that once juvenile 
salmon are in the vicinity of the pumps, they are more likely to be drawn into the diversion 
facilities with the water being diverted. By reducing the pumping rate, entrainment of fish, and 
therefore loss (loss = number of fish salvaged multiplied by prescreen loss from predation, 
louver efficiency, and survival through the salvage process to release) of these fish may be 
reduced. If reservoir releases are not reduced simultaneously, the net flow patterns in Delta 
channels are changed to the benefit of emigrating salmonids and other fish. The relative 
magnitude and significance of these factors on direct and indirect mortality of juvenile salmon, 
however, has not been quantified.                                                                                                                              

 

Table 6-8 Total Chinook salmon salvage (all sizes combined) by year at the SWP and CVP salvage 
facilities (Source:  DFG fish salvage database). 

Year SWP CVP Total 

1981 101,605 74,864 176,469 

1982 278,419 220,161 498,580 

1983 68,942 212,375 281,317 

1984 145,041 202,331 347,372 

1985 140,713 137,086 277,799 

1986 435,233 752,039 1,187,272 

1987 177,880 92,721 270,601 

1988 151,908 54,385 206,293 

1989 106,259 42,937 149,196 

1990 35,296 6,107 41,403 

1991 39,170 31,226 70,396 

1992 22,193 41,685 63,878 
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Year SWP CVP Total 

1993 8,647 20,502 29,149 

1994 3,478 12,211 15,689 

1995 19,164 64,398 83,562 

1996 14,728 39,918 54,646 

1997 11,853 53,833 65,686 

1998 3,956 167,770 171,726 

1999 50,811 132,886 183,697 

2000 45,613 78,214 123,827 

2001 28,327 29,479 57,806 

2002 6,348 15,573 21,921 

2003 17,339 15,977 33,336 

2004 12,393 24,110 36,503 

2005 13,050 25,625 38,675 

2006 8,611 34,923 43,534 

2007 833 3,709 4,542 

 

Table 6-9 Average Chinook salmon salvage (all sizes and marks combined) by facility 1981 - 1992. 

Month SWP CVP 

Jan 2,889 1,564 

Feb 5,989 47,227 

Mar 7,679 8,241 

Apr 40,552 33,983 

May 56,327 55,146 

Jun 21,863 15,929 

Jul 496 2,105 

Aug 232 233 

Sep 33 0 

Oct 1,474 4,814 

Nov 2,181 4,133 

Dec 9,682 3,365 
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Table 6-10 Average Chinook salmon salvage (all sizes and marks combined) by facility, 
1993 - 2007. 

Month SWP CVP 

Jan 1,439 4,389 

Feb 1,000 7,726 

Mar 1,597 5,194 

Apr 6,008 12,126 

May 4,910 12,749 

Jun 1,921 6,197 

Jul 65 246 

Aug 30 18 

Sep 145 108 

Oct 40 56 

Nov 29 116 

Dec 300 403 

 

 

CVP Chinook Salvage Length Frequency, 1993 - 2007
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Figure 6-26 Length frequency distribution of Chinook salvaged at the CVP. 
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SWP Chinook Salvage Length Frequency, 1993 - 2007
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Figure 6-27 Length frequency distribution for Chinook salvaged at SWP. 

Past Chinook salmon expanded loss density (fish lost per cfs of water pumped) for winter-run 
and spring-run are shown in Figure 6-28 through Figure 6-31 for the Tracy Fish Salvage 
Facilities (CVP) and the Skinner Fish Salvage Facilities (SWP). 

 

 

Winter Run Loss Density at SWP
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Figure 6-28 Winter run loss per cfs at the SWP, 1993 – 2006. 



Salmon Factors OCAP BA 

6-44  August 2008  

Winter Run Loss Density at CVP
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Figure 6-29 Winer run loss per cfs at the CVP, 1993 – 2006. 

 

 

Spring Run Loss Density at SWP
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Figure 6-30 Spring run loss density (fish per cfs) at the SWP. 
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Spring Run Loss Denisty at CVP
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Figure 6-31 Spring run loss density (fish per cfs) at the CVP. 

 

Although the number of fish entrained by the SWP and CVP appear large or of concern, the 
number is generally relatively small compared to number of outmigrating smolts or the overall 
population. In most years, the entrainment of fish by the SWP and CVP is limited to very small 
percent (i.e. less than 2 percent for winter-run) of the outmigrating smolts.Indirect In-Delta 
Effects on Salmon. 

Indirect In-Delta Effects on Chinook Salmon SWP/CVP  
Delta water project effects on rearing and migrating juvenile Chinook salmon are both direct 
(based on observations of salvaged fish at the fish salvage facilities) and indirect (mortality in the 
Delta that is related to export operations). The entrainment rate (direct loss) of juvenile salmon at 
the facilities is an incomplete measure of water project impact to juvenile salmon, because it 
does not include indirect mortality in the Delta.  

There are indirect effects on salmon caused by natural and human alterations that increase the 
route through the central Delta to the western Delta, higher water temperatures, higher predation, 
and impairments due to agricultural and municipal discharges. 

FWS CWT studies have been used to assess survival rates of juvenile Chinook migrating through 
the Delta relative to those remaining in the Sacramento River (Kjelson et al. 1982, Newman and 
Rice 1997, Brandes and McLain 2001). Results of these studies suggest survival rates are higher 
for fish that remain in the Sacramento River, although they do not provide quantitative 
information regarding what proportion of emigrants remain in the main river, compared to fish 
that enter the central Delta through the DCC and Georgiana Slough. Many potential influencing 
factors have been suggested as indirect effects to salmon survival that may occur when salmon 
move into the central and/or south Delta from the Sacramento River. Most of these have not been 
explicitly studied, but the available information is discussed below. 
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Length of Migration Route and Residence Time in the Delta 

The length of time Chinook juvenile salmon spend in the lower rivers and the Delta varies 
depending on the outflow, time of year the salmon emigrate, and the developmental stage of the 
fish (Kjelson et al. 1982). Residence times tend to be shorter during periods of high flow relative 
to periods of low flow, and tend to be longer for fry than for smolts. A proportion of the Chinook 
salmon production enters the Delta as fry or fingerlings rather than as smolts (DFG 1998). 
Extending Delta residence time for any juvenile salmon likely increases their susceptibility to the 
cumulative effects of mortality factors within the Delta but also decreases susceptibility to 
mortality once they enter the ocean because they are larger. 

Much attention has been given to the lower river migration route of salmon produced in the 
Sacramento watershed (Kjelson et al. 1982; Stevens and Miller 1983; Brandes and McLain 
2001). At issue is the migration route via Georgiana Slough (about 37 miles to Chipps Island) 
compared to that in the Sacramento River from Ryde (27 miles to Chipps Island). Tests 
completed by FWS found survival is higher for late-fall-run Chinook smolts released in the 
Sacramento River at Ryde versus Georgiana Slough even though the Georgiana Slough route is 
only 1.4 times longer. Fish emigrating through Georgiana Slough probably have increased 
residence time in the Delta due to both the longer travel distance and the generally lower flows in 
the slough. These factors potentially increase the duration of a migrating salmon’s exposure to 
migration hazards. DCC closures are one of the actions being taken to reduce the likelihood that 
juvenile Chinook salmon will use an internal Delta route. 

The following is an analysis of the relationships between the through-Delta survival of Coleman 
Hatchery late-fall-run Chinook smolts, Delta export losses of these fish in the fall and winter, 
and Delta hydrologic variables. 

FWS has conducted these experiments using late-fall-run smolts since 1993. The purpose of the 
experiments is to determine what factors in the Delta affect yearling Chinook survival. One 
factor hypothesized to affect survival is emigration route. Based on previous results for fall-run 
salmon (Brandes and McLain 2001) FWS hypothesized yearlings emigrating through the interior 
Delta survive at a lower level than juveniles emigrating through the main stem Sacramento River 
(Brandes and McLain 2001). The juveniles can enter the interior Delta through Georgiana 
Slough or the DCC when it is open. Since FWS does not have measurements of gear efficiency 
for its Chipps Island trawl, and gear efficiency is assumed to vary from experiment to 
experiment, the survival estimates are considered indices of relative survival, not absolute 
numbers of survivors. To overcome this limitation, FWS uses the ratio of the survival indices of 
paired releases in the interior Delta and the main stem Sacramento River at Ryde. Evaluating the 
relative interior Delta survival cancels out differences in gear efficiency.  

Models generated using the data from CWT’ed juvenile salmon support the conclusion that 
closure of the DCC gates will improve survival for smolts originating from the Sacramento Basin 
and emigrating through the Delta. The greatest mortality for smolts between Sacramento and 
Chipps Island was in the central Delta, and survival could be improved if the gates were closed 
(Kjelson et al. 1989). However, survival for salmon smolts released in the Sacramento River 
upstream of the DCC and Georgiana Slough are generally higher than those for releases made at 
downstream, mainstem locations (e.g. Ryde) or into the interior delta (Delta Action 8 Workshop, 
Brown and Kimmerer 2006). This trend suggests that experimental smolt releases intended to 
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evaluate through delta survival may not be representative for naturally salmon outmigrating 
either because relatively few fish actually enter the interior delta or because smolt releases into 
Georgiana Slough are subject to uncontrolled experimental artifacts (e.g. shock effect, 
disorientation) which negatively bias observed survival rates. 

In a generalized linear model that estimates the effects of various parameters on salmon smolt 
survival through the Delta, Newman and Rice (1997) found that mortality was higher for smolts 
released in the interior Delta relative to those released on the main stem Sacramento River. They 
also found lower survival for releases on the Sacramento River associated with the DCC gate 
being open. Using paired release data, Newman (2000) found that the DCC gate being open had 
a negative effect on the survival of smolts migrating through the Delta and was confirmed using 
Baysian and general linear modeling (Newman and Remington 2000).  

The analyses to date appear to support the conclusion that closing the DCC gates will improve 
the survival of smolts originating from the Sacramento basin and migrating through the Delta. 
However, a recent particle tracking study (Kimmerer and Nobriga 2008) shows that DCC closure 
results in substantial compensatory increases in the proportion of Sacramento River water 
flowing into Georgiana Slough, Threemile Slough, and at the confluence of the Sacramento and 
San Joaquin Rivers. This result suggests that DCC closure may have less influence on the 
potential for central Delta fish mortality than previously supposed. 

Radio-tracking studies of large juvenile salmon in the Delta (Vogel 2003) showed that localized 
currents created by the DCC operations and flood and ebb tide cycles greatly affected how radio-
tagged Chinook moved into or past the DCC and Georgianna Slough. Chinook migration rates 
were generally slower than the ambient water velocities. Chinook were documented moving 
downstream past the DCC during outgoing tides and then moving back upstream and into the 
DCC with the incoming tide. When the DCC gates were closed, Chinook movement into 
Georgianna Slough was unexpectedly high, probably due to fish positions in the water column in 
combination with physical and hydrodynamic conditions at the flow split. Radio-tagged smolts 
moved large distances (miles) back and forth with the incoming and outgoing tides. Flow 
conditions at channel splits were a principal factor affecting the routes used by migrating salmon. 
Hydroacoustic tracking and trawling (Horn 2003, Herbold and Pierce 2003) showed that juvenile 
Chinook in the vicinity of the DCC were most actively moving at night and that they tend to go 
with the highest velocity flows. Water flow down through the DCC is much greater during the 
incoming tidal cycles than on the outgoing tides. These results suggest that during periods of 
high juvenile salmonid abundance in the vicinity of the DCC, closing the gates during the 
incoming tidal flows at night could reduce juvenile salmon movement into the central Delta 
through the DCC but may also increase movement into Georgianna Slough. 

The survival indices and estimated losses of juvenile Chinook at the Delta fish facilities for all 
Georgiana Slough and Ryde releases since 1993 are illustrated in Figure 6-32. A unique symbol 
is used to highlight each paired experiment. In every paired experiment, the survival index of the 
Ryde release was higher than the Georgiana Slough release. Evaluating the Georgiana Slough 
and Ryde data separately, the Georgiana Slough releases all have low survival over a wide range 
of losses, and the Ryde releases all have low losses over a wide range of survival indices. 
Survival indices and losses for each of the Georgiana Slough and Ryde releases were not 
strongly correlated. 



Salmon Factors OCAP BA 

6-48  August 2008  

Delta hydrology is another factor hypothesized to affect juvenile Chinook survival, although 
hydrology should not be viewed independently from effects of migration route. The relative 
interior Delta survival of Coleman late-fall juveniles was plotted against Delta exports, 
Sacramento River flow, QWEST, and export to inflow ratio. The explanatory (hydrologic) 
variables are average conditions for 17 days from the day of release. This value was selected by 
FWS based on previously collected data on the average travel time from the release sites to 
Chipps Island. The combined CVP and SWP expanded losses from salvage for each of the 
Georgiana Slough and Ryde releases are also plotted against the same four hydrologic variables. 
A linear regression was calculated. 

Regression and correlation analyses of these data (1993-98) indicate that the survival of smolts 
released into Georgiana Slough is increased as exports are reduced, relative to the survival of 
salmon released simultaneously at Ryde (Figure 6-33). These findings are the basis for reducing 
exports to further protect juvenile salmon migrating through the Delta. There was also a trend of 
increased loss of Georgiana Slough releases with increased exports, but it was not statistically 
significant (Figure 6-34). 

Relationships between relative survival (Figure 6-35) or late-fall-run Chinook salvage at the 
Delta export facilities (Figure 6-36) and Sacramento River flow were not statistically significant. 
QWEST was also a poor predictor of both relative survival (Figure 6-37) and losses to the export 
facilities (Figure 6-38). 

This data demonstrate that there may be relationships between certain factors and take of salmon. 
The data do not demonstrate, however, that the take affects the abundance of salmon. 
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Figure 6-32 Scatterplot of Delta survival indices for Coleman Hatchery late-fall-run Chinook 
salmon from paired release experiments in the Sacramento River and Georgiana Slough v. 
percentage of the release group salvaged at the CVP and SWP Delta facilities. 
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Figure 6-33 Relationship between Delta exports and the Georgiana Slough to Ryde survival index 
ratio. The export variable is combined average CVP and SWP exports for 17 days after release. 
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Figure 6-34 Relationship between Delta exports and percentage of late-fall-run CWT Chinook 
salmon Delta release groups salvaged at the CVP and SWP Delta facilities. The export variable is 
combined average CVP and SWP exports for 17 days after release. 
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Figure 6-35 Relationship between Sacramento River flow and the Georgiana Slough to Ryde 
survival index ratio. The flow variable is average Sacramento River flow at Sacramento for 17 days after 
release. 
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Figure 6-36 Relationship between Sacramento River flow and the percentage of late-fall-run CWT 
Chinook salmon Delta release groups salvaged at the CVP and SWP Delta facilities. The flow 
variable is average Sacramento River flow at Sacramento for 17 days after release. Georgiana Slough 
and Ryde releases are plotted separately. 
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Figure 6-37 Relationship between QWEST flow and the Georgiana Slough to Ryde survival index 
ratio. The flow variable is average QWEST flow for 17 days after release. 
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Figure 6-38 Relationship between QWEST flow and the percentage of late-fall-run CWT Chinook 
salmon Delta release groups salvaged at the CVP and SWP Delta facilities. The flow variable is 
average QWESTflow for 17 days after release. 
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There was no evidence of decreased relative survival with increased export to inflow ratio 
(Figure 6-39). The relationship between the export to inflow ratio and the percentage of late-fall-
run yearlings salvaged was highly insignificant (Figure 6-40), providing no evidence that 
entrainment is the primary mechanism for reduced relative survival. Newman and Rice (1997), 
and more recent work by Newman (2000), suggests that reducing export pumping will increase 
the survival for smolts migrating through the lower Sacramento River in the Delta. Newman and 
Rice’s updated 1997 extended quasi-likelihood model (Ken Newman, personal communication) 
provides some evidence that increasing the percent of Delta inflow diverted (export to inflow 
(E/I) ratio) reduces the survival of groups of salmon migrating down the Sacramento River, but 
the effect was slight and not statistically significant. In Newman’s extended quasi-likelihood 
model using paired data, there was a significant export effect on survival (approximate P value 
of 0.02 for a one-sided test) (Newman 2000). 
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Figure 6-39 Relationship between Export/Inflow ratio and the Georgiana Slough to Ryde survival 
index ratio. The flow variable is average Export/Inflow ratio for 17 days after release. 

 
 



Salmon Factors OCAP BA 

6-54  August 2008  

0.0 0.1 0.2 0.3 0.4 0.5
EXPORT / INFLOW  RATIO

17  DAY  AVERAGE  AFTER  RELEASE

0.0

4.0

8.0

12.0

%
  C

O
M

BI
N

ED
  S

W
P 

& 
C

VP
  L

O
SS

Georgiana Sl
Ryde / Isleton

r2 = 0.01

r2 = 0.01

12/93

12/94

01/95

01/96

12/97

01/9812/98 12/98* 12/99
12/99*

01/02

0

0

1

1

1

11 1 0
0

0

12/9312/94

01/95

01/9612/9701/9812/98 12/98* 12/99 12/99*01/02
00

1

11
11 1 0 00

 

Figure 6-40 Relationship between Export/Inflow ratio and the percentage of late-fall-run CWT 
Chinook salmon Delta release groups salvaged at the CVP and SWP Delta facilities. The flow 
variable is average Export/Inflow ratio for 17 days after release. 

 
In summary, no significant linear relationships were found between the Georgiana Slough-Ryde 
survival ratios for the Coleman late-fall-run releases, or the losses of these fish at the Delta 
export facilities, and commonly used Delta hydrologic variables. Although not statistically 
significant, relative interior Delta survival was high and losses of both Georgiana Slough and 
Ryde release groups were low during one of the two low-export experiments. At high exports, 
relative interior Delta survival was generally lower, with relatively high losses of Georgiana 
Slough release groups on two occasions. The data are not sufficient to provide the information 
necessary to quantify the benefit of export reductions to the Chinook population, due to the lack 
of information on the proportion of yearling emigrants using the DCC or Georgiana Slough 
routes. The relatively high degree of statistical uncertainty in most of the current modeled 
salmon mortality-Delta export relationships precludes highly confident conclusions whether or 
not exports are consistently and significantly impacting overall juvenile salmon mortality that 
ultimately affect population dynamics of fishery and spawner recruitment.  The data are difficult 
to use for quantitative guidance in computing a take level or for suggesting a best mitigation 
measure. The middle poartion of the data sets are the most uncertain, while the extreme ends of 
the data relationships suggest with a higher degree of certainty that in years with higher fish 
abundance there is higher take at the pumps and very high export:inflow ratios result in higher 
take. 

FWS Delta experiments were not designed to test the effects of Delta operations on fish released 
by hatchery personnel upstream of the Delta. However, releases of Coleman Hatchery late-fall-
run yearlings in the upper Sacramento River have occurred coincident with the Delta 
experiments. These were not paired releases, but they were made within a week of the Delta 
experiments. A comparison of the direct losses of fish released in the upper Sacramento River, 
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and in the Delta is illustrated in Figure 6-41. The losses of the upper Sacramento releases are all 
very small (less than 2 percent) even though the releases encompass a wide range of hydrologic 
conditions. In addition, the loss estimates for fish released upstream of the Delta are very similar 
to those calculated for the Ryde releases and most of the Georgiana Slough releases.  

The survival indices of the upper Sacramento River releases may be helpful in the evaluation of 
effects on the population. This evaluation should be repeated when FWS completes the 
calculations of the upper Sacramento River releases’ survival indices. 
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Figure 6-41 The percentage of late-fall-run CWT Chinook salmon Sacramento River and Delta 
release groups salvaged at the CVP and SWP Delta facilities grouped by release date. 

 

Altered Flow Patterns in Delta Channels 

Flow in the Delta results from a combination of river-derived flow and tidal movement. The 
relative magnitudes of river and tidal flow depend on location and river flow, with greater tidal 
dominance toward the west and at lower river inflows. The presence of channel barriers at 
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specific locations has a major influence in flow dynamics. Tidal flows, because of the complex 
geometry of the Delta, can produce net flows independent of river flow and cause extensive 
mixing. During high-flow periods, water flows into the Delta from Valley streams. During 
low-flow periods, flow in the San Joaquin River is lower than export flows in the southern Delta, 
so water is released from reservoirs to provide for export and to meet salinity and flow standards 
in the Delta. 

Particle tracking models, using data from direct measurement of river or channel velocities and 
volume transport at various Delta locations, have given us our most recent view of net flow in 
Delta channels. The general trend of model results seems to be that particles released in the Delta 
will move generally in the direction of river flow but the distribution of particles spreads 
extensively due to tidal dispersion. SWP, CVP and Delta island agricultural diversions impose a 
risk that the particle will be lost, as a result of entrainment at the diversions, from the system. 
This risk increases with greater diversion flow, initial proximity of the particle to the diversion, 
and duration of the model run.  

Tidal flow measurements allow calculation of tidally averaged net flows. Results indicate that 
tidal effects are important in net transport, and that net flow to the pumping plants is not greatly 
affected by the direction of net flow in the western (lower) San Joaquin River. 

With respect to fish movement, relatively passive life stages as Delta smelt larvae should move 
largely under the influence of river flow with an increasing behavioral component of motion as 
the fish develop. Larger, strong-swimming salmon smolts are more capable of moving 
independently but may still be affected to some degree by river flow. Particle tracking model 
results are not being used for the salmonid effects analysis. 

Altered Salinity in the Delta 

Increasing salinity westward through the estuary may provide one of many guidance cues to 
emigrating juvenile salmon (DFG 1998). Salinity levels in the central and south Delta are 
sometimes increased above ambient conditions by agricultural return waters from the south Delta 
and San Joaquin River. Salmon emigrating from the Sacramento River may move into the 
interior and south Delta in response to the elevated salinity levels. Agricultural return water 
increases salinity but has a different chemical composition than ocean water so does not likely 
attract salmon (Oltmann 1998).  

Contaminants 

The role of potential contaminant-related effects on salmon survival in the Delta is unknown 
(DFG 1998). Elevated selenium levels in the estuary may affect salmon growth and survival. The 
EPA is pursuing reductions in selenium loadings from Bay Area oil refineries, and the San 
Francisco Regional Water Quality Control Board has recommended an additional 30 percent 
reduction in selenium levels to adequately protect the Bay’s beneficial uses. Nonpoint sources 
(including urban and agricultural runoff) contribute to elevated levels of polychlorinated 
biphenyls (PCBs) and chlorinated pesticides, which have been found in the stomach contents of 
juvenile salmon from the Bay, the Delta, and from hatcheries (NMFS 1997, as cited in DFG 
1998). Collier (2002) found that juvenile Chinook salmon in Puget Sound estuaries were 
contaminated with sediment-associated contaminants such as PCBs. He found a reduced immune 
response affecting fitness in these fish. These contaminants may also affect lower-level food-web 
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organisms eaten by juvenile salmon, or bioaccumulate in higher trophic level organisms like the 
salmon themselves.  

During periods of low flow and high residence time of water through the Stockton deep-water 
ship channel, high oxygen demand from algae concentrations can deplete dissolved oxygen to 
lethal levels. This can result in a barrier to upstream and downstream migrating salmon and 
steelhead and could kill fish present in the area of low-dissolved oxygen. 

Food Supply Limitations 

Food limitation and changes in the Delta’s invertebrate species composition have been suggested 
as factors contributing to abundance declines and/or lack of recovery of estuarine-dependent 
species such as Delta smelt and striped bass (Bennett and Moyle 1996; Kimmerer et al. 2000). 
There is no direct evidence of food limitation for salmon in the Delta or lower estuary (DFG 
1998). However, there is evidence that some habitats (like nonnatal tributaries and Yolo Bypass) 
may provide relatively better feeding and rearing opportunities for juvenile Chinook than the 
channelized Sacramento River (Moore 1997; Sommer et al. 2001b). Improved feeding conditions 
contribute to faster growth rates for fish using these habitats. Faster growth may yield at least a 
slight survival advantage, but the current evidence is insufficient to demonstrate this effect with 
statistical significance (Sommer et al. 2001b). 

Predation and Competition 

Predation is an important ecosystem process that helps to structure and maintain fish 
communities. Predation effects are very difficult to discern in nature because they are typically 
nonlinear and density-dependent (Bax 1999). Even without human intervention, natural 
predation rates are affected by spatio-temporal overlap of predators and prey, activity and 
metabolic needs of predators and prey at different temperatures, efficiency of different types of 
predators at capturing different prey, and the relative availability of appropriate prey types. 
Every Central Valley and Pacific Ocean predator’s diet includes prey items other than salmon. 
Anthropogenic changes to ecosystems can alter these predator-prey dynamics, resulting in 
artificially elevated predation rates (Pickard et al. 1982a; Gingras 1997). Perhaps the most 
significant example of altered predation rates on Chinook salmon is human predation through 
harvest, which is discussed in the next section. Excepting direct human harvest, there are three 
factors that could affect predation dynamics on juvenile salmon in the project area. These are 
changes in the species composition and diversity of potential salmon predators through exotic 
species introductions, changes in the abundance of potential salmon predators (both of these may 
or may not be coupled to habitat alteration), and the placement of large structures in the 
migratory pathways of the salmon. 

Striped bass and largemouth bass were introduced into the system and although they have 
coexisted with Chinook salmon, the Delta ecosystem has changed and altered this relationship.  
Chinook may be more sensitive to predation by these species now than in the past. 

Changes in the species composition of predators can cause fish declines. Many potential salmon 
predators have been introduced to Central Valley waterways, particularly during the latter part of 
the 1800s and the early part of the 1900s (Dill and Cordone 1997). These included piscivorous 
fishes like striped bass, largemouth bass, crappies, and white catfish. Channel catfish is another 
common Delta-resident piscivore that seems to have become established considerably later, 
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during the 1940s. All of these fish were establishing Central Valley populations during a time 
spring-run Chinook were declining for a variety of reasons. This makes it difficult to determine 
whether one or more of these predatory fishes significantly affected juvenile salmon survival 
rates. 

There have been substantial changes in the abundance of several potential Chinook salmon 
predators over the past 20 to 30 years. These changes could have altered the predation pressure 
on salmon, but the data needed to determine this have not been collected. A few examples of 
changes in potential predator abundance are discussed below. 

The striped bass is the largest piscivorous fish in the Bay-Delta. Its abundance has declined 
considerably since at least the early 1970s (Kimmerer et al. 2000). Both striped bass and spring-
run and winter-run Chinook were much more abundant during the 1960s (DFG 1998) when 
comprehensive diet studies of striped bass in the Delta were last reported on. During fall and 
winter 1963-1964, when spring-run yearlings and juvenile winter-run would have been migrating 
through the Delta, Chinook salmon only accounted for 0 percent, 1 percent, and 0 percent of the 
stomach content volume of juvenile, subadult, and adult striped bass respectively (Stevens 1961). 
During spring and summer 1964, Chinook salmon accounted for up to 25 percent of the stomach 
content volume of subadult striped bass in the lower San Joaquin River, although most values 
were less than 10 percent. Presumably most of these spring and summer prey were fall-run since 
they dominate the juvenile salmon catch during that time of year. These results do not suggest 
striped bass had a major predation impact on spring-run Chinook during the year studied, though 
a year is not adequate to draw firm conclusions. Despite lower population levels, striped bass are 
suspected of having significant predation effects on Chinook salmon near diversion structures 
(see below).  

Although striped bass abundance has decreased considerably, the abundance of other potential 
Chinook salmon predators may have increased. Nobriga and Chotkowski (2000) reported that the 
abundance of virtually all centrarchid fishes in the Delta, including juvenile salmon predators 
like largemouth bass and crappies, had increased since the latter 1970s, probably as a result of 
the proliferation of Brazilian water weed, Egeria densa. The increase in largemouth bass 
abundance is further corroborated by DFG fishing tournament data (Lee 2000). Predation by 
centrarchids such as largemouth bass and bluegill on salmon is probably minor because 
centrarchids are active at higher temperatures than those preferred by salmon so the two species 
are not likely present in the same areas at the same time.  

Surveys at the Farallon Islands also indicate populations of pinnipeds (seals and sea lions) have 
increased substantially since the early 1970s (Sydeman and Allen 1999). High concentrations of 
seals and sea lions at the relatively narrow Golden Gate could impact the abundance of returning 
adult salmon. However, the extent to which marine mammals target the salmon populations over 
other prey types has not been studied thoroughly. 

Predatory fish are known to aggregate around structures placed in the water, where they 
maximize their foraging efficiency by using shadows, turbulence, and boundary edges. Examples 
include dams, bridges, diversions, piers, and wharves (Stevens 1961, Vogel et al. 1988, Garcia 
1989, Decoto 1978, all as cited in DFG 1998). 
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In the past, salmon predation losses to Sacramento pikeminnow predation at RBDD were 
sometimes high, particularly after large releases of juvenile Chinook from Coleman Hatchery. 
Currently, predation mortality on juvenile salmonids at RBDD is probably not elevated above the 
background in-river predation rate (DFG 1998). All spring-run juvenile emigrants should pass 
RBDD during the gates-out period based on average run timing at RBDD (FWS 1998, as cited in 
DFG 1998). Winter-run juveniles also should pass primarily during gates out periods.  During 
the gates-out operation (September 15 through May 14) fish passage conditions are run-of-the-
river and most of the adverse effects associated with the diversion dam have been eliminated. 
The structure in the river may congregate predators somewhat but salmonids will not be flushed 
through gates and likely disoriented as happens when the gates are closed. Gates-out operations 
are also important in preventing the large aggregations of Sacramento pikeminnow and striped 
bass that once occurred at RBDD. 

The GCID diversion near Hamilton City is another one of the largest irrigation diversions on the 
Sacramento River (DFG 1998). Predation at this diversion is likely most intense in the spring 
when Sacramento pikeminnow and striped bass are migrating upstream, juvenile Chinook are 
migrating downstream, and irrigation demands are high. Predation may be significant in the 
oxbow and bypass system (DFG 1998), but this was not substantiated during 2 years of study in 
the GCID oxbow (Cramer et al. 1992). The GCID facility is an atypical oxbow with cooler 
temperatures and higher flows than most. 

Predation in Clifton Court Forebay (CCF) has also been identified as a substantial problem for 
juvenile Chinook. Between October 1976 and November 1993, DFG conducted 10 mark and 
recapture experiments in CCF to estimate prescreen loss (which includes predation) of fishes 
entrained to the forebay (Gingras 1997). Eight of these experiments involved hatchery-reared 
juvenile Chinook salmon. Prescreen loss (PSL) rates for juvenile fall-run Chinook ranged from 
63 percent to 99 percent, and for late-fall-run smolts they ranged from 78 percent to 99 percent. 
These studies were used to establish the standard prescreen loss figures used today. PSL of 
juvenile Chinook was inversely proportional to export rate, and striped bass predation was 
implicated as the primary cause of the losses. Although a variety of potential sampling biases 
confound the PSL estimates, the results suggest salmon losses are indeed high at the times of 
year when the studies were conducted. Studies being completed by DWR seek to determine 
prescreen loss rates for steelhead. 

Predation studies have also been conducted at the release sites for fish salvaged from the SWP 
and CVP Delta pumping facilities (Orsi 1967, Pickard et al. 1982, as cited in DFG 1998). Orsi 
(1967) studied predation at the old surface release sites, which are no longer in use. Pickard et al. 
(1982a) studied predation at the currently used subsurface release pipes. Striped bass and 
Sacramento pikeminnow were the primary predators at these sites. They were more abundant and 
had more fish remains in their guts at release sites than at nearby control sites. However, Pickard 
et al. (1982a) did not report the prey species composition found in the predator stomachs. The 
current release sites release fish in deeper water where tidal currents distribute fish over 7 miles.  

DFG conducted predator sampling at the Suisun Marsh Salinity Control Gates (SMSCG) from 
1987 through 1993 and concluded the striped bass population increased substantially in the 
vicinity of this structure (DWR 1997). However, the sampling during 1987 through 1992 did not 
include a control site to measure background predation potential. During the 1993 study, a 



Salmon Factors OCAP BA 

6-60  August 2008  

control site was added 2 miles upstream. Results from the 1993 study showed no significant 
differences in catch of predatory fishes between the control site and sampling sites at the 
SMSCG. 

An analysis of the Suisun Marsh Monitoring database indicated few juvenile Chinook salmon (of 
any race) occur in Suisun Marsh (only 257 were captured by beach seine and otter trawl between 
1979 and 1997). This suggests that even if striped bass have increased in abundance at SMSCG, 
they may not pose a predation problem for the winter-run or spring-run population as a whole. 
This hypothesis is supported by diet data from striped bass and Sacramento pikeminnow 
collected near the SMSCG. Only three Chinook salmon were found during 7 years of diet studies 
(Heidi Rooks, personal communication, 1999). Dominant striped bass prey were fishes 
associated with substrate, such as three-spine stickleback, prickly sculpin, and gobies (DWR 
1997). Dominant pikeminnow prey types were gobies and smaller pikeminnows. Adult Chinook 
are too large to be consumed by any predatory fishes that inhabit the Delta. Pinnipeds seasonally 
occur in areas of the Delta to prey on immigrating salmonids. 

Ocean Conditions and Harvest 
The loss of inland salmonid habitat in the Central Valley to human development has resulted in 
substantial ecological effects to salmonids (Fisher 1994; Yoshiyama et al. 1998). Ocean sport 
and commercial fisheries harvest large numbers of adult salmon. Central Valley salmon 
populations are managed to maintain a fairly consistent level of spawner escapement of 122,000 
to 180,000 fall-run Chinook salmon in the Sacramento River watershed (Figure 6-43). The ocean 
fishery is largely supported by hatchery-reared fall-run Chinook salmon. A large hatchery system 
is operated to allow these levels of harvest. Harvest may be the single most important source of 
salmon mortality, but all the hatchery fish probably would not be reared and released if there 
were no ocean harvest. During 1994 an estimated 109 coded-wire tagged winter-run were 
harvested in the ocean troll fishery off the California coast while escapement in the Sacramento 
River was estimated at only 144 fish (Table 5-11). Major changes in ocean harvest regulations 
were made in 1995, due to ESA concerns for winter-run Chinook. Harvest levels on Central 
Valley stocks have been lower since 1995. Strong year-classes like 1988 and 1995 were so 
heavily fished that their reproductive potential was never realized. The 2000 Central Valley fall-
run Chinook spawning escapement of 478,000 was the highest recorded since 1953 when an 
escapement of 478,000 also occurred. The high escapement in 2000 was probably due to above-
average precipitation during freshwater residency and good ocean conditions combined. The 
high escapement in 2000 was exceeded in 2001 when an estimated escapement of 599,158 
occurred and again in 2002 with an escapement of 850,000. The reason for the high escapement 
in 2001 was probably because most of the Chinook were concentrated north of the open 
commercial fishing area and thus were missed by the commercial fisheries. The commercial 
harvest in 2001 of 179,600 Chinook was the second lowest harvest since 1966. The Central 
Valley Index of abundance (commercial landings + escapement) in 2001 was 806,000 Chinook, 
which was actually lower than the forecasted production based on prior year 2-year-old returns. 
The Central Valley harvest index in 2001 of 27 percent (percent of production harvested) was the 
lowest ever recorded. The next lowest harvest index was 51 percent in 1985 (PFMC 2002). This 
illustrates the substantial effect of ocean harvest on Chinook escapement. Restrictions on ocean 
harvest to protect southern Oregon and northern California coho salmon, Klamath Chinook, and 
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Central Valley winter-run and spring-run played a role in the recent high escapements and 
contributed to the recent increases in winter-run and spring-run escapement to the Central 
Valley. 

Returns of several West Coast Chinook and coho salmon stocks were lower than expected in 
2007. In addition, low jack returns in 2007 for some stocks suggest that 2008 returns will be at 
least as low. Central Valley fall run Chinook escapement was estimated to have been less than 25 
percent of predicted returns and below the escapement goal of 122,000 – 180,000 for the first 
time since the early 1990’s and continuing a declining trend since the recent peak abundance in 
2002. For the spring and summer of 2005 (the ocean-entry year for 2004 brood fall Chinook and 
2003 brood coho), two approaches to estimating ocean suitability for juvenile salmon both 
indicated very poor conditions for salmon entering the ocean, indicating poor returns for coho in 
2006 and age 3 fall Chinook in 2007. Coast-wide observations showed that 2005 was an unusual 
year for the northern California Current, with delayed onset of upwelling, high surface 
temperatures, and very low zooplankton biomass. These poor ocean conditions provide a 
plausible explanation for the low returns of Central Valley fall Chinook in 2007 and coho in 
2006 and 2007. Consistent with Central Valley fall Chinook record low jack return in 2007, the 
ocean indicators would predict very low fall Chinook adult returns in 2008 (Varanasi and Bartoo, 
2008). 

MacFarlane et al (2008) report on the Wells Ocean Productivity Index (WOPI), a composite 
index of 13 oceanographic variables and indices, weighted heavily by sea level height, sea 
surface temperature, upwelling index, and surface wind stress, has been used to accurately 
predict zooplankton, juvenile shortbelly rockfish, and common murre production along 
the California coast, and is thus a valid indicator of ocean productivity. Index values for 
the spring-summer of 2005 and 2006 were low, indicating poor conditions for growth and 
survival (Figure 6-42). In fact, only the El Niño years (1982-83, 1992-93, 1999) had lower 
WOPI values. The WOPI assesses conditions on a local scale for California, but has 
tracked another index, the Northern Oscillation Index (NOI), which is based on the 
strength of the North Pacific high pressure cell and describes a broader region of the 
North Pacific Ocean. In 2005 and 2006, the WOPI decoupled from the NOI, suggesting 
local conditions on the California coast were worse than for the larger North Pacific 
region. The WOPI also predicts low Chinook returns for 2008. 
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Figure 6-42  The Wells Ocean Productivity Index (WOPI, black line) and the Northern Oscillation 
Index (NOI, grey line) between 1975 and 2006. Values derived for March-August. Note the close fit 
between the larger-scale NOI, which represents the strength of the North Pacific high pressure 
cell, and local-scale WOPI, except for recent years (2004-2006), suggesting a change in local 
conditions. Low values indicate conditions for lower biological productivity.  Source:  MacFafrlane 
et al (2008) 

 

The percentage of Central Valley salmon harvested in ocean fisheries has averaged 60 percent 
since 1970 (Figure 6-43), and has exceeded 70 percent several times. The average number of 
Central Valley Chinook landed in ocean fisheries between 1970 and 2006 was 430,000 fish per 
year (all races combined). Survival rates of young salmon are very low, meaning a large number 
must enter the ocean to support an average annual fishery of 430,000 fish. Beamish and Neville 
(1999) reported that smolt to adult survival rates for Fraser River (British Columbia) Chinook 
ranged from about 0.2 percent to about 6.8 percent, with an average during good ocean 
conditions of 4.8 percent. If the average Chinook smolt to adult survival is 4.2 percent and the 
pumps take 2 percent of winter-run, this take would equate to 67 adults out of a winter-run 
escapement of 7,000, a 0.96 percent reduction in number of adults. 
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Central Valley Chinook Salmon Harvest Index, 1970-2006
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Figure 6-43 Central Valley fall-run Chinook salmon Ocean Harvest Index, 1970−2006. 

 

Assuming Central Valley smolt to adult survival rates also average 4.8 percent, 9.2 million 
Central Valley smolts would have to enter the ocean every year to support the average ocean 
fishery. Production of fall-run Chinook at Central Valley hatcheries exceeds 9.2 million smolts, 
and may more than support the entire ocean fishery. This number is actually higher than the total 
number of young salmon salvaged at both the SWP and CVP facilities (about 7 million or 
230,000 per year) during the 30-year period 1970 through 1999. Salvage does not account for 
indirect losses attributable to SWP/CVP project operations, which may be substantial and are 
estimated to be five times the direct losses. Nonetheless, this suggests that on average, indirect 
losses from Delta operations would have to be more than 30 times higher than the number 
salvaged to equal the adult-equivalent mortality contributed by the ocean fisheries, assuming 4.8 
percent smolt to adult survival. Considering the SWP/CVP projects are exporting a high portion 
of the total freshwater outflow, this suggests that salmon are finding their way out of the system 
and not being diverted at the facilities in direct proportion to the diversion rate. Both the ocean 
harvest and Delta salvage are managed to protect the ESA-listed races. 

Recent advances in the scientific understanding of interdecadal changes in oceanographic 
conditions on marine fisheries were outlined in Chapter 4. The abundance of pink, chum, and 
sockeye salmon appears to fluctuate out of phase with Chinook stocks to the south (Beamish and 
Bouillon 1993, as cited in Bakun 1999; Beamish and Neville 1999). Beamish and Neville (1999) 
found Chinook smolt survival rates to adulthood in the Strait of Georgia (Fraser River stocks) 
declined from 4.8 percent prior to abrupt changes in local oceanographic conditions during the 
latter 1970s, to 0.7 percent after the oceanographic changes. As a consequence, adult Chinook 
returns to the Fraser River system decreased to about 25 percent of 1970s levels even though 
approximately twice as many smolts were entering the Strait during the 1980s. The specific 
reasons for decreased smolt survival rates were unclear, but the authors suggested that decreased 
coastal precipitation and resultant decreased river discharge, increased temperatures in the strait 
and an increased tendency for spring plankton blooms to precede the peak smolt immigration 
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into the strait were likely contributing factors. In addition, aggregations of opportunistic 
predators like spiny dogfish, may have contributed to lower hatchery smolt survival rates due to 
the increasing density of young fish added into the Strait of Georgia by hatcheries. 

No dramatic change in Central Valley salmon abundance occurred during the latter 1970s 
(Figure 6-44), like the one observed in Fraser River stocks. In fact, Central Valley salmon 
abundance was remarkably consistent during the 1970s. However, the variation in abundance of 
Central Valley Chinook increased dramatically beginning in 1983. Since 1983, Central Valley 
salmon abundance has varied by a factor of three during two periods of 5 years or less.  

Central Valley Chinook Salmon Abundance Index, 
1970-2006
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Figure 6-44 Central Valley Chinook salmon (all races) abundance index, 1970−2006 (PSFMC data). 

All Central Valley Chinook salmon stocks have overlapping ocean distributions (DFG 1998). 
This may provide the opportunity for occasional overharvest of a rare stock like winter or spring-
run, relative to the abundant target stock, fall-run Chinook salmon. This situation has occurred 
occasionally in the past. The brood year 1976 Feather River Hatchery spring-run was fished at 
levels about five to 13 times higher than the background rate on coded wire tagged fall-run 
Chinook by both the recreational and commercial fisheries for several years (Figure 6-45) This 
may also have happened to a lesser degree with the brood year 1983 spring-run from FRH. For 
whatever reason, these year classes remained particularly susceptible to the ocean fisheries for 
the duration of their ocean residency. Current ocean and freshwater fishing regulations are 
designed to avoid open fishing in areas where winter-run and spring-run are concentrated. 
Estimated harvest of winter-run Chinook salmon coded-wire tagged release groups are shown in 
Table 6-11. 
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Table 6-11 Winter-run Chinook estimated harvest of code-wire tagged release groups (expanded 
from tag recoveries) by harvest location (data from RMIS database). 

Winter run recoveries (estimated) from RMIS database, 4/15/2003

Sum of estimated_number run_year

recovery_location_name 1980 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 Grand Total

AMER.R. TO COLUSA 8 17 25

BATTLE CREEK

BIG LAG.-CENTERV.BEA 4 4

BROOKINGS SPORT 6 3 3

C.VIZCAINO-NAVARR.HD 6 8 14

CARQUINEZ TO AMER. R 14 14

COLEMAN NFH

COLUSA TO RBDD 67 67

COOS BAY SPORT 5 2 2

COOS BAY TROLL 5 4 4 8

FORT ROSS-PIGEON PT 24 5 55 8 4 18 8 25 147

GSPTS YEO PT 3 3

NEWPORT SPORT 4 2 2

NEWPORT TROLL 4 3 3

NTR          02W-118 6 6

NWTR         026-000 7 7

PIGEON PT.-POINT SUR 7 7 34 5 5 19 86 22 34 218

PIGEON PT-CA/MEX.BOR 8 8

POINT SUR-CA/MEX.BOR 20 9 5 10 3 14 8 68

PT.ARENA-PT.REYES 7 15 22
PT.REYES-PIGEON PT. 18 27 45
PT.SN.PEDRO-PIGN.PT. 4 8 12
SACRA.R, ABO FEATHER
Grand Total 37 13 109 22 13 47 6 11 154 162 105 679

Escapement 1,142 349 144 1,159 1,001 836 2,930 3,288 1,352 7,572 7,337 27,110
# CWT fish released 2 years prior 9,988 10,866 27,383 17,034 41,412 48,154 4,553 20,846 147,393 30,433 162,198 530,653
Estimated % of cwt released fish recovered 0.37% 0.12% 0.40% 0.13% 0.03% 0.10% 0.13% 0.05% 0.10% 0.53% 0.06% 0.13%  

In addition to occasional effects to particular year-classes, ocean fishing may affect the age 
structure of Central Valley spring-run Chinook. A DFG (1998) analysis using CWT spring-run 
from the Feather River Hatchery estimated harvest rates were 18 percent to 22 percent for 
age-3 fish, 57 percent to 85 percent for age-4 fish, and 97 percent to 100 percent for age-5 fish. 
Since length tends to be correlated with age, and fecundity is correlated with length (DFG 1998), 
the effect of ocean fishing on the age structure of the population has effects on population 
fecundity. 

Recent papers have reemphasized the ecological importance of salmon carcasses to stream 
productivity (Bilby et al. 1996, 1998; Gresh et al. 2000). As mentioned in the preceding chapter 
on steelhead, the substantial declines in mass transport of marine-derived nutrients to streams 
due to overall salmonid declines may also affect growth and survival of juvenile salmonids 
(Bilby et al. 1996, 1998). Levels of ocean harvest that attempt to maximize production from a 
minimum of adults may exacerbate nutrient deficiencies (Gresh et al. 2000).  

In addition to ocean harvest, legal and illegal inland fishing for spring-run salmon undoubtedly 
occurs at fish ladders and other areas where adult fish are concentrated, such as pools below 
dams or other obstructions (DFG 1998). Mill, Deer, and Butte Creeks, as well as other tributaries 
with spring-run populations, are particularly vulnerable to poaching during the summer holding 
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months because of the long period in which adults occupy relatively confined areas. The 
significance of illegal freshwater fishing to the spring-run salmon adult population, however, is 
unknown. The increased law enforcement programs have reduced poaching. The Central Valley 
angler survey was restarted during 2007 and should yield valuable harvest data. 

 

 

 

Figure 6-45 Coded-wire tag recovery rate of Feather River Hatchery spring-run Chinook salmon 
relative to the coded-wire tag recovery rate of Central Valley fall-run Chinook salmon. Data were 
taken from DFG (1998), and are presented individually for recreational and commercial fisheries 
for age-2, age-3, and age-4 fish. Values greater than one indicates fishing pressure above the level 
sustained by the fall-run. 

Hatchery Influence 
Central Valley Chinook salmon runs are heavily supplemented by hatcheries to mitigate for the 
loss of habitat when dams were built. Table 6-12 lists salmon hatcheries operating in the Central 
Valley and their yearly production goals. When all hatcheries reach their production goals, over 
34 million Chinook smolts are released into the system. This large number of smolts in the 
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common ocean environment may result in competition with wild fish in times of limited food 
resources. Chinook and coho salmon are also produced in the Trinity River hatchery and released 
in the Trinity River. NMFS now requires HGMP plans to address effects of hatchery operations 
on listed species. HGMPs are being developed at Nimbus, Feather River, Coleman, and Trinity 
River Hatcheries under separate ESA constultation processes. 

Table 6-12 Production data for Central Valley hatchery produced Chinook salmon. 

Hatchery River Chinook Runs Yearly Production Goal 

Coleman NFH Battle Creek Fall, late-fall, winter 13,200,000 smolts 

Livingston Stone Sacramento winter  

Feather River Feather Fall, spring ~14,000,000 smolts 

Nimbus American Fall 4,000,000 smolts 

Mokelumne River Mokelumne Fall 2,500,000 post smolt 

Merced River Merced Fall 960,000 smolts 

Total   34,660,000 

Source: DFG and NMFS 2001. 

 

The percentage of the Central Valley fall-run Chinook adult escapement taken at hatcheries has 
shown a gradual increase since 1952 (Figure 6-46). Hatcheries have likely helped to maintain 
Chinook populations at a level allowing a harvestable surplus (not in 2008 though). However, 
hatcheries may have reduced genetic fitness in some populations, especially the more depressed 
runs, by increasing hybridization between different runs. Fish have been transferred between 
watersheds resulting in various genetic effects. Livingston Stone Hatchery produces winter-run 
Chinook and has assisted in the recent population increases for winter-run. 

A majority of hatchery releases are trucked to downstream release locations and in all except 
Coleman and Livingston Stone hatcheries are trucked to San Pablo Bay. The downstream 
releases increase survival of the hatchery stocks but also increase the proportion of hatchery 
relative to wild survival and increase straying. Recent CWT data shows that a good portion of 
the Chinook in spring-run streams like Clear Creek and Mill Creek are of hatchery origin 
(NOAA Fisheries 2003). A recent review of hatchery practices (DFG and NOAA fisheries 2001) 
recommended reducing the practice of using downstream releases and instead releasing fish in 
the river of origin. This practice would reduce the survival of hatchery fish, but could also reduce 
the in-river survival of wild fish when the carrying capacity of the habitat is surpassed resulting 
in intraspecific competition. Currently the proportion of hatchery versus wild fish contributing to 
fisheries and to the escapement is unknown. Barnett-Johnson et al (2007) examined otoliths of 
hatchery and wild fish from the California coastal fishery and estimated that the contribution of 
wild fish was only 10 percent plus or minus 6 percent, indicating hatchery supplementation may 
be playing a larger role in supporting the central California coastal fishery than previously 
assumed. A program to mark 25 percent of fall-run Chinook salmon released was begun in the 
2007 release year. This program should substantially improve hatchery effects evaluation 
capabilities. 
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Proportion of Central Valley Fall Run Chinook Salmon Taken at Hatcheries, 
1952-2006 
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Figure 6-46 Percent of Central Valley fall-run Chinook escapement taken at hatcheries 1952–2006. 

 

Feather River Hatchery-Genetics, Competition for Spawning, and 
Rearing Habitat 

Historically, the adult spring-run salmon immigration into the upper rivers and tributaries 
extended from mid-March through the end of July with the peak in late May and early June 
(DFG 1998). Spawning started in mid-August, peaked in early September, and ceased in late 
September. The peaks of spawning between spring- and fall-run salmon were almost 2 months 
apart, and more than 30 days separated the end of spring-run spawning and the onset of fall-run 
spawning at Baird Hatchery at the end of the 1800s. 

Although hydraulic mining and dams initially fostered intermixing of Chinook races in the 
Sacramento River system, hatchery practices have contributed as well (DFG 1998; NOAA 
fisheries 1998). The Feather River Hatchery (FRH) was built by DWR at the request of DFG to 
mitigate for the loss of habitat upstream of Oroville Dam. The hatchery was dedicated on 
October 1, 1967, and is operated by DFG. During the 5-year period prior to the opening of the 
hatchery (1962 through 1966) all adult salmon were trapped and transported above the site of 
Oroville Dam. During 1968 and 1969 spring-run salmon were allowed to enter the hatchery as 
soon as they arrived. The result was greater than 50 percent mortality, because warm water 
temperatures resulted in an inability to hold adults during the summer months until they were 
ready for spawning. As a result, since 1970 hatchery policy has been to exclude spring-run 
salmon entry until the onset of spawning, (August through October, generally early September to 
October 1). This practice has resulted in the inability of the hatchery operators to clearly identify 
spring-run based on their adult upstream migration timing, thereby increasing the likelihood of 
genetic introgression of spring-run and fall-run Chinook stocks. 
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Coded-wire-tag analysis provided verification of the intermixing of fall and spring runs. Twenty-
two percent of juveniles tagged as fall-run subsequently spawned as spring-run, and 295 
juveniles tagged as spring-run subsequently spawned as fall-run (Brown and Greene 1994). 
Preliminary genetic characterization results from the IEP Central Valley Salmonid Genetics 
Project provided additional evidence of intermixing. University of California geneticists 
presented preliminary work on Feather River spring-run genetic characterization at the 1999 
Salmon Symposium in Bodega Bay. They had access to samples from FRH spring-run, late-
summer-season in-river carcass surveys and a limited number of samples from spring-season in-
river angler surveys. They found no genetic difference between the Feather River fall and spring 
runs. The two groups were genetically similar and homogenous. They were most similar to 
Central Valley fall-runs, and were not genetically similar to spring-run from Mill, Deer, or Butte 
Creeks. 

In 1994, the FRH fish ladder was kept open between May 16 and June 6 to assess the current 
numbers of Chinook that exhibited spring-run adult migration timing. Prior to June 6, only one 
fish had entered the hatchery. On June 6, 31 fish entered the hatchery and the ladder was closed 
(DFG 1998). The implication is that few fish exhibiting the “typical” spring-run salmon adult 
migration timing ascended the Feather River during 1994. Alternatively, many spring-run adults 
may have been holding, or not moving, during the period the gates were open. When the ladder 
was reopened on September 6, 1994, 3,641 spring-run Chinook entered the hatchery. 

FRH spring-run have been documented as straying throughout the Central Valley for many years 
and have intermixed with wild-spawned spring-run and fall-run Chinook in the upper 
Sacramento River, although the extent of hybridization has not been determined (DFG 1998). In 
1982, early returning CWT Chinook were observed at RBDD and subsequently identified as 
FRH fall-run from the 1980 brood year. Now it is commonplace at RBDD to intercept fish 
tagged as fall-run during the spring-run migration period (mid-March through the end of July) 
(Figure 5−6). This intermixed life history pattern was evident when FRH fish were used in an 
attempt to reestablish spring-run in Clear Creek. More than 523,000 FRH spring-run fry were 
planted at the base of Whiskeytown Dam during the 3-year period 1991−1993 (DFG 1998). 
Some of the fish were CWT’ed. Since 1993, snorkeling surveys have been performed during the 
adult spring-run holding period to determine if the plants were successful. Three unmarked 
salmon were observed during the spring-run adult holding period in 1993 and two in 1995. 
However, 23 CWT adults returned between 1993 and 1995 during the adult fall-run spawning 
migration. 

DFG (1998) questioned the viability and genetic integrity of the Butte Creek spring-run because 
of the potential for intermixing with Feather River salmon. Butte Creek has several different 
sources of introduced water, including West Branch Feather River water, main stem Feather 
River water, and Sacramento River water. As a consequence, it is possible that some spring-run 
salmon in Butte Creek could be strays from the Feather River. Despite the mixing of Feather 
River water into Butte Creek, DFG (1998) suggested the relative numbers of adult spring-run 
entering Butte Creek and FRH, for the period 1964 to 1991 did not show a strong relationship, 
suggesting they are generally independent. In support of this information, Banks et al. (2000) 
published genetic characterization research results and determined spring-run from Deer and 
Mill Creeks are more closely related to Central Valley fall-run populations than Butte Creek 
spring-run. This result would not be expected if Butte Creek spring-run were hybridized with 
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FRH spring-run because FRH spring-run are known to be hybridized with FRH fall-run. More 
recently, Hedgecock et al. (2002) reexamined Feather River fall hatchery, spring hatchery and 
spring wild. Field biologists have found a spring-run phenotype in the Feather River. Hedgecock 
et al. (2002) found that spring hatchery and spring wild form a genetically distinct population 
that is different from the fall-run, although the Feather River spring-run population is still more 
closely related to fall-run than to either Mill or Deer Creeks spring-run populations. In 
conclusion, Hedgecock et al. (2002) found two distinct populations in the Feather River, one of 
which exhibits a spring-run phenotype. The Feather River spring-run population is not closely 
related to Mill and Deer Creeks spring-run and may be, therefore a spring-run in the Sacramento 
Valley may be poly-phyletic. 

The Banks et al. (2000) genetic results are surprising, however, because the escapement 
estimates for Butte Creek and Feather River spring-run are strongly correlated over more recent 
years (1987 through 1998), (Spearman R = 0.83-0.86, p < 0.001). (The variability in the R-value 
is due to separate tests of FRH spring-run escapement versus the smallest and largest available 
Butte Creek escapement estimates.) In contrast, the spring-run escapement estimates for Deer 
and Mill Creeks, which Banks et al. (2000) found were not genetically different from each other, 
are not significantly correlated for the 1987 through 1998 period (Spearman r = 0.27, p = 0.40). 

FRH spring-run fry and juveniles were released into Butte Creek in 1983, 1984, and 1985, Brood 
Years 1982, 1983, and 1984 respectively. Only BY 1983 releases affected resultant year-classes, 
showing large increases in BY 1986 and BY 1989. There was a significant reduction in adult 
returns for BY 1992, but BY 1995 was the largest observed (7,500 adults) since 1960, and BY 
1998 was higher still (20,259 adults). Since 1995 there have been over 500,000 Butte Creek 
spring-run tagged and released. While the inland recoveries have been limited, all of the tags 
recovered within the spring-run population have been from spring-run tagged and released in 
Butte Creek. One tagged fish was recovered in the Feather River, but no Feather River or other 
origin fish have been found among the Butte Creek spring-run (DFG 2003). 

During the 1977 drought, adult spring-run were trucked from RBDD to Mill, Deer, and Butte 
Creeks (DFG 1998). No appreciable effect was seen in the subsequent year class (1980) on Butte 
or Mill Creeks. However there was an apparent single year (1980) increase in the Deer Creek 
population. 

The Yuba River was planted with surplus FRH spring-run in 1980 (15,925), 1983 (106,600), and 
1985 (96,800) (DFG 1998). Influence of these three introductions on subsequent adult spring-run 
returns cannot be determined since escapement surveys were not conducted. In 1984, Antelope 
Creek was planted with 302,733 FRH spring-run juveniles. In 1985, the creek was planted with 
another 205,000 juveniles. There is no persistent spring-run population in Antelope Creek, so the 
effect of hatchery supplementation in this drainage is irrelevant. 

The effects of introgression and planting are poorly understood. In the case of the Feather River, 
Sommer et al. (2001a) found evidence that hatchery operations have had major population 
effects. Sommers et al. (2001a) examined factors responsible for a long- term shift in the 
spawning distribution of Chinook salmon toward the low-flow channel of the Feather River. 
While they found statistical evidence that flow and escapement may affect the distribution of 
spawning salmon, they concluded that hatchery operations probably account for much of the 
change. One hypothesis was introgression with spring-run causes the fall-run population to 
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spawn as far upstream as possible, similar to the historical spring-run life history pattern. 
Another possibility was that a shift in the stocking location of young salmon to the estuary 
resulted in higher survival rates and an increased proportion of hatchery fish in the population. 
Hatchery fish would tend to spawn closer to the hatchery in the low-flow channel. In support of 
the latter hypothesis, there has been a significant increase in the number of fish entering FRH 
since 1968 (Ted Sommer, DWR unpublished data). A shift in spawning distribution to the 
heavily-used low-flow channel is expected to result in exceptional spawning superimposition and 
egg mortality for any spring-run that may be present. 

Disease and Parasites 
Chinook salmon are susceptible to numerous diseases during different phases of their life cycle. 
Disease problems are often amplified under crowded hatchery conditions and by warm water. 
See DFG (1998) for a detailed discussion of Central Valley salmonid diseases. 

In-stream Habitat 
Dam operations generally store water runoff during winter and spring to be released for instream 
flows, water delivery, and water quality during late spring, summer and fall. Historical high 
flows in regulated rivers have been dampened for flood control and water storage. Moderate 
flows have been extended throughout much of the year to provide appropriate instream flows for 
fish, water quality in the Delta, and water for pumping in the Delta. The long-term effect of the 
lack of high flows is the simplification of instream habitat. High channel-forming flows maintain 
high-quality spawning habitat and riparian floodplain conditions. High flows mobilize spawning-
sized gravels from streambanks and incorporate them into the active channel. Low flows that 
typically occurred in late summer and fall do not occur because of the dampening effect of dam 
operations. High flows are not as high as occurred under natural conditions but the duration of 
high flows is longer because flood control operations spread them out over time. The longer 
duration of moderately high flows may be sufficient enough to wash quality spawning gravel out 
of riffles and deposit it in deeper water where it is unavailable for spawning but not high enough 
to mobilize new gravel supplies from the gravel bars, banks, and floodplain. It is anticipated that 
riffles downstream of dams will continue to degrade as floodflows move gravel downstream 
without replenishment from upstream areas. The presence of dams has eliminated upstream 
sources of bedload and woody debris, increasing the importance of streamside sources. Programs 
are in place to replace gravel recruitment lost due to the presence of dams. 

Levees and bank protection projects have been constructed along the lower reaches of many 
Central Valley rivers, limiting the potential for rivers to meander and reducing seasonal 
floodplain inundation. Many streambanks near developed areas have been riprapped to cut down 
on natural channel adjustments and streambank erosion. Natural streambanks generally provide 
higher quality habitat to salmonids than riprapped banks. In addition, when banks are riprapped 
riparian vegetation is eliminated in the riprapped portion, eliminating overhanging vegetation 
and future woody debris sources.  

Large woody debris provides valuable habitat to salmonids. Woody debris has been removed 
from some rivers because it is perceived as a hazard to swimmers and boaters and impedes 
navigation. The habitat loss cumulatively from lack of woody debris recruitment, woody debris 



Salmon Factors OCAP BA 

6-72  August 2008  

removal, and riprapping could be a significant factor in the the decline of some Central Valley 
salmon populations. The likelihood that this would reduce the survival of the current Chinook or 
steelhead populations is unknown. 

Factors that May Influence Abundance and 
Distribution of Coho Salmon 
A number of interrelated factors affect coho abundance and distribution in the Trinity River. 
These include water temperature, water flow, habitat suitability, habitat availability, hatcheries, 
predation, competition, disease, ocean conditions, and harvest. Current CVP operations affect 
primarily water temperature, water flow, and habitat suitability in the Trinity River. Water 
temperature suitability criteria for coho salmon are shown in Table 6-13. 

Table 6-13 Water temperature suitability criteria for Coho salmon life stages from DFG 2002a. 

Life Stage Suitable Range, degrees F Reference or Citation 

Migrating adult 44.6 – 59 Reiser and Bjornn 1979 

Spawning adult 39.2 – 48.2 Bjornn and Reiser 1991 

Rearing juvenile 35 = lower lethal 

78.8 - 83.8 = upper lethal 

53.6 – 57.2 = optimum 

48 – 59.9 = optimum 

63.7 – 64.9 = maximum weekly 
average temperature  

62.1=maximum weekly average 
and 64.4=maximum weekly 
maximum temperature  

Bjornn and Reiser 1991; Flosi 
et al 1998; Ambrose et al 
1996; Ambrose and Hines 
1997, 1998; Hines and 
Ambrose ND; Welsh et al. 
2001 

Eggs and fry 39.2 – 51.8 

39.2 – 55.4 = optimum 

32 – 62.6 

Davidson and Hutchinson 
1938; Bjornn and Reiser 
1991; PFMC 1999 

 

Juvenile coho salmon in the Trinity River spend up to a full year in freshwater before migrating 
to the ocean. Their habitat preferences change throughout the year and are highly influenced by 
water temperature. During the warmer summer months when coho are most actively feeding and 
growing, they spend more time closer to main channel habitats. Coho tend to use slower water 
than steelhead or Chinook salmon. Coho juveniles are more oriented to submerged objects such 
as woody debris while Chinook and steelhead tend to select habitats in the summer based largely 
on water movement and velocities, although the species are often intermixed in the same habitat. 
Juvenile coho tend to use the same habitats as pikeminnows, a possible reason that coho are not 
present in Central Valley watersheds. Juvenile coho would be highly vulnerable to predation 
from larger pikeminnows during warm-water periods. Pikeminnow do not occur in SONCC coho 
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streams. When the water cools in the fall, juvenile coho move further into backwater areas or 
into off-channel areas and beaver ponds if available. There is often no water velocity in the areas 
inhabited by coho during the winter. These same off-channel habitats are often dry or unsuitable 
during summer because temperatures get too high.  

Lewiston Dam blocks access to 109 miles of upstream habitat (U.S. Department of the Interior 
2000). Trinity River Hatchery produces coho salmon with a production goal of 500,000 yearlings 
to mitigate for the upstream habitat loss. Habitat in the Trinity River has changed since flow 
regulation with the encroachment of riparian vegetation restricting channel movement and 
limiting fry rearing habitat (Trush et al 2000). According to the Trinity River Restoration Plan, 
higher peak flows are needed to restore attributes of a more alluvial river such as alternate bar 
features and more off-channel habitats. These are projected in the restoration plan to provide 
better rearing habitat for coho salmon than the dense riparian vegetation currently present. A 
number of restoration actions have been completed. A new flow schecule has provided higher 
spring releases to geomorphically maintain habitat. Physical habitat manipulations have been 
implemented providing better juvenile rearing in selected sites along the river. 
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Chapter 7  Basic Biology and Life History of 
Delta Smelt and Factors that May Influence Delta 
Smelt Distribution and Abundance 

This chapter provides information on the basic biology, life history, and status of delta smelt, as 
well as a description of the potential factors that may affect delta smelt and critical habitat in the 
action area. There has been a long-term decline of delta smelt, with an especially sharp downturn 
after 1999 as delta smelt other pelagic fish species jointly suffered what has become known as 
the Pelagic Organism Decline. 

The term “Pelagic Organism Decline” (POD) denotes the sudden, overlapping and striking 
declines of San Francisco Bay-Delta Estuary pelagic fishes since about 2000. The POD species 
include delta smelt, longfin smelt, threadfin shad, and (young-of-year) striped bass. Recent 
abundance indices for the POD species have included record lows for delta smelt and young-of-
year striped bass, and near-record lows for longfin smelt and threadfin shad. Although 
abundance improved for each species during the wet 2006, levels for all four species have 
remained near record lows since 2004. 

Factors affecting delta smelt fall into four general categories: (1) prior fish abundance or “stock-
recruit effects”, including low-abundance adult effects that may reduce juvenile production; (2) 
habitat, including physical and chemical variables, disease, and localized toxic algal blooms that 
affect survival and reproduction; (3) top-down effects, including predation, entrainment, and 
other processes that cause juvenile and adult mortality; (4) bottom-up effects, including food web 
interactions that affect growth, reproduction, and, indirectly, survival. 

The POD has been the subject of an intensive analytical effort by the Interagency Ecological 
Program (IEP) since the POD was recognized in 2005. The POD investigation has greatly 
improved our understanding of the ecology of pelagic fishes in the estuary, especially delta 
smelt. While the mechanisms responsible for long-term and POD-era declines of the species 
probably vary by species, it appears very unlikely that they are independent of one another. 
Rather, the decline appears to be the result of multiple interacting causes, including some that are 
related to water project operations and others that are not. 

General Biology 
The delta smelt is a slender-bodied fish typically reaching 60-70 mm standard length (SL), with a 
maximum size of about 120 mm SL. Delta smelt is endemic to the upper San Francisco Estuary, 
primarily the Delta and Suisun Bay (Moyle et al. 1992). Delta smelt is generally associated with 
the low salinity zone locally indexed by X2, which is the location of the 2 psu isohaline 
measured near the bottom of the water column (Jassby et al. 1995). It typically has an annual life 
cycle though a small percentage (< 10 percent) of the population can live to and possibly 
reproduce at age-two (Brown and Kimmerer 2001). On average, ripe females produce about 
1,900 eggs, but fecundity can range from about 1,200 to about 2,600 eggs per female (Moyle et 
al. 1992). Moyle et al. (1992) considered delta smelt fecundity to be “relatively low”, but based 
on Figure 2a in Winemiller and Rose (1992), delta smelt fecundity is actually fairly high for a 
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fish its size. Delta smelt move into tidal freshwater habitats to spawn in late winter through 
spring. Most spawning occurs in the Delta, but some also occurs in Suisun Marsh and the Napa 
River (DFG unpublished). An optimal spawning temperature “window” of about 12 ºC -18 ºC 
(59 ºF - 64.4 ºF) has recently been reported (Bridges unpublished; Bennett unpublished). After 
hatching, larvae are dispersed throughout low salinity habitats, generally moving into Suisun 
Bay, Montezuma Slough, and the lower Sacramento River below Rio Vista as they mature 
(Grimaldo et al. 1998; Sweetnam 1999). Delta smelt are zooplanktivorous throughout their lives, 
feeding mainly on copepods, cladocerans, and amphipods with which they co-occur (Moyle et al. 
1992; Lott 1998; Nobriga 2002). In the larger picture of fish life history strategies, delta smelt 
best fit the “opportunistic strategy” of Winemiller and Rose (1992). Opportunistic fishes are 
characterized as placing “a premium on early maturation, frequent reproduction over an extended 
spawning season, rapid larval growth, and rapid population turnover rates”, and “maintain dense 
populations in marginal habitats (e.g. ecotones, constantly changing habitats) (Winemiller and 
Rose 1992).” 

Legal Status 

The delta smelt was listed as threatened under both the Federal Endangered Species Act and the 
California Endangered Species Act in 1993. The species was recently proposed for re-listing as 
endangered under the Federal Endangered Species Act. 

 

Distribution, Population Dynamics, and Baseline 
Conditions 
Distribution 

Delta smelt spend most of their lives rearing in low salinity habitats of the northern estuary 
(Moyle et al. 1992; Sweetnam and Stevens 1993). Delta smelt can temporarily tolerate salinities 
as high as 19 parts per trillion (ppt) (Swanson et al. 2000) and have been collected in the field at 
salinities as high as 18 ppt (Baxter et al. 1999). However, most delta smelt are collected at much 
lower salinities- typically in the range of about 0.2 – 5.0 ppt (Sweetnam and Stevens 1993; 
Feyrer et al. 2007). The geographical position of these low salinity habitats varies principally as 
a function of freshwater flow into the estuary. Therefore, the delta smelt population’s center of 
mass has on average been located in the western Delta during years of low freshwater flow and 
in Suisun Bay during years of high freshwater flow. This relationship between flow and 
distribution is particularly strong during the larval period (Figure 7-1), but persists throughout 
the first year of life (Sweetnam and Stevens 1993). 
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Figure 7-1 (x-axis is DAYFLOW; y-axis is first 20-mm Survey following VAMP). 

Currently, the approximate spatial position of low salinity habitat in the estuary is indexed by 
X2, defined as the distance in km from the Golden Gate to the location of 2 psu salinity near the 
bottom of the water column (Jassby et al. 1995). The longitudinal position of X2 during spring 
and/or early summer, which varies as a function of freshwater flow into the estuary, has been 
correlated with abundance or survival indices of numerous estuarine taxa (Jassby et al. 1995) 
including delta smelt (Kimmerer 2002). Both late larval (Bennett et al. 2002) and juvenile 
(Aasen 1999) delta smelt are thought to actively maintain positions in low salinity habitats by 
using swimming behaviors timed to tidal and diel cues. 

Natural History 

Spawning 
Adult delta smelt spawn during the late winter and spring months, with most spawning occurring 
during April through mid-May (Moyle 2002). Spawning occurs in sloughs and shallow edge 
areas in the delta and Sacramento River above Rio Vista, especially, in recent years, in the Cache 
Slough/ Sacramento Deepwater Ship Channel complex. Spawning has also been historically 
recorded in Suisun Marsh and the Napa River (Moyle 2002). Most spawning occurs at 
temperatures between 7—15°C, although it may occur at temperatures up to 22°C (Moyle 2002). 
Fecundity (59—70 mm SL females) ranges from 1200 to 2600 eggs (Moyle et al. 1992). Most 
adults do not survive to spawn a second season, but a few (<5%) do (Moyle 2002 and references 
therein). Large (90—110 mm SL) two-year-old females may contribute disproportionately to the 
egg supply (Moyle 2002 and references therein). 

Larval Growth and Downstream Transport 
Larval smelt hatch after 9-13 days at 14.8—16.5°C, and feeding begins 4—5 days later(Mager 
1996). Early larvae are demersal and are not strongly subject to net water flows until after swim-
up and fin development is complete several weeks later. Larvae enter the water column at about 
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14—18 mm TL and become fully subject to passive transport with water currents (Moyle 2002).  
At this point, they are very weak swimmers and are moved in the direction of the prevailing net 
flow of water. Those outside the zone of entrainment surrounding the CVP and SWP export 
facilities that survive predation and other dangers are transported downstream to the low salinity 
zone.  

Juvenile Rearing 
As described by Moyle: 

In general delta smelt prefer to rear in or just above the region of the estuary where fresh 
water and brackish water mix and hydrodynamics are complex as a result of the meeting of 
tidal and riverine currents. This region is typically in Suisun Bay. During the 1987—1992 
drought, the smelt were concentrated in deep areas in the lower Sacramento River around 
Decker Island, where the bottom salinity hovered around 2 ppt much of the year (Herbold 
1994), apparently because the salt water-fresh water mixing zone was located in this region. 
However, smelt may also be common in this region during nondrought years, a finding that 
suggests they are attracted to favorable hydraulic conditions that allow them to maintain 
position. (Moyle 2002) 

Delta smelt grow rapidly during the summer, especially once they reach 30 mm, a size at which a 
variety of planktonic prey become available, and reach 40—50 mm FL by early August (Moyle 
2002). Juvenile-stage prey include copepods, cladocerans, amphipods, and insect larvae (Moyle 
2002). They reach adult size (55—70 mm SL) by early fall (Moyle 2002). At that size, they may 
also consume larger zooplankton.  

Upstream Migration 
Movement upstream begins in September and October as a “gradual, diffuse migration” toward 
spawning areas (Moyle 2002). Adult smelt may take several months to reach spawning sites. 
Recent evidence suggests that more rapid upstream movement is keyed to “first flush” pulses of 
turbid water through the estuary at the onset of winter rains (Grimaldo et al. in review).  

Population Abundance Trends 

The DFG Fall Midwater Trawl Survey (FMWT) provides the best long-term index of relative 
abundance of maturing adult delta smelt (Moyle et al. 1992; Sweetnam 1999). It has been 
conducted each September-December since 1967 (except 1974 and 1979). The DFG Summer 
Townet Survey (TNS), which has been conducted since 1959 (except 1966-68), provides an 
index of juvenile delta smelt abundance during June-July. These surveys do not at present 
support statistically respectable population abundance estimates, though substantial progress has 
recently been made (Newman, in review; Newman, in prep.). However, they are generally 
accepted to provide a respectable basis for evaluating interannual trends. 

The TNS indices have ranged from a low of 0.3 in 2005 to a high of 62.5 in 1978 (Figure 7-2). 
The FMWT indices have ranged from a low of 27 in 2005 to 1,653 in 1970 (Figure 7-3). 
Although peak high and low values have varied in time, the TNS and FMWT indices show 
similar time series of delta smelt relative abundance (Sweetnam 1999; Figures 7-2 and 7-3).  
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Figure 7-2 IEP TNS indices 1969-2007. 

 

 

 
 
Figure 7-3 IEP FMWT indices 1969-2007. 
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From 1969-81, mean delta smelt TNS and FMWT indices were 22.5 and 894 respectively. Both 
indices suggest the delta smelt population declined abruptly in the early 1980s (Moyle et al. 
1992). From 1982-1992, mean delta smelt TNS and FMWT indices dropped to 3.2 and 272 
respectively. The population has rebounded somewhat in the mid-1990s (Sweetnam 1999); mean 
TNS and FMWT indices were 7.1 and 529 during 1993-2002. However, delta smelt numbers 
have trended precipitously downward since about 1999, as delta smelt and, later, other pelagic 
fish species jointly suffered what has become known as the Pelagic Organism Decline (Sommer 
et al. 2007). 

The Pelagic Organism Decline 
The term “Pelagic Organism Decline” (POD) denotes the sudden, overlapping declines of San 
Francisco Estuary pelagic fishes since about 2002 (Sommer et al. 2006). The POD species 
include delta smelt, longfin smelt, threadfin shad, and (age-0) striped bass, which together 
account for the bulk of the pelagic fish biomass in the upper Estuary. The year 2002 is often 
reckoned as the start of the POD because of the striking declines of three of the four POD species 
between 2001 and 2002; however, statistical review of the data (e.g. Manly and Chotkowski 
2006) has revealed that for delta smelt, at least, the POD downtrend really began earlier. The 
POD declines became clearly evident against the high background variability in these species in 
early 2005, when analysis of the third consecutive year of extremely low numbers in these 
species made them statistically clear.  

Post-2001 abundance indices for the POD species have included record lows for delta smelt and 
age-0 striped bass, and near-record lows for longfin smelt and threadfin shad. Abundance 
improved for each species during 2006, have remained relatively poor since 2002 for all four 
species. Low abundance levels have been especially remarkable in that winter and spring river 
flows into the estuary have been moderate or very wet (2006) during recent years. Moderate to 
wet conditions have historically usually been associated with at least modest recruitment of most 
pelagic fish species. Longfin smelt (discussed at length in a Technical Assistance appendix to 
this Biological Assessment) is perhaps the best example of this point as the species shows a very 
strong relationship with delta outflow. The introduction of the overbite clam (Corbula 
amurensis) in 1986 and associated changes in the food web reduced the magnitude of the 
response of longfin smelt without altering its slope (Kimmerer 2002). Specifically, the grazing 
effects from Corbula are thought to have resulted in a substantial decline in phytoplankton and 
calanoid copepods, the primary prey of early life stages of pelagic fishes. As a consequence, 
comparable levels of flow did not generate the expected levels of fish biomass (as indexed by 
abundance) after 1986. During the POD years, the abundance indices for longfin smelt deviated 
substantially from both the pre-and post-Corbula relationships with outflow. The situation is 
similar for young-of-the-year striped bass, which has a historical abundance association with 
outflow that was also altered by Corbula, whereas the recent abundance indices were well below 
expected levels based on outflow. Hence, it appears that the response of these pelagic fishes to 
environmental conditions has fundamentally changed since the POD (Sommer et al. 2007).  

Because of its many management implications, the POD has been the subject of an intensive 
analytical effort by the Interagency Ecological Program since the POD was recognized in 2005. 
The POD investigation has greatly improved our understanding of the ecology of pelagic fishes 
in the Estuary, especially delta smelt. Revisions to this chapter and in the formulation of the delta 
smelt effects analysis largely reflect changes in our understanding of delta smelt biology that 



OCAP BA  Delta Smelt  

 August 2008 7-7 

have emerged from the POD investigation. While mechanisms responsible for POD-era declines 
of the species probably vary by species, it appears very unlikely that they are independent of one 
another. Consequently, some of the discussion in the remainder of this chapter involves species 
other than delta smelt. This chapter borrows heavily from the text of the 2007 POD Synthesis 
Report (IEP 2008). 

Factors That May Influence the Abundance and 
Distribution of Delta Smelt 
Numerous factors are hypothesized to have influenced historical population dynamics of delta 
smelt (Bennett and Moyle 1996). Some of these factors (e.g., climatic influences on the physical 
environment) are thought to exert strong, consistent influences, while others are thought to exert 
more subtle influences (e.g., factors affecting growth rates), or to be important only under certain 
conditions (e.g., entrainment losses). Historically, the evidence brought to bear on most 
mechanistic hypotheses has been based on statistical correlations of abundance and/or survival 
with environmental variables (see Sweetnam and Stevens 1993; Brown and Kimmerer 2001).  

For organization we will use the four categories described in the simple conceptual model 
presented in the POD 2007 Synthesis Report (POD Team, 2008) and in Sommer et al. (2007). 
Where the POD Team used the model to describe possible mechanisms by which a combination 
of long-term and recent changes to the ecosystem could produce the observed pelagic fish 
declines, we use it simply to organize mechanisms that affect abundance and distribution. The 
conceptual model is rooted in classical food web and fisheries ecology and contains four major 
components: (1) prior fish abundance, including low-abundance effects that may reduce juvenile 
production (e.g. stock-recruit effects); (2) habitat, including physical and chemical variables, 
disease, and localized toxic algal blooms that affect survival and reproduction; (3) top-down 
effects, including predation, entrainment, and other processes that cause juvenile and adult 
mortality; (4) bottom-up effects, including food web interactions that affect growth, 
reproduction, and, indirectly, survival. 

Prior Abundance 

The relationship between numbers of spawning fish and the numbers of young subsequently 
recruiting to the adult population is known as a stock-recruit relationship. Stock-recruit 
relationships have been described for many species and are a central part of the management of 
commercially and recreationally fished species (Myers et al. 1995). Different forms of stock 
recruit relationships are possible, including density-independent, density-dependent, and density 
vague types. The latter refers to situations where there is not a statistically demonstrable stock 
recruit relationship observable in available data. In any form of a stock-recruit model, there is a 
point at which low adult stock will result in low juvenile abundance and subsequent low 
recruitment to future adult stocks even under favorable environmental conditions while the stock 
‘rebuilds’ itself. 

Moyle et al. (1992) and Sweetnam and Stevens (1993) both reported that number of delta smelt 
spawners (indexed by the FMWT) was a poor predictor of subsequent recruits (indexed by the 
following year’s TNS). Both linear and nonlinear Beverton-Holt models suggested that only 
about a quarter of the variance in delta smelt TNS abundance could be explained by the 
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abundance of the adult spawners. This means that over the range of empirical experience most of 
the variation in delta smelt abundance is due to other causes. 

At present, there is an ongoing scientific debate concerning interpretation of within-year 
dynamics of delta smelt. Both the TNS and FMWT indices suggest similar long-term abundance 
trends for delta smelt collected in the summer and fall respectively (Figure 7-2 and Figure 7-3). 
However, when all of the available data are considered together, a nonlinear Beverton-Holt 
model describes the relationship between the TNS and FMWT data better than a linear model 
(Bennett unpublished; reproduced in Figure 7-4). 

The standard fisheries interpretation of such a relationship is that it indicates a carrying capacity 
for the population - in this case during late summer of the first year of life. Phrased another way, 
this relationship suggests that as the number of juveniles produced increases, so does population 
mortality. Evidence for this density-dependent mortality was presented in Figure 19 of Brown 
and Kimmerer’s (2001). In fisheries science, density-dependence is the mechanism allowing 
stocks to be sustainably fished. A correlation of abundance and mortality means there is “surplus 
production” that can be harvested without negatively affecting a population’s viability.  

 
Figure 7-4 (Beverton-Holt curve was fitted to all data even though time periods are shown 
separately). 

The evidence for density-dependent mortality in the delta smelt population has not been 
universally accepted by delta smelt biologists (Brown and Kimmerer 2001; EET 2007 
unpublished). One reason for this skepticism is that it may not be appropriate to pool all years of 
data. In Figure 7-4, the data points from the pre-decline period (1969-1981) almost all occur 
outside of the range of the post-decline (1982-2002) data points. Therefore, an alternative 
explanation of the TNS-MWT relationship is possible - the non-linearity may reflect two 
different relationships from two time periods with different delta smelt carrying capacities. This 
latter relationship suggests that summer abundance is not and has never been a statistically 
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significant predictor of fall abundance. As stated above, which (if either) of these interpretations 
is correct remains a subject of debate. 

One possible problem with analyses using the TNS index is that it is not considered as robust an 
abundance index as the FMWT (Miller 2000). However, the TNS indices are correlated with two 
unpublished versions of a larval abundance index derived from the DFG 20-mm Delta Smelt 
Survey, which has been conducted each spring-summer since 1995 (Figure 7-5). This provides 
support for the density-dependent mortality hypothesis because it suggests the Townet Survey 
reflects the large differences in young-of-year (YOY) delta smelt abundance that underlie the 
density-dependent mortality hypothesis. 

From a stock-recruit perspective, the present low abundance of delta smelt is of particular 
concern. The current population is an order of magnitude smaller than at any time previously in 
the record (Figure 7-6). The delta smelt stock-recruit relationship appears to be density vague 
over the entire period that data is available (Bennett 2005), meaning there is no clear relationship 
between the adult spawning population and the number of adult recruits expected in the 
following year, as measured by the Fall Midwater Trawl. There was also a historically weak 
statistical association between summer abundance (as measured by the Summer Townet Survey) 
and abundance a few months later during the Fall Midwater Trawl Survey, suggesting that delta 
smelt year-class strength was often set during late summer. However, Feyrer et al. (2007) found 
that the abundance of pre-adult delta smelt during fall was a statistically significant predictor of 
juvenile delta smelt abundance the following summer, for the time period 1987-2005. Similarly, 
delta smelt summer abundance is a statistically significant predictor of fall abundance. These 
relationships are particularly strong for the period 2000-2006 (Figure 7-7). The strong 
relationship in summer to fall survival since 2000 (Figure 7-7) suggests that the primary factors 
affecting juvenile survival recently changed and shifted to earlier in the life cycle, or that the 
stock has declined to such a low level that prior abundance is now the primary factor controlling 
abundance. These observations strongly suggest that recent population trends are outside the 
historical realm of variability and resilience shown by these species, particularly delta smelt.  

Scientific debate also continues regarding the meaning of statistically significant autocorrelation 
in the TNS and FMWT time series. Autocorrelation means that index values within the time 
series are dependent in part on values that preceded them. Both sets of indices show significant 
autocorrelation at lag two years, meaning that successive index values are correlated with index 
values from two years prior. Bennett (unpublished) hypothesized the lag two-year 
autocorrelation was evidence for a reproductive contribution of age-two spawners, but this 
interpretation has not thus far been backed by strong empirical evidence. The contribution of 
age-two spawners to delta smelt population dynamics is currently under investigation (Brown 
and Kimmerer 2002). 
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Figure 7-5  Relationships between 20-mm Survey indices and TNS indices, 1995-2002. 

 
 

 

 
Figure 7-6 Water operations impacts to the delta smelt population. 
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Figure 7-7  Relationships between juvenile and adult lifestages of delta smelt since 2000.   
NOTE:  The Townet Survey is a measure of summer juvenile abundance. The Fall Midwater Trawl 
is a measure of fall pre-spawning adult abundance. The blue circles represent the data from the 
full Townet Survey which begins in June and ends when the average fork length of striped bass 
reaches 38 mm. The red squares represent data from July only. Regression equations and 
coefficients are given in blue font for the full Townet Survey data and in red font for the July 
Townet Survey data. 

 

Reclamation and DWR (1994) were concerned about autocorrelation resulting in spurious 
conclusions about environmental influences on delta smelt population dynamics. Statistically 
speaking, autocorrelation in a time series or in the residuals from a correlative analysis of the 
time series and an explanatory variable can complicate interpretation because a variable may 
happen to covary with, but not actually influence the underlying process resulting in the 
autocorrelation. Recent statistical analyses have mitigated for this by using residuals from 
various stock-recruit relationships (Brown and Kimmerer 2001) and by testing regression 
residuals for significant autocorrelation. 

Habitat 
Aquatic habitats are the suites of physical, chemical, and biological factors that species occupy 
(Hayes et al. 1996). The maintenance of appropriate habitat quality is essential to the long-term 
health of aquatic resources (Rose 2000; Peterson 2003). A key point is that habitat suitability 
affects most or all other factors affecting abundance and/or distribution. This is because changes 
in pelagic habitat, to take an example, affect not only affect delta smelt and other pelagic fishes 
but also their predators and prey. 

Habitat for delta smelt is open water, largely away from shorelines and vegetated inshore areas. 
This includes large embayments such as Suisun Bay and the deeper areas of many of the larger 
channels in the Delta. More specifically, delta smelt habitat is water with suitable values for a 
variety of physical-chemical properties, especially including salinity, turbidity, and temperature, 
suitably low levels of contaminants, and suitably high levels of prey production to support 
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growth. Thus, delta smelt habitat suitability in the estuary can be strongly influenced by variation 
in freshwater flow (Jassby et al. 1995; Bennett and Moyle 1996; Kimmerer 2004). Several of the 
POD fishes, including delta smelt, use a variety of tidally assisted swimming behaviors to 
maintain themselves within open-water areas where water quality and food resources are 
favorable (Bennett et al. 2002). The four POD fishes also distribute themselves at different 
values of salinity within the estuarine salinity gradient (Dege and Brown 2004), so at any point 
in time, salinity is a major factor affecting their geographic distributions.  

Physical Habitat 

We will focus exclusively on pelagic habitat because there has been little work done to date to 
develop the specific qualities of other habitat types, such as flooded islands or shallow sloughs, 
that might be either important requirements for delta smelt or detrimental to their success.  The 
spawning season is the only period during which delta smelt might use littoral habitats or 
vegetated inshore areas, especially those in freshwater areas of the delta.  However, while 
something is known about the spawning substrate preferences of the osmerid clade that includes 
delta smelt, and about delta smelt from lab studies by Lindberg and Baskerville-Bridges 
(summarized in Wang 2007), we still do not know what substrates or habitats are actually used 
for spawning by wild delta smelt, nor what non-pelagic habitats are occupied by larval delta 
smelt before they move into the pelagic realm.  We still rely on pelagic-zone trawling to quantify 
the distribution of adult delta smelt during the spawning season and by larval and juvenile delta 
smelt later in the year.  By contrast, the role of physico-chemical properties of openwater habitat 
has been relatively intensively studied in recent years as a result of the POD.  These properties 
are now known to be important determinants of pelagic habitat use by delta smelt.   

Changes in delta smelt habitat quality in the San Francisco Estuary can be indexed by changes in 
X2. The abundance of many local taxa has tended to increase in years when flows into the 
estuary are high and the 2 psu isohaline is pushed seaward (Jassby et al. 1995), implying that 
over the range of historical experience the quantity or suitability of estuarine habitat increases 
when outflows are high. 

Currently, X2 (which is controlled by both climate and water operations) is a strong predictor of 
the delta smelt TNS index but curiously, the slope of the X2-TNS relationship switched sign 
about the time of the delta smelt decline in the early 1980s (Kimmerer 2002). During 1959-81, 
TNS indices were highest in years of low freshwater flow. In contrast, during 1982-2000, TNS 
indices were usually among the lowest recorded during years of low freshwater flow. 
Throughout 1959-2000, TNS indices have been comparable during years of high freshwater 
flow. The reason(s) for this change in the relationship of young delta smelt abundance to low 
spring flow conditions beginning in the early 1980s is unknown. 

The number of days during spring that water temperature remained between 15 ºC and 20 ºC 
(59ºF to 68ºF), with a density-dependence term to correct for the saturating TNS-FMWT 
relationship (described below), predicts FMWT indices fairly well (r2 ≈ 0.70; p < 0.05; Bennett 
unpublished presentation at the 2003 CALFED Science Conference). The spring temperature 
“window” is thought to influence delta smelt abundance by influencing reproductive success - a 
longer period of optimal water temperatures during spring increases the number of spawning 
events and cohorts produced. More cohorts translate into a higher probability for a strong year 
class. Summer water temperatures have also been shown to be an important predictor of delta 
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smelt occurrence based on multi-decadal analyses of the TNS data (Nobriga et al. 2008). Water 
temperatures in the Delta and estuary are primarily affected by air temperatures and cannot be 
controlled by CVP/SWP operations because water storage facilities are too far away from the 
Delta. Therefore, Delta water operations cannot manage water temperatures to enhance 
conditions for delta smelt spawning or rearing in a manner analogous to strategies used for 
salmonid fishes in Delta tributaries. 

The number of days X2 is in Suisun Bay during spring also is weakly positively correlated with 
the FMWT indices (Brown and Kimmerer 2001). Hypotheses regarding potential mechanisms 
underlying X2-abundance relationships have been described previously (Moyle et al. 1992; 
Jassby et al. 1995; Bennett and Moyle 1996; Kimmerer 2002). However, it is probable that X2 
position covaries with the number of days spawning temperatures remain optimal during spring, 
so both of these correlations may reflect the same phenomenon. 

Based on a 36-year record of concurrent midwater trawl and water quality sampling, there has 
been a long-term decline in fall habitat environmental quality for delta smelt (Feyrer et al. 2007). 
The long-term environmental quality declines for delta smelt are defined by a lowered 
probability of occurrence in samples based on changes in specific conductance and Secchi depth. 
Notably, delta smelt environmental quality declined recently coinciding with the POD (Figure 
7-8). The greatest changes in environmental quality occurred in Suisun Bay and the San Joaquin 
River upstream of Three Mile Slough and southern Delta (Figure 7-9). There is evidence that 
these habitat changes have had population-level consequences for delta smelt. The inclusion of 
specific conductance and Secchi depth in the delta smelt stock-recruit relationship described 
above improved the fit of the model, suggesting adult numbers and their habitat conditions exert 
important influences on recruitment.  

The importance of salinity in this study was not surprising, given the relationships of population 
abundance indices with X2 for many species. Fall salinity has been relatively high during the 
POD years, with X2 positioned further upstream, despite moderate to high outflow conditions 
during the previous winter and spring of most years. Recent increases in fall salinity could be 
due to a variety of anthropogenic factors although the relative importance of different changes 
have not yet been fully assessed. Initial results from 2007 POD studies have identified increased 
duration in the closure of the Delta Cross Channel, operations of salinity gates in Suisun Marsh, 
and changes in export/inflow ratios (i.e. Delta exports/reservoir releases) as contributing factors. 
There appeared to be a curious anomaly in the salinity distribution of delta smelt collected during 
the September 2007 FMWT survey. All seven delta smelt collected during this survey were 
captured at statistically significant higher salinities than what would be expected based upon the 
relationship generated by Feyrer et al. (2007). There could be any number of reasons why this 
occurred, including the substantial Microcystis bloom which occurred further downstream than 
normal and may have affected the distribution of other organisms.  

The importance of Secchi depth (a measure of water clarity or, conversely, turbidity) in the 
longterm changes in pelagic fish environmental quality (Feyrer et al. 2007) was more surprising. 
Unlike salinity, interannual variation in water clarity in the Delta is not primarily a function of 
flow variation (Jassby et al. 2002). The primary hypotheses to explain the increasing water 
clarity are (1) reduced sediment supply due to dams in the watershed (Wright and Schoellhamer 
2004), (2) sediment washout from very high inflows during the 1982-1983 El Nino (Jassby et al. 
2005), and (3) biological filtering by submerged aquatic vegetation (Brown and Michniuk 2007; 
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Dave Schoellhamer, USGS, unpublished data). In lakes, high densities of Egeria densa and 
similar plants can mechanically filter suspended sediments from the water column (Scheffer 
1999). Vegetation has also been shown to facilitate sedimentation in marshes and estuaries 
(Yang 1998; Braskerud 2001; Pasternack and Brush 2001; Leonard et al. 2002). The mechanisms 
causing the negative associations between water clarity and delta smelt occurrence are unknown, 
but based on research in other systems (e.g. Gregory and Levings 1998), Nobriga et al. (2005) 
hypothesized that higher water clarity increased predation risk for delta smelt, young striped 
bass, and other fishes typically associated with turbid water.  

Regional Changes in Habitat 
Initial results from a POD-funded study indicate that E. densa, an introduced species, is 
continuing to spread by expansion of existing patches and invasion of new areas (Erin Hestir et 
al., UC Davis, unpublished data). Areal coverage of E. densa increased more than 10 percent per 
year from 2004 to 2006. Light penetration and water velocity are the factors likely controlling its 
distribution in the Delta and salinity likely limits its penetration into the estuary (Hauenstein and 
Ramirez 1986). In clear water, E. densa can grow to depths of 6 m (Anderson and Hoshovsky 
2000). If Delta clearing continues, it seems likely that E. densa will spread into progressively 
deeper water.  

Trends in environmental quality for delta smelt differ during the summer period. Specific 
conductance, Secchi depth, and water temperature all significantly predict delta smelt occurrence 
in summer, suggesting they all interact to affect delta smelt distribution (Nobriga et al. in press). 
However, none of the water quality variables were correlated with delta smelt abundance (as 
indexed by the Summer Townet Survey) at the scale of the entire estuary (Nobriga et al. 2008). 
Based on these habitat variables, Nobriga et al. (in press) identified three distinct geographic 
regions that had similar long-term trends in the probability of delta smelt occurrence. The 
primary habitat region was centered on the confluence of the Sacramento and San Joaquin rivers 
near Sherman Island; delta smelt relative abundance was typically highest in the confluence 
region throughout the study period. There were two marginal habitat regions, one centered on 
Suisun Bay where specific conductance was highest and delta smelt relative abundance varied 
with specific conductance. The third region was centered on the San Joaquin River and the 
southern Delta. The San Joaquin River region had the warmest water temperatures and the 
highest water clarity. Water clarity increased strongly in this region during 1970-2004. In the San 
Joaquin River region, delta smelt relative abundance was correlated with water clarity; catches 
declined rapidly to zero from 1970-1978 and remained consistently near zero thereafter. These 
results support the hypothesis that basic water quality parameters are predictors of summer delta 
smelt relative abundance, but only at regional spatial scales. These regional differences are likely 
due to variability in habitat rather than differences in delta smelt responses. Water management 
operations are targeted on keeping the lower Sacramento and San Joaquin rivers fresh for water 
exports so the range in salinity is probably smaller than the range in turbidity. In the Suisun Bay 
region, there is a wider range of salinities relative to the other regions, so a response to that 
variable is possible.  
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Figure 7-8  Annual values (± 2 standard errors) of environmental quality (EQ) for (a) delta smelt, (b) 
threadfin shad, (c) striped bass in San Francisco Estuary, based on data from the Fall Midwater 
Trawl (from Feyrer et al. 2007). 
NOTE:  EQ is the probability of capturing the species in a sample based on values of specific conductance 
and Secchi depth for delta smelt and striped bass and based on values of water temperature and specific 
conductance for threadfin shad. 
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Figure 7-9  Spatial distribution of long-term trends in annual EQ for (a) delta smelt, (b) threadfin 
shad, (c) striped bass in San Francisco Estuary shown for the region bordered downstream at 
Carquinez Strait. 



OCAP BA  Delta Smelt  

 August 2008 7-17 

NOTE:  Color shading represents the coefficient for the year term for individual linear regressions 
of EQ versus year for each station. Lighter shading represents a more negative slope. Open 
circles and filled circles represent stations with non-significant (P > 0.05) or significant 
regressions (P < 0.05), respectively (from Feyrer et al. 2007).   

 

Contaminants and Disease 
In addition to habitat changes from salinity, turbidity and invasive aquatic vegetation such as E. 
densa, contaminants can change ecosystem functions and productivity through numerous 
pathways. The trends in contaminant loadings and their ecosystem effects are not well 
understood. We are currently evaluating direct and indirect toxic effects on the POD fishes of 
both man-made contaminants and natural toxins associated with blooms of M. aeruginosa (a 
cyanobacterium or blue-green alga). The main indirect contaminant effect we are investigating is 
inhibition of prey production.  

Although a number of contaminant issues were first investigated during the POD years, concern 
over contaminants in the Delta is not new. There are long standing concerns related to mercury 
and selenium in the watershed, Delta, and Bay (Linville et al. 2002; Davis et al. 2003). 
Phytoplankton growth rate may occasionally be inhibited by high concentrations of herbicides 
(Edmunds et al. 1999). New evidence indicates that phytoplankton growth rate may at times be 
inhibited by ammonium concentrations in and upstream of Suisun Bay (Wilkerson et al. 2006, 
Dugdale et al. 2007, Dugdale et al unpublished). Toxicity to invertebrates has been noted in 
water and sediments from the Delta and associated watersheds (e.g., Kuivila and Foe 1995; 
Giddings 2000; Werner et al. 2000 and unpublished; Weston et al. 2004). Undiluted drainwater 
from agricultural drains in the San Joaquin River watershed can be acutely toxic (quickly lethal) 
to fish and have chronic effects on growth (Saiki et al. 1992). Evidence for mortality of young 
striped bass due to discharge of agricultural drainage water containing rice herbicides into the 
Sacramento River (Bailey et al. 1994) led to new regulations for discharge of these waters. 
Bioassays using caged fish have revealed DNA strand breakage associated with runoff events in 
the watershed and Delta (Whitehead et al. 2004). Kuivila and Moon (2004) found that peak 
densities of larval and juvenile delta smelt sometimes coincided in time and space with elevated 
concentrations of dissolved pesticides in the spring. These periods of co-occurrence lasted for up 
to 2-3 weeks, but concentrations of individual pesticides were low and much less than would be 
expected to cause acute mortality. However, the effects of exposure to the complex mixtures of 
pesticides actually present are unknown.  

The POD investigators initiated several studies beginning in 2005 to address the possible role of 
contaminants and disease in the declines of Delta fish and other aquatic species. Their primary 
study consists of twice-monthly monitoring of ambient water toxicity at fifteen sites in the Delta 
and Suisun Bay. In 2005 and 2006, standard bioassays using the amphipod Hyalella azteca had 
low (<5%) frequency of occurrence of toxicity (Werner et al. unpublished data). However, 
preliminary results from 2007, a dry year, suggest the incidence of toxic events was higher than 
in wetter previous years. Parallel testing with the addition of piperonyl butoxide, an enzyme 
inhibitor, indicated that both organophosphate and pyrethroid pesticides may have contributed to 
the observed 2007 toxicity. Most of the tests that were positive for H. azteca toxicity have come 
from water samples from the lower Sacramento River. Pyrethroids are of particular interest 
because use of these insecticides has increased (Ameg et al. 2005, Oros and Werner 2005) as use 
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of some organophosphate insecticides has declined. Toxicity of sediment-bound pyrethroids to 
macroinvertebrates has also been observed in watersheds upstream of the Delta (Weston et al. 
2004, 2005).  

Larval delta smelt bioassays were conducted simultaneously with a subset of the invertebrate 
bioassays. The water samples for these tests were collected from six sites within the Delta during 
May-August of 2006 and 2007. Results from 2006 indicate that delta smelt is highly sensitive to 
high levels of ammonia, low turbidity, and low salinity. There is some preliminary indication 
that reduced survival under low salinity conditions may be due to disease organisms (Werner, 
unpublished data). No significant mortality of larval delta smelt was found in the 2006 bioassays 
(Werner 2006), but there were two instances of significant mortality in June and July of 2007 
(Werner, unpublished). In both cases, the water samples were collected from sites along the 
Sacramento River and had relatively low turbidity and salinity and moderate levels of ammonia. 
It is also important to note that no significant H. azteca mortality was seen in these water 
samples. While the H. azteca tests are very useful for detecting biologically relevant levels of 
water column toxicity, interpretation of the H. azteca test results with respect to fish should 
proceed with great caution. The relevance of the bioassay results to field conditions remains to 
be determined.  

POD investigators have also monitored blooms of the toxic cyanobacterium Microcystis 
aeruginosa. Large blooms of M. aeruginosa were first noted in the Delta in 1999 (Lehman et al. 
2005). Further studies (Lehman et al. in prep.) suggest that microcystins, the toxic chemicals 
associated with the algae, probably do not reach concentrations directly toxic to fishes, but 
during blooms, the microcystin concentrations may be high enough to impair invertebrates, 
which could influence prey availability for fishes. The M. aeruginosa blooms peak in the 
freshwaters of the central Delta during the summer at warm temperatures (20-25 °C; Lehman et 
al. in prep). Delta smelt and longfin smelt are generally not present in this region of the Delta 
during summer (Nobriga et al. 2008; Rosenfield and Baxter 2007) so M. aeruginosa toxicity is 
not likely a factor in their recent decline. However, in the low flow conditions of 2007, blooms 
of this cyanobacterium spread far downstream to the west Delta and beyond during summer 
(Lehman, unpublished data), so toxicity may have been a much broader issue than in other years.  

The POD investigations into potential contaminant effects also include the use of biomarkers that 
have been used previously to evaluate toxic effects on POD fishes (Bennett et al. 1995; Bennett 
2005). The results to date have been mixed. Histopathological and viral evaluation of young 
longfin smelt collected in 2006 indicated no histological abnormalities associated with toxic 
exposure or disease (Foott et al. 2006). There was also no evidence of viral infections or high 
parasite loads. Similarly, young threadfin shad showed no histological evidence of contaminant 
effects or of viral infections (Foott et al. 2006). Parasites were noted in threadfin shad gills at a 
high frequency but the infections were not considered severe. Thus, both longfin smelt and 
threadfin shad were considered healthy in 2006. Adult delta smelt collected from the Delta 
during winter 2005 also were considered healthy, showing little histopathological evidence for 
starvation or disease (Teh et al. unpublished). However, there was some evidence of low 
frequency endocrine disruption. In 2005, 9 of 144 (6 percent) of adult delta smelt males were 
intersex, having immature oocytes in their testes (Teh et al. unpublished).  

In contrast, preliminary histopathological analyses have found evidence of significant disease in 
other species and for POD species collected from other areas of the estuary. Massive intestinal 
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infections with an unidentified myxosporean were found in yellowfin goby Acanthogobius 
flavimanus collected from Suisun Marsh (Baxa et al. in prep.). Severe viral infection was found 
in inland silverside Menidia beryllina and juvenile delta smelt collected from Suisun Bay during 
summer 2005 (Baxa et al. in prep.). Lastly, preliminary evidence suggests that contaminants and 
disease may impair striped bass. Ostrach et al. (in prep.) found high occurrence and severity of 
parasitic infections, inflammatory conditions, and muscle degeneration in young striped bass 
collected in 2005; levels were lower in 2006. Several biomarkers of contaminant exposure 
including P450 activity (i.e., detoxification enzymes in liver), acetylcholinesterase activity (i.e., 
enzyme activity in brain), and vitellogenin induction (i.e., presence of egg yolk protein in blood 
of males) were also reported from striped bass collected in 2006 (Ostrach et al. in prep.).  

Effects of Habitat Change on the Food Web 
Much of the previous discussion about how physical conditions and water quality affect delta 
smelt and other fishes is also relevant to other aquatic organisms including plankton and the 
benthos. It is important to keep in mind that river flows influence estuarine salinity gradients and 
water residence times. The residence time of water affects both habitat suitability for benthos and 
the transport of pelagic plankton. High tributary flow leads to lower residence time of water in 
the Delta (days), which generally results in lower plankton biomass (Kimmerer 2004), but also 
lower cumulative entrainment effects in the Delta (Kimmerer and Nobriga 2008). In contrast, 
higher residence times (a month or more), which result from low tributary flows, may result in 
higher plankton biomass. This can increase food availability for planktivorous fishes; however, 
much of this production may be lost (exported from the Delta) as a result of CVP/SWP and local 
agricultural water diversions under low flow conditions. Under extreme low flow conditions, 
long water residence times may also promote high biological oxygen demand when abundant 
phytoplankton die and decompose (Lehman et al. 2004; Jassby and Van Nieuwenhuyse 2006). 
Recent particle tracking modeling results for the Delta show that residence times in the southern 
Delta are highly variable, depending on Delta inflow, CVP/SWP exports, and particle release 
location (Kimmerer and Nobriga, 2008). Very high inflow leads to short residence time. The 
longest residence times occur in the San Joaquin River near Stockton under conditions of low 
Delta inflow and low CVP/SWP export rates.  

Salinity variation can have a major effect on the benthos, which occupy relatively “fixed” 
geographical positions along the gradient of the estuary. While the distributions of the benthos 
can undergo seasonal and annual shifts, benthic organisms cannot adjust their locations as 
quickly as the more mobile pelagic community. Analyses of long-term benthic data for four 
regions of the upper San Francisco estuary indicate that two major factors control community 
composition: exotic species invasions, and salinity (Peterson et al. in prep). Specifically, the 
invasion of the overbite clam Corbula amurensis in the late 1980s resulted in a fundamental shift 
in the benthic community; however; the center of distribution of C. amurensis and other benthic 
species varies with flow and the resulting salinity regime. So at any particular location in the 
estuary, the benthic community can change substantially from year to year as a result of 
environmental variation and species invasions (Figure 7-10). These changes in the benthic 
assemblage can have major effects on food availability to pelagic organisms, including delta 
smelt.  
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Climate Change 
There are several reasons we expect future climate change might have negative long-term 
influences on pelagic habitat suitability for the POD fishes, including delta smelt. First, there has 
been a trend toward more Sierra Nevada precipitation falling as rain earlier in the year (Roos 
1987, 1991; Knowles and Cayan 2002, 2004). This increases the likelihood of winter floods and 
may have other effects on the hydrographs of Central Valley rivers and Delta salinity. Altered 
hydrographs interfere with pelagic fish reproduction, which is usually tied to historical runoff 
patterns (Moyle 2002). Second, sea level is rising (IPPC 2001). Sea level rise will increase 
salinity intrusion farther upstream into the Delta unless sufficient freshwater resources are 
available to repel the seawater. This will shift fish distributions upstream and possibly further 
reduce habitat area for some species. Third, climate change models project warmer temperatures 
in central California (Dettinger 2005). As stated above, water temperatures may have a strong 
influence on POD fish distributions, and there have been long-term regional increases in 
temperature (Jassby 2008). Summer water temperatures throughout the upper estuary are fairly 
high for delta smelt. Mean July water temperatures in the upper estuary are typically 21-24C 
(Nobriga et al. in press) and the lethal temperature limit for delta smelt is reported to be 25C 
(Swanson et al. 2000), though entrainment of juvenile delta smelt in spring 2007 continued until 
central Delta temperatures approached 28C. Thus, if climate change were to result in summer 
temperatures in the Delta substantially exceeding current levels, the geographical extent of 
suitable habitat for delta smelt during those months could be reduced in some years. 

The potential effects of several projected climate change scenarios presented in Appendix R are 
discussed in Chapter 13.  The scenarios are based on a common assumption that sea level will 
rise by about 1 foot by 2030 and that tidal range will increase by 10% over the same period.  The 
scenarios include extremes of two variables, temperature and precipitation, such that the four 
scenarios describe a rectangle in temperature-precipitation space that contains most of the 
climate change projections reviewed in the Appendix. 
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Figure 7-10  Changes in abundance of bivalves in Grizzly Bay from 1981 to 2005 (IEP 2005; 
Peterson et al. In prep). 
NOTE:  Salinity is highest during dry years, lowest during wet years and intermediate during 
moderate years. Water year classifications are explained in detail at: http://cdec.water.ca.gov/cgi-
progs/iodir/WSI. 

Top-Down Effects 
The two most prominent top-down influences on delta smelt and other pelagic fishes are 
entrainment into various water diversions and predation by piscivorous fishes. Major water 
diversions in the delta include the SWP and CVP export facilities, power plants, and agricultural 
diversions. The CVP and SWP water export operations include upstream reservoirs, the DCC, 
the SMSCG, the North Bay Aqueduct facilities (NBA), the Contra Costa Canal facilities (CCC), 
CCF, the Banks Pumping Plant/Skinner Fish Facilities (hereafter SWP), the South Delta 
Temporary Barriers (SDTB) and the Jones Pumping Plant/Fish Collection Facilities (hereafter 
CVP). The description and operation of these facilities was covered in the “Project Description” 
section of this Biological Assessment and will not be repeated here. 

Water export operations occur primarily at SWP and CVP, with far smaller amounts of water 
diverted at NBA and CCC. Because of their size, and because of evidence implicating water 
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project operations as contributing causes of the POD, the discussion of them below borrows 
heavily from the POD analysis. 

As described in Chapter 2, the NBA diversions have fish screens designed to FWS criteria for 
delta smelt protection. In addition, a delta smelt monitoring program occurs each spring in the 
sloughs near NBA. Until 2005, larval delta smelt sampling was conducted in the vicinity of the 
NBA. It was discontinued with the consent of FWS because of very low larval smelt occurrence. 
Because the FWS deems these NBA measures to be adequately protective of delta smelt, the 
NBA will not be considered further. 

Water is also temporarily diverted by two power plants located in the western Delta at Antioch 
and Pittsburgh. Nonconsumptive water use may reach 3200 cfs during full operation of both 
plants, which might be enough to create a substantial entrainment risk for fishes residing in the 
vicinity (Matica and Sommer, in prep.). Studies in the late 1970s indicated that losses of pelagic 
fishes during such operations can be very high. In recent years these plants have not been 
operated frequently, and several generating units are now retired. Use of the plants appears to be 
restricted to supplying power only during periods of extreme demand. They are discussed in 
more detail below.  

Entrainment 

Because large volumes of water are drawn from the estuary, water exports and inadvertent fish 
entrainment at the SWP and CVP export facilities are among the best-studied top-down effects in 
the San Francisco Estuary (Sommer et al. 2007). The export facilities are known to entrain most 
species of fish inhabiting the delta (Brown et al. 1996), and are of particular concern in dry years, 
when the distributions of young striped bass, delta smelt, and longfin smelt shift upstream, closer 
to the diversions (Stevens et al. 1985; Sommer et al. 1997). As an indication of the magnitude of 
the effects, approximately 110 million fish were salvaged at the SWP screens and returned to the 
Delta over a 15-year period (Brown et al. 1996). However, this number greatly underestimates 
the actual number of fish entrained. It does not include losses at the CVP. Even for the SWP 
alone, it does not account for mortality of fish in CCF and the waterways leading to the diversion 
facilities, larvae less than 20 mm FL not efficiently collected by the fish screens, and losses of 
fish larger than 20 mm FL that because of other inefficiencies are not guided into the salvage 
tanks by the louver system.  

One piece of evidence that export diversions played a role in the POD is the substantial increases 
in winter CVP and SWP salvage that occurred contemporaneously with recent declines in delta 
smelt and other POD species (Grimaldo et al. in review). Increased winter entrainment of delta 
smelt, longfin smelt and threadfin shad represents a loss of pre-spawning adults and all their 
potential progeny (Sommer et al. 2007). Note that winter salvage levels subsequently decreased 
to very low levels for all POD species during the winters of 2005-2006 and 2006-2007, possibly 
due to the very low numbers of fish that appear to remain in the estuary.  

In trying to evaluate the mechanism(s) for increased winter-time salvage, POD studies by USGS 
made three key observations (IEP 2005). First, there was an increase in exports during winter as 
compared to previous years, mostly attributable to the SWP (Figure 7-11). Second, the 
proportion of tributary inflows shifted. Specifically, San Joaquin River inflow decreased as a 
fraction of total inflow around 2000, while Sacramento River increased (Figure 7-12). Finally, 
there was an increase in the duration of the operation of barriers placed into south Delta channels 
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during some months. These changes may have contributed to a shift in Delta hydrodynamics that 
increased fish entrainment.  

These observations led to a hypothesis that the hydrodynamic change could be indexed using net 
flows through Old and Middle rivers, which integrate changes in inflow, exports, and barrier 
operations (Arthur et al. 1996; Monsen et al. 2007). Net or residual flow refers to the calculated 
flow when the effects of the tide are mathematically removed. An initial analysis revealed that 
there was a significant inverse relationship between net Old and Middle rivers flow and winter 
salvage of delta smelt at the SWP and CVP (P. Smith, unpublished). These analyses were 
subsequently updated and extended to other pelagic fishes (Figure 7-13, L. Grimaldo, in review). 
The general pattern is that POD species salvage is low when Old and Middle river flows are 
positive.  

The hydrologic and statistical analyses suggest a reasonable mechanism by which winter 
entrainment increased during the POD years; however, the direct population-level effects of 
increased entrainment are less clear. As part of the POD investigation, Manly and Chotkowki 
(IEP 2005; Manly and Chotkowski 2006) used log-linear modeling to evaluate environmental 
factors that may have affected long-term trends in the Fall Midwater Trawl abundance index of 
delta smelt. They found that monthly or semi-monthly measures of exports or Old and Middle 
rivers flow had a statistically significant effect on delta smelt abundance; however, individually 
they explained a small portion (no more than a few percent) of the variability in the fall 
abundance index of delta smelt across the entire survey area and time period. Hence, there are 
other factors that dominate the relationship between exports and delta smelt fall abundance in 
these analyses. Several of these other factors, including habitat, food web characteristics, and 
toxic chemical effects are discussed elsewhere in this chapter.  Among them, habitat alone is 
clearly affected by water project operations.  Consequently, X2 is examined as an index of 
habitat location and quality in the delta smelt effects portion of Chapter 13.  Similarly, Kimmerer 
et al. (2001) estimated that entrainment losses of young striped bass were sometimes very high 
(up to 99 percent), but they did not find evidence that entrainment losses were a major driver of 
long-term striped bass population dynamics.  Kimmerer (2008) addressed delta smelt 
entrainment by means of particle tracking, and estimated historical entrainment rates for larvae 
and juvenile delta smelt to be as high as 40%; however, he concluded that larger effects 
occurring later in the year had more leverage over FMWT delta smelt numbers. 
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Figure 7-11  Deviations from average exports (cubic feet per second) in January, February, and 
March exports from 1984 to 2004 (IEP 2005; Simi et al., U.S. Geological Survey, unpublished data). 
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Figure 7-12  Proportion of Delta inflow coming from the San Joaquin River and the Sacramento 
River, including Yolo Bypass from 1984 to 2004 (IEP 2005; Simi et al., U.S. Geological Survey, 
unpublished data). 

 

These results do not mean, however, that direct export effects can be dismissed as a contributing 
cause of the POD. There are two aspects of entrainment that explicitly were not addressed by 
Manly and Chotkowski (2006) and are not well understood: (1) the possibility that selective 
entrainment among a heterogeneous population of prespawning adults could produce 
consequences that do not become manifest until the following year (discussed in the next 
paragraph), and (2) larval entrainment. Very little is known about historical larval entrainment 
because larvae are not sampled effectively at the fish screening facilities. To address this 
shortcoming, Kimmerer and Nobriga (in press) coupled a particle tracking modeling with survey 
results to estimate larval entrainment. Kimmerer (in press) used data from several Interagency 
Ecological Program (IEP) monitoring programs to estimate entrainment of delta smelt. These 
approaches suggest that larval delta smelt entrainment losses could exceed 50 percent of the 
population under some low flow and high export conditions depending on spawning distribution. 
Although not necessarily a realistic operational scenario, the effect of larval entrainment could be 
significant. Because there are few reliable larval entrainment data, it is not possible to directly 
address the question of how important these losses were historically.  
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It has been proposed that losses of larger females and their larvae may have a disproportionate 
effect on the delta smelt population (B. Bennett, unpublished data). Bennett (unpublished data) 
proposes that larger females spawn earlier in the season and produce more eggs, which are of 
better quality, and survivability, as has been noted for Atlantic cod and other commercially 
harvested species (Marteinsdottir and Steinarsson 1998; Swain et al. 2007). As a consequence, 
winter and early spring exports, which have continually increased as described above (Figure 
7-14), could have an important effect on reproductive success of early spawning female delta 
smelt. Bennett hypothesizes that the observed reduction in the mean size of adult delta smelt in 
the early 1990s (Sweetnam 1999) is a result of selective losses of earlier spawning adults and 
their larvae, thereby selecting for later spawned offspring (that have less time to reach maturity). 
Under this hypothesis, the most important result of the loss of early spawning females would 
manifest itself in the year following the loss, and would therefore not necessarily be detected by 
analyses relating fall abundance indices to same-year (or same-water year) predictors. This 
hypothesis is presently being evaluated by Bennett’s laboratory using otolith methods.  
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Figure 7-13  Relationship of mean combined salvage of delta smelt, longfin smelt, and striped 
bass at the State Water Project (SWP) and Central Valley Project (CVP) to combined Old and 
Middle rivers (OMR) flow (cubic feet per second).  
NOTE:  Open symbols denote pre-POD years (1993-1999) and filled symbols represent post-POD 
years (2000-2005) (Grimaldo et al. In prep). 
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Figure 7-14  Delta outflow (m3/s) averaged over water years (top) and export flow (m3/s) averaged 
over seasons (bottom).  
NOTE: Water years begin on 1 October of the previous calendar year. Seasons are in 3-month 
increments starting in October. Export flows are the sum of diversions to the Federal Central 
Valley Project and State Water Project pumping plants. The outflow and export data are from DWR 
(http://iep.water.ca.gov/dayflow) (from Sommer et al. 2007). 

 

The CVP and SWP export operations are most likely to impact adult delta smelt during their 
upstream spawning migration between December and April. A significant negative correlation 
between November-February delta smelt salvage and the residuals from a FMWT index at year 
one vs. FMWT index at year two stock-recruit relationship is evidence for an influence of adult 
entrainment on delta smelt population dynamics (Brown and Kimmerer 2001). Delta smelt 
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spawn over a wide area (much of the delta and some areas downstream). In some years a fairly 
large proportion of the population seems to spawn in or be rapidly transported to the central and 
southern delta. Presumably, entrainment vulnerability is higher during those years. 
Unfortunately, it is not currently known what cues decisions about where to spawn. 

The CVP and SWP water operations are not thought to have any impact on delta smelt eggs 
because they remain attached to substrates. Shortly after hatching, larvae are vulnerable to 
entrainment at all points of diversion, but, as mentioned earlier, are not counted in SWP or CVP 
fish salvage operations. Juvenile delta smelt also are vulnerable to entrainment and are counted 
in salvage operations once they reach 20-25 mm in length. Most juvenile salvage occurs from 
April-July with a peak in May-June (Nobriga et al. 2001).  

Salvage of delta smelt population has historically been greatest in drier years when a high 
proportion of YOY rear in the delta (Moyle et al. 1992; Reclamation and DWR 1994; Sommer et 
al. 1997; and Figure 7-6). In recent years however, salvage also has been high in moderately wet 
conditions (Nobriga et al. 2000; 2001; Grimaldo et al., in prep.; springs of 1996, 1999, and 2000) 
even though a large fraction of the population was downstream of the Sacramento-San Joaquin 
River confluence. Nobriga et al. (2000; 2001) attributed recent high wet year salvage to a change 
in operations for the VAMP that began in 1996. The VAMP provides a San Joaquin River pulse 
flow from mid-April to mid-May each year that probably improves rearing conditions for delta 
smelt larvae and also slows the entrainment of fish rearing in the delta. The high salvage events 
may have resulted from smelt that historically would have been entrained as larvae and therefore 
not counted at the fish salvage facilities growing to a salvageable size before being entrained. 
However, a more recent analysis summarized in Figure 7-6 provides an alternative explanation. 
delta smelt salvage in 1996, 1999, and 2000 was not outside of the expected historical range 
when three factors are taken into account, (1) delta smelt distribution as indexed by X2 position, 
(2) delta smelt abundance as indexed by the TNS, and (3) the amount of water exported. 
Therefore, it is uncertain that operations changes for VAMP have influenced delta smelt salvage 
dynamics as strongly as suggested by Nobriga et al. (2000). Nonetheless, it is likely that actual 
entrainment has decreased since the initiation of the VAMP because of the improved transport 
flows it provides. In addition, “assets” from CALFED’s Environmental Water Account (EWA) 
are often used during this time of year to further reduce delta smelt entrainment. Although the 
population level benefits of these actions are unknown, they appear to have been successful at 
keeping delta smelt salvage under the limits set by FWS (1993) (Brown and Kimmerer 2002). 

Another possible effect on delta smelt entrainment is the South Delta Temporary Barriers 
(SDTB). The SDTB are put in place during spring and removed again each fall (see Chapter 2 - 
“Project Description” of this Biological Assessment for more detail). Computer simulations have 
shown that placement of the barriers changes south delta hydrodynamics, increasing central delta 
flows toward the export facilities (DWR 2000). When delta smelt occur in areas influenced by 
the barriers, entrainment losses might increase.  

Predation Effects 
Predator-prey dynamics in the San Francisco Estuary are poorly understood, but are currently 
receiving considerable research attention by the IEP as part of the POD investigation. Studies 
during the early 1960s found delta smelt were an occasional prey fish for striped bass, black 
crappie and white catfish (Turner and Kelley 1966). This, coupled with the substantial decline in 
striped bass abundance has been taken as evidence that delta smelt are not very vulnerable to 
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predation (Sweetnam and Stevens 1993). In recent years, it has become clear that the prey 
choices of piscivorous fishes switch as the relative abundances of species in the prey field 
change (Buckel et al. 1999). Even in the 1960s, delta smelt was rare relative to the dominant prey 
fishes of striped bass (age-zero striped bass and threadfin shad) (Turner and Kelley 1966). 
Therefore, there should have been no expectation that delta smelt would be commonly found in 
stomach contents samples. Because delta smelt are still rare relative to currently common prey 
fishes, the same holds true today (Nobriga et al. 2003). Because of the limitations of using 
stomach samples, IEP researchers are attempting to model potential impacts of striped bass on 
delta smelt using bioenergetics and individual-based approaches. 

Bennett and Moyle (1996) proposed that inland silverside may be impacting delta smelt through 
predation (on delta smelt eggs and/or larvae) and competition (for copepod prey). This 
hypothesis is supported by recent statistical analyses showing negative correlations between 
inland silverside abundance and delta smelt TNS indices, and two indices of egg and/or larval 
survival (Brown and Kimmerer 2001). The hypothesis also is consistent with the analysis by 
Kimmerer (2002) showing a change in the sign of the delta smelt X2-TNS relationship 
(described above) because inland silversides began to increase in abundance about the same time 
the relationship changed sign (Brown and Kimmerer 2001). It should be noted however that 
since the early 1980s, there also have been increases in other potential larval fish predators such 
as coded wire tagged Chinook salmon smolts released in the Delta for survival experiments 
(Brandes and McLain 2001) and centrarchid fishes (Nobriga and Chotkowski 2000). In addition, 
striped bass appear to have switched to piscivorous feeding habits at smaller sizes than they 
historically did following severe declines in the abundance of mysid shrimp (Feyrer et al. in 
press). We suspect that CWT salmon and centrarchid abundance, as well as the striped bass diet 
switch have covaried with the increase in inland silverside abundance and the declines in 
phytoplankton and zooplankton abundance mentioned above.  

One hypothesis arising from the POD investigation holds that predation effects on delta smelt 
and other POD species have increased in all water year types as a result of increased populations 
of pelagic and inshore piscivores. In the pelagic habitat, age-1 and age-2 striped bass appear to 
have declined more slowly than age-0 striped bass (compare Figure 7-6 with Figure 7-15 and 
DFG unpublished data). Adult striped bass abundance increased in the latter 1990s (Figure 7-16) 
so high striped bass predation pressure on smaller pelagic fishes in recent years is probable. 
Further, largemouth bass abundance has increased in the Delta over the past few decades (Brown 
and Michniuk 2007). While largemouth bass are not pelagic, their presence at the boundary 
between the littoral and pelagic zones makes it probable that they do opportunistically consume 
pelagic fishes. Analyses of fish salvage data show this increase occurred somewhat abruptly in 
the early 1990s and has been sustained since (Figure 7-17). The increase in salvage of 
largemouth bass occurred during the time period when E. densa, an introduced aquatic 
macrophyte was expanding its range in the Delta (Brown and Michniuk 2007). The habitat 
provided by beds of E. densa provide good habitat for largemouth bass and other species of 
centrarchids. Thus, the increased abundance of this introduced predator was likely caused by an 
increase in an introduced plant, which provided favorable habitat. The areal coverage of E. densa 
in the Delta continued to expand by more than 10 percent per year from 2004 to 2006, by 
infesting a greater portion of channels and invasion of new habitat (E. Hestir et al., U.C. Davis, 
unpublished data). This suggests that populations of largemouth bass and other species using 
submerged aquatic vegetation will continue to increase. Although none of the IEP surveys 
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adequately tracks largemouth bass population trends, the Delta has become the top sport fishing 
destination in North American for largemouth bass, which illustrates the recent success of this 
species. Each year, lucrative fishing tournaments are held in the Delta to take advantage of the 
large number of trophy-sized bass in the region. Largemouth bass have a much more limited 
distribution in the estuary than striped bass, but a higher per capita impact on small fishes 
(Nobriga and Feyrer 2007). Increases in largemouth bass may have had a particularly important 
effect on threadfin shad and striped bass, whose earlier life stages occur in littoral habitat 
(Grimaldo et al. 2004; Nobriga and Feyrer 2007).  

A change in predation pressure may, in part, be an effect of interactions between biotic and 
abiotic conditions. Natural, co-evolved piscivore-prey systems typically have an abiotic 
production phase and a biotic reduction phase each year (e.g., Rodriguez and Lewis 1994). 
Changing the magnitudes and durations of these cycles greatly alters their outcomes (e.g., Meffe 
1984). Generally, the relative stability of the physical environment affects the length of time each 
phase dominates and thus, the importance of each. Biotic interactions like predation will have 
stronger community-structuring influence in physically stable systems (e.g., lakes). Historically 
in the estuary, the period of winter-spring high flow was the abiotic production phase, when most 
species reproduced. The biotic reduction phase probably encompassed the low-flow periods in 
summer-fall. Multi-year wet cycles probably increased (and still do) the overall ‘abiotic-ness’ of 
the estuary, allowing populations to increase. Drought cycles likely increased the estuary’s 
‘biotic-ness’ (e.g., Livingston et al. 1997), with low reproductive output and increased effect of 
predation on population abundance. Our managed system has reduced flow variation much of the 
time and in some locations more than others. This has probably affected the magnitudes and 
durations of abiotic and biotic phases (e.g., Nobriga et al. 2005). In other words, reduced flow 
variability in the estuary may have exacerbated predation effects. However, there is no clear 
evidence that such changes have been abrupt enough to account for the POD.  

Agricultural Diversions 
There are 2,209 agricultural diversions in the Delta and an additional 366 diversions in Suisun 
Marsh used for enhancement of waterfowl habitat (Herren and Kawasaki 2001). The vast 
majority of these diversions do not have fish screens to protect fish from entrainment. It has been 
recognized for many years that delta smelt are entrained in these diversions (Hallock and Van 
Woert 1959; Pickard et al. 1982). In the early 1980s delta smelt were the most abundant fish 
entrained in the Roaring River diversion in Suisun Marsh (Pickard et al. 1982), so it is possible 
the waterfowl diversions are detrimental. However, delta smelt may not be especially vulnerable 
to Delta agricultural diversions for several reasons. First, adult delta smelt move into the Delta to 
spawn during winter-early spring when agricultural diversion operations are at a minimum. 
Second, larval delta smelt occur transiently in most of the Delta. Third, Nobriga et al. (2002; in 
press) examined delta smelt entrainment at an agricultural diversion in Horseshoe Bend during 
July 2000 and 2001, when much of the YOY population was rearing within one tidal excursion 
of the diversion. Delta smelt entrainment was low compared to density estimates from the DFG 
20 mm Delta Smelt Survey. Low entrainment was attributed to (1) offshore distribution of delta 
smelt, and (2) the extremely small hydrodynamic influence of the diversion relative to the 
channel it was in. Because Delta agricultural diversions are typically close to shore and probably 
take small amounts of water relative to what is in the channels they draw water from, delta smelt 
vulnerability may be low despite their modest swimming ability and their poor performance near 
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simulated fish screens in laboratory settings (Swanson et al. 1998; 2002). It should be noted 
however that DWR screened five agricultural diversions around Sherman Island, an area 
consistently used by delta smelt of all life stages. 

Antioch and Pittsburgh Power Plants 
Mirant, an independent power company, operates two power generation facilities within the 
range of delta smelt: Contra Costa Power Plant and Pittsburg Power Plant. Contra Costa Power 
Plant is about six miles east of the confluence of the Sacramento and San Joaquin rivers. 
Pittsburg Power Plant is on the south shore of Suisun Bay, in the town of Pittsburg. Each power 
plant has seven generating units that rely on diverted water for condenser cooling. Cooling water 
is diverted at a rate as high as about 1,500 cfs for the Contra Costa plant and 1,600 cfs for the 
Pittsburg plant, forming a thermal plume as it is discharged back into the estuary. Pumping rates 
are often significantly lower under normal operation. Potential impacts of the power plants fall 
into two categories - direct and indirect. Previous data on direct and indirect impacts of the 
power plants were summarized by Reclamation and DWR (1994). However, robust data analyses 
of population level effects of power plant operation on delta smelt and other fishes have not been 
performed. Briefly, the direct impact of the power plants comes from the removal of fish during 
diversion operations. Indirect effects stem from water temperature increases when the cooling 
water is returned to the estuary. Intakes at all units at both power plants employ a screening 
system to remove debris, but the screens allow entrainment of fish smaller than about 38 mm and 
impingement of larger fish. 

In recent years, the plants have been operated only on a standby basis when regional power 
consumption is not high. However, although they may not be routinely operated, the plants are 
most likely to be called into use during the summer, at a time when delta smelt are potentially 
close to the intake and discharge points, and thus vulnerable to entrainment and other adverse 
effects.  
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Figure 7-15  Abundance of age-1 and age-2+ striped bass in midwater trawls in A) San Francisco 
Bay based on the California Department of Fish and Game Bay study (Bay Study) and B) in the 
Delta from the Fall Midwater Trawl. 
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Figure 7-16  Peterson population estimates of the abundance of adult (3+) striped bass < 460 mm 
total length from 1969 to 2004.   
NOTE:  Error bars represent 95% confidence intervals (DFG, unpublished data). Confidence 
intervals are not shown previous to 1987. Striped bass were only tagged during even years from 
1994 to 2002, so no estimates are available for odd years during that period. 
 

 
Figure 7-17  Annual salvage density (fish per acre foot) of largemouth bass at the CVP and SWP 
combined from 1979 to 2005 (DFG, unpublished data). 
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Bottom-Up Effects 
The quality and availability of food may have important effects on the abundance and 
distribution of delta smelt. Historical food quality and availability have varied substantially, 
largely because of the history of exotic species introduction into the Estuary. In this section 
information developed by the IEP and others on the delta smelt and its trophic support is 
presented. Because a large part of this discussion has evolved only in the last few years as a 
result of the POD investigation, this account borrows heavily from the POD work (Baxter et al. 
2008). 

Interconnected Recent Changes in Plankton and Benthos 

Estuaries are commonly characterized as highly-productive nursery areas for a suite of 
organisms. Nixon (1988) noted that there actually is a broad continuum of primary productivity 
levels in different estuaries, which in turn affects fish production and abundance. Compared to 
other estuaries, pelagic primary productivity in the upper San Francisco estuary is poor and a low 
fish yield is expected (Figure 7-18). Moreover, there has been a significant long-term decline in 
phytoplankton biomass (chlorophyll a) and primary productivity to very low levels in the Suisun 
Bay region and the lower Delta (Jassby et al 2002). Hence, low and declining primary 
productivity in the estuary is likely a principal cause for the long-term pattern of relatively low 
and declining biomass of pelagic fishes.  

A major reason for the long-term phytoplankton reduction in the upper estuary is filter-feeding 
by the overbite clam (Corbula amurensis), which became abundant by the late 1980s (Kimmerer 
2002). The overbite clam was first reported from San Francisco Estuary in 1986 and it was well 
established by 1987 (Carlton et al. 1990). Prior to the overbite clam invasion, there were periods 
of relatively low clam biomass in the upper estuary because the Asiatic freshwater clam 
(Corbicula fluminea) colonized Suisun Bay during high flow periods and the native marine clam 
Mya arenaria (also known as Macoma balthica) colonized Suisun Bay during prolonged (> 14 
month) low flow periods (Nichols et al. 1990). Thus, there were periods of relatively low clam 
grazing rates while one species was dying back and the other was colonizing. The overbite clam 
invasion changed this formerly dynamic clam assemblage because the overbite clam, which is 
tolerant of a wide range of salinity, is now always the dominant clam species in the brackish 
water regions of the estuary and its grazing influence extends into the Delta (Kimmerer and Orsi 
1996; Jassby et al. 2002) beyond the clam’s typical range, presumably due to tidal dispersion of 
phytoplankton-depleted water.  

According to recent research, shifts in nutrient concentrations may also contribute to the 
phytoplankton reduction as well as to changes in algal species composition in the San Francisco 
Estuary. While phytoplankton production in the San Francisco Estuary is generally considered 
light limited and nutrient concentrations exceed production limiting levels, nutrients may affect 
production during times when light conditions are more favorable and also affect species 
composition. Dugdale et al (2007) and Wilkerson et al (2006) found that high ammonium 
concentrations prevented the formation of diatom blooms but stimulated flagellate blooms in the 
Delta and lower estuary. Ammonium concentrations in the Delta and Suisun Bay have 
significantly increased over the last few decades due to increased loading from sewage treatment 
plants (Jassby, in press, Mueller-Solger, in prep.). Van Nieuwenhuyse (2007), on the other hand, 
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found that a rapid reduction in wastewater total phosphorus loads in the mid-1990s coincided 
with a similarly rapid drop in phytoplankton biomass at three stations in the Delta.  

 

 
 

Figure 7-18  Mean value and range in primary production in Suisun Bay and the Delta in the 1970s 
and 1990s plotted on the relationship of fishery yield to primary production from other estuaries 
around the world (modified from Nixon 1988, using data provided by Alan Jassby, U.C. Davis and 
James Cloern, U.S. Geological Survey). 
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Starting in the late 1980s, a series of major changes was observed in the estuarine food web that 
negatively influenced pelagic fish (including delta smelt) production. Major step-declines were 
observed in the abundance of phytoplankton (Alpine and Cloern 1992) and the copepod 
Eurytemora affinis due to grazing by the clam (Kimmerer et al. 1994). Northern anchovy 
abandoned the estuary’s low salinity zone coincident with the overbite clam invasion, 
presumably because the sharp decline in planktonic food items made occupation of low-salinity 
waters unprofitable for this marine fish (Kimmerer 2006). There was also a major step-decline in 
mysid shrimp in 1987-1988, presumably due to competition with the clam for phytoplankton 
(Orsi and Mecum 1996). The mysid shrimp had been an extremely important food item for larger 
fishes like longfin smelt and juvenile striped bass; its decline resulted in substantial changes in 
the diet composition of these and other fishes (Feyrer et al. 2003). As described above, the 
population responses of longfin smelt and juvenile striped bass to winter-spring outflows 
changed after the overbite clam invasion. Longfin smelt relative abundance was lower per unit 
outflow post-clam (Kimmerer 2002b). Young striped bass relative abundance stopped 
responding to outflow altogether (Sommer et al. 2007). One hypothesis to explain these changes 
in fish population dynamics is that lower prey abundance reduced the system carrying capacity 
(Kimmerer et al. 2000; Sommer et al. 2007).  

Several recent studies have shown that pelagic consumer production is limited by low 
phytoplankton productivity in the San Francisco Estuary (Sobczak et al. 2002, 2004; Mueller- 
Solger et al. 2002). However, in contrast to the substantial long-term declines in phytoplankton 
biomass and productivity (Jassby et al. 2002), phytoplankton trends for the most recent decade 
(1996-2005) are actually positive in the Delta and neutral in Suisun Bay (Jassby, in press). While 
this does not support the hypothesis that changes in phytoplankton quantity are responsible for 
the recent declines of delta smelt and other pelagic fishes, phytoplankton may nevertheless play a 
role via changes in species composition, as will be discussed in the food quality section below.  

A notable finding for the POD is that Pseudodiaptomus forbesi, a calanoid copepod that has 
replaced Eurytemora affinis as the most common delta smelt prey during summer, continued to 
decline in the Suisun Marsh and confluence regions from 1995 to 2004, while its numbers 
increased in the southern Delta (Figure 7-19; Kimmerer et al. in prep., Mueller-Solger et al. in 
prep.). Although substantial uncertainties about mechanisms remain, this trend may be related to 
increasing recruitment failure and mortality in Suisun Bay and the western Delta due to 
competition and predation by the overbite clam, contaminant exposures, and entrainment of 
source populations in the Delta (Durand et al. in prep., Mueller-Solger et al. 2006). For example, 
overbite clam abundance and distribution in the Suisun Bay and the western Delta during 2001-
2004 was greater than during the 1995-1999 wet period, but similar to abundance indices and 
distribution patterns during the 1987-1992 drought (IEP 2005, Peterson et al. in prep.). Further, 
in the two most recent years (2005 and especially 2006), P. forbesi has started to rebound 
substantially in the western Delta (Figure 7-20, Mueller-Solger et al. in prep., Jassby et al. in 
prep.).  
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Figure 7-19  Changes in abundance of Pseudodiaptomus forbesi and other copepods at the 
confluence of the Sacramento and San Joaquin rivers (D10), Suisun Marsh (S42), and the 
southern Delta (P8) during three decades from 1975-2004.  
NOTE:  Arrows indicate the direction of statistically significant trends within decades. E: 
Eurytemora affinis; S: Sinocalanus doerri; P: Pseudodiaptomus forbesi; A: Acartiella sinensis; L: 
Limnoithona sp. Site codes correspond to designations used in the California Department of Fish 
and Game zooplankton survey. 

 

There is also interest in a more recent invader, the cyclopoid copepod Limnoithona tetraspina, 
which significantly increased in the Suisun Bay region beginning in the mid-1990s. It is now the 
most abundant copepod species in the low-salinity zone (Bouley and Kimmerer 2006). It has 
been hypothesized that L. tetraspina is an inferior food for pelagic fishes including delta smelt 
because of its small size, generally sedentary behavior, and ability to detect and avoid predators 
(Bouley and Kimmerer 2006). Experimental studies addressing this issue are ongoing (Sullivan 
et al., unpublished). Acartiella sinensis, a calanoid copepod species that invaded at the same time 
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as L. tetraspina, also reached considerable densities in Suisun Bay and the western Delta over the 
last decade. Its suitability as food for pelagic fish species remains unclear, but is also being 
investigated (Sullivan et al., unpublished).  

Preliminary information from studies on pelagic fish growth, condition and histology provide 
additional evidence for food limitation in pelagic fishes in the estuary (IEP 2005). In 1999 and 
2004, residual delta smelt growth was low from the Sacramento-San Joaquin confluence through 
Suisun Bay relative to other parts of the system. Delta smelt collected in 2005 from the 
Sacramento-San Joaquin confluence and Suisun Bay also had high incidence of liver glycogen 
depletion, a possible indicator of food limitation. Similarly, during 2003 and 2004 striped bass 
condition factor decreased in a seaward direction from the Delta through Suisun Bay.  

Thus far, there is little evidence that the unusually poor growth rates, health, and condition of 
fishes from Suisun Bay and western Delta are due directly to the effects of toxic contaminants or 
other adverse chemical or physical habitat conditions. Therefore, our working hypothesis is that 
the poor fish growth and condition in the upper estuary are due to food limitation. Note, however 
that contaminant episodes may be contributing to poor phytoplankton growth (Dugdale et al. 
2007) and invertebrate mortality (Werner unpublished data), which could exacerbate food 
limitation. If fishes are food limited in Suisun Bay and west Delta during larval and/or juvenile 
development, then we would expect greater cumulative predation mortality, higher disease 
incidence, and consequently low abundance indices at later times.  

 

 
Figure 7-20  Biomass of copepods in summer delta smelt habitat as defined by salinity and 
turbidity. 

 

Fish Co-Occurrence with Food 

The above patterns in fish food have generally been described at rather broad scales. Recently, 
interest has focused on determining patterns of co-occurrence of fish predators, particularly delta 
smelt, and their zooplankton prey. The assumption is that predators should co-occur with their 
prey. This idea was first explored by Nobriga (2002) who showed that delta smelt larvae with 
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food in their guts typically co-occurred with higher calanoid copepod densities than larvae with 
empty guts. Recently, Kimmerer (in press), Miller and Mongan (unpublished data), and Mueller-
Solger (unpublished data) used similar approaches to look at potential co-occurrence of delta 
smelt and their prey and its effects on survival. Kimmerer (in press) showed that there was a 
positive relationship between delta smelt survival from summer to fall and zooplankton biomass 
in the low-salinity region of the estuary (Figure 7-21). Miller and Mongan (unpublished data) 
have concluded that April and July co-occurrence is a strong predictor of juvenile delta smelt 
survival. Mueller-Solger (unpublished data) defined delta smelt habitat based on the 
environmental quality results of Nobriga et al. (in press) and prey spectrum more broadly (as all 
copepods) compared to Miller and Mongan (unpublished data) and found no long-term decline in 
the total biomass of copepods potentially available for consumption by delta smelt in 
midsummer, although species composition has changed considerably (Figure 7-20).  

 

 
 
Figure 7-21  Summer to fall survival index of delta smelt in relation to zooplankton biomass in the 
low salinity zone (0.15 – 2.09 psu) of the estuary.   
NOTE:  The survival index is the log ratio of the Fall Midwater Trawl index to the Summer Townet 
Survey index. The line is the geometric mean regression for log(10) -transformed data, y = 2.48x – 
0.36. The correlation coefficient for the log-transformed data is 0.58 with a 95% confidence interval 
of (0.26, 0.78) (Kimmerer, in press). 
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There are two shortcomings of co-occurrence analyses like those described above. First, it is 
difficult to characterize fish prey suitability. For instance, E. affinis and P. forbesi are generally 
believed to be “preferred” prey items for delta smelt (Nobriga 2002; Miller and Mongan 
unpublished). However, diet data show that delta smelt will actually feed on a wide variety of 
prey (Lott 1998; S. SlaterDFG, unpublished;Figure 7-22). Thus, the question of prey co-
occurrence involves questions of prey catchability (e.g., Meng and Orsi 1991) and profitability 
(energy per item consumed and nutritional quality of individual prey items). For example, L. 
tetraspina has a large biomass in the system but individual L. tetraspina are smaller and possibly 
more evasive than the larger calanoid copepods. The energy needed by an individual delta smelt 
to harvest a similar biomass of L. tetraspina compared to the energy needed to harvest a larger 
species could be very different, as suggested by optimal foraging theory (e.g., Stephens and 
Krebs 1986). Another major limitation of co-occurrence analyses is that IEP sampling programs 
sample fish and zooplankton at larger spatial and temporal scales than those at which predator-
prey interactions occur. Both fish and copepods are likely to be patchy and the long tows 
required to collect sufficient numbers of organisms for counting would homogenize such patch 
structure. Moreover, it is unlikely that the (monthly or even twice monthly) “snapshot” of fish 
and prey co-occurrence in specific locations or even small regions provided by the IEP surveys is 
representative of feeding conditions actually experienced by fish on an hourly or daily basis.  

 

 
 
Figure 7-22  Prey volume in guts of delta smelt collected during summer 2005 and 2006.   
Note: Sample size appears in parentheses (Steve Slater, California Department of Fish and Game, 
unpublished data). 
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The weight of evidence strongly supports bottom-up food limitation as a factor influencing 
longterm fish trends in the upper estuary. However, the bottom-up hypothesis is unlikely as a 
single mechanism for the recent pelagic organism declines. Specifically, it is unclear why there 
has been a substantial recent decline in some Suisun Bay and western Delta calanoid copepod 
species, but not in phytoplankton chlorophyll a concentration. Also, calanoid copepod densities 
(especially P. forbesi) rebounded substantially in 2006 (Mueller-Solger, unpublished data) while 
the POD fish abundance indices (especially for delta smelt) remained low. Second, recent C. 
amurensis levels are not unprecedented; they are similar to those found during the 1987-92 
drought years, so it is unclear if and why benthic grazing would have a greater effect on the 
Suisun Bay food web during the POD years than during the earlier drought years. Finally, it is 
possible that the hypothesis that the San Francisco Estuary is driven by phytoplankton 
production rather than through detrital pathways (Sobczak et al. 2002, 2004; Mueller-Solger et 
al. 2002) may have been accepted too strictly. Many zooplankton are omnivorous and can 
consume microbes utilizing dissolved and particulate organic carbon. This has recently been 
demonstrated for several zooplankton species in the San Francisco Estuary (Gifford et al. 2007 
and references therein). Thus, shifts in availability of phytoplankton and microbial food 
resources for zooplankton might favor different species. It is possible that a better understanding 
of shifts in phytoplankton and zooplankton community composition and perhaps related changes 
in the microbial food web in the Suisun Bay region could explain these apparent inconsistencies.  

Food Quality 
Studies on food quality have been relatively limited in the San Francisco Estuary, with even less 
information on long-term trends. However, food quality may be another limiting factor for 
pelagic zooplankton and their fish predators, including delta smelt.  

At the base of the pelagic food web, food quality for consumers is determined by the relative 
contributions of different phytoplankton and microbial species and detritus to the overall organic 
particle pool available to primary consumers. For example, diatoms and cryptophytes are thought 
to be of good food quality for zooplankton, while the nutritional value of cyanobacteria such as 
Microcystis aeruginosa can be very low (Brett and Müller-Navarra 1997), particularly for toxic 
varieties (Rohrlack et al. 2005). Lehman (1996, 2000) showed shifts in phytoplankton species 
composition in the San Francisco Estuary from diatom dominated to more flagellate dominated 
communities. Mueller-Solger et al. (2006) found that in recent years, diatoms were most 
abundant in the southern San Joaquin River region of the Delta, and Lehman (2007) found 
greater diatom and green algal contributions upstream and greater flagellate biomass downstream 
along the San Joaquin River. To date, the M. aeruginosa blooms have occurred most intensively 
in the central Delta, thus POD species that utilize the central Delta such as threadfin shad, striped 
bass, and the poorly monitored centrarchid populations (largemouth bass and sunfish) would be 
most likely to suffer any direct adverse effects of these blooms.  

In 2007, the M. aeruginosa bloom year was the worst on record in the Delta (P. Lehman, in 
prep.). The highest cell densities were observed near Antioch, i.e. considerably west of the 
previous center of distribution, and may thus have affected invertebrates and fishes in the 
confluence and Suisun Bay regions of the upper estuary. In general, phytoplankton carbon rather 
than the much more abundant detrital carbon are thought to fuel the food web in the San 
Francisco Estuary (Mueller-Solger et al. 2002; Sobczak et al. 2002, 2004); however, that does 
not mean the detrital pathways are not significant because many zooplankton are omnivorous 
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and capable of utilizing both pathways. For example, Rollwagen- Bollens and Penry (2003) 
observed that while heterotrophic ciliates and flagellates were the dominant prey of Acartia spp. 
in the bays of the San Francisco Estuary, diatoms and autotrophic ciliates and flagellates also 
formed an important part of their diet during phytoplankton blooms. Calanoid copepod and 
cladoceran growth and egg production may often be limited by low levels of phytoplankton 
biomass. This appears to be true even for omnivorous calanoids such as Acartia spp. Kimmerer 
et al (2005) found a significant relationship between Acartia spp. egg production and chlorophyll 
a concentration in the San Francisco Estuary, suggesting that Acartia spp. likely also derived a 
large part of carbon and energy from phytoplankton. Bouley and Kimmerer (2006), on the other 
hand, reported that egg production rates of the cyclopoid copepod L. tetraspina were unrelated to 
chlorophyll a concentrations in the low salinity region of the San Francisco Estuary. L. tetraspina 
digestion rates were highest for ciliates, perhaps suggesting a greater importance of the detrital 
carbon pathway for this species.  

In a study focusing on the nutrition and food quality of the calanoid copepods Eurytemora affinis 
and Pseudodiaptomus forbesi, Mueller-Solger et al (2006) found evidence for “trophic 
upgrading” of essential fatty acids by Eurytemora and Pseudodiaptomus, confirming their 
importance as high-quality food for fish. They also found that E. affinis gained the greatest 
nutritional benefits from varied food sources present in small tidal sloughs in Suisun Marsh. P. 
forbesi, on the other hand, thrived on riverine phytoplankton in the southern Delta, especially 
diatoms. Diatoms are likely also an important food source for other calanoid copepod species. 
The relative decrease in diatom contributions to the phytoplankton community in the central 
Delta and Suisun Bay (Lehman 1996, 2000) is thus a concern and may help explain the declines 
in P. forbesi and other calanoid copepods in these areas.  

Mueller-Solger et al. (2006) concluded that areas rich in high-quality phytoplankton and other 
nutritious food sources such as the southern Delta and small tidal marsh sloughs may be critical 
“source areas” for important fish prey organisms such as P. forbesi and E. affinis. This is 
consistent with results by Durand et al. (unpublished data) who showed that transport from 
upstream was essential for maintaining the Pseudodiaptomus population in Suisun Bay. It is 
possible that the increase in Pseudodiaptomus densities in the western Delta in 2006 could be 
related to greater San Joaquin River flows during this wet year, which may have reduced 
entrainment of Pseudodiaptomus source populations in the Delta.  

As noted in earlier sections, the dichotomy between phytoplankton and detrital/microbial energy 
pathways supporting zooplankton has probably been applied more stringently than is appropriate. 
Both are likely important, with the balance between them in specific areas of the estuary likely 
having affects on the success of particular zooplankton species. Additional research into the 
detrital pathway might be useful in understanding the factors controlling zooplankton 
populations, which are critical food resources for pelagic fishes. 
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Chapter 8  Basic Biology and Life History of 
Green Sturgeon & Factors that May Influence 
Green Sturgeon Distribution and Abundance 
In 2006 the Southern Distinct Population Segment (DPS) of North American green sturgeon 
(green sturgeon) were listed as threatened under provisions of ESA. The Southern DPS includes 
green sturgeon that spawning and living in the Sacramento River, Sacramento-San Joaquin Delta 
and the San Francisco Bay Estuary. The spawning migrations and spawning by green sturgeon in 
the upper Sacramento River mainstem have been well documented over the last 15 years. In 
addition, it has been surmised that spawning by green sturgeon may taken place at one time in 
the lower San Joaquin River. However, specific empirical estimates of abundance are not 
available for green sturgeon throughout the action area. There are several factors which affect 
green sturgeon populations including: fish passage, low flows, entrainment, loss of historical 
habitat, warm water temperatures, contaminants, and illegal harvest. As long-lived, late maturing 
fish that spawn periodically, green sturgeon are particularly susceptible to threats from 
overfishing. Green sturgeon are regularly caught in the sport, commercial, and tribal fisheries, 
particularly in Oregon and Washington commercial fisheries. 

Although spawning and migration patterns for the green sturgeon have been well documented in 
recent years, designation of critical habitat and a recovery plan has not yet been developed for 
green sturgeon. A principle threat to green sturgeon is the reduction of spawning areas as the 
result of impassible barriers, primarily Keswick Dam on the Sacramento River and Orville Dam 
on the Feather River, that block access to historic spawning habitat for several anadromous 
species. Physical conditions in the Sacramento River and Delta vary substantially from year to 
year and these factors could drastically affect green sturgeon spawning success, dispersal 
patterns, and vulnerability to salvage.  

There have also been substantial changes in water project operations in the decades since the 
CVP and SWP were built. These include a variety of actions implemented to protect listed 
salmonids as well as delta smelt. Concerted efforts have been made to reduce the effects of the 
projects on all fish. The seasonal timing of export pumping has been changed to weight summer 
pumping more heavily in order to reduce export pumping when listed salmon, steelhead and 
delta smelt are in the estuary. Delta Cross Channel (DCC) gate operations are also restricted in 
spring to protect juvenile salmon migrating downstream. CVP and SWP operations are managed 
to limit impacts on listed species during migration periods. Coincidently, many of the protective 
actions for the listed species also benefit the green sturgeon such as increased flows and 
temperature management and fish screen implementation. Finally, Reclamation is currently 
working closely with NMFS to develop specific project operation criteria for the Red Bluff 
Diversion Dam (RBDD) to protect green sturgeon. 

Listing Status 
On April 7, 2006, NOAA’s National Marine Fisheries Service (NMFS) issued a final rule listing 
the Southern distinct population segment (DPS) of North American green sturgeon (Acipenser 
medirostris) (green sturgeon) as a threatened species, which took effect on June 6, 2006 (71 FR 
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17757). Green sturgeon is a Class 1 (qualifying as threatened under the California ESA) Species of 
Special Concern in California (DFG 2003). Included in the listing is the green sturgeon population 
that spawns in the Sacramento River and live in the Sacramento River, the Sacramento-San 
Joaquin Delta, and the San Francisco Bay Estuary. This threatened determination was based on 
the reduction of potential spawning habitat, the severe threats to the single remaining spawning 
population, the inability to alleviate these threats with the conservation measures in place, and 
the decrease in observed numbers of juvenile Southern DPS green sturgeon collected in the past 
two decades compared to those collected historically (NMFS 2006). 

Initially, available data did not indicate declining populations within the northern DPS, but due 
to uncertainty about the status and threats to these populations, NMFS placed the northern DPS 
on the Species of Concern List (70 FR 17386). After a status review was completed in 2002 
(Adams et al. 2002), NMFS determined that the northern and southern DPSs of the North American 
green sturgeon did not warrant listing as threatened or endangered (68 FR 4433) but should be listed 
as a Species of Concern because of uncertainties about population structure and status (69 FR 
19975). The “not warranted” determination was challenged on April 7, 2003. NMFS updated their 
status review on February 22, 2005, and determined that the southern DPS should be listed as 
threatened under the Federal Endangered Species Act (Biological Review Team 2005; 71 FR 
17757).  

Critical Habitat 

Critical habitat has not been designated for the Southern DPS of green sturgeon.  

Recovery Goals 

A recovery plan has not been developed for green sturgeon and recovery planning efforts for this 
species are not yet underway. Green sturgeon were considered in the 1995 Sacramento-San 
Joaquin Delta Native Fishes Recovery Plan (USFWS 1996). This plan identifies a primary 
restoration (recovery) objective of a minimum population of 1,000 fish over 1 meter (39 inches) 
total length each year, including 500 females over 1.3 meters (51 inches) total length (minimum 
size at maturity), during the spawning period (presumably March-July) when spawners are 
present in the estuary and the Sacramento River. 

Biology and Life History 
Description 

Sturgeon are among the largest and most ancient of bony fishes. They are placed, along with 
paddlefishes and numerous fossil groups, in the infraclass Chondrostei, which also contains the 
ancestors of all other bony fishes. The sturgeon themselves are not ancestral to modern bony 
fishes but are a highly specialized and successful offshoot of ancestral chondrosteans, retaining 
such ancestral features as a heterocercal tail, fin structure, jaw structure, spiral valve intestine, 
and spiracle. They have a cartilaginous skeleton and possess a few large ossified plates, called 
scutes, instead of scales. Sturgeon are highly adapted for preying on benthic organisms (e.g., 
clams, shrimp, etc.), which they detect with a row of extremely sensitive barbells on the 
underside of their snouts. They protrude their extraordinarily long and flexible “lips” to suck up 
food. Sturgeon are confined to temperate waters of the Northern Hemisphere. Of 25 extant 
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species, only two live in California, the green sturgeon and the white sturgeon (A. 
transmontanus). (Moyle 2002) 

Green sturgeon are similar in appearance to the sympatric white sturgeon, except the barbells are 
closer to the mouth than the tip of the long, narrow snout (Figure 8-1). The dorsal row of scutes 
numbers 8-11, lateral rows, 23-30, and bottom rows, 7-10; there is one large scute behind the 
dorsal fin as well as behind the anal fin (both lacking in white sturgeon). The scutes also tend to 
be sharper and more pointed than in white sturgeon. The dorsal fin has 33-36 rays, the anal fin, 
22-28. The body color is olive green with an olivaceous stripe on each side; the scutes are paler 
than the body (Moyle 2002). 

 
Figure 8-1. Image of Green Sturgeon. 

As anadromous fish, sturgeon rely on riverine, estuarine, and marine habitats in the course of 
their long life. The ecology and life history of green sturgeon have received little study, evidently 
because of the generally low abundance, limited spawning distribution, and low commercial and 
sport fishing value of the species (Moyle 2002; Adams et al. 2002).  

Green sturgeon is the most marine species of sturgeon, coming into rivers mainly to spawn 
(Moyle 2002). The majority of a green sturgeon’s life is spent in the ocean following a one to 
three year freshwater rearing period (Nakamoto et al. 1995). Adult green sturgeon return to 
freshwater for spawning at around age 15 or older, with additional spawning migrations at two to 
four year intervals up to age 30-40 (Moyle 2002; Erickson and Webb 2007; VanEenennaam 
2002; Cech et al. 2000). Green sturgeon life history could be divided into three phases: 1) 
freshwater juveniles (<3 years old); 2) coastal migrants; and 3) adults (FWS 1995).  

Sturgeon live a long time (40-50 years), delay maturation to large sizes (125 cm total length), 
and spawn multiple times over their lifespan. This life history strategy has proven to be 
successful in the face of normal environmental variation in the large river habitats where 
spawning occurs. The sturgeon’s long lifespan, repeat spawning in multiple years, and high 
fecundity allows them persist through periodic droughts and environmental catastrophes. The 
high fecundity that comes with large size allows them to produce large numbers of offspring 
when suitable spawning conditions occur and compensate for years of poor reproductive and 
juvenile rearing conditions. Adult green sturgeon do not spawn every year and only a fraction of 
the population enters freshwater where they might be at risk of a catastrophic event in any year 
(Beamesderfer et al. 2007).  
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Size, Age and Maturation 

Size, age, and maturation data are limited for the southern DPS but may be similar to that of the 
northern DPS. For the Klamath River green sturgeon, an average length of 1.0 m is attained in 10 
years, 1.5 m by age 15, and 2.0 m by 25 years of age (FWS 1993; Van Eenennaam 2006). The 
largest reported green sturgeon weighed about 159 kg and was 2.1 m in length (FWS 1993). The 
largest green sturgeon have been aged at 42 years, but this is probably an underestimate, and 
maximum ages of 60-70 years or more are likely (Moyle 2002). Newly hatched green sturgeon 
are typically between 8-19 mm in length and juveniles range between 2-150 cm (Emmett et al. 
1991).  

Adult green sturgeon are believed to spawn every three to five years and reach sexual maturity at 
an age of 15 to 17 years (Tracy 1990; Erickson and Webb 2007; Webb and Erickson 2007). Male 
and female green sturgeon differ in age-at-maturity and size-at-age. Adult males range between 
139 and 199 cm in length, and can mature as young as 15 years, but tend to live shorter lives (30 
years max) (VanEenennaam et al. 2006). Adult females are typically between 157 and 199 cm in 
length, mature as early as age 17 and can live up to 40 years (Cech et al. 2000). In the highly 
productive ocean environment, green sturgeon grow at a rate of approximately seven centimeters 
per year until they reach maturity (Moyle 2002). Average size-at-age can vary between sub-
populations (Adams et al. 2002).  

Migration and Spawning 

In the southern DPS, adult green sturgeon begin their upstream spawning migrations into the San 
Francisco Bay in March and reach Knights Landing on the Sacramento River during April 
(Heublein et al. 2006). Based on the distribution of sturgeon eggs, larvae, and juveniles in the 
Sacramento River, DFG (2002) indicated that green sturgeon spawn in late spring and early 
summer above Hamilton City, possibly up to Keswick Dam (Brown 2007). Peak spawning is 
believed to occur between April and June.  

Preferred spawning habitats are thought to be deep, cool pools with turbulent water and large 
cobble (DFG 2002; Moyle 2002; Adams et al. 2002). Preferred spawning substrate is likely large 
cobble, but it can range from clean sand to bedrock (Moyle 2002). Eggs are broadcast and 
externally fertilized in relatively fast water and probably in depths greater than 3 m (Moyle 
2002). Female green sturgeon produce 59,000-242,000 eggs, about 4.34 millimeters (mm) in 
diameter (Van Eenennaam et al. 2001, 2006). Though the number of eggs produced is relatively 
low compared to other sturgeon species, green sturgeon egg size is large (4.3 mm in diameter; 
Cech et al. 2000).  

Green sturgeon were most often found at depths greater than 5m (16.4 feet) with low or no 
currents during summer and autumn months (Erickson et al. 2002). Recent acoustic tagging 
studies on the Rogue River (Erickson et al. 2002) found that adult green sturgeon held for as 
much as six months in deep (>5 m [16.4 feet]), low gradient reaches or off-channel sloughs or 
coves of the river during summer months when water temperatures were between 59-73˚F. When 
ambient temperatures in the river decrease in autumn and early winter (<50˚F), and flows 
increase, fish moved downstream into the ocean.  
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Egg Incubation and Rearing 

Eggs are deposited at sites where they adhere to and between large rock substrate. The large size 
of green sturgeon eggs relative to other sturgeon indicates that female green sturgeon invest a 
greater amount of their reproductive energy resources into maternal yolk for nourishment of the 
embryo, which results in larger larvae (Van Eenennaam et al. 2001). The reserve of maternal 
yolk and larger larvae could provide an advantage in larval feeding and survival (Van 
Eenennaam et al. 2001). Compared with other acipenserids, green sturgeon larvae appear more 
robust and easier to rear (Van Eenennaam et al. 2001).  

Both spawning areas and migratory corridors comprise rearing habitat for juvenile green 
sturgeon. Young green sturgeon appear to rear for the first one to two months in the Sacramento 
River between Keswick Dam and Hamilton City (DFG 2002). Rearing habitat condition and 
function may be affected by variation in annual and seasonal flow and temperature 
characteristics (70 FR 17386). Van Eenennaam et al. (2005) concluded from laboratory studies 
that temperatures 63–64°F may be the upper limit of the thermal optima for green sturgeon 
embryos. Temperatures of 73–79°F affected cleavage and gastrulation of green sturgeon 
embryos and all died before hatching (Van Eenennaam et al. 2005). Growth studies on younger 
juvenile green sturgeon determined that cyclical 66-75°F water temperature was optimal (Allen 
et al. 2006). 

Hatchling green sturgeon embryos seek nearby cover, and remain under rocks (Deng et al. 2002). 
After about 6 to 9 days fish develop into larvae and initiate exogenous foraging up- and 
downstream on the bottom (Deng et al. 2002; Kynard et al. 2005). After a day or so, larvae 
initiate a downstream dispersion migration that lasts about 12 days (peak, 5 days). All young 
movement and foraging during the migration period is nocturnal (Cech et al. 2000; Kynard et al. 
2005). Length at 10 days is 19 to 29 mm (mean 24 mm) (Deng et al. 2002). At an age of 15 to 21 
days, green sturgeon are 30 mm or greater in length (Deng et al. 2002). Larval green sturgeon are 
regularly captured during this dispersal stage at about two weeks of age (24-34 mm fork length) 
in rotary screw traps at Red Bluff Diversion Dam (DFG 2002; FWS 2002), and three weeks old 
when captured further downstream at the Glen-Colusa facility (DFG, unpublished data; Van 
Eenennaam et al. 2001).  

At the age of 45 days, metamorphosis is complete and green sturgeons are 70 to 80 mm in length 
(Deng et al. 2002). Post-migrant larvae are benthic, foraging up- and downstream diurnally with 
a nocturnal activity peak. Foraging larvae select open habitat, not structure habitat, but continue 
to use cover during the day. A second downstream migration occurs in the fall. Juveniles migrate 
downstream mostly at night to wintering sites, ceasing migration at temperatures of 45–46°F. 
During winter, juveniles select low light habitat, likely deep pools with some rock structure. 
Wintering juveniles forage actively at night between dusk and dawn and are inactive during the 
day, seeking the darkest available habitat (Kynard et al. 2005). Juveniles grow rapidly, reaching 
300 mm in 1 year and over 600 mm within 2-3 years (Nakamoto et al. 1995, FWS 1995). 
Juveniles spend from 1-4 years in fresh and estuarine waters of the Sacramento-San Joaquin 
Delta and disperse into salt water at lengths of 300-750 mm (FWS 1995).  

Stomach contents from adult and juvenile green sturgeon captured in the Sacramento-San 
Joaquin Delta point to the importance of habitat that supports shrimp, mollusks, amphipods, and 
small fish (Radtke 1966; Houston 1988; Moyle et al. 1992). Stomachs of green sturgeon caught 
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in Suisun Bay contained Corophium sp. (amphipod), Cragon franciscorum (bay shrimp), 
Neomysis awatchensis (Opossum shrimp: synonymous with Neomysis mercedis) and annelid 
worms (Ganssle 1966). Stomachs of green sturgeon caught in San Pablo Bay contained C. 
franciscorum, Macoma sp. (clam), Photis californica (amphipod), Corophium sp., Synidotea 
laticauda (isopod), and unidentified crab and fish (Ganssle 1966). Stomachs of green sturgeons 
caught in Delta contained Corophium sp. and N. awatchensis (Radtke 1966). As a result of recent 
changes in the species composition of macroinvertebrates inhabiting the Bay-Delta estuary, (due 
to non-native species introductions), the current diet of green sturgeon is likely to differ from that 
reported in the 1960’s. 

Ocean Residence 

Based on their life history, a large percentage of the adult green sturgeon population inhabit the 
ocean at any given time (Beamesderfer et al. 2007). Green sturgeon typically stay near shore and 
avoid depths exceeding 100 m (Erickson and Hightower 2007). Relatively large concentrations 
of sturgeon occur in the Columbia River estuary, Willapa Bay, and Grays Harbor, with smaller 
aggregations in the San Francisco estuary and other coastal estuaries (Emmett et al. 1991; Moyle 
et al. 1992; ODFW 2005a; Israel 2006; Moser and Lindley 2007; Lindley et al. 2008). Adults 
feed in estuaries during the summer (ODFW 2005a; Moser and Lindley 2007). Annual marine 
survival rate was estimated at 0.83 for 2004 (Lindley et al. 2008), similar to the survival rate of 
0.85 estimated for Klamath River green sturgeon by Beamesderfer and Webb (2002). Little is 
known about green sturgeon feeding at sea (DFG 2005a).  

Population Distribution 
North American green sturgeon are composed of two DPSs (Figure 8-2): the northern DPS 
includes all populations in the Eel River and northward, and the southern DPS includes a single 
spawning population in the Sacramento River (Adams et al. 2002). The northern DPS includes 
populations spawning in the Rogue, Klamath, and Umpqua rivers (NMFS 2005). Green sturgeon 
from the Sacramento River are genetically distinct from their northern counterparts indicating a 
spawning fidelity to their natal rivers (Israel et al. 2004).  
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Figure 8-2. Distribution of North American Green Sturgeon of both the Northern and Southern 
Distinct Population Segments (NMFS 2007). 

Sacramento River 

Current data and observations document green sturgeon in the Sacramento River as far upstream 
as Keswick Dam and as far south as the CVP/SWP water export facilities near the southern limit 
of the Sacramento-San Joaquin Delta.  

Spawning in the upper Sacramento River is currently thought to occur from Hamilton City (RM 
200) to above Red Bluff Diversion Dam (RM 304). Spawning migrations and spawning by green 
sturgeon in the upper Sacramento River mainstem have been well documented over the last 15 
years (Beamesderfer et al. 2004). Anglers fishing for white sturgeon or salmon commonly report 
catches of green sturgeon from the Sacramento River at least as far upstream as Hamilton City 
(Beamesderfer et al. 2004). Eggs, larvae, and post larval green sturgeon are now commonly 
reported in sampling directed at green sturgeon and other species (Beamesderfer et al. 2004; 
Brown 2007). Young-of-the-year (yoy) green sturgeon have been observed annually since the 
late 1980s in fish sampling efforts at Red Bluff Diversion Dam (RBDD) and the Glenn-Colusa 
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Canal (Beamesderfer et al. 2004). Green sturgeon have not been documented in Sacramento 
River tributaries other than the Feather River system (Beamesderfer et al. 2004, Moyle 2002). 

The upstream extent of historical spawning by green sturgeon in the Sacramento River system is 
unknown. White sturgeon historically ranged into upper portions of the Sacramento system 
including the Pit River and a substantial number were trapped in and above Lake Shasta when 
Shasta Dam was closed in 1944 and successfully reproduced until the early 1960s (Beamesderfer 
et al. 2004). Green sturgeon have not been documented upstream from the Shasta Dam site. 
According to NMFS (2005), “the BRT considered it possible that the additional habitat behind 
Shasta Dam in the Pit, McCloud, and Little Sacramento systems would have supported separate 
populations or at least a single, larger Sacramento River population less vulnerable to 
catastrophes than one confined to a single mainstem, but the BRT was unable to be specific due 
to the paucity of historical information” (NMFS 2005).  

Green sturgeon currently spawn in the Sacramento mainstem downstream from Keswick and 
Shasta dams. NMFS concluded that it is unlikely that green sturgeon reproduced in their current 
spawning area under the historical temperature regime that occurred before the construction of 
Shasta and Keswick dams (NMFS 2005). NMFS (2005) further concluded: “we have not been 
able to quantify the reduction of habitat to date, and are uncertain how reduction in spawning 
habitat has affected the population’s viability.” However, Shasta Dam operations now maintain 
relatively favorable temperature conditions in the upper Sacramento River while pre-
development patterns were characterized by very high annual variation with periods of extended 
drought. The net tradeoff in habitat lost vs. habitat gained is unclear. 

Prehistoric distribution of sturgeon in California has been mapped by Gobalet et al. 2004 based 
on bones at Native American archaeological sites. Data were reported on dozens of sites 
throughout California and summarized by county. Sturgeon remains were observed in 12 
counties, all in the Central Valley. Observations were concentrated at San Francisco Bay and 
Sacramento-San Joaquin and delta sites (Contra Costa, Alameda, San Francisco, Marin, Napa, 
San Mateo and Santa Cruz counties). Historical 18th-century accounts report the aboriginal 
gillnetting and use of tule balsa watercraft for the capture of sturgeon, and fishing weirs were 
also likely employed on bay tidal flats (Gobalet et al. 2004). Most sturgeon were unidentified 
species but green sturgeon were specifically identified from Contra Costa and Marin county 
sites. Sturgeon remains (unidentified species) were also identified from lower Sacramento River 
counties (Sacramento, Yolo, Colusa, Glenn, and Butte counties). No sturgeon remains were 
found in samples from the upper Sacramento River although other fish species including 
salmonids were reported in those areas.  
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Figure 8-3. Observations of sturgeon remains in the California Native American archaeological 
sites. (Gobalet et al. 2004). Numbers represent number of sturgeon observations based on 
skeletal remains. Numbers are typically unidentified sturgeon species. Species-specific 
identifications are listed in parentheses (green sturgeon, white sturgeon).  

Feather River 

Historical and recent information confirms that both green and white sturgeons occasionally 
range into the Feather, Yuba, and Bear rivers but numbers are low (Beamesderfer et al. 2004). 
Most recently in 2006, a dozen sturgeon were observed to either be captured by anglers or rolling 
at the surface near the Thermalito Outlet located on the Feather River. Of these, four were able to 
be positively identified as green sturgeon by DWR biologists (DWR unpublished data, DWR 
2007). 

It is unknown whether green sturgeon historically spawned in the Feather River either 
downstream or upstream of Oroville Dam or the Thermolito Afterbay outlet. Unspecific 
historical reports of green sturgeon spawning in the Feather River (Wang 1986, USFWS 1995, 
DFG 2002, DWR 2007) have not been corroborated by observations of young fish or significant 
numbers of adults in focused sampling efforts (Schaffter & Kohlhorst 2002, Niggemyer & 
Duster 2003, Seesholtz 2003, Beamesderfer et al. 2004). Potential confusion of green and white 
sturgeon often confounds interpretation of historical records. White sturgeon have been 
documented in the Feather River system on numerous occasions (Anonymous 1918, Talbitzer 
1959, Miller 1972, USFWS 1995, Schaffter and Kohlhorst 2002, Beamesderfer et al. 2004).  
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Significant habitat on the Lower Feather River, while modified, remains accessible downstream 
from the Thermolito Afterbay outlet (DWR 2005a). Potential natural and man-made barriers to 
upstream movements in the Feather River during low flow years might also limit significant 
movement of Southern DPS green or white sturgeon into the Feather River to wet, high flow 
water years (Beamesderfer et al. 2004).  

San Joaquin River 

The current or historical occurrence of green sturgeon in the San Joaquin River has been a source 
of much speculation. It is unclear whether green sturgeon were historically present, are currently 
present, or were historically present and have been extirpated from the San Joaquin River 
(NMFS 2005, Beamesderfer et al. 2007). No adult or juvenile green sturgeon have been 
documented in the San Joaquin River upstream from the Delta (DFG 2002), although no directed 
sturgeon studies have ever been undertaken in the San Joaquin River (FWS 1995, DFG 2002, 
Adams et al. 2002, Beamesderfer et al. 2004, NMFS 2005). Observations of green sturgeon 
juveniles or unidentified sturgeon larvae in the San Joaquin River has been limited to the Delta 
where they could easily, and most likely, have originated from the Sacramento River rather than 
the San Joaquin River (Beamesderfer et al. 2004). 

Moyle et al. (1992) surmised that spawning by green sturgeon may have taken place at one time 
in the lower San Joaquin River. Others have noted the long history of habitat changes in the San 
Joaquin River basin and assumed historical use by green sturgeon based on the past habitat 
suitability for spring-run Chinook salmon and steelhead. Sturgeon remains (unidentified species) 
in deposits at Tulare Lake illustrate that anadromous species were historically capable of 
reaching the south San Joaquin Valley (Gobalet et al. 2004) but no green or white sturgeon 
appear to have been trapped behind Friant Dam when it was constructed in the 1940s (DFG 
2002). White sturgeon are regularly observed in the San Joaquin River upstream from the Delta 
(Beamesderfer et al. 2004) and spawning is suspected to occur in wet years (Shaffter, DFG 
retired, 2004 personal communication). Small fisheries for sturgeon occur in late winter and 
spring between Mossdale and the Merced River (Kohlhorst 1976, Kohlhorst et al. 1991, Scott 
1993, Lewis 1995, Palomares 1995, Keo 1996, Jardine 1998).  

Bay-Delta 

Green sturgeon juveniles, subadults, and adults are widely distributed in the Sacramento-San 
Joaquin Delta and estuary areas including San Pablo Bay (Beamesderfer et al. 2004). The 
Sacramento-San Joaquin Delta serves as a migratory corridor, feeding area, and juvenile rearing 
area for North American green sturgeon in the southern DPS. Table 8-1 depicts the season 
occurence of green sturgeon life stages in freshwater habitat throughout the California Central 
Valley and its neighboring marine environments.  

Adults migrate upstream primarily through the western edge of the Delta into the lower 
Sacramento River between March and June (Adams et al. 2002). Larvae and post-larvae are 
present in the lower Sacramento River and North Delta between May and October, primarily in 
June and July (DFG 2002). Juvenile green sturgeon have been captured in the Delta during all 
months of the year (Borthwick et al. 1999; DFG 2002; BDAT 2007). Catches of 1 and 2 year old 
Southern DPS green sturgeon on the shoals in the lower San Joaquin River, at the CVP/SWP fish 
salvage facilities, and in Suisun and San Pablo bays indicate that some fish rear in the estuary for 
at least 2 years (DFG 2002). Larger juvenile and subadult green sturgeon occur throughout the 
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estuary, possibly temporarily, after spending time in the ocean (DFG 2002; Kelly et al. 2007). 
Figure 8-4 shows the size distribution of green sturgeon at various life stages observed in sample 
data from young-of-the-year collected in spring and summer at RBDD in the Sacramento River, 
juveniles salvaged from CVP/SWP water projects, and subadults sampled by DFG in San Pablo 
Bay.  
 
Table 8-1.  The temporal occurrence of (a) adult, (b) larval and post-larval, (c) juvenile, and (d) 
coastal migrants of the southern DPS of North American green sturgeon. Locations are specific to 
the Central Valley of California. Darker shades indicate months of greatest relative abundance.  

 
(a) Adult (≥13 years old for females and ≥9 years old for males)            

Location Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
1,2,3Upper Sac. River                                                 
4,8SF Bay Estuary                                                 
                          
(b) Larval and post-larval (≤10 months old)                 

Location Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
5RBDD, Sac River                                                 
5GCID, Sac River                                                 
                          
(c) Juvenile (> 10 months old and ≤3 years old)                 

Location Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
6South Delta*                                                 
6Sac-SJ Delta                                                 
5Sac-SJ Delta                                                 
5Suisun Bay                                                 
                          
(d) Coastal migrant (3-13 years old for females and 3-9 years old for males) 

Location Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
3,7Pacific Coast                                                 
Source: 1FWS 2002; 2Moyle et al. 1992; 3Adams et al. 2002 and NMFS 2005; 4Kelley et al. 2006; 5DFG 2002; 6Interagency Ecological 
Program Relational Database, fall midwater trawl green sturgeon captures from 1969 to 2003; 7Nakamoto et al. 1995; 8Heublein et al. 2006, * 
Fish Facility salvage operations 
RBDD – Red Bluff Diversion Dam      GCID – Glen-Colusa Irrigation District facility 
Relative Abundance:    =High        = Medium       = Low      
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Figure 8-4. Sizes of juvenile green sturgeon measured at CVP/SWP fish salvage facilities, 1968-
2001 (DFG 2002), collected in rotary 1994-2000 (FWS 2002), and sampled in semi-annual San Pablo 
Bay sturgeon stock assessments (DFG 2002). [Figure from Beamesderfer et al. 2007] 

 

Ocean 

Green sturgeon from the Southern DPS pass through the San Francisco Bay to the ocean where 
they commingle with other sturgeon populations (DFG 2002). Green sturgeon are known to 
range in nearshore marine waters from Mexico to the Bering Sea, with a general tendency to 
head North after their out-migration from freshwater (NMFS 2005). They are commonly 
observed in bays and estuaries along the western coast of North America during the late summer 
(Emmett et al. 1991; Moyle et al. 1992; ODFW 2005a; Israel 2006; Moser and Lindley 2007; 
Lindley et al. 2008). Both the Northern DPS green sturgeon and Southern DPS green sturgeon 
occur in large numbers in the Columbia River estuary, Willapa Bay, and Grays Harbor, 
Washington (NMFS 2005). 

Subadult and adult sturgeon tagged in San Pablo Bay oversummer in bays and estuaries along 
the coast of California, Oregon, and Washington, between Monterey Bay and Willapa Bay, 
before moving further north in the fall to overwinter north of Vancouver Island. Individual 
Southern DPS green sturgeon tagged by the DFG in the San Francisco Estuary have been 
recaptured off Santa Cruz, California; in Winchester Bay on the southern Oregon coast; at the 
mouth of the Columbia River; and in Gray’s Harbor, Washington (FWS 1993; Moyle 2002). 
Most tags for Southern DPS green sturgeon tagged in the San Francisco Estuary have been 
returned from outside that estuary (Moyle 2002).  

Lindley et al. (2008) investigated marine migrations of green sturgeon by tagging subadults and 
adults from northern and southern DPSs with ultrasonic pinger tags. An array of receivers off the 
coast of California, Oregon, Washington, British Columbia and Alaska tracked their northern 
and southern migrations. Most tagged sturgeon moved north along the coast in the fall to spend 
winters north of Vancouver Island and south of southeast Alaska, and returned in the spring to 
oversummer in California, Oregon and Washington bays and estuaries. Distribution patterns of 
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fish from different tagging locations varied. Green sturgeon from all spawning populations 
appear to migrate north as far as Brooks Peninsula but vary in the extent of their southerly spring 
migrations (Lindley et al. 2008). Marine migrations of green sturgeon may include areas as far 
south as Monterey Bay and as far north as Brooks Peninsula, Vancouver, BC.  

Abundance and Trends in the Action Area 
Empirical estimates of green sturgeon abundance are not available for any west coast population 
including the Sacramento River population. Interpretations of available time series of abundance 
index data for green sturgeon are confounded by small sample sizes, intermittent reporting, 
fishery-dependent data, lack of directed sampling, subsamples representing only a portion of the 
population, and potential confusion with white sturgeon (Heppell and Hofmann 2002, Adams et 
al. 2002). This section summarizes the best available data and identifies qualifications to be 
considered in its application as a description of the current baseline. 

Population Estimates 
The most consistent sample data for Sacramento green sturgeon is for subadults captured in San 
Pablo Bay during periodic white sturgeon assessments since 1948.  DFG measured and identified 
15,901 sturgeon of both species between 1954 and 1991 (FWS 1996). Catches of subadult and 
adult North American green sturgeon by the Interagency Ecological Program (IEP) between 
1996 and 2004 ranged from one to 212 green sturgeon per year, with the highest catch in 2001 
(Samantha Vu, DFG, pers. comm. 2005). Various attempts have been made to infer green 
sturgeon abundance based on white sturgeon mark-recapture estimates and relative numbers of 
white and green sturgeon in the catch (FWS 1996, Moyle 2002). However, low catches of green 
sturgeon preclude estimates or indices of green sturgeon abundance from this data (Schaffter and 
Kohlhorst 1999, Gingras 2005). It is unclear if the high annual variability in length distributions 
in these samples (Figure 8-5) reflect variable recruitment and abundance or are an artifact of 
small sample sizes, pooling of sample years, or variable distribution patterns between freshwater 
and ocean portions of the population.  
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Figure 8-5. Changes in length distribution over time based on trammel net sampling of subadult 
green sturgeon in San Pablo Bay (DFG 2002).  [Figure from Beamesderfer et al. 2007] 

 

Migrant Sampling 

Anecdotal information is also available on young-of-the-year green sturgeon from juvenile fish 
monitoring efforts at RBDD and the Glenn-Colusa Irrigation District pumping facility on the 
upper Sacramento River. Fish traps have been operated below RBDD and at the Glenn-Colusa 
Irrigation District (GCID) pumping plant. These facilities report sampling of between zero and 
2,068 juvenile green sturgeon per year (Adams et al. 2002) and suggest that at least some green 
sturgeon reproduction occurred during the 1990s (Beamesderfer 2005).  

Approximately 3,000 juvenile green sturgeon have been observed in rotary screw traps operated 
for juvenile salmon at RBDD from 1994-2000 (Figure 8-6). Annual catches have declined over 
the period from 1995 through 2000 although the relationship of these catches to actual 
abundance is unknown. Over 2,000 juvenile green sturgeon have been collected in fyke and 
rotary screw traps operated at the GCID Diversion from 1986-2003 (Figure 8-7). Operation of 
the screw trap at the GCID site began in 1991 and has continued year-around with the exception 
of 1998. Juvenile green sturgeon at the GCID site were consistently larger in average size, but 
the number captured varied widely (0 to 2,068 per year) with no apparent patterns in abundance 
between the two sites. Abundance of juveniles peaked during June and July with a slightly earlier 
peak at the RBDD site (Adams et al. 2002).  
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Figure 8-6. Green sturgeon data sample data from Red Bluff Diversion Dam rotary screw trap 
monitoring (FWS 2002).  

 

Figure 8-7. Juvenile green sturgeon collected in fyke and rotary screw traps operated at the 
Glenn-Colusa Irrigation District Diversion from 1986-2003 (Beamesderfer 2005). 

 

Salvage Numbers 

Variable numbers of juvenile green sturgeon are observed each year from two south Delta water 
diversion facilities (DFG 2002). When water is exported through the CVP/SWP export facilities, 
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fish become entrained into the diversion. Since 1957, Reclamation has salvaged fish at the Tracy 
Fish Collection Facility. DFG’s Fish Facilities Unit, in cooperation with DWR, began salvaging 
fish at the Skinner Delta Fish Protective Facility in 1968. The salvaged fish are trucked daily and 
released at several sites in the western Delta. Salvage of fish at both facilities is conducted 24 
hours a day, seven days a week at regular intervals. Entrained fish are subsampled for species 
composition and numbers.  

Numbers of green sturgeon observed at these fish facilities have declined since the 1980s (Figure 
8-8) which contributed to NMFS’ decision to list the southern DPS as a threatened species. In the 
Delta, the average number of green sturgeon salvaged per year at the SWP Skinner Fish Facility 
was 87 individuals between 1981 and 2000, and 20 individuals from 2001 through 2007 (71 FR 
17759). From the CVP Tracy Fish Collection Facility, green sturgeon counts averaged 246 
individuals per year between 1981 and 2000, and 53 individuals from 2001 through 2007 (M. 
Donnellan, unpubl. data). Patterns were similar between total numbers per year and numbers 
adjusted for water export volumes which increased during the 1970s and 1980s (Figure 8-9). 
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Figure 8-8. Estimated annual salvage of green sturgeon at SWP and CVP fish facilities in the 
South Sacramento-San Joaquin River delta. Green sturgeon were not counted at the Federal 
Central Valley Project prior to 1981. (Data from DFG 2004). Figure from Beamesderfer et al. (2007). 



OCAP BA  Green Sturgeon 

 August 2008 8-17 

 

Figure 8-9. Estimated annual salvage of green sturgeon at CVP and SWP fish facilities in the 
South Sacramento-San Joaquin River Delta (DFG 2002). Prior to 1981, green and white sturgeon 
were counted together and reported simply as sturgeon at the CVP.  

Salvage catches of green sturgeon at the SWP and CVP facilities appears to be primarily juvenile 
fish approximately 1 to 3 years of age (Figure 8-10). Salvage catches come from the population 
of juvenile green sturgeon that rear year-round throughout the Delta for several years before 
dispersing into the ocean. This group of fish may reflect multiple year classes. Green sturgeon 
are observed in the salvage in all months of the year but are most common in summer and early 
fall with a peak in August (Figure 8-11).  
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Figure 8-10. Fork lengths of green sturgeon collected at the CVP and SWP fish facilities and by 
seine in Clifton Court Forebay (data from DFG 2002). 

 
Figure 8-11. Seasonal pattern of juvenile green sturgeon catches at State and Federal fish 
facilities, 1968-2001 (DFG 2002).  
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Annual counts of green sturgeon from the SWP and CVP fish facilities are not significantly 
correlated (Figure 8-12) (Beamesderfer 2005). Data on green sturgeon are available for both 
facilities from 1981-2005. Only 1 percent of the variability in salvage numbers was correlated 
between facilities (typically p<0.10 or p<0.05) (Beamesderfer 2005). In 1983, projected salvage 
at the CVP was 1,475 and only 1 at the SWP. In 1985, projected salvage at the CVP was 1,374 
and only 3 at the SWP (Beamesderfer 2005).   

 

Figure 8-12. Green sturgeon salvage numbers at State and Federal facilities are not statistically 
correlated (Beamesderfer 2005). 

 

Physical conditions in the Sacramento River and Delta vary substantially from year-to-year and 
these factors could drastically affect green sturgeon spawning success, dispersal patterns, and 
vulnerability to salvage. There have also been substantial changes in CVP and SWP water 
project operations in the decades since the CVP and SWP were built. Changes in SWP and CVP 
operations, particularly in recent years, include a variety of actions implemented to protect listed 
salmon (NMFS 2004) as well as delta smelt. Concerted efforts have been made to reduce the 
effects of projects on fish. The seasonal timing of export pumping has been changed to weight 
summer pumping more heavily in order to reduce export pumping when listed salmon, steelhead 
and delta smelt are in the estuary during the late-winter and spring. Delta Cross Channel (DCC) 
gate operations are also restricted in late-winter and spring to protect juvenile salmon migrating 
downstream. CVP and SWP water project operations are managed to limit impacts on listed 
species during migration periods.  

Peak catches of both green and white sturgeon prior to 1985 were generally correlated with high 
Sacramento River flows (Figure 8-13). NMFS (2005) noted the relationships between flow and 
apparent white sturgeon spawning success and inferred that low flow rates might affect green 
sturgeon in a similar manner.  Declines in green sturgeon salvage numbers since the 1980s 
corresponded with an eight-year period of low flows (Figure 8-13) when conditions might have 
been less favorable for sturgeon reproduction. Periodic high flows in the 1990s produced small 
increases in white sturgeon salvage catches but salvage numbers were much lower than prior to 
1985 (Figure 8-13). FWS (1996) in the FWS Recovery Plan for Sacramento/San Joaquin Delta 
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Native Fishes also reported that juvenile sturgeon are probably more vulnerable to entrainment at 
the SWP and CVP at low to intermediate flows during those years when river and Delta inflow 
are normal or below normal.  

FWS (1996) reported substantial uncertainty in the interpretation of salvage data for green 
sturgeon because of poor quality control on both counts and species identification, expansions 
from small sample sizes, variability in sturgeon dispersal patterns and collection vulnerability in 
response to complex changes in delta flow dynamics, and changes in configuration and operation 
over time. Estimated sturgeon salvage numbers are expanded from subsamples and actual 
numbers of green sturgeon observed are substantially smaller. Historical expansions were based 
on variable expansion rates (subsample duration) ranging from 15 seconds per two hours when 
fish numbers were high to 100 percent counting during periods when fish numbers were low. 
Now, NMFS 2004 required sampling of fish salvage at both the SWP and CVP facilities at 
intervals of no less than 10 minutes every 2 hours. Green sturgeon salvage estimates reported for 
years before 1993 may be in error because of uncertainty whether smaller sturgeon were 
correctly identified (FWS 1996; DFG 2002; DFG 2005b; FWS 2005). Reclamation and DWR 
recommended that only more recent (from 1993 and later) CVP and SWP salvage data should be 
used to analyze the effects of water project operations on the green sturgeon and other 
anadromous fishes (FWS 2005). 
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Figure 8-13. Annual patterns in sturgeon salvage, river flow, export volume, and Delta Cross 
Channel operation, 1968-2004 (Beamesderfer 2005). The April-August period corresponds to the 
timing of downstream dispersal of juvenile white and green sturgeon from areas of the 
Sacramento River where they were spawned (Beamesderfer 2005).  
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Factors that May Influence Abundance and 
Distribution 
NMFS’ threatened listing determination of the Southern DPS of green sturgeon was made after 
consideration of the best available information regarding “loss of historical habitat, the 
concentration of the spawning population into a single location, the trend in the salvage data, and 
the cumulative risk from a number of different threats in the Sacramento River and Delta 
Systems” (71 FR 17758). The following narrative provides a description of potential threats that 
may have contributed to the decline of green sturgeon in the Southern DPS according to 
categories identified by NMFS. 

Fish Passage 

A principal threat to green sturgeon is the reduction of spawning areas as the result of impassible 
barriers, primarily Keswick Dam on the Sacramento River and Oroville Dam on the Feather 
River, that block access to historic spawning habitat for anadromous species (Lindley et al. 2004; 
NMFS 2005). The Feather River is likely to have supported significant spawning habitat for 
green sturgeon in the Central Valley in the past (DFG 2002). Green sturgeon adults have been 
observed periodically in the Feather River (FWS 1995; Beamesderfer et al. 2004) and there may 
be sufficient habitat above Oroville Dam for occupation by sturgeon in the upstream reaches of 
the Feather River. Sufficient conditions may also be present in the San Joaquin River upstream to 
Friant Dam, and in the tributaries such as Stanislaus, Tuolumne, and Merced rivers upstream to 
their respective dams, although it is unknown whether green sturgeon ever used the San Joaquin 
River and its tributaries for spawning (Beamesderfer et al. 2004). 

Potential barriers to adult migration for green sturgeon in the Central Valley include structures 
such as the RBDD, Sacramento Deep Water Ship Channel locks, Fremont Weir, Sutter Bypass, 
and DCC gates on the Sacramento River, and Shanghai Bench and Sunset Pumps on the Feather 
River during low flow periods (70 FR 17386). The RBDD serves as a migration barrier for 
sturgeon when the gates are closed (FWS 1995). Adult sturgeon can migrate past RBDD when 
gates are raised between mid-September and mid-May to allow passage for winter-run Chinook 
salmon and other migratory fish species. However, tagging studies by Heublein et al. (2006) 
found that, when the gates were closed, a substantial portion of tagged adult green sturgeon 
failed to use fish ladders at RBDD and were therefore unable to access spawning habitats 
upstream. A set of locks at the end of the Sacramento River Deep Water Ship Channel at the 
connection with the Sacramento River “blocks the migration of all fish from the deep water ship 
channel back to the Sacramento River” (DWR 2003). 

Green sturgeon are likely to use the same migratory routes as Chinook salmon. DCC gate 
closures are required during the winter and early spring months when sturgeon are migrating 
(February-May), completely blocking migration through the central Delta. Upstream migrating 
adult Chinook salmon are known to use the DCC as a migratory pathway when the gates are 
open and Sacramento River water flows into the Mokelumne and San Joaquin rivers (Hallock et 
al. 1970). It is possible that attraction to this diverted water causes migration delays and straying 
of green sturgeon, as it does to Chinook salmon, by providing false migration cues (CALFED 
Science Program 2001; McLaughlin and McLain 2004).  
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Shasta and Keswick Dams 

Reclamation completed Shasta Dam in 1945 and Keswick Dam in 1950. These dams currently 
block any potential access of sturgeon into the upper Sacramento system. NMFS (2006) 
concluded that Keswick Dam did block access to assumed historic spawning grounds although 
the historical upstream extent of green sturgeon distribution is unknown.  

Red Bluff Diversion Dam (RBDD) 

RBDD was constructed in 1964. RBDD historically blocked migration into a portion of the 
upper Sacramento River. Green sturgeon are unable to pass upstream from RBDD when the 
gates are lowered to divert irrigation flows into adjacent canals. Before 1986, the gates were 
closed year-round. This means that there was a 22-year period when there was complete 
blockage of spawning habitat above RBDD. After 1993, gates have been open from September 
15 through May 14 for passage of winter-run Chinook salmon. The gates of the RBDD are in 
during the last third of the spawning period of Southern DPS green sturgeon. A draft EIS for 
RBDD fish passage improvements estimates that closure of the gates results in a 65 percent 
reduction in green sturgeon blockage to upstream habitat based on adult migration timing 
(CH2MHill 2002). 

 

Figure 8-14. Historical patterns of gate operations at Red Bluff Diversion Dam. 

Optimal spawning temperatures and spawning substrate exist for sturgeon in the Sacramento 
River well above and well below RBDD. Southern DPS green sturgeon are known to regularly 
spawn above and below RBDD. Significant natural recruitment of Southern DPS green sturgeon 
was reported during the 22 year period when the RBDD gates were closed year-round (NMFS 
2005) which suggests that at least some some adult green sturgeons attempting to pass through 
the dam when the gates were closed, were able to spawn successfully downstream.  

Following any emergency closure for water delivery purposes prior to May 15 of any year, the 
2004 OCAP Biological Opinion (NMFS 2004) prescribed a minimum 5 day gate opening prior 
to June 15 to benefit upstream migration of Spring-run Chinook salmon. Reclamation 
implemented this emergency gate closure for the first time in 2007 (Reclamation 2007b). 
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On May 15, 2007, Reclamation staff discovered 5 to 8 adult Southern DPS green sturgeon dead 
at or below RBDD (FWS 2007a). A total of 12 dead green sturgeon were subsequently 
recovered. Several adult sturgeon were actually found stuck under the RBDD gates. A 
subsequent necropsy determined that at least one was killed by a RBDD gate (FWS 2007b). It is 
possible that this action, although designed to benefit salmon, may have inadvertently degraded 
passage and habitat conditions for Southern DPS green sturgeon in proximity to RBDD. 
Following the first reports of Southern DPS green sturgeon deaths, the salmon migration 
monitoring operations of the FWS were adjusted and the eleven gate openings were either 
increased to a 1 foot minimum or to full closure to avoid potential impingement of sturgeon 
against openings that were too small to provide for their safe downstream passage. Reclamation 
is only aware of one other Southern DPS green sturgeon carcass being reported in the past 40 
years of operation of the RBDD (Reclamation 2007b).  

Delta Cross Channel (DCC) Gates Operations 

The DCC is a controlled diversion channel located in the northern Delta between the Sacramento 
River and Snodgrass Slough, a tributary to the Mokelumne River. Reclamation operates the DCC 
gates to improve the transfer of water from the Sacramento River to the central Delta and export 
facilities at the Banks and Jones Pumping Plants. To reduce scour in the channels on the 
downstream side of the DCC gates and to reduce potential flood flows that might occur from 
diverting water from the Sacramento River into the Mokelumne River system, the radial gates 
are closed whenever flows in the Sacramento River at Freeport reach 25,000 to 30,000 cfs on a 
sustained basis. Flows through DCC gates are determined by Sacramento River stage and are not 
affected by export rates in the south Delta.  

The DCC gates can be closed by Reclamation for the protection of fish, provided that water 
quality is not a concern in the Central or South Delta. From February 1 through May 20, the 
SWRCB D-1641 requires that the DCC gates remain closed for the protection of emigrating 
juvenile Chinook salmon in the Sacramento River. An optional gate closure up to 45 days can be 
requested by the fish agencies during the November through January period and 14 days during 
the May 21 through June 15 period. The timing and duration of these closures is determined by 
Reclamation in consultation with FWS, DFG and NMFS. 

When the DCC gates are open, juvenile Southern DPS green sturgeon may pass through and 
enter into the central Delta, which is generally regarded as being lower habitat quality than the 
western Delta. However, as juvenile green sturgeons are strong swimmers by the time they get 
into the Delta, and are roaming and feeding about the Delta for one to two years, they possess the 
ability behaviorally select or avoid habitats within the Delta as desired.  

It is possible that water leakage though the DCC gates when closed might serve as a false 
attractant to green sturgeon adults entering the Delta and moving through the Mokelumne River 
system from the San Joaquin River side. The DCC gates are closed during the upstream 
migration period for green sturgeon, thus fish could be blocked by the DCC from entering the 
mainstem Sacramento River at Walnut Grove.  

South Delta Temporary Barriers 

The South Delta Temporary Barriers Program (TBP) was initiated in 1991. Its objectives are the 
short-term improvement of water conditions (water quality and elevation) for the south Delta and 
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agricultural diversions, for the improvement of protection for San Joaquin River salmon, and for 
the development of data for the design of permanent gates. The program involves the seasonal 
installation of four barriers—one each on Middle River, Grant Line Canal, and Old River and a 
fish control barrier at the head of Old River. The barriers are a combination of rock placed into 
the main channel bed at each location along with overflow weirs and several gated culverts. 
These barriers are installed in the spring and removed in the fall.  

When the barriers are in, Southern DPS green sturgeon within the barriers are trapped in the 
south Delta, where the habitat is generally regarded as low quality. When the barriers are 
removed, the Southern DPS green sturgeon are able to migrate out of the south Delta. The TBP 
continues to be implemented on an annual basis as an interim solution to water levels and 
circulation until a permanent solution can be implemented.  

Suisun Marsh and Salinity Control Gates 

DWR operates the Suisun Marsh Salinity Control Gates (SMSCG) to maintain water quality 
standards set by the SWRCB in D-1641 and the Suisun Marsh Preservation Agreement. The non-
operation configuration of the SMSCG from June through August and any period during 
September through May when the gates are not in operation to meet salinity standards typically 
consists of the flashboards installed, but the radial gate operation is stopped and held open. 
Flashboards will be removed if it is determined that salinity conditions at all trigger stations 
would remain below standards for the remainder of the control season through May 31. 

It is possible for young sturgeon to become entrained into Montezuma Slough and Suisun Marsh 
when the SMSCG is fully operational. Fish may enter Montezuma Slough as they emigrate from 
the Sacramento River during the fall when the gates are open to draw freshwater into the marsh 
and then may not be able to move back out when the gates are closed.  However, the degree to 
which movement of green sturgeon is constrained is unknown. In addition, it is possible 
upstream passage of adults could be influenced as adult green sturgeon may pass through the 
marsh channels from December through May when their migration into spawning grounds could 
potentially be delayed.  The affects of entrainment on juvenile green sturgeon at RRDS screen 
intakes is unknown as screening standards for green sturgeon are currently unidentified.   

Feather River 

Oroville and Thermalito diversion dams currently block any potential sturgeon access into the 
upper portion of the Feather River. Oroville Dam construction began in 1957 and was completed 
in 1968. Constructed between 1963 and 1968, the Thermalito Diversion Dam and Pool are 
located about 4.5 miles downstream from Oroville Dam. NMFS (2006) concluded that Oroville 
blocked access to assumed historic spawning grounds although the historical upstream extent of 
green sturgeon distribution is unknown and dams were constructed upstream prior to 
construction of Oroville Dam.  

Other potential natural and man-made passage barriers in the lower Feather River may limit 
movement of sturgeon into the Feather River during low-flow years (Beamesderfer 2004). 
Potential barriers include Shanghai Bench (RM 24.5), a natural geologic feature; an artificial 
rock weir structure at Sunset Pumps (RM 38.5), and Steep Riffle (RM 61), a natural feature.  The 
extent of  these sites as a barrier is not well understood since recently collected anecdotal 
information and data indicates that sturgeon are found upstream of these potential barriers at the 
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Thermalito Outlet almost yearly (DWR, unpublished data). Under low flow conditions (~2000 
cfs), the waterfalls at Shanghai Bench measure approximately 3 - 5 feet in vertical height, stretch 
across much of the main river channel and exhibit velocities estimated at greater than 3.3 fps 
(Niggemyer and Duster 2003). The waterfall at Shanghai Bend becomes a riffle at approximately 
5100 cfs and may become passable to sturgeon (DWR 2005d). The rock structure at Sunset 
Pumps exhibits a 2 - 3 foot waterfall and a 4-foot wide slot with water velocities estimated at 
greater than 5 fps while flows are around 2000 cfs.  While it was originally determined that 
sturgeon likely could not pass this area at low flows (Niggemyer and Duster 2003), recent data 
from white sturgeon passage studies indicate white sturgeon can pass through velocities up to 8.3 
fps (Anderson et al. 2007c). Passage of Sunset Pumps by sturgeon during flows around 10,000 
cfs is unlikely as velocities within the slot were estimated at around 10-15 fps (Niggemeyer and 
Duster 2003). However, it has been estimated that when flows reach about 15,000 cfs, they over-
top the rock structure and passage seems likely. Steep Riffle represented the most reasonable 
passable potential barrier during low-flow and high-flow conditions. Passage determinations at 
each of the potential migration barriers in the lower Feather River would continue to be 
speculative without a greater understanding of sturgeon migration patterns and physiologic 
limitations (DWR 2003). Currently, studies are in place to attempt to gather this information in 
order to better describe the impacts that sturgeon may face in the Feather River. 

Water Diversions 

Larval sturgeon are susceptible to entrainment at water diversion facilities, primarily located on 
the Sacramento River near spawning and juvenile rearing habitat, as a result of their migratory 
behavior within the water column. Herren and Kawasaki (2001) documented up to 431 
diversions from the Sacramento River between Sacramento and Shasta Dam. Entrainment 
information regarding larval and post-larval individuals of the Southern DPS of green sturgeon is 
unreliable, as field identification of green sturgeon larvae is difficult. FWS staff are working on 
identification techniques and are optimistic that green sturgeon greater than 40 mm can be 
identified in the field (Poytress 2006). Captures reported by GCID are not identified to species, 
but are assumed to primarily consist of green sturgeon because white sturgeon are known to 
spawn downstream (Schaffter 1997). Although screens at GCID diversion satisfy both the NMFS 
and DFG screening criteria for salmonids, the effectiveness of these criteria is unknown for 
sturgeon. Low numbers of green sturgeon have also been identified and entrained at the Red 
Bluff Research Pumping Plant (Borthwick et al. 1999). 

In the Feather River, there are eight large diversions greater than 10 cfs and approximately 60 
small diversions of one to 10 cfs between the Thermalito Afterbay outlet and the confluence with 
the Sacramento River (FWS 1995). Based on potential entrainment problems of green sturgeon 
elsewhere in the Central Valley and the presence of multiple screened and unscreened diversions 
on the Feather River, it is assumed that entrainment at water diversions on the Feather River are 
a possible threat to juvenile green sturgeon. 

Presumably, as green sturgeon juveniles grow, they become less susceptible to entrainment as 
their capacity to escape diversions improve. The majority of North American green sturgeon 
captured in the Delta and San Francisco Estuary are between 200 and 500 mm in length (DFG 
2002). Herren and Kawasaki (2001) inventoried water diversions in the Delta finding a total of 
2,209 diversions of various types, only 0.7 percent of which were screened. The majority of 
these diversions were between 12 and 24 inches (305 and 710 mm) in diameter, which is not 
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likely a great threat to larger juvenile sturgeon. The largest diversions recorded were those of the 
CVP and SWP facilities in the southern Delta, which has historical data of captures (DFG 2002). 

Entrainment at Unscreened Water Diversions  

There are over 2,600 diversions of water in the Sacramento River and Delta. California State law 
requires all new water diversions to be screened. There is no commercial or scientific data to 
indicate what the risks are for adult green sturgeon to be entrained at unscreened diversions. 
However, as green sturgeon are bottom oriented, strong swimmers, and grow rapidly in their first 
year, Reclamation assumes that green sturgeon are most at risk in their first month or two of life 
and unscreened diversions in the upper Sacramento River have the greatest potential for 
entrainment. Most diverters in the upper Sacramento River have pre-CVP water rights and have 
been diverting water for decades. Approximately 70 percent of all diversions over 250 cubic feet 
per second (cfs) are now screened. Most of the smaller diversions, particularly the ones in the 
Delta, are too small to pose a risk to juvenile sturgeons. There is no evidence to indicate that 
sturgeon are entrained by the operations of the Contra Costa Canal (Reclamation 2006).  

Impingement or Entrainment at Screened Diversions of Water 

Studies have determined that fish screens operating to delta smelt velocity criteria (0.1 feet per 
second (fps)), salmon velocity criteria (0.33 fps), or even faster velocities (0.5 fps) were also 
protective to juvenile Southern DPS green sturgeon (30 mm or larger) (Swanson et al. 2004). 
Fish screens are not effective with smaller openings in the screen mesh (O’Leary, Personal 
Communication 2006). 

Southern DPS green sturgeon are vulnerable to impingement or entrainment at screened 
diversions when they are less than 30 mm in length. Larger fish cannot pass through typical fish 
screen openings, and are also better able to swim and therefore avoid contact. Green sturgeon are 
larger than 30 mm after 15 to 21 days of age, and in addition they remain hidden in spaces 
between rocks for their first 10 days after hatching. Therefore green sturgeon are expected to be 
most vulnerable to impingement and entrainment at screened diversions for only 5 to 11 days. 
Figure 8-15 shows that half of the green sturgeon caught at the RBDD are greater than 30 mm in 
length, and Figure 8-16 shows that all of the green sturgeon caught at the GCID are greater than 
30 mm in length. As with unscreened diversions discussed above, NMFS 2006 concluded that 
the potential threat of these diversions is in need of study. 
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Figure 8-15. Mean fork lengths in mm of green sturgeons captured weekly by rotary screw traps at 
the Red Bluff Diversion Dam from 1995 to 1998 (DFG 2002). 
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Figure 8-16. Monthly mean lengths in mm of sturgeon caught by the Glenn Colusa Irrigation 
District rotary screw trap from 1999 to 2001 (DFG 2002). 

ACID Diversion Dam 

The Anderson Cottonwood Irrigation District (ACID) constructed the Anderson Cottonwood 
Irrigation District Diversion Dam in 1937. New state of the art fish ladders and screens at 
ACID’s main diversion were installed with funding provided by CALFED via Reclamation 
(Reclamation and FWS 2004) although ladders were designed for salmon rather than sturgeon 
passage. No sturgeon passage occurs at ACID when the diversion dam is in place. The 
availability of favorable spawning and rearing habitat conditions for green sturgeon upstream 
and downstream from the dam is unknown.  

CVP Export Facilities and the Tracy Fish Collection Facility 

The Tracy Fish Collection Facility (TFCF), at the intake to the DMC, is designed to intercept 
fish before they are entrained into the DMC by the Tracy Pumping Plant. Fish are collected and 
transported by tanker truck to release sites away from the pumps. Adult Southern DPS green 
sturgeon are rarely observed at the TFCF. In the last 8 years, only one adult (over 2 meters in 
total length) was found on the TFCF trash rack in spring 2003 (Reclamation 2006b). Adult 
sturgeon were also periodically reported impinged in the trash racks prior to 2000. 

Table 8-2 shows the reliable historic record sturgeon salvage by month, since 1993 when species 
identifications are considered to be reliable. All other non-sampled fish that enter the facility are 
collected and transported by tanker truck to downstream Delta release sites.  
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Table 8-2. Actual salvage of Southern DPS green sturgeon and white sturgeon at the Tracy Fish 
Collection Facility (Reclamation 2007a). GRN = Southern DPS green sturgeon, WHT = white 
sturgeon. 

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
1993 0 grn 

0 wht 
1 grn 
1 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
2 wht 

0 grn 
1 wht 

0 grn 
0 wht 

0 grn 
3 wht 

1994 0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

1 grn 
0 wht 

0 grn 
0 wht 

1995 0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
3 wht 

1 grn 
8 wht 

0 grn 
8 wht 

0 grn 
14wht 

0 grn 
9 wht 

4 grn 
4 wht 

1996 0 grn 
0 wht 

0 grn 
1 wht 

0 grn 
0 wht 

0 grn 
2 wht 

0 grn 
0 wht 

0 grn 
1 wht 

1 grn 
4 wht 

0 grn 
1 wht 

0 grn 
2 wht 

2 grn 
3 wht 

0 grn 
1 wht 

0 grn 
1 wht 

1997 0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
4 wht 

1 grn 
1 wht 

1 grn 
0 wht 

2 grn 
1 wht 

0 grn 
1 wht 

0 grn 
1 wht 

1 grn 
2 wht 

0 grn 
0 wht 

0 grn 
1 wht 

0 grn 
0 wht 

1998 0 grn 
2 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
1 wht 

0 grn 
1 wht 

0 grn 
6 wht 

1 grn 
8 wht 

1 grn 
3 wht 

0 grn 
0 wht 

1999 0 grn 
1 wht 

0 grn 
1 wht 

0 grn 
1 wht 

0 grn 
0 wht 

1 grn 
1 wht 

0 grn 
1 wht 

0 grn 
2 wht 

0 grn 
2 wht 

1 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

2000 0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
1 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

2001 0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
1 wht 

0 grn 
1 wht 

0 grn 
0 wht 

1 grn 
0 wht 

0 grn 
0 wht 

1 grn 
0 wht 

2002 0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

2003 0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
1 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

2004 0 grn 
0 wht 

0 grn 
1 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
1 wht 

0 grn 
0 wht 

2005 0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

1 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

2006 0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

1 grn 
0 wht 

9 grn 
0 wht 

2 grn 
0 wht 

3 grn 
0 wht 

5 grn 
1 wht 

7 grn 
0 wht 

1 grn 
0 wht 

2007 1 grn 
0 wht 

0 grn 
1 wht 

0 grn 
2 wht 

0 grn 
1 wht 

        

 

State Water Project Export Facilities and Skinner Fish Protection Facility 

The Skinner Fish Protection Facility (SFPF) located between Banks and CCF, intercepts fish, 
which are collected and transported by tanker truck to downstream release sites. This facility 
uses behavioral barriers to guide targeted fish into holding tanks for subsequent transport by 
truck to release sites within the Delta. Table 8-3 shows the reliable historic record of SWP 
sturgeon salvage, by month, between 1993 and 2007. All other non-sampled fish passing through 
the facility are collected and transported by tanker truck to Delta release sites. 
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Table 8-3. Actual salvage of Southern DPS green sturgeon and white sturgeon at the Skinner Fish 
Protection Facility (Reclamation 2007a). GRN = Southern DPS green sturgeon, WHT = white 
sturgeon.  

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
1993 3 grn 

0 wht 
0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

1 grn 
0 wht 

0 grn 
1 wht 

2 grn 
2 wht 

0 grn 
0 wht 

1994 0 grn 
0 wht 

1 grn 
2 wht 

1 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

1995 2 grn 
5 wht 

1 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

1 grn 
6 wht 

3 grn 
6 wht 

0 grn 
2 wht 

0 grn 
14wht 

1 grn 
1 wht 

0 grn 
0 wht 

1996 0 grn 
31wht 

0 grn 
5 wht 

2 grn 
3 wht 

0 grn 
2 wht 

0 grn 
0 wht 

2 grn 
2 wht 

0 grn 
1 wht 

0 grn 
2 wht 

2 grn 
1 wht 

0 grn 
2 wht 

0 grn 
5 wht 

0 grn 
4 wht 

1997 0 grn 
1 wht 

0 grn 
0 wht 

0 grn 
6 wht 

1 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
1 wht 

0 grn 
0 wht 

1 grn 
1 wht 

0 grn 
1 wht 

0 grn 
1 wht 

0 grn 
1 wht 

1998 0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
1 wht 

0 grn 
0 wht 

4 grn 
2 wht 

2 grn 
2 wht 

1 grn 
0 wht 

0 grn 
2 wht 

0 grn 
1 wht 

1999 0 grn 
0 wht 

2 grn 
1 wht 

0 grn 
1 wht 

0 grn 
3 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
2 wht 

0 grn 
2 wht 

1 grn 
1 wht 

0 grn 
1 wht 

0 grn 
0 wht 

0 grn 
0 wht 

2000 0 grn 
0 wht 

3 grn 
1 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
1 wht 

1 grn 
1 wht 

1 grn 
1 wht 

2001 0 grn 
0 wht 

0 grn 
1 wht 

1 grn 
0 wht 

0 grn 
1 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
1 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

4 grn 
1 wht 

2002 0 grn 
0 wht 

0 grn 
0 wht 

2 grn 
0 wht 

0 grn 
0 wht 

0 grn 
1 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
1 wht 

2003 1 grn 
0 wht 

1 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

1 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

2004 0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

2005 2 grn 
0 wht 

0 grn 
0 wht 

0 grn 
1 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

2 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

2006 1 grn 
1 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

0 grn 
0 wht 

1 grn 
2 wht 

0 grn 
1 wht 

2 grn 
0 wht 

0 grn 
1 wht 

0 grn 
1 wht 

2 grn 
0 wht 

2007 0 grn 
0 wht 

0 grn 
1 wht 

1 grn 
1 wht 

         

 

Mirant's Pittsburg and Contra Costa Power Plants 

Power plant operations potentially affect fish by entraining and impinging them to the points of 
cooling water diversion, exposure to chlorine from cleaning processes, and increasing water 
temperatures with discharged cooling flows. Studies done in 1976 and 1991 (DWR 2005c), 
which did not report any sturgeon, found greater numbers of some fish species near thermal 
discharge sites, but no evidence for direct mortality of striped bass and no thermal blockage of 
migratory species including Chinook salmon, striped bass or American shad. Studies done in 
1991 (DWR 2005c), which did not report any sturgeon, were inconclusive as to the effects of 
chlorination for control of condenser slime. These studies also indicated no entrainment or 
impingement of green sturgeon.  

Low Flows 

NMFS 2006 states that “DFG and FWS found a strong correlation between mean daily 
freshwater outflow (April to July) and white sturgeon year class strength in the Sacramento-San 
Joaquin Estuary (these studies primarily involve the more abundant white sturgeon; however, the 
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threats to green sturgeon are thought to be similar), indicating that insufficient flow rates are 
likely to pose a significant threat to green sturgeon.”  

High temperatures caused by lower flows in rivers and the Delta may have a negative effect on 
sturgeon populations. DFG (1992) and FWS (1995) found a strong correlation between mean 
daily temperature (April to July) and white sturgeon year-class strength from the Sacramento 
River. The Shasta Temperature Control Device began operating in 1997, but storage limitations 
may limit the ability of Shasta Dam releases to regulate temperatures during drier water years. 
DFG (1992) and FWS (1995) also found a strong correlation between mean daily freshwater 
outflow from the Sacramento-San Joaquin watershed and year-class strength in the estuary. It 
should be noted that flow and temperature are correlated, and the DFG and FWS studies were 
conducted prior to temperature control device installation on Shasta Dam; therefore, it is difficult 
to quantify flow effects on juvenile production independent of temperature.  

The lack of flow in the San Joaquin River from dam and diversion operations and agricultural 
return flows contribute to higher temperatures in the mainstem San Joaquin River, offering less 
water to keep temperatures cool for sturgeon, particularly during late summer and fall. Whether 
direct or indirect, the effects of flow on green sturgeon are not well understood but likely play an 
important role in population performance, which is why lows flows are documented as a 
potential threat in NMFS’ 2002 and 2005 status reviews (Adams et al. 2002; NMFS 2005) and 
the Federal register (70 FR 17386; 71 FR 17757). 

Water Temperature 

Water temperatures greater than 63ºF can increase mortality of sturgeon eggs and larvae 
(PSMFC 1992). Moderated stream temperatures in spawning and egg incubation areas are 
critical as temperatures above 68˚F are lethal to green sturgeon embryos (Cech et al. 2000). 
Temperatures near RBDD on the Sacramento River historically occur within optimum ranges for 
sturgeon reproduction; however, temperatures downstream, especially later in the spawning 
season, were reported to be frequently above 63ºF (USFWS 1995). High temperatures in the 
Sacramento River from February to June no longer appear to be a concern as temperatures in the 
upper Sacramento River are actively managed for Sacramento River winter-run Chinook salmon. 
The Shasta temperature control device installed at Shasta Dam in 1997 appears to maintain cool 
water conditions below the dam. 

As shown on Figure 8-17, a considerable reach of the Sacramento River maintains suitable 
spawning temperatures for the Southern DPS green sturgeon. From river mile 90 to river mile 
160, suboptimal spawning temperatures of 64-68°F occur on average. Optimal spawning 
temperatures occur from river mile 160 to river mile 302. During the first two-thirds of the 
spawning season, when the RBDD gates are out, Southern DPS green sturgeon have access to 70 
river miles of suboptimal spawning temperatures and 140 river miles of optimal spawning 
temperatures. During the last one-third of the spawning season, when the RBDD gated are in, 
Southern DPS green sturgeon have access to 70 river miles of suboptimal spawning temperatures 
and 78 river miles of optimal spawning temperatures. Note that this description describes the 
number of available river miles but it is unclear how much actual spawning habitat exists in each 
portion of the river. 
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Figure 8-17. Modeled temperatures in the Sacramento River below Keswick Dam (Orlob and King 
1997). 

NMFS (2006) states that “Elevated water temperature is likely no longer a problem in the 
Sacramento River with the installation of the Shasta Dam Temperature Control Device in 1997.”  
However, green sturgeon reproduction before 1997, when the Shasta Dam Temperature Control 
Device was installed, may well have been adversely affected by temperature. There has been a 
great deal of fishery management emphasis on keeping the Upper Sacramento River cool enough 
for salmonids eggs (<57°F). For Southern DPS green sturgeon, 57°F is well below their upper 
limit of optimal temperature for egg development of 63 to 64°F (Van Eenennaam et al. 2005). 
Therefore, in the Sacramento River, Southern DPS green sturgeons are not limited by a lack of 
suitable spawning temperatures nor are they likely threatened by drought induced increases in 
water temperatures.  

Water temperatures in the Feather River appear adequate for spawning and egg incubation, 
contrary to previous concerns that releases of warmed water from Thermalito Afterbay are one 
reason neither green nor white sturgeon are found in the river in low-flow years (DFG 2002, 
SWRI 2003). In some years, water temperatures downstream of the Thermalito Outlet are 
inadequate for spawning and egg incubation, which has been suggested as a reason why green 
sturgeon are not found in the river during low flow years (DWR 2007). However, post-Oroville 
Dam water temperatures are cooler than historic river temperatures during the summer months 
when early life stages are likely to be present in the lower Feather River (DWR 2005a). Prior to 
the construction of the Oroville Dam, water temperatures in the Feather River at Oroville 
averaged 65-71°F from June through August for the period of 1958-1968 (CDWR 2004). After 
Oroville Dam construction, water temperatures in the Feather River at the Thermalito Afterbay 
averaged 60-65°F from June through August for the period of 1993-2002 (CDWR 2004). In 
addition, modeling results indicate that under existing conditions, water temperatures several 
miles downstream of the Thermalito Outlet would average 66ºF or less in 80 percent of all days 
in July (DWR 2005a). 
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NMFS states “An effective population of spawning green sturgeon (i.e., a population that is 
contributing offspring to the next generation) no longer exists in the Feather River and was likely 
lost due to … thermal barriers associated with the Thermalito Afterbay Facility.” (71 FR 17762). 
However, Spring-run Chinook salmon regularly hold below and pass upstream of the Thermalito 
Outlet (CDWR 2005b) suggesting that the outlet of the Thermalito Afterbay does not represent a 
complete thermal barrier to coldwater species. Similarly, most anecdotal observations of 
Southern DPS green sturgeon in the Feather River come from the pool below the Thermalito 
Outlet (DWR 2007). The availability of cold water and deep holding pools further upstream 
suggests that Southern DPS green sturgeon are selecting the habitat found at the outlet for 
holding (and possible spawning during some years) rather than avoiding it as a thermal barrier.  

Temperatures in the lower San Joaquin River continually exceed preferred temperatures for 
sturgeon migration and development during spring months. Temperatures at Stevenson on the 
San Joaquin River near the Merced River confluence on May 31, 2000-2004 (spawning typically 
occurs during Apr-June) ranged from 77 to 82ºF (California Data Exchange Center, preliminary 
data). Juvenile sturgeon are exposed to increased water temperatures in the Delta during the late 
spring and summer due to the loss of riparian shading, and by thermal inputs from municipal, 
industrial, and agricultural discharges. High water temperatures on the San Joaquin River and in 
the Delta are likely to deter spawning in these regions. 

Contaminants 

No specific information is available on contaminant loads or impacts of contaminants on green 
sturgeon. The difference in distribution of green and white sturgeon (ocean migrants vs. 
estuarine inhabitants) probably makes green sturgeons less vulnerable than white sturgeon to 
bioaccumulation of contaminants found in the estuary. NMFS 2006 states that “we conclude that 
some degree of risk from contaminants probably occurs for green sturgeon. 

Environmental stress as a result of poor water quality can lower reproductive success and may 
account for low productivity rates of green sturgeon (Klimley 2002). High levels of trace 
elements can also decrease sturgeon early life-stage survival, causing abnormal development and 
high mortality in yolk-sac fry at concentrations of only a few parts per billion (FWS 1995). 
Water discharges from Iron Mountain Mine have affected survival of fish downstream of 
Keswick Dam, and limited availability of dilution flows cause downstream copper and zinc 
levels to exceed salmonid tolerances. Although the impact of trace elements on green sturgeon 
production is not completely understood, negative impacts are suspected (71 FR 17763).  

Researchers documented a sharp increase in pesticide contamination in the mid-1970s with the 
increase in use of rice pesticides (FWS 1995). It is thought that pesticide use likely represents a 
source of risk for green sturgeon because negative effects have been observed in other 
anadromous Sacramento River species (70 FR 17392).  

The Aquatic Pesticide Monitoring Program evaluations, funded by the California State Water 
Resources Control Board, suggested that potential effects of aquatic herbicides on fish in the 
Delta are not likely to be significant for most herbicides in use, with worst case scenario 
modeling and studies conducted over three years showed little indication of short-term and no 
long-term toxicity of aquatic herbicide applications (Siemering 2005). In addition, according to 
NMFS 2005, the decline of Southern DPS green sturgeon occurred in 1986, while large scale 
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treatment of the Delta with herbicides to control water hyacinth (Eichhornia crassipes) began in 
1982 and Egeria densa did not commence until 2001.  

Little is known about green sturgeon dietary intake. The gut contents of the only green sturgeon 
recently examined from the Southern DPS revealed that it had been feeding on overbite clams 
(Corbula), a nonnative species known to bioaccumulate selenium (DFG 2002; Linville et al. 
2002). Though the extent of accumulation of contaminants in green sturgeon is unknown, 
bioaccumulation of toxins in white sturgeon is well documented (Feist et al. 2004; Webb et al. 
2004) and likely posses a similar threat to green sturgeon.  

Dredging 

Hydraulic dredging is a common practice to allow commercial and recreational vessel traffic. 
Such dredging operations can pose risks to bottom oriented fish such as sturgeon. For example, 
studies by Buell (1992 as cited in NMFS 2007) reported approximately 2,000 white sturgeon 
entrained in the removal of one million tons of sand from the bottom of the Columbia River at 
depths of 60-80 feet. In addition, dredging operations can elevate toxics such as ammonia, 
hydrogen sulfide, and copper (NMFS 2006). Other factors include bathymetry changes and 
acoustic impacts (NMFS 2006). 

Harvest 

As long-lived, late maturing fish that spawn periodically, green sturgeon are particularly 
susceptible to threats from overfishing (Musick 1999). Green sturgeon are regularly caught in the 
sport, commercial, and tribal fisheries, particularly in Oregon and Washington commercial 
fisheries (Beamesderfer 2005). With the exception of a Klamath River fishery, green sturgeon 
are not targeted by fisheries but are caught incidental to harvest of white sturgeon and salmon. 
Harvest of mixed green sturgeon populations in Oregon and Washington fisheries has steadily 
declined from a peak of over 8,000 fish per year in 1986 to less than 1,000 fish per year since 
2001 (Figure 8-18). This reduction is not due to declining catch-per-effort but is in response to 
market conditions, regulation changes, and changing fisheries for other species (ODFW 2005b). 
Limited information suggests no negative or positive population abundance trends in Oregon 
populations of Southern DPS green sturgeon (ODFW 2005a).  
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Figure 8-18. Recent annual harvest of green sturgeon (NMFS 2005).  Klamath includes Yurok and 
Hoopa subsistence fishery harvests. The Oregon and Washington total includes sport and 
commercial fishery harvests from ocean and estuary fisheries including the Columbia River, 
Willapa Bay, and Greys Harbor. Figure from Beamesderfer et al. (2007). 

 

The largest annual landings occurred in the bays and estuaries of Oregon and Washington 
(Adams et al. 2002), areas where green sturgeon are known to congregate in the spring and 
summer (Lindley et al. 2008). Total commercial harvest of green sturgeon in the Columbia River 
Estuary between 1985-2001 ranged from 240 to 6,000 fish per year (Adams et al. 2002). During 
this period, Columbia River fisheries harvested over half of the green sturgeon caught in the 
northern and Southern DPSs. Washington coastal fisheries took approximately 28 percent of the 
total catch. The bulk of Washington harvest occurred in the Willapa Bay and Grays Harbor 
areas. About 8 percent of the catch was recorded in California tribal and Oregon sport and 
commercial fisheries. Harvest numbers in the Klamath River have remained constant, but 
accounted for a larger percentage of the total catch due to harvest reductions in the Columbia 
River, Grays Harbor and Willapa Bay fisheries (NMFS 2005).   

Green sturgeon are primarily captured incidentally in California by sport fisherman targeting the 
more desirable white sturgeon, particularly in San Pablo and Suisun Bays (Emmett et al. 1991). 
New regulations mandate that no green sturgeon can be taken or possessed in California (DFG 
2007). If green sturgeon are caught incidentally and released while fishing for white sturgeon, it 
must be reported to DFG. Sport fishing catch has been reduced through time; however, it is not 
known if this is a result of reduced abundance, changed fishing regulations, or other factors. 
DFG (2002) indicates high sturgeon vulnerability to the sport fishery in areas where sturgeon are 
concentrated, such as the Delta to San Pablo Bay area in late winter and the upper Sacramento 
River during the spawning migration. Further north, a high proportion of green sturgeon present 
in the Columbia River, Willapa Bay, and Grays Harbor (as much as 80 percent in the Columbia 
River) may be from the southern DPS (DFG 2002; Israel 2006; Lindley et al. 2008).  

Historical trends in green sturgeon abundance can be at least partly inferred from white sturgeon 
harvest records (Figure 8-19). Large white sturgeon commercial fisheries developed in San 
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Francisco Bay and the Columbia and the Fraser rivers during the late 1800s for previously-
unexploited white sturgeon populations. Fisheries collapsed within a few years as sturgeon were 
rapidly harvested at rates far in excess of sustainability (FWS 1993). Protective regulations were 
enacted following the fishery collapse but populations did not begin to recover for almost 50 
years because of the white sturgeon’s longevity and delayed maturation. In California, it is 
unlawful for sturgeon to be taken or possessed for commercial purposes (DFG 2006). Modern 
harvests have never approached historic levels as fisheries are regulated at more sustainable 
rates. Green sturgeon were not targeted by excessive white sturgeon fisheries (Beamesderfer 
2005, Moyle 2002 and NMFS 2005) but green sturgeon populations were likely depleted as a 
result of by catch (FWS 1996 and Moyle 2002). Green sturgeon were at least partially buffered 
from excessive early fisheries by their marine distribution but spawning runs were probably 
heavily impacted. Like the white sturgeon, green sturgeon probably recovered slowly during the 
1900s (Beamesderfer 2005) and gradual recovery is consistent with harvest patterns of green 
sturgeon in Columbia River fisheries (Figure 8-19).  

The longevity of sturgeon is clearly associated with low natural mortality rates beyond the first 
few years of age. Approximate total annual mortality rates estimated from catch curves for the 
Klamath River and Columbia River estuary ranged from 8 – 28 percent per year. Total annual 
rates include both natural and fishing mortalities. The lower rate for Columbia River subadults (8 
percent) than for Klamath River adults (19-28 percent) may be due in part to additional fishing 
mortality during Klamath River spawning migrations although subadults are also subjected to 
fishing mortality in the Columbia River. These estimates might suggest a natural annual 
mortality rate of 8 percent or less and fishing mortality rates of 10-20 percent or less on Klamath 
River adults. These estimates of green sturgeon natural mortality are comparable to those of 
white sturgeon which typically average 4-16 percent (Beamesderfer 2005).  
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Figure 8-19. Historical yield of white sturgeon in the Fraser River commercial fishery, white 
sturgeon in the Columbia River commercial and sport fisheries, white sturgeon in San Francisco 
Bay commercial fisheries and green sturgeon in the Columbia River sport and commercial 
fisheries (Beamesderfer 2005). Note differences in the scales of the y axes.  

Estimates of green sturgeon mortality reflect fishing levels prior to implementation of recent 
fishery reductions and are uncertain due to untested assumptions of the catch curve estimation 
method (e.g. constant recruitment and mortality). Fishing mortality rates on Sacramento River 
green sturgeon are likely to be less than in the Klamath River because there is no terminal fishery 
on spawners in the Sacramento River. Beamesderfer 2005 estimated white sturgeon exploitation 
rates in the Sacramento-San Joaquin River Bay-Delta of 1-4 percent per year since a protective 
slot regulation was implemented for sturgeon in 1990. Green sturgeon exploitation rates within 
the Sacramento are likely to be less because green sturgeons are less preferred by anglers. Green 
sturgeon are also subject to incidental fishing mortality in coastal and estuary fisheries of Oregon 
and Washington.  
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Illegal harvest of sturgeon is known to occur in the Sacramento River, particularly in areas where 
sturgeon have become concentrated (e.g., Fremont Weir; M. Marshall, pers comm.), as well as 
throughout the Bay-Delta. The small population of white sturgeon inhabiting the San Joaquin 
River experiences heavy fishing pressure, particularly from illegal fishing (FWS 1995). Areas 
just downstream of Thermalito Afterbay outlet and Cox’s Spillway, and several barriers 
impeding migration, may be areas of high adult mortality from increased fishing effort and 
illegal harvest. A number of illegal harvest operations for white sturgeon have been discovered 
in recent years to supply a lucrative caviar market. Green sturgeon caviar is not sought but green 
sturgeon may be caught incidental to effort targeting white sturgeon. NMFS (2006) states that 
“DFG has stated that sturgeons are highly vulnerable to fisheries, and the trophy status of large 
white sturgeon makes sturgeon a high priority for enforcement protection.”  

Disease and predation 

NMFS 2006 states that “we do not believe there is sufficient information to suggest that disease 
has played an important role in the decline of the Southern DPS.” Disease and predation risks are 
uncertain because little data is available to indicate adverse effects from either of these potential 
threats. NMFS does, however, acknowledge the potential threat of predation from introduced 
species such as striped bass (70 FR 17392; 71 FR 17763). More study is needed to determine the 
magnitude of risk posed by disease and predation in the Southern DPS of green sturgeon. 

Little is known about predators of green sturgeon. Smaller fish are undoubtedly taken by various 
fish and bird predators, although the five lines of sharp, bony scutes along their bodies probably 
make them less desirable prey than most other species. Predation by pikeminnow, smallmouth 
bass, and prickly sculpin has been documented for both green and white sturgeon. Sea lions have 
been observed feeding on adult white sturgeon. Information from the Columbia River suggests 
that total mortality of green sturgeon is less than for white sturgeon (DFG 2001). NMFS 2006 
states that “while predation risk imposed by striped bass on the Southern DPS is uncertain, it 
likely exists, and additional studies are needed to determine the importance of this threat to the 
long-term survival of the Southern DPS.” 

Non-native Invasive Species 

Green sturgeon have most likely been impacted by non-native invasive species introductions 
resulting in changes in trophic interactions in the Delta. Many of the recent introductions of 
invertebrates have greatly affected the benthic fauna in the Delta. DFG (2002) reviewed many of 
the recent non-native invasive species introductions and the potential consequences to green 
sturgeon. Most notable species responsible for altering the trophic system of the Sacramento-San 
Joaquin Delta include the overbite clam, the Chinese mitten crab, the introduced mysid shrimp 
Acanthomysis bowmani, and another introduced crustaceans, Gammarus sp.  

Introductions of invasive plant species such as the water hyacinth (Eichhornia crassipes) and 
Egeria densa have altered nearshore and shallow water habitat by raising temperatures and 
inhibiting access to shallow water habitat. Egeria forms thick “walls” along the margins of 
channels in the Delta. This growth prevents juvenile native fish from accessing their preferred 
shallow water habitat along the channel’s edge. Water hyacinth creates dense floating mats that 
can impede river flows and alter the aquatic environment beneath the mats. Dissolved oxygen 
levels beneath the mats often drop below sustainable levels for fish due to the increased amount 
of decaying vegetative matter produced from the overlying mat. Like Egeria, water hyacinth is 
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often associated with the margins of the Delta waterways in its initial colonization, but can 
eventually cover the entire channel if conditions permit. This level of infestation can produce 
barriers to anadromous fish migrations within the Delta. The introduction and spread of Egeria 
and water hyacinth have created the need for aquatic weed control programs that utilize 
herbicides targeting these species.  

Recent stomach content analysis of white sturgeon from the San Francisco Bay estuary indicates 
that the invasive overbite clam, Corbula amurensis, may now be a major component of the white 
sturgeon diet and possibly green sturgeon diets, and unopened clams were often observed 
throughout the alimentary canal (Kogut 2008). Kogut’s study found that at least 91 percent of 
clams that passed through sturgeon digestive tracts were alive. Green sturgeon could be affected 
in a similar manner. This suggests sturgeon are potential vehicles for transport of adult overbite 
clams and also raise concern about the effect of this invasive clam on sturgeon nutrition and 
contaminant exposure. 
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Chapter 9  Modeling and Assumptions 

A suite of simulation models were used to analyze effects of proposed Central Valley Project 
(CVP) and State Water Project (SWP) operations on steelhead, coho salmon, delta smelt, green 
sturgeon, and winter-run and spring-run Chinook salmon. This chapter presents the modeling 
tools, study assumptions, sensitivity and uncertainty evaluations, and limitations. In addition, key 
simulated summary results are included under a range of assumed conditions.  

The following simulation models were used to quantify effects: 

• Hydrologic- (CalSim-II and CalLite) 

• Delta Hydrodynamics - (DSM2) 

• Temperature - (Reclamation Temperature, Sacramento Rivers Water Quality 
Management [SRWQM], and Feather River) 

• Salmon Mortality, Population, and Life Cycle - (Reclamation Mortality, SALMOD, and 
Interactive Object-Oriented Salmon Simulation [IOS]) 

• Climate Change and Sea Level Rise - (Sensitivity Analysis) 

• Sensitivity and Uncertainty - (CalSim-II) 

Modeled future assumptions changes in operations expected to affect the CVP and SWP are:  

• Limited Environmental Water Account Program 

• Lower Yuba River Accord 

• Freeport Regional Water Project 

• Level of development (full contract/Table A demand in future) 

• Sacramento River Water Reliability Project 

• American River Flow Management 

• New Melones Draft Transitional Operation Plan 

• The California Aqueduct (CA) and Delta-Mendota Canal (DMC) Intertie 

• South Delta Improvement Project Stage 1 (permanent gates) 

• Red Bluff Diversion Dam 

The modeling is comprised of studies that represent the following range of conditions: 

• Present  

• Near Future 

• Future 

• Future with climate change and sea level rise 
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The Operations Criteria and Plan (OCAP) Biological Assessment (BA) modeling is defined as 
the quantitative simulation of the CVP and SWP (within the extent possible, using the best 
available tools) to identify if a current action or proposed action may affect listed or proposed 
species, or designated or proposed critical habitat which is protected by the Endangered Species 
Act (ESA). The following general metrics were identified to prepare this biological assessment:  

• River flows  

• Reservoir storage 

• Sacramento-San Joaquin Delta exports, hydrodynamics, and salinity 

• River temperature 

• Salmon life cycle and mortality  

The objective was to provide the above identified metrics resulting from the CVP and SWP 
system operations under various hydrologic and assumed conditions (see Studies and 
Assumptions).  Specific metrics used in the evaluation of the biological effects analysis are 
identified and discussed in Chapter 11: Upstream Effects and Chapter 13: Delta Effects. 

Modeling Methods 
Model simulations describe water surface storage, conveyance, water quality, temperature, and 
salmon lifecycle and mortality for the Central Valley and Sacramento-San Joaquin Delta. The 
suite of simulation models developed and/or applied by Reclamation and DWR include:  

• Statewide planning model of water supply, stream flow, and Delta export capability 
(CalSim-II and CalLite) 

• Sacramento-San Joaquin Delta hydrodynamics and particle tracking (DSM2) 

• River temperature (Reclamation Temperature, SRWQM, and Feather River Model) 

• Salmon mortality (Reclamation Mortality, SALMOD, and IOS)  

Specific model methodologies for CalSim-II, DSM2, temperature models, salmon models, 
climate change and sea level rise, and sensitivity and uncertainty are briefly described in the 
sections below. 

The modeling process for this BA uses a tiered approach where models function independently 
and are not dynamically linked. After CalSim-II modeling results were complete, they were used 
as input to the DSM2 model to find hydrodynamic conditions in the Delta. CalSim-II results 
were also used in temperature models that provide estimates of mean monthly temperatures at a 
variety of locations and mean daily temperature at select locations along CVP- and SWP-
influenced rivers. Modeled temperatures were then compared to thermal criteria for specific life 
stages in the months when they would be present in the given river as the primary means of 
assessing potential effects of proposed CVP and SWP operations. These results were used to 
assess potential effects for proposed CVP and SWP export operations. This process is used to 
maintain consistency amongst the model results. The models and data flow are graphically 
shown in Figure 9-1. A list of temporal model characteristics is presented in Table 9-1. 
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Figure 9-1 OCAP BA Model Information Flow 
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Table 9-1 Temporal and Simulation Characteristics  

Model Model Time Step Simulation 
Period (Water 
Year) 

CalSim-II Monthly 1922-2003 

DSM2 15 minute 1976-1991 

Reclamation 
Temperature 

Monthly 1922-2003 

SRWQM 6 hour 1922-2003 

Feather River Model 1 hour  1922-1994 

Reclamation 
Mortality 

Daily 1922-2003 

SALMOD Weekly 1922-2003 

IOS Daily 1923-2002 

 

The simulation results of the OCAP BA are designed for a comparative evaluation because the 
CalSim-II model uses generalized rules to operate the CVP and SWP systems and the results are 
a gross estimate that may not reflect how actual operations would occur. Generalizations are also 
made for various programs based on adaptive management that are too dynamic in nature to 
codify or capture the wide spectrum of factors used in actual decision making. Results should 
only be used as a comparative evaluation to reflect how changes in facilities and operations may 
affect the CVP-SWP system. Biological effects assessing future conditions in the OCAP BA 
using simulated results were based on comparative evaluations. While models can provide useful 
insight to complex systems or overcome the deficiencies of incomplete observed data, they are a 
simplification of the true system or natural processes and yield results with limitations (see 
Modeling Limitations).  

The model appendices (Appendices D, F, H, J, L, N, P, and R) document efforts to demonstrate 
tangible measures of OCAP BA modeling adequacy, credibility, data quality, model testing, 
sensitivity, and uncertainty. The results presented (Appendices E, G, I, K, M, O, Q, S, and T) are 
the product of the best science available at the time this document was prepared. For example, 
CalSim-II is the SWP-CVP simulation model developed and used by the DWR and the 
Reclamation. CalSim-II represents the best available planning model for the CVP-SWP system 
as quoted in the April 9, 2004, Draft Response Plan from the CALFED Science Program Peer 
Review of CalSim-II: 

“As the official model of those projects, CalSim-II is the default system model for 
any inter-regional or statewide analysis of water in the Central 
Valley…California needs a large-scale relatively versatile inter-regional 
operations planning model and CalSim-II serves that purpose reasonably well.” 
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Hydrologic Modeling Methods 

The objective of the hydrologic models is to simulate the CVP and SWP project operations with 
a set of historical hydrology (water-years 1922 to 2003) with existing and assumed future 
conditions. These results provided the inputs to hydrodynamic and temperature models that assist 
in the fisheries effects evaluations of alternative CVP/SWP operations. Both the CalSim-II and 
CalLite models produce monthly results. These results are used to examine the seasonal and 
water year type (Wet, Above Normal, Below Normal, Dry, and Critical) trends in a comparative 
manner (as described previously).  

CalSim-II 

The CalSim model is a water resources simulation planning tool developed jointly by DWR and 
Reclamation. The CalSim-II model is applied to the SWP, the CVP, and the Sacramento and San 
Joaquin Delta (Figure 9-2). The model is designed to evaluate the performance of the CVP and 
SWP systems for: existing or future levels of land development, potential future facilities, 
current or alternative operational policies and regulatory environments. Key model output 
includes reservoir storage, instream river flow, water delivery, Delta exports and conditions, 
biological indicators, and operational and regulatory metrics.  

CalSim-II simulates 82 years of hydrology for the region spanning from water year 1922 to 
water year 2003. The hydrology data is composed of assumed water demands, stream accretions 
and depletions, stream-groundwater interaction, rim basin inflows, irrigation efficiency, return 
flows, and non-recoverable losses. The model employs an optimization algorithm to find routing 
solutions on monthly time step. The movement of water in the system is governed by an internal 
weighting structure to ensure regulatory and operational priorities. The Sacramento and San 
Joaquin Delta (Delta) is also represented by DWR’s Artificial Neural Network (ANN), which 
simulates flow and salinity relationships. Delta flow and electrical conductivity is also reported 
at key regulatory locations. Details of the level of land development (demands) and hydrology 
and ANN are discussed in Appendix D. 

CalSim-II water deliveries are simulated for water contractors based on a method that estimates 
the actual forecast allocation process. The North of Delta (NOD) and South of Delta (SOD) 
deliveries for both the CVP and SWP contractors are determined using a set of rules for 
governing the allocation of water. CalSim-II uses a water supply and water demand relationship 
to find delivery quantities given available water, operational constraints and desired reservoir 
carryover storage volumes. Additional details of the delivery allocation process are available in 
Appendix D.  

CalSim-II simulates a suite of environments to represent the CVP and SWP systems. The 
regulatory environments consist of the SWRCD D-1485, and the D-1641 (also referred to as the 
1995 Water Quality Control Plan “WQCP”). These two environments are necessary for the 
determination of the CVPIA (b)(2) regulatory environment which implements fish protection 
actions and is next in the sequence. Following the (b)(2) environment is the conveyance step 
(formerly known as the Joint Point of Diversion (JPOD)) where water is exported or “wheeled” 
at the Delta pumping facilities. Next is the Transfers environment. This environment is 
deactivated and no transfers are dynamically simulated for these studies. However, a post-
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processed transfer analysis is evaluated. The final regulatory environment is the Environmental 
Water Account (EWA) or the Limited EWA (the Lower Yuba River Accord transfers are 
dynamically simulated in the EWA regulatory environment). The following discussion details 
the CVPIA (b)(2) and the EWA specific for the OCAP BA.  
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Figure 9-2 General spatial representation of the CalSim-II network  
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CVPIA 3406 (b)(2) and Environmental Water Account Modeling 

CalSim-II dynamically models Central Valley Project Improvement Act (CVPIA) 3406(b)(2) 
and the Environmental Water Account (EWA). CVPIA 3406(b)(2) accounting procedures in 
CalSim-II are based on system conditions under operations associated with SWRCB D-1485 and 
D-1641 regulatory requirements (DWR 2002). Similarly, the operating guidelines for selecting 
actions and allocating assets under the EWA are based on system conditions under operations 
associated with a Regulatory Baseline as defined by the CALFED Record of Decision which 
includes SWRCB D-1641 and CVPIA 3406 (b)(2), among other elements. Given the task of 
simulating dynamic EWA operations, and the reality of interdependent operational baselines 
embedded in EWA’s Regulatory Baseline, a modeling analysis was developed to dynamically 
integrate five operational baselines for each water year of the hydrologic sequence.  

CVPIA (b)(2) 
Consistent with CVPIA, Reclamation manages the CVP to “dedicate and manage annually 
800,000 acre-feet of Central Valley Project yield for the primary purpose of implementing the 
fish, wildlife, and habitat restoration purposes and measures authorized by this title; to assist the 
State of California in its efforts to protect the waters of the San Francisco Bay/Sacramento-San 
Joaquin Delta Estuary; and to help to meet such obligations as may be legally imposed upon the 
Central Valley Project under State or Federal law following the date of enactment of this title, 
including but not limited to additional obligations under the Federal Endangered Species Act.”  

The water allotted under the authorization of CVPIA (b)(2) is dedicated and managed in a 
manner consistent with processes outlined in Chapter 2 and are generally managed to augment 
river flows and to limit pumping in the Delta to supplement the requirements of D-1641 and to 
protect fish species. 

To simulate the 3406 (b)(2) accounting, the model uses metrics calculated in the (b)(2) 
simulation. The metrics measure the flow increases and export decreases from D-1485 to D-1641 
WQCP Costs, and from D-1485 to (b)(2), total (b)(2) costs. The following assumptions were 
used to model the May 2003 3406 (b)(2) Department of the Interior decision. 

1. Allocation of (b)(2) water is 800,000 acre-feet per year (af/yr), 700,000 af/yr in 40-30-30 
Dry Years, and 600,000 af/yr in 40-30-30 Critical years 

2. Upstream flow metrics are calculated at Clear Creek, Keswick, Nimbus, and Goodwin 
Reservoirs where (b)(2) water can be used to increase flow for fishery purposes. For OCAP 
BA modeling purposes, CVPIA (b)(2) accounting of Goodwin releases and volumes are 
independently determined based on Stanislaus River water availablity and New Melones 
water allocation estimates. The assumptions used in CalSim-II for taking an upstream action 
at one of the previously mentioned reservoirs are: 

• October-January 
o Clear Creek Releases: Action is on if Trinity Beginning of Month Storage 

>600,000 af. 

o Keswick Releases: Action is on if Shasta Beginning-of-Month Storage 
> 1,900,000 af. 
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o Nimbus Releases: Action is on if Folsom Beginning-of-Month Storage > 300,000 af. 

o For all releases, if the 200,000-af target is projected to be violated the model will try 
to reduce the magnitude of the actions in December and/or January. 

• February-September  
o Clear Creek Releases: Action is on if Trinity Beginning of Month Storage 

>600,000 af. 

o Keswick Releases: Action is on if Shasta Beginning-of-Month Storage > 1,900,000 af 
and if remaining (b)(2) account > projected coming WQCP costs. 

o Nimbus Releases: Action is on if Folsom Beginning-of-Month Storage > 300,000 af 
and if remaining (b)(2) account > projected coming WQCP costs. 

3. The export metric is the change in total CVP pumping (Jones + CVP Banks) from the base 
case (D1485). Assumptions used in CalSim-II for taking a delta action are: 

• Winter Actions (December through February) and Pre-Vernalis Adaptive Management 
Plan (VAMP) (April Shoulder) actions are off. 

• VAMP Actions: Always taken and done at a 2:1 ratio (Vernalis flow to CVP pumping 
ratio) if non-VAMP Vernalis flows are greater than 8,600 cubic feet per second (cfs). 

• May Shoulder: Action turned on if the remaining (b)(2) is greater than or equal to the 
discounted remaining WQCP cost + anticipated Clear Creek cost (25,000 af). 
DISCOUNT = If the annual WQCP cost > 500,000 af, the difference is subtracted from 
the remaining WQCP cost. 

• June Ramping: Action turned on if the remaining (b)(2) is greater than or equal to the 
discounted remaining WQCP cost + anticipated Clear Creek cost (20,000 af). 

• Both May Shoulder and June Ramping are further restricted to stay within the 
remaining (b)(2)account – remaining WQCP costs. 

 

Environmental Water Account 
The three management agencies (FWS, NMFS, and DFG) and the two project agencies 
(Reclamation and DWR) share responsibility for implementing and managing the Environmental 
Water Account (EWA) as described in Chapter 2. The objective of simulating EWA for OCAP 
BA modeling is to represent the functionality of the program in two ways: as it has been 
implemented by EWAT during WY2001-2007, referred to as Full EWA and as it is foreseen to 
be implemented in a limited capacity in coming years, referred to as Limited EWA. The EWA 
representation that CalSim-II simulates is not a prescription for operations; it is only a 
representation of the following EWA operating functions: 

• Implementing actions at SWP and CVP Delta export facilities  

• Assessing debt caused by these actions 

• Year-to-year carryover debt was represented for Full EWA, but not for Limited EWA 

• Acquiring assets for managing debt  
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• Storing assets in San Luis, and transferring (or losing) stored assets to the projects as a 
result of projects’ operations to fill San Luis during winter months  

• Spending assets to compensate for debt south of the Delta (SOD) 

• Tracking and mitigating the effects of debt north of the Delta (NOD) and NOD backed-
up water  

• Spilling carryover debt to the SWP at San Luis Reservoir was represented for Full EWA, 
but not for Limited EWA 

• Conveyance of assets from NOD to SOD  

• Accounting system re-operation effects resulting from EWA operations  

For the OCAP BA modeling, action definitions reflect monthly to seasonal aggregate actions 
implemented by EWAT from WY2001-2007 and in the immediately foreseeable future.  

Full EWA 
The following actions are simulated in the OCAP BA modeling for Full EWA fishery purposes: 

• Winter-period Export Reduction (December–February):  
Definition:  “Asset spending goal” where a constraint is imposed on total Delta exports 

that equal 50,000 af less per month relative to the amount of export under 
the Regulatory Baseline. This is modeled as a monthly action and 
conceptually represents EWAT implementation of multiple several-day 
actions during the month. 

Trigger:  All years for December and January; also in February if the hydrologic 
year-type is assessed to be Above Normal and Wet according to the 
Sacramento 40-30-30 Index. 

• VAMP-period Export Reduction (April 15–May 15): 
Definition: Reduce exports to a target-restriction level during the VAMP period, 

regardless of the export level under the Regulatory Baseline; target 
depends on San Joaquin River flow conditions. 

Trigger: All years. Taking action during the VAMP period has been an EWAT 
high priority in 2001–2007 and is, therefore, modeled as a high priority. 

• Pre-VAMP “Shoulder-period” Export Reduction (April –April 15): 
Definition: Extend the target-restriction level applied for VAMP period into the 

April 1-April 15 period. 

Trigger: It was not simulated to occur based on actions implemented by EWAT 
from WY2001–2007 and in the foreseeable future. 

• Post-VAMP “Shoulder-period” Export Reduction (May 16–May 31): 
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Definition: Extend the target-restriction level applied for VAMP period into the 
May 16-May 31 period. 

Trigger: In any May if collateral exceeds debt at the start of May. 

• June Export Reduction: 
Definition: Steadily relieve the constraint on exports from the target-restriction level 

of the Post-VAMP period to the June Export-to-Inflow constraint level. 
Complete this steady relief on constraint during a 7-day period. 

Trigger:  If the Post-VAMP “Shoulder-period” Export Reduction was implemented 
and if collateral exceeds debt at the start of June. 

The following assets are included in the OCAP BA modeling: 

• Allowance for Carryover Debt (Replacing “One-Time Acquisition of Stored-Water 
Equivalent” defined in the CALFED ROD) 

• Water Purchases, North and South of Delta 

• 50 percent Gain of SWP Pumping of (b)(2)/ERP Upstream Releases  

• 50 percent Dedication of SWP Excess Pumping Capacity (i.e., JPOD) 

• July-September Dedicated Export Capacity at Banks (additional 500 cfs capacity) 

• Source shifting and dry/wet exchange operations are represented (for the Full EWA 
simulation, but not the Limited EWA) 

The role of these fixed and operational assets in mitigating the effects of EWA actions depends 
on operational conditions and is ascertained dynamically during the simulation. On the issue of 
the one-time acquisition of stored-water equivalent, the CALFED ROD specified the acquisition 
of initial and annual assets dedicated to the EWA, and EWA was to be guaranteed 200 thousand 
acre-feet (taf) of stored water SOD. This SOD groundwater bank was excluded in the CalSim-II 
studies for OCAP BA given its absence in actual EWAT operations from WY2001–2007. Since 
development of this asset has been delayed, EWAT developed a replacement asset (i.e., 
allowance for carryover debt and subsequent debt spilling) and operational procedures for 
managing this asset. OCAP BA modeling reflects EWAT guidelines for carrying over and 
spilling debt in the case of debt situated at SWP San Luis.  

The impacts of actions on system operations are assessed in the OCAP BA modeling as EWA 
debt. Debt is defined as a reduction in project deliveries and/or storage relative to the EWA 
baseline (i.e., results from Step 5). CalSim-II tracks three general types of EWA debt: 

• Deliveries to contractors SOD 

• Storage levels SOD 

• Storage levels NOD 

Occurrence of SOD deliveries, debt, and subsequent failure to immediately pay back this debt, is 
an indicator that the simulated EWA program’s assets are not in balance with the assumed 
actions. Occurrence of storage debt does not require immediate debt management.  
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Carried-over SOD storage debt is simulated to be managed through either: (1) direct dedication 
of assets, or (2) debt spilling. Dedication of assets involves transferring the accumulated 
purchases and variable assets from EWA San Luis into the projects’ shares of San Luis to repay 
impacts caused by this year’s actions and/or carried-over impacts from last year. The second 
tool, debt spilling, involves elimination of carried-over SOD debt at SWP San Luis assuming that 
several conditions were met at the end of the previous month (as described by EWAT):  

• There was remaining capacity at Banks 

• There was surplus water in the Delta that could have been exported 

• The sum of end-of-month debt and stored water at SWP San Luis exceeded the sum of 
storage capacity and the “Article 21 deficit” (Figure 9-3) an Article 21 deficit represents 
demand minus what was delivered 

• There was carried-over debt left to be spilled at SWP San Luis 

• There was carried-over debt left to be spilled at SWP San Luis 

 

 

Figure 9-3 Conditions for Spilling Carried-over Debt at SWP San Luis in CalSim-II  
Because the Regulatory Baseline cannot exceed SWP San Luis Capacity (i.e., the dashed line in 
Stack A), then the debt above this capacity line must be carried-over debt. Therefore, this spill tool will 
only be applicable to erasing carried-over debt and will not affect “new” debt conditions from this year’s 
actions. 
Spill amount is limited by the availability of excess capacity at Banks and surplus water in the Delta. 
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Limited EWA 
The following actions are simulated in the OCAP BA modeling for Limited EWA fishery 
purposes: 

• VAMP-period Export Reduction (April 15–May 15): 
Definition: Reduce exports to a target-restriction level during the VAMP period, only 

up to the amount covered by available assets in storage and available 
assets through Yuba Accord. Otherwise target depends on San Joaquin 
River flow conditions. 

Trigger: All years. Taking action during the VAMP period has been an EWAT 
high priority in 2001–2007 and is, therefore, modeled as a high priority. 

• Post-VAMP “Shoulder-period” Export Reduction (May 16–May 31): 
Definition: Extend the target-restriction level applied for VAMP period into the 

May 16-May 31 period. 

Trigger: In any May, if assets are remaining after VAMP actions. 

The following assets are included in the Limited EWA OCAP BA modeling: 

• Water Purchases, Yuba Accord 

• 50 percent Gain of SWP Pumping of (b)(2)/ERP Upstream Releases  

• 50 percent Dedication of SWP Excess Pumping Capacity (i.e., JPOD) for conveyance of 
EWA purchase or delta surplus outflow 

• July-September Dedicated Export Capacity at Banks for conveyance of EWA purchase or 
delta surplus outflow (an additional 500 cfs capacity) 

CalLite 

The CalLite tool is a rapid and interactive screening tool that simulates California’s water 
management system for planning purposes. The CalLite tool is based on CalSim-II’s 82 years of 
hydrologic inputs and logic using a simplified CalSim-II network which simulates, on a monthly 
time-step, CVP and SWP system conditions. “CalLite simulates the hydrology of the Central 
Valley, reservoir operations, project operations and delivery allocation decisions, Delta salinity 
responses to river flow and export changes, and habitat-ecosystem indices.” (Munévar et al., 
2008). The CalLite tool features: 

• Rapid simulation evaluation (approximately 5 minutes depending on the scenario) 

• User friendly Graphical User Interface (GUI) 

• Flexible selection of policy alternatives or mode of simulation 

• Pre-packaged post processing tools for output evaluation and alternative comparisons 

• Cross-over of resources with CalSim-II data and logic 
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The following aspects of the CalLite model highlight areas where the model is coarser than the 
CalSim-II model to achieve the features listed above. The extent of the CalLite model reaches 
from northern California’s Central Valley south to the Sacramento and San Joaquin Delta where 
the model terminates at the CVP and SWP Dos Amigos facility. All major CVP and SWP 
storage and conveyance facilities are included in the CalLite model. For the interim, the San 
Joaquin River Basin is simulated as a fixed time-series from CalSim-II results, while 
development is in progress. Differences between the CalSim-II and CalLite model are found in 
the aggregation of demands and hydrology inputs (accretions and depletions). The model 
represents “base” regulatory protection measures of SWRCB D-1641, allowing for screening 
additional policy proposals to augment above the “base” condition. 

CalLite focuses on two specific areas which are not simplified “1) aspects governing operation 
and control of Delta facilities, water quality, channel flows, and ecosystem indicators; and (2) 
delivery allocation procedures for the CVP and SWP” (Munévar et al., 2008). The Delta is 
represented in an equivalent level of detail as the CalSim-II model. The CVP and SWP allocation 
procedures are also enhanced with an embedded module that more closely mimics the allocation 
forecasting process. In addition, this application has focused on the influence of uncertain 
hydrologic conditions in the allocation decision-making process.  

The purpose of the CalLite tool for the OCAP BA is to screen and evaluate proposed 
Sacramento-San Joaquin Delta management actions for delta smelt and anadromous fish 
protection. This tool is well suited to quickly examine the tradeoffs of conflicting objectives for 
multiple alternatives. “CalLite is not a replacement for existing models, but rather is informed by 
the data and results of existing models and allows users to explore the future water management 
actions, improve understanding, and support more stakeholder-involved decision-making.” 
(Munévar et al., 2008). Hence, interactive screening workshops define criteria that are then 
implemented in the more detailed planning model (CalSim-II) for final simulation. The screening 
process and selected results of alternative management scenarios requested by USFWS, NMFS 
and DFG are presented in Appendix V  

Delta Hydrodynamic Modeling Methods 

The objective of the hydrodynamic model, DSM2, is to simulate the Sacramento-San Joaquin 
River Delta (Delta) given monthly CVP and SWP project operations from the CalSim-II model 
results. These results provide flow, velocity, salinity, and particle movement (described below) 
in the Delta. DSM2 Old and Middle River flow results, an index for Delta fisheries, are used in 
the determination of the biological effects analysis. These results are also examined in a 
comparative evaluation because monthly output from the CalSim-II model is used as input to the 
DSM2 model.  

DSM2 

The DWR Delta Simulation Model Version 2 (DSM2) was used to simulate the flow, velocity, 
and particle movement in the Delta (Figure 9-4). DSM2 consists of three one-dimensional 
modules that simulate the dynamic tidal hydraulics, water quality, and particle movement in a 
network of riverine channels. The DSM2 modules used for the OCAP-BA were the 
hydrodynamics module Hydro, and particle tracking module PTM.  DSM2 was developed by 
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DWR in the early 1990’s. Since its introduction DSM2 has been used for many projects. It has 
also been continually improved upon. Some of the most recent enhancements have been: 

• Incorporation of a database to control and archive study input parameters, 

• Operable gates that allow the model to operate gates in based on a hydrodynamic 
condition. 

DSM2-Hydro is a one dimensional hydrodynamics module that simulates unsteady, open 
channel flow, along with open water areas, gates and barriers. The Hydro module simulates flow, 
velocity and water elevations every 15 minutes for a little over 500 channels that represent the 
Delta channels. The simulated flow, velocity and water elevations are then used to drive the 
water quality and particle tracking simulations. These hydrodynamic parameters can also be 
pulled out for individual locations and analyzed. DSM2-PTM is a particle-tracking module that 
simulates the transport and fate of neutrally buoyant particles in the Delta channels. The module 
uses velocity and water elevation information from DSM2-Hydro to simulate the movement of 
virtual particles in the Delta. The movement of particles is tracked on a 15-minute time-step 
throughout the simulation. If a particle leaves the Delta system by way of an export, diversion, or 
through any other model boundary, this information is logged for latter analysis and termed the 
“fate” of the particle. The model grid can also be broken up into groups and the percentage of 
particles in each group can also be logged and analyzed. 

DSM2 models all of the major rivers and waterways in the Sacramento – San Joaquin Delta. The 
model simulates these rivers and waterways in the Delta starting from the Sacramento River at I 
Street in the north, and the San Joaquin River at Vernalis in the south, to Benicia Bridge in the 
west. Major inflows to the model include the Sacramento River, San Joaquin River, Mokelumne 
River, Cosumnes River, Calaveras River, and Yolo Bypass. Major exports and diversions include 
Banks Pumping Plant, Jones Pumping Plant, North Bay Pumping Plant, and Contra Costa intake 
at Old River and Rock Slough. In addition to these inflows and diversions there is also a 
representation of Delta Island Consumptive Use (DICU), which are the agriculture diversions 
and return flows throughout the Delta. At the Benicia Bridge is the Martinez stage boundary 
where a historically based stage is defined every 15 minutes throughout the simulation. 

For this effort DSM2-Hydro was used to evaluate the changes in flow and velocity in specific 
channels and regions of the Delta. DSM2-PTM was used to evaluate the effect of these changes 
on particle movement in the Delta. Both of the modules were used to evaluate conditions for 
water-years 1976 through 1991. This period has been traditionally selected because it offers a 
good mix of water year classifications as well as including an extreme critical year (1977), and 
extreme wet year (1983). 

DSM2-Hydro used monthly operations from the individual CalSim-II simulations as input. The 
inflow to DSM2-Hydro included the Sacramento River, Yolo Bypass, Mokelumne River, 
Cosumnes River, Calaveras River and San Joaquin River flows. The exports and diversions 
included Banks Pumping Plant, Jones Pumping Plant, Contra Costa Water District diversions at 
Rock Slough and Old River at Highway 4, and North Bay Pumping Plant. Additionally Delta 
Island Consumptive Use (DICU) was also modeled (Mahadevan 1995). A 15 minute adjusted 
astronomical tide (Ateljevich 2001a) was used to drive the Martinez tidal boundary. 
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As described in Appendix F, some pre-processing of monthly CalSim-II flows was needed 
before DSM2-Hydro could appropriately characterize the system. Since CalSim-II provides 
monthly flows, and DSM2-Hydro is a 15 minute model some disaggregation and smoothing of 
data is required to transition from month to month stepwise flows. The Vernalis Adaptive 
Management Program (VAMP) period was also pre-processed from a monthly average to a daily 
average in order to include the pulse flows and export cut backs associated with VAMP which 
typically starts on April 15 and ends May 15. 

DSM2 model assumptions can also be modified for Delta Temporary Barriers Project (TBP) and 
the South Delta Improvements Program (SDIP) Stage 1, permanent gates.  

DSM2-PTM used the hydrodynamic information from DSM2-Hydro in order to simulate the 
movement of particles in the Delta. PTM simulates the movement of neutrally buoyant particles, 
and so if one can assume that a fish larvae behaves similar to a neutrally buoyant particle then 
the effects can be evaluated. For this reason, particles were injected every month and then 
tracked to determine the fate for each month. The particles were counted when they enter the 
exports, diversions and when they pass Chipps Island in the western Delta. The particles 
remaining in the Delta are then reported as being in the northern or southern Delta. 
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Figure 9-4 General spatial representation of the DSM2 network. 
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Temperature Modeling Methods 

The objective of the temperature models is to assist in the fisheries impact evaluations of the 
various CVP/SWP operations studies. The Reclamation temperature model was used to estimate 
temperatures in the Trinity, Sacramento, American, and Stanislaus River systems. In addition, 
daily temperature simulation was performed on Clear Creek and the upper Sacramento River 
system using the SRWQM model. Refer to the FERC BO for a temperature evaluation on the 
Feather River. The joint DWR/Reclamation simulation model CalSim-II provided monthly 
CVP/SWP project operations input to the temperature model for an 82-year hydrologic period 
(WY1922-2003).  All three temperature model reaches are spatially represented in Figure 9-5  
Because of the CalSim-II Model’s complex structure, CalSim-II, flow arcs were combined at 
appropriate nodes to ensure compatibility with the temperature models.  

Reclamation Temperature Model 

The reservoir temperature models simulate monthly mean vertical temperature profiles and 
release temperatures for Trinity, Whiskeytown, Shasta, Folsom, New Melones, and Tulloch 
Reservoirs based on hydrologic and climatic input data. The temperature control devices (TCD) 
at Shasta, and Folsom Dams can selectively withdraw water from different reservoir levels to 
provide downstream temperature control. The TCDs are generally operated to conserve cold 
water for the summer and fall months when river temperatures become critical for fisheries. The 
models simulate the TCD operations by making upper-level releases in the winter and spring, 
mid-level releases in the late spring and summer, and low-level releases in the late summer and 
fall.  

Temperature changes in the downstream regulating reservoirs – Lewiston, Keswick, Natomas, 
and Goodwin – are computed from equilibrium temperature decay equations in the reservoir 
models, which are similar to the river model equations. The river temperature models output 
temperatures are listed in Table 9-2.  

 

Table 9-2 Reclamation Temperature Model Key Output Locations 

RIVER OR CREEK SYSTEM LOCATION 

Trinity Dam 

Lewiston Dam 

Douglas City 
TRINITY RIVER 

North Fork 

Whiskeytown Dam 

Above Igo 

Below Igo 
CLEAR CREEK 

Mouth 
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RIVER OR CREEK SYSTEM LOCATION 

Folsom Dam 

Nimbus Dam 

Sunrise Bridge 

Cordova Park 

Arden Rapids 

Watt Avenue Bridge 

American River Filtration Plant 

H Street 

16th Street 

AMERICAN RIVER 

Mouth 

Shasta Dam 

Keswick Lake above Spring Creek Tunnel 

Spring Creek Tunnel 

Keswick Dam 

Balls Ferry 

Jellys Ferry 

Bend Bridge 

Red Bluff 

Vina 

Butte City 

Wilkins Slough 

Colusa Basin Drain 

American River 

SACRAMENTO RIVER 

Freeport 

New Melones Dam 

Goodwin Dam STANISLAUS RIVER 

Tulloch Dam 
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RIVER OR CREEK SYSTEM LOCATION 

Knights Ferry 

Orange Blossom 

Oakdale 

Riverbank 

McHenry Bridge 

Ripon 

STANISLAUS RIVER 

Mouth 

 

The river temperature calculations are based on regulating reservoir release temperatures, river 
flows, and climatic data. Monthly mean historical air temperatures for the 82-year period and 
other long-term average climatic data for Trinity, Shasta, Whiskeytown, Redding, Red Bluff, 
Colusa, Folsom, Sacramento, New Melones, and Stockton were obtained from National Weather 
Service records and are used to represent climatic conditions for the four river systems. 
Additional details of the Reclamation Temperature Model are located in Appendix H.  

Sacramento River Water Quality Model (SRWQM) Temperature Model 

A HEC-5Q model was developed and calibrated for the upper Sacramento River system, 
including Trinity Dam, Trinity River to Lewiston, Lewiston Dam, Clear Creek Tunnel, 
Whiskeytown Dam, Spring Creek Tunnel, Shasta Dam, Keswick Dam, Sacramento River from 
Keswick to Knights Landing, Clear Creek below Whiskeytown, Red Bluff Diversion Dam, 
Black Butte Dam, and downstream Stony Creek.  

The water quality simulation module (HEC-5Q) was developed so that temperature could be 
readily included as considerations in system planning and management. Using system flows 
computed by HEC-5, HEC-5Q computes the distribution of temperature in the reservoirs and in 
stream reaches. HEC-5Q is designed for long-term simulations of flow and temperature using 
daily average hydrology and 6-hour meteorology. Vertically stratified reservoirs are represented 
conceptually by a series of one-dimensional horizontal slices or layered volume elements, each 
characterized by an area, thickness, and volume. The HEC-5Q model simulation approximates 
diurnal variations in temperature for a 6-hour time step. The model was calibrated for the period 
of January 1998 through November 2002, using temperature time series field observations at 
numerous locations in the Trinity River, Clear Creek, and upper Sacramento River. 

HEC-5Q is used to evaluate options for coordinating reservoir releases among projects to 
examine the effects on flow and water temperature at specified locations in the system. The 
model is used to evaluate instream temperatures at critical locations in a system, and examination 
of the potential effects of changing reservoir operations or water use patterns on temperature. 
Reservoirs, such as Shasta Lake, equipped with selective withdrawal structures can be simulated 
using HEC-5Q to determine operations necessary to meet water quality objectives downstream. 
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For this analysis, the Temperature Control Device (TCD) algorithm was modified to operate the 
Shasta Dam spillway, flood control outlets, and TCD gates to meet tailwater temperature targets. 
Key reporting locations are listed in Table 9-3. 

 
Table 9-3.  SRWQM Model Key Output locations  

RIVER OR CREEK SYSTEM LOCATION 
Shasta Dam Tailwater  
Lewiston Fish Hatchery 
Spring Creek Powerhouse 

Below Keswick Dam 
Clear Creek Confluence  
Balls Ferry 
Jellys Ferry 
Bend Bridge 
Red Bluff Diversion Dam 
Tehama 
Woodson Bridge 
Hamilton City 
Butte City 
Colusa 

 
 
 
Sacramento River  

Above Colusa Basin Drain
Black Butte Dam Black Butte Dam 
Stony Creek Tehama Colusa Canal 
 
Additional information is available in Appendix H. 

Oroville Facilities Water Temperature Modeling 

The operations on the Feather River for the Oroville Facilities are currently being covered under 
a separate Section 7 ESA consultation process for the Federal Energy Regulatory Commission 
(FERC) relicensing process.  The draft NMFS BO is scheduled for release in late May 2008.  
Oroville Facilities water temperature modeling information is being provided for information 
purposes only. 

Water temperature modeling supporting the Oroville Facilities FERC Relicensing utilized a suite 
of five models linked through a central database. The five models included reservoir simulations 
of Oroville Reservoir, the Thermalito Diversion Pool, the Thermalito Forebay, and the 
Thermalito Afterbay, and a river model of the Feather River between the Thermalito Diversion 
Dam and the Sacramento River confluence. All models were 1-dimensional models operating on 
an hourly timestep; the reservoirs were simulated as a series of vertically segregated, one-meter 
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thick layers, the Feather River was simulated as a series of depth-averaged river segments with 
cross-section data from a calibrated flow-stage model, based on hydrologic and climactic input 
data. The modeling suite included iteration to meet water temperature objectives at the two 
Feather River water temperature compliance locations, the Feather River Fish Hatchery (FRFH) 
and Robinson Riffle. Operations for the water temperature objectives incorporated a range of 
temperature control actions including: curtailment of pumpback operations, elimination of 
hydropower peaking operations, removal of shutters on the Hyatt Pumping-Generating Plant 
intake, increasing the flow in the Low Flow Channel, and making releases through the Oroville 
Dam river valve. The water temperature modeling suite provided the following data output:  

-Water temperatures in 100 river segments on the Feather River between the Thermalito 
Diversion Dam and the Sacramento River confluence.  Several key river segments 
were used in evaluation, two of which, the FRFH and Robinson Riffle, were used 
to determine water temperature compliance (see Appendix J for key output 
locations). 

-Reservoir profiles and release temperatures for Oroville Reservoir, the Thermalito 
Diversion Pool, the Thermalito Forebay, and the Thermalito Afterbay 

-Agricultural diversion temperatures at four locations in the Thermalito Afterbay 

-Water temperature in the Feather River Fish Hatchery 

Hydrologic and climactic input data were based on historical records from the Durham and 
Nicolaus stations of the California Irrigation Management Information System (CIMIS) and 
extrapolated out for a 73 year (1922-1994) period of record based on available historical 
Sacramento Valley data. DWR collected field data for the model calibration and verification 
from March 28, 2002 through December 30, 2003.  Calibration of the model was performed with 
data from August 11, 2002 to December 30, 2003, including two occurrences of the most critical 
period for water temperature management, September through October.  The model was verified 
against conditions from the remaining time period of the available data, March 28 through July 
15, 2002. It is anticipated that additional model calibration and verification will be included in 
future modeling efforts for the implementation phase of the Oroville Facilities Relicensing.  
Additional information about the water temperature model can be found in Appendix J and 
Appendix K.   



OCAP BA Modeling and Assumptions 

 August 2008 9-23 

  

Figure 9-5 General spatial representation of the temperature model networks. 



Modeling and Assumptions OCAP BA 

9-24  August 2008 

Salmon Mortality and Life Cycle Modeling Methods 

The objective of the salmon mortality and life cycle models is to simulate salmon losses and 
population dynamics. These results quantify the change of salmon loss and population dynamics 
as compared amongst the model scenarios. The salmon models use simulated temperature results 
and CVP/SWP operation results from CalSim-II, described above. The three models applied to 
the OCAP BA are the Reclamation salmon mortality model, SALMOD, and the Interactive 
Object-Oriented Salmon Simulation (IOS) life cycle model for winter-run salmon. Each of the 
three salmon models is spatially represented in Figure 9-6. 

Reclamation Salmon Mortality Model 

The Reclamation salmon mortality model computes salmon spawning losses in the four rivers, 
Trinity, Sacramento, American, and Stanislaus, based on the Reclamation Temperature Model 
estimates. The model uses DFG and FWS data on Chinook salmon spawning distribution and 
timing in the five rivers (Reclamation 1991, Loudermilk 1994, and Reclamation 1994) 
Temperature-exposure mortality criteria for three life stages (pre-spawned eggs, fertilized eggs, 
and pre-emergent fry) are used along with the spawning distribution data and output from the 
river temperature models to compute percents of salmon spawning losses. Temperature units 
(TU), defined as the difference between river temperatures and 32°F, are calculated daily by the 
mortality model and used to track life-stage development. Eggs are assumed to hatch upon 
exposure to 750 TUs following fertilization. Fry are assumed to emerge from the gravel after 
exposure to 750 TUs following egg hatching into the pre-emergent fry stage. The temperature 
mortality rates for fertilized eggs, the most sensitive life stage, range from 8 percent in 24 days at 
57°F to 100 percent in 7 days at 64°F or above (Reclamation, 1994). Most salmon spawning 
generally occurs above the North Fork on the Trinity River, above Red Bluff on the Sacramento 
River main stem for all four Chinook salmon runs, above Watt Avenue on the American River, 
and above Riverbank on the Stanislaus River. Fall-run salmon spawning usually occurs from 
mid-October through December, peaking about mid-November. Winter-run salmon usually 
spawn in the Sacramento River during May-July, and spring-run salmon during August-October. 
Additional information on the Reclamation mortality model is located in Appendix L.  

SALMOD 
SALMOD is a computer model that simulates the dynamics of freshwater salmonid populations. 
SALMOD was applied to this project because the model had been previously used on the upper 
Sacramento River (from Keswick Dam down to Battle Creek), and because a thorough review 
and update of model parameters and techniques on the Klamath River enabled a smooth transfer 
of relevant model parameters to the Sacramento River (Bartholow, 2003). The study area for this 
analysis covers a 53-mile (85-kilometer) stretch of the Sacramento River from Keswick Dam to 
just above the RBDD. Keswick Dam forms the current upstream boundary of anadromous fish 
migration in the Sacramento River, and the RBDD marks the current downstream limit of habitat 
that has been consistently classified by mesohabitat type and evaluated using the Physical 
Habitat Simulation System (PHABSIM) and River 2D. The study area terminates at this point 
because RBDD is operated with gates that can be raised or lowered that alter the inundation 
pool’s hydraulics. This pool has not been modeled for habitat value. SALMOD functions to 
integrate microhabitat and macrohabitat limitations to a population through time and space. The 
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term “habitat limitations” does not imply that freshwater habitat is the ultimate factor limiting the 
populations, but that habitat constraints may reduce populations while other factors, such as 
ocean conditions or fishing pressure, may be the ultimate limiting factor.  

SALMOD simulates population dynamics for all four runs of Chinook salmon in the Sacramento 
River between Keswick Dam and RBDD. SALMOD presupposes egg and fish mortality are 
directly related to spatially and temporally variable microhabitat and macrohabitat limitations, 
which themselves are related to the timing and volume of streamflow and other meteorological 
variables. SALMOD is a spatially explicit model in which habitat quality and carrying capacity 
are characterized by the hydraulic and thermal properties of individual mesohabitats, which serve 
as spatial computation units in the model. The model tracks a population of spatially distinct 
cohorts that originate as eggs and grow from one life stage to another as a function of water 
temperature in a computational unit. Individual cohorts either remain in the computational unit in 
which they emerged or move, in whole or in part, to nearby units.  

Model processes include spawning (with redd superimposition), incubation losses (from either 
redd scouring or dewatering), growth (including egg maturation), mortality due to water 
temperature and other causes, and movement (habitat and seasonally induced). SALMOD is 
organized around physical and environmental events on a weekly basis occurring during a fish’s 
biological year (also termed a brood year), beginning with adult holding and typically concluding 
with fish that are physiologically “ready” to begin migration towards the ocean. Input variables, 
represented as weekly average values, include streamflow, water temperature, and number and 
distribution of adult spawners. The study area is divided into individual mesohabitats (i.e., pool, 
riffle, and run) categorized primarily by channel structure and hydraulic geometry, but modified 
by the distribution of features such as fish cover. Thus, habitat quality in all computational units 
of a given mesohabitat type changes similarly in response to discharge variation. Habitat type 
and streamflow determine the available habitat area for a particular life stage for each time step 
and computational unit. Habitat area (quantified as weighted usable area, or WUA) is computed 
from flow: microhabitat area functions developed empirically or by using PHABSIM (Milhous et 
al., 1989) or River 2D for the reach from Keswick Dam to Battle Creek and a two dimensional 
hydraulic model for Battle Creek to RBDD. Habitat capacity for each life stage is a fixed 
maximum number of salmon per unit of habitat area available estimated from literature or 
empirical data. Thus, the maximum number of individuals that can reside in each computational 
unit is calculated for each time step based on streamflow, habitat type, and available 
microhabitat. Fish in excess of the habitat’s capacity must move to seek unoccupied habitat 
elsewhere. Fish from outside the model domain (from tributary production) were also added to 
the modeled stream as fry and juveniles.  

Flow and water temperature time series values were derived from the CalSim-II and HEC-5Q 
models. Data for each day corresponded to the weekly average conditions for that day forward. 
Data covered the period 1921 to 2003, a total of 82 water-years. Additional information on the 
SALMOD model is located in Appendix P.  

Interactive Object-Oriented Salmon Simulation (IOS) Winter-Run Life Cycle Model 

The IOS Winter-Run Life Cycle model was used to evaluate the influence of different Central 
Valley water operations on the life cycle of Sacramento River winter-run Chinook salmon over 
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an 80 year period using simulated flow and water temperature inputs. The IOS model was 
designed to serve as a quantitative framework for estimating the long-term response of 
Sacramento River Chinook populations to changing environmental conditions (e.g. river 
discharge, temperature, habitat quality at a reach scale). Life cycle models are well-suited for 
such evaluations because they integrate survival changes at various life stages, across multiple 
habitats, and through many years. The IOS model was seeded with 5,000 spawners for the first 
four years then allowed to cycle through multiple generations during years 1923-2002.  

Reach specific, daily (disaggregated CalSim-II) discharge and daily HEC-5Q water temperature 
provided the basic inputs for model runs. In addition, monthly average Delta conditions (inflow, 
exports, DCC operations, temperature) were provided by CalSim-II. Other model settings were 
set specifically for this analysis and at constant values throughout the 80-year run of the IOS 
model. The use of constant values for parameters with little uncertainty or with lesser 
management significance is desirable because it simplifies the model and facilitates easier 
interpretation of results.  

The effect of different water operation scenarios on the Sacramento River winter-run Chinook 
salmon population was evaluated by comparing abundance and survival trends at various life 
stages among the three runs of the IOS Model. The annual abundance of returning spawners and 
juveniles out-migrating past RBDD were reported for each model run. Trends in survival through 
time at various life stages were examined to explain patterns seen in yearly escapement under 
each water operation scenario. Average differences in winter-run survival between water 
operation scenarios were translated into average differences in annual escapement to better 
evaluate the potential impact each water operation scenario has on the winter-run abundance in 
the Sacramento River. Finally, typical monthly spatial distribution of juvenile salmon during 
model runs was reported. Additional details of the IOS model are also presented in Appendix N. 
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Figure 9-6 General spatial representation of the salmon model networks. 
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Climate Change and Sea Level Rise Sensitivity Analysis Modeling 
Methods 

The approach selected for the climate change analysis is being referred to as “Sensitivity 
Analysis”, which includes a quantitative analysis of implications for future CVP and SWP 
operations under a range of potential climates in order to illustrate how the OCAP BA future 
operational baseline is sensitive to the future climate assumptions. With respect to the OCAP 
BA, the Sensitivity Analysis is focused on exploring how climate change might affect:  

• Operational conditions of interest (e.g., storage, deliveries, flows, reservoir and river 
water temperature, Delta water levels and salinity), 

• Described statistically during long-term, by year-type, or during drought-periods, 

• Assessed at a 2030 look-ahead consistent with the consultation horizon. 

The chosen approach for incorporating climate change information calls for re-evaluating the 
OCAP BA future operations baseline given assumptions consistent with different future climates, 
representing a range of potential future climates. These re-evaluated results are then compared 
against baseline results represented under “recent” climate. The comparison of results illustrates 
the sensitivity of the operations condition to the future climate assumption. The re-evaluations 
will focus on regional climate change defined in terms of monthly temperature and precipitation 
changes translated into surface water supply changes, and to global climate change defined in 
terms of sea level rise affecting Delta conditions. CVP and SWP operational policies are not 
modified to respond to the future climates and sea level rise. 

To define a range of future climate possibilities, four projections were selected to encapsulate a 
reasonable range of projected climate conditions over the study region. The four projections will 
were selected based on how they collectively represent a range of: 

• “lower” to “greater” temperature changes (which correspond to “less warming” to “more 
warming” over California),  

• combined with a range of “lower” to “greater” precipitation magnitude changes (which 
correspond to “drier” to “wetter” conditions). 

Projections selection depends on several factors that are study-specific:  

• Factor 1 – Look-ahead horizon relevant to this study 

• Factor 2 – Climate metric relevant to the study’s operational questions 

• Factor 3 – Location representative of the study region 

• Factor 4 – Projected “Change Range” of Interest, a subjective choice on how much 
projections spread to represent. 

Climate projection selection for the OCAP BA sensitivity analysis then proceeds with a four-step 
implementation process based on the four selection factor decisions. 
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• Step 1: Survey climate projections data from the Downscaled Climate Projections (DCP) 
archive spanning the periods of selection factor decision #1, reported at the location of 
selection factor decision #3. 

• Step 2: For base and future periods (selection factor decision #1), compute mean annual 
Temperature (T) and Precipitation (P) conditions for each of the 112 projections surveyed 
in Step 1. “Mean annual” is the climate metric of selection factor decision #2. Next, 
compute change in mean annual T and P (ΔT and ΔP, change respectively) from base to 
future period, by projection, and evaluate the rank-distribution of changes among the 
projections for each variable. Identify rank-percentile changes for each variable based on 
selection factor decision #4 (i.e. focusing on 10th and 90th percentile changes for both 
variables). 

• Step 3: Switch focus to “projections spread”, and evaluate the plot of ΔT versus ΔP. 
Overlay rank-percentile changes identified for each variable in Step 2. The intersection of 
the ΔT10%-tile and ΔT90%-tile with ΔP10%-tile and ΔP90%-tile formulates a two-variable “change 
range of interest.” 

• Step 4: Choose 4 projections having paired projected changes (i.e. {ΔT, ΔP}) that most 
closely match the four vertices of the two-variable “change range of interest.”  

CalSim-II hydrology inputs are modified to reflect the 4 projected changes in temperature and 
precipitation. Sea level rise assumptions are also implemented and evaluated using the DSM2 
hydrodynamic model. See Appendix R for additional details.  

Sensitivity and Uncertainty  

Sensitivity and uncertainty analyses are typical testing procedures used to assess model 
performance.  The tests provide useful information to assist decision makers who are using 
results from models.  The purposes of the two analyses include: 

1. Sensitivity Analysis: Identify parameters and input data which have a major impact to the 
system, and  

2. Uncertainty Analysis: Understand the confidence of simulated results. 

The CalSim-II sensitivity results are useful in tandem with the uncertainty results to affirm 
model performance, identify sensitive variables, and understand a likely band of modeled 
uncertainty.  In this evaluation, sensitivity and uncertainty analyses are limited to the CalSim-II 
model.   

These analyses examine a limited perspective of uncertainty and do not evaluate all aspects of 
uncertainty.  Uncertainty of engineered water resources systems is generally categorized as 
hydrologic, hydraulic, structural, and economic (Mays and Tung, 1992).  Ecosystems are an 
additional category of uncertainty to consider.  Cumulative uncertainty or total uncertainty, 
defined here, is the collective simulated uncertainty due to the application of tiered modeling and 
to the categories mentioned above.  Sensitivity and uncertainty to hydrology, water demands, and 
Delta compliance standards are addressed in the analysis for CalSim-II.  However, a rigorous 
uncertainty evaluation including tiered modeling, hydraulic, structural, economic, ecosystem, 
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and other drivers was not attempted due to the level of effort required for this type of analysis.  
The methods, scope and evaluation of the CalSim-II sensitivity and uncertainty analyses are 
presented in Appendix W.  Sensitivity and uncertainty results are presented in Appendix X.   

The model results presented below and elsewhere (Chapters 10-13) are generated using models 
with uncertain information.  The uncertainty of absolute results, as models build upon another 
with the tiered approach, is expected to increase.  For example, the CalSim-II representation of 
the current operational conditions captures seasonal trends, frequencies and magnitudes well but 
imperfectly (see Appendix U).  The uncertainty evaluation and historical comparisons should be 
considered in the evaluation of all of the simulated results presented in the OCAP BA. 

Other Tools 

Qualitative or quantitative tools which are, or could be, applied to the CVP and SWP systems but 
were not used in OCAP BA are also acknowledged.  Some tools are in development or contained 
a component of incompatibility that could not be applied.  These tools or processes should be 
considered for future evaluation when available or made compatible.   

In early 2008 the California Department of Fish and Game introduced new conceptual models to 
better manage species and ecosystem responses.  These models were not available for use during 
the development of this BA, however, they seem promising and should be considered in the 
future.  The following are excerpts from the Delta Restoration Plan Species Life History Models 
Report (DFG, 2007) summarizing the DRERIP model and process: 

“Delta Regional Ecosystem Restoration Implementation Plan (DRERIP) will implement 
adaptive management by incorporating scientific evaluation of restoration actions in 
light of the current state of knowledge and restoration projects implemented to date. The 
DRERIP science input process is divided into four phases; (1) process design; (2) the 
development of species life history models and ecosystem element conceptual models; (3) 
the development and evaluation of proposed ERP actions; and (4) an analysis of the 
feasibility and prioritization of the actions.  

The California Department of Fish and Game, working with the CALFED Science 
Program and other CALFED agencies, is engaged in the development of a series of 
conceptual models for the Delta that can inform decision making regarding future 
conservation and restoration actions. The following provides general guidelines for the 
preparation of these species models, including how the models will be used, definitions of 
terms, information that should be included in each model, and a basic outline that should 
be followed. These guidelines have been amended following beta-testing of the overall 
Delta Restoration Plan (DRERIP) suite of models in order to facilitate vetting of likely 
restoration actions.  

The purpose of these guidelines is to promote consistency between the structure, format, 
and level of information contained within each species model. The guidelines are also 
intended to improve the application of the models, including linkages between the species 
models and related ecosystem element conceptual models being developed separately 
that describe natural processes, habitats, and stressors acting upon the population 
dynamics of the component species within the community.”  
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“The purpose of the species models is to describe the basic biology (life cycle and life 
history) of several key species, and to articulate explicitly the current state of knowledge 
regarding factors influencing their reproductive success, growth, and survival—the 
underlying population dynamics as we understand them. This information will 
necessarily direct appropriate restoration actions most efficiently, and forms the 
foundation for adaptive management within the CALFED ERP process. It is critically 
important that these models address the most appropriate outputs (outcomes) to define 
particular restoration actions and objectives towards long-term population viability of 
your particular species. This information includes a comprehensive treatment of the 
threats facing different lifestages of these species under different seasonal scenarios and 
conditions.”  

“The DRERIP conceptual models follow a deterministic paradigm, using the DLO 
approach: drivers (D), linkages (L), and outcomes (O). Drivers are physical, chemical, 
or biological forces that control the species or system of interest. Linkages are cause-
and-effect relationships between drivers and outcomes. Outcomes are response variables 
(such as reproductive success, growth, and mortality) that the conceptual model is 
attempting to explain. In the context of the DRERIP species conceptual models, 
“ultimate” outcomes reflect population-level responses to drivers.”  

Other temperature models were also examined but not used during the development of the OCAP 
BA. Various water temperature models are available and applied to CVP Rivers and tributaries. 
These models represent a variety of geographic locations and temporal resolution. The 
simulation of water temperature in the OCAP BA captures short term variability (e.g. daily time-
step) in the Clear Creek, Sacramento, and the Feather Rivers and a coarser time step elsewhere.  

Other temperature models applied in the Central Valley include simulation of the American 
River (Reclamation) and the Stanislaus River (AD and RMA, 2002) at a sub-monthly time-step. 
However, daily and sub-daily disaggregation assumptions, testing, and verification were not 
available for these locations using the full 82 year CalSim-II data sets for the American and 
Stanislaus rivers. Tools simulating real-time temperature operations, such as optimizing cold 
water pool storage using CalSim-II data, were also not available. Supplemental historical 
temperature observations were evaluated to overcome these modeling limitations. 

The treatment of temperature simulation is unequal amongst the basins presented in the BA.  
This is due in part to present data availability, inconsistency in model approach between 
agencies, model complexity, and computation time. For the short term, supplemental historical 
temperature observations are presented to overcome these modeling limitations (Appendix U).  
A long-term temperature model development plan including consistent spatial and temporal 
application for the CVP and SWP systems will be considered for future applications.   

Modeling Studies and Assumptions 
DWR and Reclamation developed a set of “Common Assumptions” (as part of CALFED Storage 
Project Investigations) for the purpose of developing an updated CalSim-II study to be used as a 
basis for comparing project alternatives. From the “Common Assumptions” CalSim-II model, 
ten CalSim-II studies (and one study from the previous 2004 BA modeling) have been developed 
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to evaluate the effects of changes in future operations for the OCAP BA. The programs evaluated 
include: Freeport Regional Water Project, California Aqueduct and Delta-Mendota Canal 
Intertie, level of development (future demands), Yuba River Accord, Full Environmental Water 
Account (EWA) and Limited EWA, Red Bluff Diversion Dam, American River Flow 
Management, Sacramento River Reliability, South Delta Improvements Program (SDIP) Stage 1, 
and climate change and sea level rise.  

Study assumptions and refinements have been made since the OCAP BA May 2008 
documentation in response to external reviews and requests from the FWS.  Study 3a and Study 
6.0 now include simulations through the EWA step.  CVP and SWP operational refinements 
have also been applied to Studies 7.0, 7.1, 8.0 and the 9.0 suite to better capture North-of-Delta 
and South-of-Delta balancing.  A full list of model refinements is included in Appendix E.   

The study scenarios were formed to capture the past assumptions, present, near-future, future, 
and future with an alternative climate conditions:  

1. Study 3a – This study is repeated from the previous OCAP BA 2004 for comparative 
purposes. It represents a prior condition (a 2001 level of land use development) and 
simulates through the Environmental Water Account (EWA) simulation step. Study 3a 
also includes the Trinity Record of Decision (ROD) implementation. 

2. Study 6.0 – This study represents the previous OCAP BA 2004 assumptions within the 
new CalSim-II model framework. Conditions for water demands, facilities, and water 
project-operational policy are duplicated, to the extent possible, to Study 3a. This study 
corresponds to an “existing” condition (developed to compare to the 2004 OCAP BA 
Study 3a, with a 2005 level of land use development) and simulates through the EWA 
step. This study is designed to compare to Study 3a and highlights differences due to 
model refinement. 

3. Study 6.1 – This study represents the previous OCAP BA 2004 assumptions also within 
the new CalSim-II model framework.  Conditions for water demands, facilities, and water 
project-operational policy are duplicated, to the extent possible, to Study 3a, but this is 
simulated only through the CVPIA (b)(2) step.  This study is identical to Study 6.0 in the 
OCAP BA May 2008 issue and is included to emulate pre-Pelagic Organism Decline 
(POD) conditions.  Study 6.1 is an imperfect representation of the pre-POD and 
supplemental analysis should be evaluated to compensate for this modeling limitation 
(discussed in Chapter 13: CVP and SWP Delta Effects).  Study 6.1 results are presented 
in Appendix E.   

4. Study 7.0 – This study forms the model to compare future proposed operations. Study 
7.0 describes existing water demands, facilities, and water project operational policy, to 
the extent possible. It represents the today condition (a 2005 level of land use 
development) through the EWA simulation step.   

5. Study 7.1 – This study represents water demands and policy for existing conditions, 
current and near-future facilities, and existing and near-future water project operational 
policy. It corresponds to the today condition (a 2005 level of land use development) 
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through the Limited EWA simulation step. Study 7.1 should be compared to Study 7.0 to 
determine the effect of near-future facilities and policies. 

6. Study 8.0 – This study represents assumed water demands and policy for the future. It 
represents the future condition (a 2030 level of land use development) through the 
Limited EWA. Study 8.0 should be compared to Study 7.0 to determine the effect of 
future facilities and policies. 

7. Study 9.0-9.5 suite – These studies constitute the future with climate change and sea 
level rise. It represents a conservative future condition (a 2030 level of land use 
development) for D-1641 WQCP. Studies 9.1-9.5 are identical to Study 8.0’s D-1641 
simulation step except:  

a. Climate modified hydrology, and  

b. Sea level rise. 

The sub-suite studies represent the range of temperature and precipitation explored for 
climate change. The Study 9.0 suite represents future condition as a separate study for 
sensitivity evaluation.  

Compatible comparisons can be made with the following studies:  
1. Study 3a and Study 6.0 – This comparison identifies the difference between model 

development/refinement since the OCAP BA 2004 (see Table 9-3 for CalSim-II model 
revisions). Appendix E presents the comparison between OCAP BA 2004 Study 3a and 
Study 6.0 CalSim-II results. Note there is no compatible comparison information on 6.1. 

2. Study 7.0 and Study 7.1 – A comparison between Study 7.0 and Study 7.1 illustrates the 
change between the “Today” and “Near-Future” conditions. Where the “Near Future” 
contains the Limited EWA, South Delta Improvement Project Stage 1, Freeport Regional 
Water Project, and California Aqueduct/Delta Mendota Canal Intertie. 

3. Study 7.0 and Study 8 – This comparison presents the change between the base model,  
“Today” and “Future” conditions.  The “Future” contains the Limited EWA, the South 
Delta Improvement Project Stage 1, Freeport Regional Water Project, California 
Aqueduct/Delta Mendota Canal Intertie, and future water demands.  

4. Study 7.1 and Study 8.0 – A comparison between Study 7.1, the “Near Future”, and 
Study 8.0, the “Future” highlights the change in future water demands. 

 

Table 9-4 shows the eleven studies developed for OCAP BA and generally how assumptions 
change.  Table 9-5 shows the detailed assumptions of Studies 3a through 9.0. The latter table 
also illustrates specific operational changes regarding regulatory and operational rules.    
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Table 9-4 Summary of Assumptions in the OCAP BA Runs 

 

CVPIA 
3406 
(b)(2) 

Level of 
Developm

ent EWA 
SDIP 

Stage 1 Freeport Intertie 

Climate and 
Sea Level 

Rise 

Study 3a 
Today 
EWA 

May 2003 2001 Full     

Study 6.0 
Today 
EWA 

May 2003 2005 Full     

Study 6.1 

Today 

CVPIA 
(b)(2) 

May 2003 2005      

Study 7.0 
Today 
EWA 

May 2003 2005 Full     

Study 7.1 
Today 
Limited 
EWA 

May 2003 2005 Limited X X X  

Study 8.0 
Future 
Limited 
EWA 

May 2003 2030 Limited X X X  

Study 9.0 
Future 
D1641 SA 
Climate 
Change 

 2030  X X X No Sea Level 
Rise 

Study 9.1 
Future D-
1641 

 2030  X X X 1ft Sea Level 
Rise and 4" 
amplitude 

Study 9.2 
Future D-
1641 

 2030  X X X Wetter, Less 
Warming 
Climate 

Change with 
1ft Sea Level 
Rise and 4" 
amplitude 

Study 9.3 
Future D-
1641 

 2030  X X X Wetter, More 
Warming 
Climate 

Change with 
1ft Sea Level 
Rise and 4" 
amplitude 

Study 9.4 
Future  D-

 2030  X X X Drier, Less 
Warming 
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CVPIA 
3406 
(b)(2) 

Level of 
Developm

ent EWA 
SDIP 

Stage 1 Freeport Intertie 

Climate and 
Sea Level 

Rise 

1641 Climate 
Change with 
1ft Sea Level 
Rise and 4" 
amplitude 

Study 9.5 
D-1641 
Future 

 2030  X X X Drier, More 
Warming 
Climate 

Change with 
1ft Sea Level 
Rise and 4" 
amplitude 
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Table 9-5.  Assumptions for the Base and Future Studies 

  Study 3a Study 6.0 
COMPARISON 

Study 6.1 
COMPARISON 

Study 7.0 
BASE 
MODEL 

Study 7.1 
ANALYTICAL 

Study 8.0 
ANALYTICAL 

Study 9.0 - 
9.5 
SENSITIVITY 

CalSim-II 

  OCAP BA 
2004 Today 
CVPIA 3406 
(b)(2) with 
EWA  

Today-OCAP 
BA 2004 
Assumptions in 
Revised 
CalSim-II Model 
- EWA 

Today-OCAP 
BA 2004 
Assumptions in 
Revised 
CalSim-II Model 
- CVPIA (b)(2) - 
CONV 

Today- 
Existing 
Conditions, 
(b)(2), EWA 

Near Future- 
Existing 
Conditions 
and OCAP 
BA 2004 
Consulted 
Projects, 
(b)(2), 
Limited EWA 

Future  - (b)(2), 
Limited EWA 

Future 
Climate 
Change- 
D1641 

Model 
Revision
s since 
OCAP 
BA 2004 

OCAP Base model: Common Assumptions: Common Model Package (Version 
8D) 

      

"Same" indicates an assumption from a column to the left        
Planning horizon  2001 2005a Same Same Same 2030a Same   

Period of Simulation 73 years 
(1922-1994) 

82 years (1922-
2003) 

Same Same Same Same Same Extended 
hydrolog
y 
timeserie
s 

HYDROLOGY               Inflows are 
modified 
based on 
alternative 
climate inputs 
b 

Revised 
level of 
detail in 
the Yuba 
and 
Colusa 
Basin 
including 
rice 
decompo
sition 
operation
s 

Level of development (Land Use) 2001 Level 2005 level Same Same Same 2030 levelc Same   

          
Sacramento Valley         
(excluding American 
R.) 

                 

 CVP Land-use 
based, limited 
by contract 
amountsd 

Same Same Same Same CVP Land-use 
based, Full build 
out of CVP 
contract 
amountsd 

Same  
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  Study 3a Study 6.0 
COMPARISON 

Study 6.1 
COMPARISON 

Study 7.0 
BASE 
MODEL 

Study 7.1 
ANALYTICAL 

Study 8.0 
ANALYTICAL 

Study 9.0 - 
9.5 
SENSITIVITY 

CalSim-II 

 SWP (FRSA) Land-use 
based, limited 
by contract 
amountse 

Same Same Same Same Same Same   

 Non-project Land-use 
based 

Same Same Same Same Same Same   

 Federal 
refuges  

Firm Level 2 Same Same Recent 
Historical 
Firm Level 2 
water needsf 

Same Firm Level 2 
water needsf 

Same   

American River         
 Water rights 2001g Same Same 2005g Same 2025g Same   

 CVP (PCWA 
American 
River Pump 
Station) 

No project Same Same CVP (PCWA 
modified)g 

Same Same Same   

San Joaquin Riverh        

 Friant Unit Regression of 
Historical 
Demands 

Limited by 
contract 
amounts, based 
on current 
allocation policy 

Same Same Same Same Same 

Develope
d land-
use 
based 
demands
, water 
quality 
calculatio
ns, and 
revised 
accretion
s/depletio
ns in the 
East-
Side San 
Joaquin 
Valley 

 Lower Basin Fixed Annual 
Demands 

Land-use based, 
based on district 
level operations 
and constraints 

Same Same Same Same Same   

 Stanislaus 
River 

New Melones 
Interim 
Operations 
Plan 

Same Same Same Draft 
Transitional 
Operations 
Planr 

Same Same Initial 
storage 
condition
s for New 
Melones 
Reservoir 
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  Study 3a Study 6.0 
COMPARISON 

Study 6.1 
COMPARISON 

Study 7.0 
BASE 
MODEL 

Study 7.1 
ANALYTICAL 

Study 8.0 
ANALYTICAL 

Study 9.0 - 
9.5 
SENSITIVITY 

CalSim-II 

were 
increase
d. 

South of Delta         
 (CVP/SWP 

project 
facilities) 

CVP Demand 
based on 
contracts 
amountsd 

Same Same Same Same Same Same   

 Contra Costa 
Water District 

124 TAF/yr 
annual 
average 

135 TAF/yr 
annual average 
CVP contract 
supply and water 
rightsi 

Same Same Same 195 TAF/yr 
annual average 
CVP contract 
supply and 
water rightsi 

Same   

 SWP Demand 
- Table A 

Variable 3.1-
4.1 MAF/Yr 

Same Same Variable 3.1-
4.2 MAF/Yr 

e,j 

Same Full Table A Same Revised 
SWP 
delivery 
logic. 
Three 
patterns 
with Art 
56 and 
more 
accuratel
y defined 
Table A / 
Article 21 
split 
modeled 

 SWP Demand 
- North Bay 
Aqueduct 
(Table A) 

48 TAF/Yr Same Same 71 TAF/Yru Same Same Same   

 SWP Demand 
- Article 21 
demand 

Up to 134 
TAF/month 
December to 
March, total of 
other 
demands up 
to 84 
TAF/month in 
all months 

Same Same Up to 314 
TAF/month 
from 
December 
to March, 
total of 
demands up 
to 214 
TAF/month 
in all other 
monthse,jw 

Same Same Same   
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 Federal 
refuges  

Firm Level 2 Same Same Recent 
Historical 
Firm Level 2 
water needsf 

Same Firm Level 2 
water needsf 

Same   

FACILITIES                   
Systemwide   Existing 

facilitiesa 
Same Same Same Same Same Same   

Sacramento Valley         
 Red Bluff 

Diversion Dam 
No diversion 
constraint 

Same Same Diversion 
Dam 
operated 
May 15 - 
Sept 15 
(diversion 
constraint) 

Same Diversion Dam 
operated July - 
August 
(diversion 
constraint) 

Same   

 Colusa Basin  Existing 
conveyance 
and storage 
facilities 

Same Same Same Same Same Same   

 Upper 
American 
River  

No project Same Same PCWA 
American 
River pump 
stationk 

Same Same Same   

 Sacramento 
River Water 
Reliability 

No project Same Same Same Same American/Sacra
mento River 
Diversionst 

Same   

 Lower 
Sacramento 
River 

No project Same Same Same Freeport 
Regional 
Water Project 
(Full Demand)l 

Same Same   

          
Delta Region                  
 SWP Banks 

Pumping Plant  
South Delta 
Improvements 
Program 
Temporary 
Barriers, 
6,680 cfs 
capacity in all 
months and 
an additional 
1/3 of Vernalis 
flow from Dec 
15 through 

Same Same Same South Delta 
Improvements 
Program 
Permanent 
Operable 
Gates (Stage 
1).  6,680 cfs 
capacity in all 
months and 
an additional 
1/3 of Vernalis 
flow from Dec 

Same Same   
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Mar 15a 15 through 
Mar 15 a 

 CVP C.W. Bill 
Jones (Tracy) 
Pumping Plant  

4,200 cfs + 
deliveries 
upstream of 
DMC 
constriction 

Same Same Same 4,600 cfs 
capacity in all 
months 
(allowed for 
by the Delta-
Mendota 
Canal–
California 
Aqueduct 
Intertie) 

Same Same   

 City of 
Stockton Delta 
Water Supply 
Project 
(DWSP) 

No project Same Same DWSP WTP 
0 mgd 

Same DWSP WTP 30 
mgd 

Same   

 Contra Costa 
Water District 

Existing pump 
locations 

Same Same Same Same Samem Same   

South of Delta         
(CVP/SWP project 
facilities) 

                 

 South Bay 
Aqueduct 
(SBA) 

Existing 
capacity 300 
cfs 

Same Same SBA 
Rehabilitatio
n: 430 cfs 
capacity 
from 
junction with 
California 
Aqueduct to 
Alameda 
County 
FC&WSD 
Zone 7 
diversion 
point 

Same Same Same   

REGULATORY STANDARDS                 
Trinity River          
 Minimum flow 

below 
Lewiston Dam 

Trinity EIS 
Preferred 
Alternative 
(369-815 

Same Same Same Same Same Same   
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TAF/year) 

 Trinity 
Reservoir end-
of-September 
minimum 
storage 

Trinity EIS 
Preferred 
Alternative 
(600 TAF as 
able) 

Same Same Same Same Same Same   

Clear Creek          
 Minimum flow 

below 
Whiskeytown 
Dam 

Downstream 
water rights, 
1963 USBR 
Proposal to 
USFWS and 
NPS, and 
USFWS 
discretionary 
use of CVPIA 
3406(b)(2) 

Same Same Same Same Same Same   

Upper Sacramento River         
 Shasta Lake NMFS 2004 

BiOp: 1.9 
MAF end of 
Sep. storage 
target in non-
critical years 

Same Same Same Same Same Same   

 Minimum flow 
below Keswick 
Dam 

Flows for 
SWRCB WR 
90-5 
temperature 
control, and 
USFWS 
discretionary 
use of CVPIA 
3406(b)(2) 

Same Same Same Same Same Same   

Feather River         
 Minimum flow 

below 
Thermalito 
Diversion Dam 

1983 DWR, 
DFG 
Agreement 
(600 cfs) 

Same Same  Same  2006 
Settlement 
Agreement 
(700 / 800 cfs) 

Same Same   

 Minimum flow 
below 
Thermalito 
Afterbay outlet 

1983 DWR, 
DFG 
Agreement 
(750-1,700 
cfs) 

Same Same Same Same Same Same   
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Yuba River          
 Minimum flow 

below 
Daguerre 
Point Dam 

Available 
Yuba River 
Datap 

D-1644 Interim 
Operationsp 

Same Yuba 
Accord 
Adjusted 
Datap 

Same Same Same   

American River         
 Minimum flow 

below Nimbus 
Dam 

SWRCB D-
893 (see 
Operations 
Criteria), and 
USFWS 
discretionary 
use of CVPIA 
3406(b)(2) 

Same Same (b)(2) 
Minimum 
Instream 
Flow 
managemen
ts 

Same American River 
Flow 
Management s 

Same   

 Minimum Flow 
at H Street 
Bridge 

SWRCB D-
893 

Same Same Same Same Same Same   

Lower Sacramento River         
 Minimum flow 

near Rio Vista  
SWRCB D-
1641 

Same Same Same Same Same Same   

Mokelumne River         
 Minimum flow 

below 
Camanche 
Dam 

FERC 2916-
029, 1996 
(Joint 
Settlement 
Agreement) 
(100-325 cfs) 

Same Same Same Same Same Same   

 Minimum flow 
below 
Woodbridge 
Diversion Dam 

FERC 2916-
029, 1996 
(Joint 
Settlement 
Agreement) 
(25-300 cfs) 

Same Same Same Same Same Same   

Stanislaus River         
 Minimum flow 

below 
Goodwin Dam 

1987 USBR, 
DFG 
agreement, 
and USFWS 
discretionary 
use of CVPIA 
3406(b)(2) 

Same Same Same Same Same Same   
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 Minimum 
dissolved 
oxygen  

SWRCB D-
1422 

Same Same Same Same Same Same   

Merced River          
 Minimum flow 

below 
Crocker-
Huffman 
Diversion Dam 

Davis-
Grunsky (180-
220 cfs, Nov-
Mar), Cowell 
Agreement 

Same Same Same Same Same Same   

 Minimum flow 
at Shaffer 
Bridge 

FERC 2179 
(25-100 cfs) 

Same Same Same Same Same Same   

Tuolumne River         
 Minimum flow 

at Lagrange 
Bridge 

FERC 2299-
024, 1995 
(Settlement 
Agreement) 
(94-301 
TAF/year) 

Same Same Same Same Same Same   

San Joaquin River         
 Maximum 

salinity near 
Vernalis 

SWRCB D-
1641 

Same Same Same Same Same Same   

 Minimum flow 
near Vernalis  

SWRCB D-
1641, and 
Vernalis 
Adaptive 
Management 
Plan per San 
Joaquin River 
Agreement 

Same Same Same Same Same Same   

Sacramento River–San         
Joaquin River Delta         
 Delta Outflow 

Index (Flow 
and Salinity) 

SWRCB D-
1641 

Same Same Same Same Same Same Revised 
Delta 
ANN 
(salinity 
estimatio
n)v 

 Delta Cross 
Channel gate 
operation 

SWRCB D-
1641 

Same Same Same Same Same Same   
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 Delta exports  SWRCB D-
1641, USFWS 
discretionary 
use of CVPIA 
3406(b)(2) 

Same Same Same Same Same Same   

OPERATIONS CRITERIA: RIVER-SPECIFIC               
Upper Sacramento River         
 Flow objective 

for navigation 
(Wilkins 
Slough) 

3,250 - 5,000 
cfs based on 
CVP water 
supply 
condition 

Same Same Same Same Same Same   

American River         
 Folsom Dam 

flood control  
Variable 
400/670 flood 
control 
diagram 
(without outlet 
modifications) 

Same Same Same Same Same Same   

 Flow below 
Nimbus Dam  

Discretionary 
operations 
criteria 
corresponding 
to SWRCB D-
893 required 
minimum flow 

Same Same (b)(2) 
Minimum 
Instream 
Flow 
managemen
ts 

Same American River 
Flow 
Management s 

Same   

 Sacramento 
Area Water 
Forum 
"Replacement
" Water 

"Replacement
" water is not 
implemented 

Same Same Same Same Same Same   

Stanislaus River         
 Flow below 

Goodwin Dam  
1997 New 
Melones 
Interim 
Operations 
Plan 

Same Same Same Draft 
Transitional 
Operations 
Planr 

Same Same   

San Joaquin River         
 Flow at 

Vernalis  
 
 
 

D1641 Same Same Same Same Sameq Same   
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OPERATIONS CRITERIA: SYSTEMWIDE               

CVP water allocation         
 CVP 

Settlement 
and Exchange 

100% (75% in 
Shasta critical 
years) 

Same Same Same Same Same Same   

 CVP refuges  100% (75% in 
Shasta critical 
years) 

Same Same Same Same Same Same   

 CVP 
agriculture  

100%-0% 
based on 
supply (South-
of-Delta 
allocations are 
reduced due 
to D-1641 and 
3406(b)(2) 
allocation-
related export 
restrictions) 

Same Same Same Same Same Same   

 CVP municipal 
& industrial  

100%-50% 
based on 
supply (South-
of-Delta 
allocations are 
reduced due 
to D-1641 and 
3406(b)(2) 
allocation-
related export 
restrictions) 

Same Same Same Same Same Same   

SWP water allocation         
 North of Delta 

(FRSA)  
Contract 
specific 

Same Same Same Same Same Same   

 South of Delta 
(including 
North Bay 
Aqueduct) 

Based on 
supply; equal 
prioritization 
between Ag 
and M&I 
based on 
Monterey 
Agreement 

Same Same Same Same Same Same   
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CVP-SWP coordinated operations         

 Sharing of 
responsibility 
for in-basin-
use 

1986 
Coordinated 
Operations 
Agreement 
(FRWP 
EBMUD and 
2/3 of the 
North Bay 
Aqueduct 
diversions are 
considered as 
Delta Export, 
1/3 of the 
North Bay 
Aqueduct 
diversion is 
considered as 
in-basin-use) 

Same Same Same Same Same Same   

 Sharing of 
surplus flows  

1986 
Coordinated 
Operations 
Agreement 

Same Same Same Same Same Same   

 Sharing of 
Export/Inflow 
Ratio 

Equal sharing 
of export 
capacity 
under 
SWRCB D-
1641; use of 
CVPIA 
3406(b)(2) 
restricts only 
CVP and/or 
SWP exports 

Same Same Same Same Same Same   

 Sharing of 
export 
capacity for 
lesser priority 
and wheeling 
related 
pumping 

Cross Valley 
Canal 
wheeling (max 
of 128 
TAF/year), 
CALFED ROD 
defined Joint 
Point of 
Diversion 
(JPOD) 

Same Same Same Same Same Same   
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Study assumptions from above apply   Study 6a Study 7a Study 7a Study 7.1a Study 8a NA   

CVPIA 3406(b)(2):  Per May 2003 Dept. of Interior 
Decision 

       

 Allocation  800 TAF, 700 
TAF in 40-30-
30 dry years, 
and 600 TAF 
in 40-30-30 
critical yearsn 

Same Same Same Same Same NA  

Study assumptions from above apply   Study 6b Study 7b Study 7b Study 7.1b Study 8b NA   

CALFED Environmental Water Account / Limited Environmental Water 
Account 

      

 Actions  Dec-Feb 
reduce total 
exports by 50 
TAF/mon 
relative to 
total exports 
without EWA; 
VAMP (Apr 15 
- May 16) 
export 
restriction on 
SWP; Post 
(May 16-31) 
VAMP export 
restriction on 
SWP and 
potentially on 
CVP if B2 
Post-VAMP 
action is not 
taken; 
Ramping of 
exports (Jun) 

Dec/Jan 50 
TAF/mon export 
reduction, Feb 
50 TAF export 
reduction in 
Wet/AN years, 
Feb/Mar 100, 75, 
or 50 TAF 
reduction 
dependent on 
species habitat 
conditions; 
VAMP (Apr 15 - 
May 16) export 
restriction on 
SWP; Pre (Apr 
1-14) VAMP 
export reduction 
in Dry/Crit years; 
Post (May 16-
31) export 
restriction; June 
ramping 
restriction if 
PostVAMP 
action was done.  
Pre- and Post- 
VAMP and June 
actions done if 
foreseeable 
October debt at 

NA Same VAMP (Apr 15 
- May 16) 31-
day export 
restriction on 
SWP; If stored 
assets and 
purchases 
from the Yuba 
are sufficient, 
Post (May 16-
31) VAMP 
export 
restrictions 
apply to 
SWPpq 

Same NA The EWA 
actions, 
assets, 
and debt 
were 
revised 
and 
vetted as 
part of 
the Long 
Term 
Environm
ental 
Water 
Account 
EIS/R 
project 
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San Luis does 
not exceed 150 
TAF.   

 Assets  Fixed Water 
Purchases 
250 TAF/yr, 
230 TAF/yr in 
40-30-30 dry 
years, 210 
TAF/yr in 40-
30-30 critical 
years.  The 
purchases 
range from 0 
TAF in Wet 
years to 
approximately 
153 TAF in 
Critical years 
NOD, and 57 
TAF in Critical 
years to 250 
TAF in Wet 
years SOD.  
Variable 
assets include 
the following: 
use of 50% of 
any CVPIA 
3406(b)(2) 
releases 
pumped by 
SWP, flexing 
of Delta E/I 
Ratio (post-
processed 
from CalSim-II 
results), 
additional 500 
CFS pumping 
capacity at 
Banks in Jul-
Sep 

Fixed Water 
Purchases 250 
TAF/yr, 230 
TAF/yr in 40-30-
30 dry years, 
210 TAF/yr in 
40-30-30 critical 
years.  NOD 
share of annual 
purchase target 
ranges from 90% 
to 50% based on 
SWP Ag 
Allocation as an 
indicator of 
conveyance 
capacity.  
Variable/operatio
nal assets 
include use of 
50% of any 
CVPIA 
3406(b)(2) 
releases 
pumped by 
SWP, additional 
500 CFS 
pumping 
capacity at 
Banks in Jul-
Sep, source 
shifting, 
Semitropic 
Groundwater 
Bank, “spill” of 
San Luis 
carryover debt, 
and backed-up 
stored water 
from Spring 
EWA actions.   

NA Same Purchase of 
Yuba River 
stored water 
under the 
Lower Yuba 
River Accord 
(average of 48 
TAF/yr), use 
of 50% of any 
CVPIA 3406 
(b)(2) 
releases 
pumped by 
SWP, 
additional 500 
CFS pumping 
capactiy at 
Banks in Jul-
Sep. 

Same NA   
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 Debt  Delivery debt 
paid back in 
full upon 
assessment; 
Storage debt 
paid back 
over time 
based on 
asset/action 
priorities; 
SOD and 
NOD debt 
carryover is 
explicitly 
managed or 
spilled; NOD 
debt carryover 
must be 
spilled; SOD 
and NOD 
asset 
carryover is 
allowed 

Same NA Same No Carryover 
Debt 

Same NA   

                    
Post Processing Assumptions         
WATER MANAGEMENT ACTIONS (CALFED)               
Water Transfers         
 Water 

transfers  
Acquisitions 
by SWP 
contractors 
are wheeled 
at priority in 
Banks 
Pumping 
Plant over 
non-SWP 
users 

Same NA Same Same Same NA   

 Phase 8o  Evaluate 
available 
capacity 

Same NA Same Same Same     

 Refuge Level 
4 water  

Evaluate 
available 
capacity 

Same NA Same Same Same     
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 Notes:         
  a The OCAP BA project description is presented in Chapter 2.   

  bClimate change sensitivity analysis assumptions and documentation are presented in Appendix R.   

  c The Sacramento Valley hydrology used in the CALSIM II model reflects 2020 land-use assumptions 
associated with Bulletin 160-98. The San Joaquin Valley hydrology reflects draft 2030 land-use assumptions 
developed by Reclamation. Development of 2030 land-use assumptions are being coordinated with the 
California Water Plan Update for future models.  

  

  d CVP contract amounts have been reviewed and updated according to existing and amended contracts as 
appropriate. Assumptions regarding CVP agricultural and M&I service contracts and Settlement Contract 
amounts are documented in Table 3A (North of Delta) and 5A (South of Delta) of Appendix D: Delivery 
Specifications section of the Technical Appendix. 

  

  e SWP contract amounts have been reviewed and updated as appropriate. Assumptions regarding SWP 
agricultural and M&I contract amounts are documented in Table 1A (North of Delta) and Table 2A (South of 
Delta) of Appendix D: Delivery Specifications section. 

  

  f Water needs for federal refuges have been reviewed and updated as appropriate. Assumptions regarding 
firm Level 2 refuge water needs are documented in Table 3A (North of Delta) and 5A (South of Delta) of 
Appendix D:Delivery Specifications. Incremental Level 4 refuge water needs have been documented as part 
of the assumptions of future water transfers. 

  

  g PCWA demand in the foreseeable existing condition is 8.5 TAF/yr of CVP contract supply diverted at the 
new American River PCWA Pump Station.  In the future scenario, PCWA is allowed 35 TAF/yr.  
Assumptions regarding American River water rights and CVP contracts are documented in Table 5 of 
Appendix D: Delivery Specifications section.  

  

  h The new CalSim-II representation of the San Joaquin River has been included in this model package 
(CalSim-II San Joaquin River Model, Reclamation, 2005). Updates to the San Joaquin River have been 
included since the preliminary model release in August 2005. The model reflects the difficulties of on-going 
groundwater overdraft problems. The 2030 level of development representation of the San Joaquin River 
Basin does not make any attempt to offer solutions to on-going groundwater overdraft problems. In addition, 
a dynamic groundwater simulation is not yet developed for San Joaquin River Valley. Groundwater 
extraction/ recharge and stream-groundwater interaction are static assumptions and may not accurately 
reflect a response to simulated actions. These limitations should be considered in the analysis of results. 
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  i  Study 6.0 demands for CCWD are assumed equal to Study 7.0 due to data availablity with the revised 
CalSim-II model framework.  For all Studies, Los Vaqueros Reservoir storage capacity is 100 TAF. 

  

  j Table A deliveries into the San Francisco Bay Area Region for existing cases are based on a variable 
demand and a full Table A for future cases.  The variable demand is dependent on the availability of other 
water during wet years resulting in less demand for Table A.  In the future cases it is assumed that the 
demand for full Table A will be independent of other water sources.  Article 21 demand assumes MWD 
demand of 100 TAF/mon (Dec-Mar), Kern demand of 180 TAF/mon (Jan-Dec), and other contractor demand 
of 34 TAF/mon (Jan-Dec). 

  

  k PCWA American River pumping facility upstream of Folsom Lake is under construction.   

  l Mokelumne River flows reflect EBMUD supplies associated with the Freeport Regional Water Project.   

  m The CCWD Alternate Intake Project (AIP), an intake at Victoria Canal, which operates as an alternate Delta 
diversion for Los Vaqueros Reservoir is not included in Study 8.0.  AIP is included as a separate 
consultation.  AIP will be further evaluated after regulatory and operational managment assumptions have 
been determined.   

  

  n The allocation representation in CalSim-II replicates key processes, shortage changes are checked by 
post-processing. 

  

  o This Phase 8 requirement is assumed to be met through Sacramento Valley Water Management 
Agreement Implementation. 

  

  p OCAP BA 2004 modeling used available hydrology at the time which was data developed based on 1965 
Yuba County Water Agency -Department of Fish of Game Agreement.  Since the OCAP BA 2004 modeling, 
Yuba River hydrology was revised.  Interim D-1644 is assumed to be fully implemented with or without the 
implementation of the Lower Yuba River Accord. This is consistent with the future no-action condition being 
assumed by the Lower Yuba River Accord EIS/EIR study team.  For studies with the Lower Yuba River 
Accord, an adjusted hydrology is used. 

  

  q  It is assumed that either VAMP, a functional equivalent, or D-1641 requirements would be in place in 
2030. 

  

  r The Draft Transitional Operations Plan assumptions are discussed in Chapter 2.   

  s For Studies 7.0, 7.1, and 8.0 the flow components of the proposed American River Flow Management are 
included and applied using the CVPIA 3406(b)(2).  For Study 8.0 the American River Flow Management is 
assumed to be the new minimum instream flow. 

  

  t OCAP assumes the flexibility of diversion location but does not assume the Sacramento Area Water Forum 
Water Forum "replacement water" in drier water year types. 

  

  u Aqueduct improvements that would allow an increase in South Bay Aqueduct demand at the time of model 
development were expected to be operational within 6 months.  However, a delay in the construction has 
postponed the completion.  
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  VThe Artificial Neural Network (ANN) was updated for both salinity and X2 calculations.  Study 3a does not 
include an updated ANN, Study 6.1 has an updated salinity but not X2, and all remaining Studies include 
both the updated salinity and X2. 

  

  w North Bay Article 21 deliveries are dependent on excess conditions rather than being dependent on San 
Luis storage. 
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Assumed Future Demands 

The CalSim-II model results are very sensitive to assumed demands for the CVP and SWP 
systems.  The modeled representation of future demands are assumed as full water right and 
contract demands for the CVP and full Table A for the SWP.  Assumed delivery specifications 
for diversion locations in the CalSim-II model are listed in detail for both the existing and future 
levels of development in the Appendix D.   

The following explains only the significant future delivery assumptions that deviate from the 
previous OCAP BA model representation (OCAP BA, 2004): 

• The future total American River Basin water demand is greater than the demands 
assumed for 2004 BA analysis and, does not include the representation of the Water 
Forum program for demand reductions in certain dry and critical hydrologic conditions.  
The modeling assumes 311,800 af/yr in future water right demands for the city of 
Sacramento which is also greater than the previous models  (the OCAP BA 2004 
simulated a year 2020 level of development, the current OCAP BA simulates a year 2030 
level of development). Finally, the modeling does not include the representation of the 
Water Forum program for additional releases from the Middle Fork Project.  These 
changes represent a more realistic picture of the CVP’s ability to meet water rights and 
water contract obligations.  Another important change is the representation of the 
American River minimum flow requirements below Lake Natoma.   These flows are 
augmented according to the proposed American River Flow Management schedule.   

• The Sacramento River Reliability Project also affects the future representation which 
reduces the delivery burden on the American River by shifting demands to a Sacramento 
River diversion.  Assumed delivery specifications for the American River are also listed 
in the CalSim-II modeling Appendix D. 

• The City of Stockton Delta Water Supply Project is included in the future representation.  
This captures the expansion of future Delta demands with the development of the 30 mgd 
Delta Water Supply Project. 

• The modeling of SWP deliveries has been significantly refined in the latest version of 
CalSim-II to better reflect current delivery classification practices.  The three significant 
changes in the delivery modeling are 1) the incorporation of a three-pattern demand, 2) 
explicit modeling of the previous year’s Table A supplies that are delivered in the current 
year (“Carryover” or Article 56 deliveries), and 3) increased assumption for Article 21 
demands.   

o The three-pattern demand allows for demand adjustments associated with various 
levels of Table A allocation. Based on the amount of Table A allocation one of 
the three demand patterns is selected to more accurately model the monthly 
delivery pattern. 

o In the model used for the 2004 BA, a single demand pattern was used with the 
current year’s Article 56 water inappropriately delivered at the beginning of the 
current year rather than being carried over for delivery in the following year.  This 
artificially increased the Table A demand at the beginning of each year, and 
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potentially reduced Article 21 deliveries during the early part of the year.  The 
new delivery methodology allows for the storage, delivery and “spilling” of the 
previous year’s Article 56 carryover at the beginning of the current year.  
Delivery of the previous year’s Article 56 is typically within the first three months 
of the current year.  As the SWP share of San Luis Reservoir fills, there is a 
chance that Article 56 will “spill” i.e. it is converted to the current year’s Table A 
supply.   

o The new model also incorporates an Article 21 demand increase that more 
accurately represents actual Article 21 demand.  However, with the incorporation 
of the three-pattern Table A demand, Article 56, and increased Article 21 
demand, the overall total delivery remains largely the same.  The previous version 
of the model tended to overestimate the delivery of Table A and underestimate the 
delivery of Article 21 by a like amount.   

o The existing condition studies (Study 7.0, and Study 7.1) used a variable annual 
Table A demand which is consistent with the 2004 modeling.  This assumes that 
the demand for Table A water would be less during very wet years, but would be 
greater in dry years.   

o The future condition studies (Study 8.0, and Studies 9 suite) used full entitlement 
demand in all years.  This condition assumes that, independent on the year type, 
the demand would remain the same.  By contrast, the 2004 modeling assumed a 
variable demand for the future condition studies. 

Modeling Results 

Hydrologic Modeling Results 

A summary of long-term averages (i.e., WY1922 to WY2003) and critical drought-period 
averages (i.e., WY1928 to WY1934) is shown in Table 9-6 for flows, storages, Delta output, and 
deliveries. These values represent long-term averages, for example CalSim-II results for CVP 
SOD Agricultural allocations range from 0 to 100 percent. The remaining section presents results 
for 3406 CVPIA (b)(2) accounting and EWA. Discussions of results are presented in Chapter 10:  
Streams Controlled by CVP and SWP Operations and Chapter 12: CVP and SWP Delta 
Operations. Additional results, including month-by-year tables, exceedance charts, monthly 
averages by water-year type, and monthly percentiles for selected CalSim-II outputs, are located 
in the appendix (Appendix E). 

Selected results in this chapter are shown in exceedance charts for a particular month or set of 
months, average and percentile monthly data, and sorted by water-year type for a particular 
month. The probability-of-exceedance charts show values on the y-axis with the percent of time 
(probability of exceedance) that the value was exceeded. For example, the end-of-September 
exceedance charts show the probability that the reservoir was able to carry over storage into the 
next water year for each of the studies. The exceedance charts are also a good measure of trend 
between the studies, either higher or lower on average. Averages by water-year type are sorted in 
this chapter based on the 40-30-30 Sacramento Valley Index and show how the average changes 
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from Wet to Critical years. The 60-20-20 San Joaquin Valley Index was used for sorting 
temperature and CalSim-II output from the Stanislaus and San Joaquin rivers. The percentile 
graphs show monthly values for the 50th, 5th, and 95th percentiles for a given output variable and 
were used to indicate how flows are being affected by flood and minimum-flow requirements. 
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Table 9-6.  Long-term Averages and 28-34 Averages From Each of the Five Studies 

  
Study 3a Today EWA 

2004 OCAP BA 

Study 6.0 Today EWA: 
Revised Model/Study 3a 

Assumptions Study 7.0 Today EWA 
Study 7.1 Near Future 

Limited EWA 
Study 8.0 Future 

Limited EWA 

End of Sep Storages (TAF) 1922-94 1929-34 1922-2003 1929-34 1922-2003 1929-34 1922-2003 1929-34 1922-2003 1929-34 

Trinity 1302 579 1417 718 1424 697 1417 697 1422 735 
Whiskeytown 232 213 235 235 234 226 234 226 234 227 
Shasta 2590 1176 2867 1682 2893 1659 2772 1400 2772 1558 
Folsom 533 387 546 409 560 400 542 381 522 382 
New Melones 1380 832 1470 864 1488 887 1497 882 1556 1043 
CVP San Luis 243 388 180 133 180 146 218 198 211 289 
SWP San Luis 339 359 390 428 444 397 501 359 417 328 
Total San Luis 596 893 585 571 633 555 742 572 646 631 
Trinity-Shasta-Folsom 4424 2142 4831 2810 4877 2756 4732 2478 4716 2675 
River Flows (cfs)           
Trinity Release 925 566 970 566 970 566 972 566 970 566 
Clear Creek Tunnel 747 503 738 467 737 516 736 488 737 469 
Clear Creek Release 165 95 173 120 168 106 168 103 171 117 
Keswick Release 8355 5544 8558 5421 8560 5502 8570 5478 8568 5375 
Nimbus Release 3456 1940 3493 1886 3482 1904 3482 1867 3319 1751 
Mouth of American 3325 1803 3323 1719 3355 1782 3356 1746 2945 1375 
Sac River blw Red Bluff 
Diversion Dam 10929 6973 11282 6814 11276 6883 11290 6870 11322 6843 
Wilkin's Slough 8924 5505 9409 5694 9378 5785 9213 5544 9187 5472 
Sac at Freeport 22108 11571 22690 11745 22614 11943 22375 11490 22355 11379 
Goodwin Release 600 301 629 156 654 352 662 415 654 366 
Stanislaus Mouth 886 488 763 196 790 408 798 471 790 422 
SJR Flow w/o Stanislaus 2844 1235 3341 950 3383 1457 3378 1449 3335 1418 
Flow at Vernalis 3694 1685 4192 1885 4209 1888 4212 1943 4161 1862 
Yolo Bypass 2016 167 2742 129 2720 131 2685 148 2657 158 
Mokelumne 869 278 924 281 924 281 918 286 918 286 
Spring Creek Tunnel 926 518 934 444 938 506 937 481 935 449 
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Study 3a Today EWA 

2004 OCAP BA 

Study 6.0 Today EWA: 
Revised Model/Study 3a 

Assumptions Study 7.0 Today EWA 
Study 7.1 Near Future 

Limited EWA 
Study 8.0 Future 

Limited EWA 
Delta Parameters           
SWP Banks (cfs) 4172 2368 4393 2468 4453 2662 4601 2760 4646 2679 
CVP Banks  (cfs) 172 39 131 54 108 42 116 35 110 22 
Jones  (cfs) 3157 2010 3209 2171 3205 2214 3335 2302 3305 2149 
Total Banks  (cfs) 4487 2671 4748 2829 4803 3056 4808 2864 4849 2768 
Cross Valley Pumping  (cfs) 105 20 104 40 93 41 96 35 93 22 
Sac Flow at Freeport  (cfs) 22108 11571 22690 11745 22614 11943 22375 11490 22355 11379 
Flow at Rio Vista  (cfs) 18127 7254 19394 7361 19238 7460 19011 7139 18956 7079 
Excess Outflow  (cfs) 11969 1380 15608 1729 15366 1599 14907 1262 14742 1312 
Required Outflow  (cfs) 7766 6014 5691 5631 5728 5632 5778 5699 5800 5693 
X2 Position (km) 76 82 76 85 76 85 76 85 76 85 
Yolo Bypass  (cfs) 2016 167 2742 129 2720 131 2685 148 2657 158 
Mokelumne Flow  (cfs) 869 278 924 281 924 281 918 286 918 286 
SJR + Calaveras Flow  (cfs) 3887 1755 4351 1911 4354 1899 4356 1955 4308 1876 
Modeled Required DO  (cfs) 7506 5669 5698 5648 5734 5656 5778 5699 5800 5693 
Flow at Georgiana Slough  
(cfs) 3769 2368 3847 2391 3837 2417 3805 2357 3802 2342 
DXC Flow  (cfs) 1749 1594 1738 1607 1746 1637 1734 1582 1739 1562 
Flow below DXC  (cfs) 16590 7609 17106 7747 17031 7889 16836 7551 16814 7474 
North Bay Aqueduct  (cfs) 54 27 64 47 123 91 120 91 134 92 
CCWD  (cfs) 171 159 175 185 174 186 174 185 224 234 
Total Outflow  (cfs) 19735 7394 21300 7359 21094 7231 20685 6961 20542 7005 
Total Inflow  (cfs) 28881 13772 30707 14067 30612 14255 30335 13878 30239 13698 
Old&Middle River  (cfs) -- -- -4833 -3471 -4870 -3717 -4992 -3589 -5031 -3410 
QWEST  (cfs) -- -- 1892 12 1784 -260 1604 -209 1501 -107 
Deliveries (TAF)           
    CVP           

North of Delta           
Agriculture 228 32 251 83 254 85 249 73 241 45 
Settlement Contracts 1832 1750 1661 1564 1672 1543 1838 1727 1857 1735 
M&I 26 27 46 40 80 62 80 62 219 155 
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Study 3a Today EWA 

2004 OCAP BA 

Study 6.0 Today EWA: 
Revised Model/Study 3a 

Assumptions Study 7.0 Today EWA 
Study 7.1 Near Future 

Limited EWA 
Study 8.0 Future 

Limited EWA 
Refuge 101 91 72 62 71 62 72 62 90 78 
Total 2199 1899 2029 1748 2077 1753 2239 1923 2407 2013 

South of Delta           
Agriculture 1074 161 1104 420 1078 428 1092 354 1089 232 
Exchange 841 737 852 741 852 741 852 741 852 741 
M&I 119 84 124 98 123 100 127 98 127 92 
Refuge 274 240 294 246 295 252 296 253 273 234 
Total** 2503 1406 2558 1689 2533 1702 2550 1624 2525 1483 
    SWP           
Allocation 2798 1449 3343 1583 3369 1539 3276 1571 3251 1526 
Table A 2798 1449 2967 1508 2565 1394 2513 1457 2996 1455 
Article 56 0 0 0 0 342 136 340 107 113 38 
Article 21 162 173 291 200 444 384 470 347 285 348 
Table A + Art 56 2798 1449 2967 1508 2907 1531 2853 1564 3109 1493 
Table A + Art 56 + Art 21 2960 1622 3258 1708 3350 1915 3323 1911 3394 1841 
Anticipated Carryover 0 0 0 0 485 71 458 40 181 4 
Allocations (%)           
    CVP Allocation           

North of Delta           
Agriculture 69% 18% 74% 31% 75% 34% 73% 29% 69% 21% 
M&I 87% 64% 91% 74% 91% 74% 90% 73% 89% 67% 

South of Delta           
Agriculture 60% 18% 61% 31% 61% 33% 60% 29% 60% 21% 
M&I 86% 64% 87% 74% 87% 74% 87% 73% 87% 67% 
    SWP           
All SWC 68% 35% 79% 38% 80% 36% 77% 37% 77% 36% 
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CVPIA 3406 (b)(2) 

This section analyzes water use for the CVPIA Section 3046 (b)(2), known as “(b)(2)” actions. 
Results from the CalSim-II accounting describe the long-term average (b)(2) costs for each study 
by water year type (see Table 9-8, Table 9-9, and Table 9-10). The long-term average annual 
cost of (b)(2) water use ranges from 671 taf annually to 689 taf annually.  

Simulated (b)(2) costs for individual years (1922 – 2003) are presented in Figure 9-8, Figure 9-9,   

Figure 9-10, and  

Figure 9-10. These plots show the Water Quality Control Plan (WQCP) costs (non-discretionary) 
that are accounted up to 500 taf per year and discretionary or (b)(2) costs.  The (b)(2) allocation, 
based on hydrologic conditions, are also noted for each year. CalSim-II does not use any 
forecasting algorithm for overall (b)(2) costs. This also results in over- and under-utilization of 
the allocated amount of (b)(2) water. The years when the (b)(2) costs are less than the allocated 
amount are generally Wet years, because flood releases are nearly identical between the D-1485 
baseline and (b)(2) annual simulations, and VAMP export curtailments are up to the 2:1 ratio 
when non-VAMP flows are greater than 8,600 cfs.   

An additional measure of (b)(2) performance is the probability of exceeding the 200 taf target 
during the October–January period. The probability of exceeding 200 taf October – January for 
Study 6.0, Study 7.0, Study 7.1, and Study 8.0 is 20%, 17%, 15%, and 25% respectively (Figure 
9-13, Figure 9-14, and Figure 9-13). Exceeding the 200-taf target is generally a result of the 
model taking high-cost upstream actions (at Nimbus and Keswick) before the accounting 
algorithms can reduce costs for this period. Another reason for high costs during this period is 
Delta salinity requirements during Dry and Critical years in the WQCP accounting. Similar 
percent exceedence graphics are presented for the total annual WQCP and (b)(2) costs in Figure 
9-17, Figure 9-18, and Figure 9-16.  

Table 9-11 shows the average required costs for a (b)(2) export action and what the simulated 
(b)(2) operation was able to support with the water available in the account and anticipated 
WQCP costs for Studies 6.0, 7.0, 7.1, and 8.0. Study 8.0 shows a shift in actions where June 
Ramping and May Shoulders slightly increased and April-May VAMP slightly decreased. 
However, the frequency of (b)(2) releases and export reductions are similar between Studies 6.0, 
7.0, 7.1, and 8.0. This is presented in Table 9-12 which lists the percentage of times that the 
simulated actions were triggered under the assumptions for taking an action.  



Modeling and Assumptions OCAP BA 

9-60  August 2008  

Table 9-7 Average Monthly WQCP and Total (b)(2) Costs by Month, Total Oct – Jan Costs, and 
Total Annual Costs for Study 6.0 Today 

Study 6.0  Oct Nov Dec Jan 

Oct-
Jan 
Sub 
total Feb Mar Apr May Jun Jul Aug Sep Annual 

WQCP 
Release Cost 5 8 8 1 22 20 14 5 8 64 11 30 35 208 

WQCP Export 
Cost 4 3 8 2 17 13 25 44 19 3 23 68 2 214 

WQCP Total 
Cost 9 10 16 3 39 33 40 48 27 67 33 97 37 421 

(b)(2) Release 
Cost 20 38 48 30 136 28 40 38 29 49 13 22 19 375 

(b)(2) Export 
Cost 4 1 1 2 7 14 27 79 61 11 29 72 6 306 

(b)(2) Total 
Cost 23 39 49 32 143 42 68 117 90 61 43 94 25 682 

 

Table 9-8 Average Monthly WQCP and Total (b)(2) Costs by Month, Total Oct – Jan Costs, and 
Total Annual Costs for Study 7.0 Today  

Study 7.0  Oct 
No
v Dec Jan 

Oct-
Jan 
Subt
otal Feb Mar Apr May Jun Jul Aug Sep Annual 

WQCP 
Release Cost 14 19 30 15 79 14 9 7 16 60 10 28 41 264 

WQCP Export 
Cost 1 2 6 5 13 17 27 46 18 3 41 81 3 249 

WQCP Total 
Cost 15 21 36 20 93 31 35 53 35 63 50 109 45 513 

(b)(2) Release 
Cost 16 35 49 32 133 18 25 36 33 51 12 28 26 361 

(b)(2) Export 
Cost 2 1 6 3 13 15 28 77 62 9 43 85 6 338 

(b)(2) Total 
Cost 18 36 55 36 145 33 53 113 95 60 55 112 32 699 
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Table 9-9 Average Monthly WQCP and Total (b)(2) Costs by Month, Total Oct – Jan Costs, and 
Total Annual Costs for Study 7.1 Near Future 

Study 7.1 Oct Nov Dec Jan 
Oct-Jan 
Subtotal Feb Mar Apr May Jun Jul Aug Sep Annual 

WQCP Release 
Cost 13 24 26 19 82 19 8 7 13 62 7 29 32 260 

WQCP Export 
Cost 2 2 9 5 18 21 32 42 16 5 26 68 2 229 

WQCP Total Cost 16 26 35 24 101 40 40 49 30 66 33 97 34 489 

(b)(2) Release 
Cost 15 33 44 29 120 24 25 20 18 48 8 28 20 312 

(b)(2) Export Cost 2 1 8 5 16 23 41 70 65 11 32 70 5 332 

(b)(2) Total Cost 17 33 52 34 136 47 66 90 83 59 40 98 25 643 

 

Table 9-10 Average Monthly WQCP and Total (b)(2) Costs by Month, Total Oct – Jan Costs, and 
Total Annual Costs for Study 8.0 Future 

Study 8.0  Oct Nov Dec Jan 
Oct-Jan 
Subtotal Feb Mar Apr May Jun Jul Aug Sep Annual 

WQCP Release 
Cost 12 26 27 21 87 16 11 4 14 59 10 20 35 256 

WQCP Export 
Cost 2 1 7 5 15 21 28 40 20 8 22 67 2 224 

WQCP Total Cost 14 28 34 26 103 38 38 44 34 66 32 88 38 480 

(b)(2) Release 
Cost 15 37 44 31 127 26 28 20 19 50 10 23 20 322 

(b)(2) Export Cost 3 1 7 4 15 18 37 64 68 13 28 70 5 318 

(b)(2) Total Cost 18 38 51 36 142 43 65 84 86 63 38 93 25 640 
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Figure 9-7 Study 6.0 Total Annual WQCP and Total (b)(2) Costs 
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Figure 9-8 Study 7.0 Total Annual WQCP and Total (b)(2) Costs 
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Figure 9-9 Study 7.1 Total Annual WQCP and Total (b)(2) Costs 
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Figure 9-10 Study 8.0 Total Annual WQCP and Total (b)(2) Costs 
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Figure 9-11 Oct – Jan WQCP and Total (b)(2) Costs Probability of Exceedance Study 6.0 

October - January Study 7.0
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Figure 9-12 Oct – Jan WQCP and Total (b)(2) Costs Probability of Exceedance Study 7.0 
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October - January Study 7.1
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Figure 9-13 Oct – Jan WQCP and Total (b)(2) Costs Probability of Exceedance Study 7.1 

 

 

October - January Study 8.0
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Figure 9-14.  Oct – Jan WQCP and Total (b)(2) Costs Probability of Exceedance Study 8.0 
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Figure 9-15  Annual WQCP and Total (b)(2) Costs Probability of Exceedance for Study 6.0 
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Figure 9-16.  Annual WQCP and Total (b)(2) Costs Probability of Exceedance for Study 7.0 
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Figure 9-17.  Annual WQCP and Total (b)(2) Costs Probability of Exceedance for Study 7.1 
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Figure 9-18.  Annual WQCP and Total (b)(2) Costs Probability of Exceedance for Study 8.0 
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Table 9-11.  Total (b)(2) Water Requested for Export Actions Versus Amount of (b)(2) Water Used  

 Total Water Requested Simulated (b)(2) Water Used 

Study 6.0 
Apr-May 
VAMP 

May 
Shoulder 

June 
Ramping 

Apr-May 
VAMP 

May 
Shoulder 

June 
Ramping 

Average 104 32 12 104 22 8 

W 85 42 16 85 30 8 

AB 127 35 12 127 23 8 

BN 125 30 11 125 26 11 

D 111 26 9 111 14 12 

C 88 18 8 88 8 1 

Study 7.0 
Apr-May 
VAMP 

May 
Shoulder 

June 
Ramping 

Apr-May 
VAMP 

May 
Shoulder 

June 
Ramping 

Average 102 38 14 102 31 8 

W 83 42 16 83 48 8 

AB 128 42 14 128 33 13 

BN 122 33 11 122 23 12 

D 110 34 11 110 15 5 

C 84 37 15 84 21 5 

Study 7.1 
Apr-May 
VAMP 

May 
Shoulder 

June 
Ramping 

Apr-May 
VAMP 

May 
Shoulder 

June 
Ramping 

Average 99 39 15 99 31 10 

W 79 42 18 79 50 11 

AB 136 42 14 136 27 13 

BN 126 40 16 126 26 12 

D 97 41 15 97 24 12 

C 79 26 7 79 11 1 

Study 8.0 
Apr-May 
VAMP 

May 
Shoulder 

June 
Ramping 

Apr-May 
VAMP 

May 
Shoulder 

June 
Ramping 

Average 97 40 15 97 33 11 

W 80 42 16 77 48 9 

Study 8.0 
Apr-May May June Apr-May May June 
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 Total Water Requested Simulated (b)(2) Water Used 

VAMP Shoulder Ramping VAMP Shoulder Ramping 

AB 137 42 14 137 29 13 

BN 122 37 15 122 32 13 

D 96 41 15 96 25 16 

C 74 33 12 74 16 4 

 

Table 9-12.  Percent That Possible Occurrences Action Was Triggered 

Actions Study 6.0 Study 7.0 Study 7.1 Study 8.0 

Keswick Releases 71% 67% 73% 74% 

Whiskeytown Releases 98% 97% 97% 98% 

Nimbus Releases 74% 100% 100% 100% 

Dec-Jan Export Cuts NA NA NA NA 

VAMP Export Cuts 100% 100% 100% 100% 

Late May Export Cuts 76% 89% 91% 93% 

Jun Export Cuts 63% 73% 79% 78% 

Early Apr Export Cuts NA NA NA NA 

Feb-Mar Export Cuts NA NA NA NA 

 

Environmental Water Account 

This section summarizes the EWA operations for Study 6.0 (i.e., Today EWA: Revised 
Model/Study 3a Assumptions), Study 7.0 (i.e., Today EWA), Study 7.1 (i.e., Near Future 
Limited EWA), and Study 8.0 (i.e., Future Limited EWA). Operations are summarized for the 
following categories: 

• Annual costs of EWA actions (i.e., expenditures) measured as export reductions 

• Delivery debt status and payback (i.e., adherence to the No Harm Principle) 

• Carryover debt conditions from year-to-year 

• Annual accrual of EWA assets to mitigate impacts of EWA actions (i.e., water purchases, 
(b)(2) gains, use of JPOD capacity, wheeling of backed-up water) 

• Spilling of carryover EWA debt situated at SWP San Luis 

• Annual costs specific to each EWA action measured as export reductions 
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The annual EWA expenditures for the simulation are shown on Figure 9-19, first as the sum of 
expenditures associated with winter and spring EWA actions, and second as the expenditures 
only associated with the spring VAMP action (i.e., EWA Action 3). The Full EWA had annual 
expenditures ranging from 100,000 af to 600,000 af. whereas both of the Limited EWA studies 
had annual expenditures ranging from 0 af to 77,000 af. Looking at the VAMP costs it can be 
seen that for the Full EWA the range of expenditure is 0 af to 235,000 af, but for the Limited 
EWA nearly all of the costs are associated with EWA. 

Another way of viewing annual EWA expenditures is to consider their year-type-dependent 
averages. The Sacramento River Basin 40-30-30 index was used to classify and sort years. 
Average annual expenditures by year type are listed in Table 9-13. Comparing Full EWA 
(Study6.0 and Study 7.0) and Limited EWA (Study 7.1 and Study 8.0) results, the year-type-
dependent averages are quite different. 

 

 

 

 

 

 

 

 

 

 

Figure 9-19.  Annual EWA expenditures simulated by CalSim-II, measured in terms of export 
reductions from exports under the EWA Regulatory Baseline relative to exports with EWA 
operations. 

 

Table 9-13.  Annual EWA Expenditures Simulated by CalSim-II, Averaged by Hydrologic Year Type, 
Defined According to the Sacramento River 40-30-30 Index. 

Hydrologic Year Type Study 6.0 (TAF) Study 7.0 (TAF) Study 7.1 (TAF) Study 8.0 (TAF)
Average 264 279 66 66 
Wet 293 315 63 63 
Above Normal 306 319 70 77 
Below Normal 254 268 69 76 
Dry 255 277 88 77 
Critical 183 175 34 34 
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Under limited EWA there are times when the VAMP export reductions are not fully covered by 
assets acquired from the Yuba Accord and other operational assets.  However, for the most part 
VAMP export reductions could be met most of the time.  Figure 9-20 shows exceedance plots of 
the April 15 to April 30 and May 1 to May 15 periods that cover the assumed time for the VAMP 
in the model.  The figure shows the amount of time in which the total exports meet the export 
limits described in the San Joaquin River Agreement in years when a Vernalis flow target is 
specified.  Since the agreement does not specifically prescribe an export limit for years in which 
the San Joaquin River flow is greater than 7000 cfs these simulated years are not included in the 
figure.  In addition, when the Vernalis flow target is 7000 cfs, the SJRA specifies two possible 
export rates, 1500 cfs and 3000 cfs.  For the purposes of Figure 9-20 an export limit of 3000 cfs 
was assumed for every simulated year when the Vernalis target is 7000 cfs. 
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Figure 9-20Combined Banks and Jones export rate simulated by CalSim-II, during the April and 
May VAMP period compared to export target flow specified in the San Joaquin River Agreement. 

The measure of “deliveries debt payback” is the key indicator of whether the simulated EWA 
operations adhere to the No Harm to Deliveries principle set forth in the CALFED ROD. In 
CalSim-II modeling, SOD delivery debt is assessed in the month after it occurs.  

A debt is to be repaid in full upon assessment through dedication of an EWA asset available 
SOD (either as a SOD purchase planned for that month, a wheeled NOD asset planned for that 
month, or an EWA San Luis storage withdrawal that month). Instances when SOD delivery debt 
could not be repaid in full can be seen through post-simulation analysis of CalSim-II results. As 
shown in Table 9-14 there were no instances of not adhering to the “No Harm Principle” for 
Study 7.0, Study 7.1 and Study 8.0. Study 7.1 and Study 8.0 assumed a Limited EWA and no 
debt was allowed to accumulate.  
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Table 9-14.  Instances of not Adhering to the EWA “No Harm Principle” (i.e., not repaying delivery 
debt in full upon assessment), Simulated by CalSim-II. 

Delivery Debt Account Study 6.0  

(Full EWA) 

Study 7.0  

(Full EWA) 

Study 7.1  

(Limited EWA) 

Study 8.0 

(Limited EWA) 

CVP South of Delta  None None No debt allowed No debt allowed 

SWP South of Delta  None None No debt allowed No debt allowed 

 

A key feature of simulated and real EWA operations that enable increased flexibility to mitigate 
the impacts of EWA actions is the allowance for carryover debt. In the CalSim-II modeling, 
because of the model structure, Figure 9-3, the annual interruption of the simulated EWA 
operational baseline necessitates special measures to account for carryover debt relative to debt 
caused by this year’s actions (i.e., “new debt” in CalSim-II semantics). The result of these 
measures is separate debt accounts for carryover and new debt. Unpaid new debt ultimately gets 
rolled over into the carryover debt account, which can represent one or more years of unpaid debt.  

The rollover of new debt into the carryover debt account occurs in November. Results on 
carryover debt conditions at total CVP/SWP San Luis are shown on Figure 9-21 for the 82 
Octobers and Novembers simulated. These carryover debt conditions are at a maximum in 
November, after which they are managed to a minimum in October through dedication of 
physical EWA assets available SOD or spilling of carryover debt at SWP San Luis. 
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Figure 9-21.  Combined Carryover Debt at CVP and SWP San Luis, Simulated in CalSim- II, at the 
End (Oct) and Start (Nov) of the Carryover Debt Assessment Year 



OCAP BA Modeling and Assumptions 

 August 2008 9-75 

The comparative ranges of acquired EWA assets under Full EWA (Study 6.0 and Study 7.0) and 
Limited EWA (Studies 7.1 and 8.0) are summarized on Figure 9-22. In Figure 9-22 the “Total 
Acquired Assets” includes water purchases and operational assets (i.e., EWA acquisition of 50 
percent of SWP gains from B2 releases, EWA conveyance of Delta Surplus flows using 50 
percent of JPOD capacity or summer dedicated capacity, EWA conveyance of backed-up water 
caused by Spring EWA actions on exports.   
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Figure 9-22.  Annual EWA assets simulated in CalSim-II.   

 

A unique tool for managing carryover debt at SWP San Luis is debt spilling, described earlier. In 
CalSim-II, carryover debt conditions need to be present and severe enough to trigger the use of 
this tool under the spill conditions that were outlined earlier. Also note that there is a semantics 
difference between what is called “spill” in CalSim-II and what is called “spill” by EWAT. 
CalSim-II only designates erasing of carryover debt at SWP San Luis, or reservoir filling in 
NOD reservoirs as “spilling” debt; it does not designate “pumping-to-erase” new debt at San 
Luis as “spill,” even though this is a term sometimes used by EWAT. That distinction noted, the 
occurrence of carryover debt spilling at SWP San Luis is depicted on Figure 9-23. 
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Figure 9-23.   Annual Carryover-debt Spilling at SWP San Luis, Simulated in CalSim-II. 

EWA action-specific expenditures for Winter Export Reductions are expected to be 50,000 af for 
each month in which they are implemented, according to modeling assumptions. Generally, this 
is the case, as indicated by simulated export reductions measured between Step 4 and Step 5 in 
Full EWA study (Figure 9-24). The action is always taken in December and January, and it is 
also taken in February if the Sacramento River 40-30-30 Index defines the year to be Above 
Normal or Wet. Simulation results show that export reductions are always as expected for 
January and February and nearly always as expected for December (approximately 95 percent of 
the years).  
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Winter Reductions
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Figure 9-24.  Simulated Export Reductions Associated with Taking EWA Action 2 (i.e., Winter 
Export Reductions). Note that Export Reductions for Studies 7.1 and 8.0 are zero. 

Expectations for spring actions expenditures are more difficult to predict prior to simulation 
compared to expenditures for winter actions. This is because spring actions are not linked to 
spending goals, but are instead linked to target export restriction levels related to VAMP. Results 
show that action-specific export costs for spring actions are slightly higher in the Full EWA 
study compared to the Limited EWA studies (Figure 9-25 through Figure 9-27). Moreover, the 
frequency of implementing June export reductions only occurs in the Full EWA.  
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Figure 9-25 – Simulated Export Reductions Associated with Taking EWA Action 3 (i.e., VAMP-
related restrictions). 
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Figure 9-26 – Simulated Export Reductions Associated with Taking EWA Action 5 (i.e., extension 
of VAMP-related restrictions into May 16–May 31 (i.e., the May Shoulder)). 
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Figure 9-27– Simulated Export Reductions Associated with Taking EWA Action 6 (i.e., 
representation of June “ramping” from May Shoulder restriction to June Export-to-Inflow 
restriction). 

 

The additional 500 cfs summer (July through September) capacity is an important element of the 
full EWA, limited EWA, and theYuba Accord.  Assets acquired North of the Delta from theYuba 
Accord, or stored in upstream reservoirs can be pumped to repay previous fishery imposed 
export reductions.  Much of the time this repayment would need to occur before the end of 
September to reduce the chance of impacting project deliveries.  Figure 9-28 shows the 
simulated use of the additional 500 cfs and the total assets pumped through the use of this 
additional capacity.  Generally, the limited EWA studies use the full capacity less than 25 
percent of the time, while the full EWA studies use the full capacity less than 35 percent of the 
time.   
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Figure 9-28 Simulated use of additional 500 cfs Banks fishery capacity in summer months (Jul, 
Aug, and Sep) and total assets pumped using additional capacity (taf). 

Delta Hydrodynamic Results 

The DSM2-Hrodro was run from water years 1976 to 1991 and output was provided for a 
number of locations in the Delta. Figure 9-29 shows a map of the Delta and all of the available 
output locations as well as the direction of positive flow and velocity for each location. Table 
9-15 lists these output locations along with the common name, representative DSM2 channel 
number and distance in channel. All of the results from DSM2-Hydro are provided in 
spreadsheets, but for purposes of this BA and Appendix G, only four sites were selected for 
discussion. These four sites were generally a combination of flows that represent an imaginary 
boundary internal to the Delta. These four sites were: 
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• Cross Delta flow – a combination of Georgiana Slough, North Fork of Mokelumne, and 
South Fork of the Mokelumne (GEORGIANA_SL, NORTH_FORK_MOKE, and 
RSMKL008 as respectively labeled in Figure 9-29). 

• QWest flow – a combination of San Joaquin River at Blind Point, Three Mile Slough, 
and Dutch Slough (RSAN014,SLTRM004, and SLDUT007 as respectively labeled in 
Figure 9-29). 

• Old and Middle River flow – a combination of Old River at Bacon Island and Middle 
River at Middle River (ROLD024, and RMID015 as respectively labeled in Figure 9-29). 

• Old River at Head – described by a single output location ROLD074 as labeled in Figure 
9-29. 

One location from each of the groups was used to give an indication of the average velocity. 
From the Cross Delta group GEORGIANA_SL is presented for velocity. From the Qwest group 
RANS014 is presented for velocity, and from Old and Middle River RMID015 is presented. 
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Figure 9-29.  DSM2-Hydro locations of output for flow (cfs) and velocity (ft/s). Arrows represent 
the direction of positive flow and velocity. 
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Table 9-15.  Definitions for the DSM2 output 

DSM2 Output Name Channel Distance Common Name 

CFTRN000 172 727 Turner Cut 

CHGRL005 211 1585 Grant Line Canal (West Position) 

RMID015 144 - 145 838 Middle River at Middle River (west channel) 

RMID027 133 3641 Middle River at Tracy Blvd 

ROLD014 117 0 Old River at Holland Cut 

ROLD024 106 2718 Old River at Bacon Island 

ROLD040 82 2609 Old River at Clifton Court Ferry 

ROLD059 71 3116 Old River at Tracy Road 

ROLD074 54 735 Head of Old River 

RSAC075 437 11108 Sacramento River at Mallard Island 

RSAC092 434 435 Sacramento River at Emmaton 

RSAC101 430 9684 Sacramento River at Rio Vista 

RSAC128 421 8585 Sacramento River above Delta Cross Channel 

RSAC155 414 11921 Sacramento River at Freeport 

RSAN007 52 366 San Joaquin River at Antioch 

RSAN014 49 9570 San Joaquin River at Blind Point 

RSAN024 47 8246 San Joaquin River at Bradford Isl. 

RSAN032 349 9672 San Joaquin River at San Andreas Landing 

RSAN058 20 2520 San Joaquin River at Stockton Ship Channel 

RSAN112 17 4744 San Joaquin River at Vernalis 

RSMKL008 344 7088 South Fork Mokelumne at Staten Island 

SLDUT007 274 7351 Dutch Slough 

SLSBT011 385 2273 Steamboat Slough 

SLTRM004 310 540 Three Mile Slough 

DCC 365 0 Delta Cross Channel 

COLUMBIA_CUT 160 50 Columbia Cut 

SJR_DS_CALAVARAS 21 0 San Joaquin River downstream Calaveras River 

SJR_3MILE 49 9570 San Joaquin River at Three Mile Slough 
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DSM2 Output Name Channel Distance Common Name 

OLDR_ITALIAN 88 0 Old River at Italian Slough 

OLDR_NVICTORIA 91 4119 Old River at North Victoria Canal 

OLDR_MOUTH 124 7062 Mouth of Old River 

LATHAM_SL_SJR 161 10808 Latham Slough at San Joaquin River 

VICTORIA_CANAL_MIDR 226 4153 Victoria Canal at Middle River 

SJR_DISPOINT_SL 314 8130 Disappointment Slough at San Joaquin River 

LITTLE_POTATO_SL 325 9962 Little Potato Slough 

NORTH_FORK_MOKE 363 6133 North Fork Mokelumne River 

GEORGIANA_SL 371 7766 Georgiana Slough 

CACHE_SL_DS_MINOR 398 0 Cache Slough downstream Minor Slough 

OMR 144 - 145 + 106 -- Old and Middle River 

QWEST 274 + 49 + 310 -- Western Flow (QWEST) 

XDELTA 371 + 363 + 344 -- Cross Delta Flow 

 

The DSM2-Hydro results were aggregated from a fifteen-minute time-step to a daily average. A 
Godin filter was first applied to the data to remove the tidal variations, and then a daily average 
of the filtered data was applied. This is the same process that the United States Geological 
Survey (USGS) uses to determine daily averages for locations under tidal influence. The flow 
results are presented in Table 9-16 and velocity results are presented in Table 9-17. Both tables 
present the minimum, 25 percentile, median, 75 percentile, and maximum value for water-years 
1976 to 1991, broken down into groups representing annual quarters, and year type groups. The 
monthly output was grouped into the annual quarters: January through March (Jan-Mar), April 
through June (Apr-Jun), July through September (Jul-Sep), and October through December (Oct-
Dec). The year types were grouped into two representative groups: Wet and Above Normal (W-
AN), and Below Normal, Dry and Critical (C-D-BN). For regional flows that cross more than 
one individual location, for example Old and Middle River includes two output locations, a 
simple time period summation was conducted.  

Appendix G presents DSM2-Hydro results in graphical form. Box plots show the minimum, 25 
percentile, median, 75 percentile, and maximum value. Along with the box plots results are also 
displayed in exceedence plots that show the percent of time in which a certain value was 
exceeded. 
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Table 9-16.  DSM2-Hydro tidally filtered daily average flow for water-years 1976 to 1991. Shading indicates negative (landward) flows. 
Positive flows are towards the ocean.  

  Year Month Study 6.0 Study 7.0 Study 7.1 Study 8.0 
Name Types Range Min 25% 50% 75% Max Min 25% 50% 75% Max Min 25% 50% 75% Max Min 25% 50% 75% Max 

Jan-Mar 1433 3772 8297 9708 17657 1433 3782 8322 9726 17688 1195 3712 8073 9555 16726 1180 3676 8047 9557 16691 
Apr-Jun 1292 3669 5517 9014 10450 1276 3690 5544 9026 10491 0 3601 5670 8719 10098 0 3598 5659 8646 10119 
Jul-Sep 830 1354 1610 3731 9939 833 1339 1615 3732 9956 451 1736 1958 3964 9582 450 1766 1963 3924 9588 

W 
AN 

Oct-Dec 225 715 1539 3545 9992 202 721 1544 3544 10006 141 301 857 1556 9634 126 299 851 1545 9621 
Jan-Mar 728 1085 1441 1696 4776 728 1093 1441 1694 4785 610 1046 1307 1593 4561 517 964 1254 1564 4516 
Apr-Jun 202 411 657 893 4497 176 409 650 917 4497 0 0 663 1092 4114 0 0 569 1007 4100 
Jul-Sep 159 341 626 803 1294 110 332 616 797 1286 185 301 366 451 1263 186 302 353 447 1171 

Head of 
Old 
River 

C 
D 

BN 
Oct-Dec 249 568 1001 1222 1745 257 582 1003 1242 1742 155 247 410 1066 1624 147 241 407 1083 1589 
Jan-Mar -9811 -6197 -2189 3590 23765 -9811 -6343 -2271 3508 22248 -10969 -6522 -2063 4484 22446 -10993 -5916 -2654 3720 22029 
Apr-Jun -8033 -3638 -704 1326 9011 -8041 -4094 -662 1613 8614 -7621 -3870 -2607 754 8392 -7825 -3851 -2645 797 8378 
Jul-Sep -11481 -9831 -8699 -7877 1425 -11285 -9669 -8482 -7576 1469 -10871 -9188 -8070 -7439 1268 -11402 -9571 -8727 -7826 1312 

W 
AN 

Oct-Dec -10847 -8723 -7753 -4430 9519 -10845 -8793 -7908 -3575 5659 -11664 -10197 -9060 -3196 6273 -11635 -10192 -9062 -3043 6153 
Jan-Mar -10175 -7812 -5800 -2408 544 -10174 -7724 -5642 -3220 64 -11482 -7540 -5743 -4164 -340 -11481 -8348 -5851 -3640 682 
Apr-Jun -9451 -4413 -1967 -1345 2021 -9709 -4702 -1997 -1382 2020 -9662 -4514 -2559 -1994 -593 -9785 -4221 -2592 -1990 -241 
Jul-Sep -12031 -9614 -6523 -4991 -3129 -12203 -8860 -7152 -5059 -1123 -12383 -9010 -5839 -4278 -1150 -12393 -9432 -5454 -3986 -912 

Old and 
Middle 
River C 

D 
BN 

Oct-Dec -10768 -8355 -6918 -5595 -2106 -10766 -8718 -7312 -6188 -2134 -11992 -9625 -8022 -5652 -2870 -11974 -9313 -7789 -5600 -1811 
Jan-Mar -5104 8082 19171 33695 72635 -5164 7431 19078 32600 70980 -6395 6555 18054 33265 71822 -6493 6484 17660 32651 71360 
Apr-Jun -1869 5739 8228 17578 41974 -1937 5409 7970 18127 41570 -3594 4921 7265 17684 41546 -3788 4871 7161 17730 41550 
Jul-Sep -6667 -2124 -971 1007 17117 -5627 -2076 -708 1794 21810 -5696 -2060 -837 1944 21523 -6123 -2571 -1299 1468 21335 

W 
AN 

Oct-Dec -13103 -1699 500 5628 45661 -12124 -1855 600 5608 41532 -14146 -2360 243 5198 42381 -14114 -2368 245 5223 42274 
Jan-Mar -9637 -2293 -63 2040 11260 -9891 -2182 -281 1926 10678 -11004 -2390 -489 1424 11640 -11159 -2353 -433 1614 11391 
Apr-Jun -6869 -425 1096 2851 12199 -7266 -563 1059 2782 11992 -7095 -624 881 2633 10704 -7343 -736 904 2669 10655 
Jul-Sep -8152 -3057 -1656 -408 3460 -7810 -2788 -1614 -305 4657 -8359 -2708 -1166 274 4670 -8497 -2921 -1217 313 4669 

QWEST 

C 
D 

BN 
Oct-Dec -11901 -2510 -1096 247 6832 -11824 -2742 -1389 -56 6723 -12941 -3048 -1462 -79 5480 -12743 -2965 -1400 54 5925 
Jan-Mar 4817 9224 13431 16622 23914 4753 9174 13388 16632 23917 4818 8857 13351 16402 23672 4734 8895 13346 16435 23691 
Apr-Jun 3315 4402 6699 9147 18430 3286 4422 6518 9124 18437 3038 4375 6365 9149 18412 3005 4337 6295 9075 18448 
Jul-Sep 5178 6436 7109 7803 10081 5543 6539 7028 7856 10955 5358 6375 6911 7933 10666 5451 6564 7066 8018 10484 

W 
AN 

Oct-Dec 2104 5156 7152 9344 17461 2111 5578 7232 9207 17475 2129 5516 6971 9198 17451 2118 5555 6768 9191 17483 
Jan-Mar 1672 3036 3888 5333 10418 1984 3124 4023 5693 10134 2039 3367 4009 5799 10368 2080 3312 3977 5661 10072 
Apr-Jun 1502 2434 3165 4839 7405 1510 2421 3122 4673 7966 1443 2406 3119 4512 8072 1530 2439 3143 4371 8183 
Jul-Sep 3925 5058 5795 7183 8860 3638 4986 5814 6758 8513 3371 4382 5540 6684 8740 2953 4404 5410 6898 8900 

Cross 
Delta 

C 
D 

BN 
Oct-Dec 1980 4069 5266 5824 9625 1886 4189 5495 6022 9518 1962 4083 5197 6000 9490 1963 4076 5195 5976 9512 
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Table 9-17.  DSM2-Hydro tidally filtered daily average velocity for water-years 1976 to 1991. Shading indicates negative (landward) 
velocities. Positive velocities are towards the ocean.  

  Year Month Study 6.0 Study 7.0 Study 7.1 Study 8.0 
Name Types Range Min 25% 50% 75% Max Min 25% 50% 75% Max Min 25% 50% 75% Max Min 25% 50% 75% Max 

Jan-Mar 0.89 1.70 2.55 2.61 3.29 0.89 1.70 2.56 2.62 3.29 0.74 1.68 2.52 2.58 3.19 0.73 1.68 2.52 2.58 3.19 
Apr-Jun 0.69 1.66 1.99 2.62 2.66 0.68 1.66 2.00 2.62 2.66 0.00 1.66 2.13 2.57 2.62 0.00 1.66 2.13 2.56 2.62 
Jul-Sep 0.50 0.74 0.85 1.56 2.68 0.50 0.74 0.85 1.56 2.68 0.29 0.98 1.07 1.73 2.63 0.30 1.00 1.07 1.72 2.63 

W 
AN 

Oct-Dec 0.14 0.44 0.83 1.52 2.67 0.13 0.44 0.84 1.52 2.67 0.09 0.21 0.53 0.88 2.63 0.08 0.20 0.53 0.88 2.63 
Jan-Mar 0.50 0.68 0.88 0.99 1.94 0.50 0.68 0.88 0.99 1.94 0.40 0.64 0.79 0.92 1.89 0.34 0.59 0.76 0.91 1.88 
Apr-Jun 0.12 0.27 0.41 0.57 1.89 0.11 0.27 0.41 0.60 1.89 0.00 0.00 0.42 0.67 1.79 0.00 0.00 0.37 0.61 1.78 
Jul-Sep 0.09 0.20 0.38 0.48 0.72 0.07 0.19 0.37 0.47 0.71 0.12 0.20 0.24 0.29 0.76 0.12 0.19 0.23 0.29 0.72 

Head of 
Old River 

C 
D 

BN 
Oct-Dec 0.16 0.34 0.59 0.75 0.99 0.17 0.35 0.59 0.76 0.99 0.10 0.16 0.28 0.67 0.92 0.10 0.16 0.27 0.67 0.90 
Jan-Mar -0.26 -0.16 -0.06 0.09 0.58 -0.26 -0.17 -0.06 0.09 0.54 -0.29 -0.17 -0.05 0.12 0.54 -0.29 -0.16 -0.07 0.10 0.53 
Apr-Jun -0.22 -0.09 -0.01 0.04 0.23 -0.22 -0.11 -0.01 0.05 0.22 -0.21 -0.10 -0.07 0.03 0.22 -0.21 -0.10 -0.07 0.03 0.22 
Jul-Sep -0.31 -0.26 -0.23 -0.21 0.04 -0.30 -0.26 -0.23 -0.20 0.04 -0.29 -0.25 -0.21 -0.19 0.04 -0.31 -0.26 -0.23 -0.20 0.04 

W 
AN 

Oct-Dec -0.29 -0.23 -0.21 -0.12 0.25 -0.29 -0.24 -0.21 -0.10 0.15 -0.31 -0.28 -0.25 -0.09 0.16 -0.31 -0.28 -0.25 -0.08 0.16 
Jan-Mar -0.27 -0.21 -0.15 -0.06 0.02 -0.27 -0.21 -0.15 -0.08 0.01 -0.31 -0.20 -0.15 -0.11 -0.01 -0.31 -0.23 -0.16 -0.10 0.02 
Apr-Jun -0.25 -0.12 -0.05 -0.03 0.06 -0.26 -0.13 -0.05 -0.04 0.06 -0.26 -0.12 -0.07 -0.05 -0.02 -0.26 -0.11 -0.07 -0.05 -0.01 
Jul-Sep -0.33 -0.26 -0.17 -0.13 -0.08 -0.34 -0.24 -0.19 -0.13 -0.03 -0.34 -0.24 -0.15 -0.11 -0.03 -0.34 -0.25 -0.14 -0.11 -0.02 

Middle 
River at 
Middle 
River C 

D 
BN 

Oct-Dec -0.29 -0.22 -0.19 -0.15 -0.06 -0.29 -0.24 -0.20 -0.16 -0.06 -0.33 -0.26 -0.22 -0.15 -0.08 -0.33 -0.25 -0.21 -0.15 -0.05 
Jan-Mar 0.00 0.16 0.28 0.42 0.86 0.00 0.15 0.28 0.42 0.85 -0.01 0.14 0.27 0.42 0.85 -0.01 0.14 0.26 0.41 0.85 
Apr-Jun 0.05 0.12 0.15 0.24 0.50 0.05 0.12 0.15 0.25 0.50 0.03 0.12 0.14 0.24 0.50 0.03 0.12 0.14 0.24 0.50 
Jul-Sep -0.02 0.04 0.06 0.08 0.24 0.00 0.04 0.06 0.09 0.28 -0.01 0.04 0.06 0.09 0.28 -0.01 0.04 0.05 0.08 0.28 

W 
AN 

Oct-Dec -0.06 0.05 0.07 0.14 0.56 -0.05 0.05 0.07 0.14 0.52 -0.07 0.04 0.07 0.14 0.53 -0.07 0.04 0.07 0.14 0.53 
Jan-Mar -0.04 0.05 0.07 0.09 0.20 -0.03 0.05 0.07 0.09 0.19 -0.04 0.04 0.06 0.09 0.20 -0.06 0.04 0.06 0.09 0.20 
Apr-Jun 0.00 0.06 0.08 0.10 0.20 0.00 0.06 0.08 0.09 0.20 0.00 0.06 0.07 0.09 0.19 0.00 0.06 0.07 0.09 0.19 
Jul-Sep -0.02 0.03 0.05 0.06 0.10 -0.02 0.03 0.05 0.06 0.12 -0.03 0.03 0.05 0.07 0.12 -0.03 0.03 0.05 0.07 0.12 

San 
Joaquin 
River at 
Blind 
Point C 

D 
BN 

Oct-Dec -0.06 0.04 0.05 0.07 0.13 -0.06 0.04 0.05 0.06 0.13 -0.08 0.03 0.05 0.06 0.12 -0.07 0.04 0.05 0.06 0.12 
Jan-Mar 1.01 1.99 2.45 2.60 2.74 1.00 1.99 2.44 2.60 2.74 1.02 1.99 2.44 2.60 2.74 1.01 1.99 2.45 2.60 2.74 
Apr-Jun 0.66 0.87 1.02 1.61 2.71 0.71 0.87 1.01 1.61 2.71 0.67 0.88 1.01 1.59 2.71 0.65 0.87 1.01 1.60 2.71 
Jul-Sep 0.68 0.79 0.85 0.94 1.41 0.70 0.78 0.83 0.94 1.38 0.64 0.76 0.81 0.95 1.37 0.67 0.79 0.83 0.95 1.36 

W 
AN 

Oct-Dec 0.51 0.73 1.00 1.69 2.76 0.51 0.74 1.00 1.81 2.76 0.42 0.75 1.00 1.73 2.76 0.39 0.75 1.00 1.66 2.76 
Jan-Mar 0.45 0.84 1.03 1.41 2.40 0.68 0.89 1.03 1.37 2.35 0.68 0.91 1.07 1.34 2.11 0.60 0.88 1.05 1.32 2.08 
Apr-Jun 0.56 0.73 0.82 0.91 1.49 0.56 0.73 0.83 0.91 1.49 0.54 0.74 0.85 0.91 1.42 0.57 0.70 0.85 0.92 1.42 
Jul-Sep 0.54 0.66 0.74 0.87 1.06 0.54 0.65 0.73 0.83 1.02 0.50 0.60 0.70 0.83 1.05 0.47 0.60 0.70 0.84 1.06 

Georgiana 
Slough 

C 
D 

BN 
Oct-Dec 0.54 0.67 0.73 0.89 1.59 0.53 0.70 0.76 0.91 1.56 0.52 0.69 0.75 0.89 1.58 0.53 0.67 0.74 0.88 1.59 
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DSM2-PTM was run for each month in water-years 1976 to 1991. In each simulation 1000 
particles were injected over a period of 24 hours at the nodes described in Table 9-18. Particles 
were injected starting at the beginning of the forth day of each month. The particles were then 
tracked until the end of the twenty-fifth day, so the particle locations were reported after 
approximately twenty-one days. The particles were counted at each of the output locations in 
Table 9-19. These output locations represent the major locations where particles could go. “Past 
Chipps” represents the percentage of particles that travel past Chipps Island and into the Suisun 
Bay. “Exports” represents the combined percentage of particles that end up in Banks Pumping 
Plant and Jones Pumping Plant. “Other Diversion” represents the combined percentage of 
particles that end up in the Contra Costa Water District diversions on Old River and Rock 
Slough, North Bay Aqueduct, and agricultural diversions. The particles that remain in the Delta 
are grouped into two groups “In North Delta” and “In South Delta”. The delineation line between 
North and South is shown in Figure 9-30. 

For the purposes of this document only three injection locations are presented, however output 
for all of the injection locations are available in the spreadsheets provided in Appendix G. The 
injection locations selected for presentation were the San Joaquin River at Mossdale (node 7), 
Little Potato Slough (node 249), and Sacramento River at Rio Vista (node 350). 

The PTM results are presented in Table 9-20 for the injection at node 7, Table 9-21 for the 
injection at node 249, and Table 9-22 for the injection at node 350. The three tables present the 
minimum, 25 percentile, median, 75 percentile, and maximum value for water-years 1976 to 
1991, broken down into groups representing annual quarters, and year type groups. The monthly 
output was grouped into the annual quarters: January through March (Jan-Mar), April through 
June (Apr-Jun), July through September (Jul-Sep), and October through December (Oct-Dec). 
The year types were grouped into two representative groups: Wet and Above Normal (W-AN), 
and Below Normal, Dry and Critical (C-D-BN).  

Appendix G presents DSM2-PTM results in graphical form. Box plots show the minimum, 25 
percentile, median, 75 percentile, and maximum value. Results are also displayed in exceedence 
plots that show the percent of time in which a certain value was exceeded. Additionally graphical 
comparisons are made between percent of particles at the exports to Old and Middle River flow, 
Qwest flow, and Cross Delta flow. 

Table 9-18.  Injection Locations 

Node Common Name 

335 Sacramento River at Freeport 

341 Sacramento River above Cross Channel 

321 Cache Slough 

350 Sacramento River at Rio Vista 

353 Sacramento River at Emmaton 

355 Sacramento River at Collinsville 
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Node Common Name 

45 San Joaquin River at Blind Point 

272 Mokelumne River near San Joaquin River 

249 Little Potato Slough 

21 San Joaquin River at Stockton 

7 San Joaquin River at Mossdale 

 

Table 9-19.  PTM Output 

Name Description 

Past Chipps Particles that pass Chipps Island 

In North Delta Particles that remain in the Northern Delta (Figure 9-30) 

In South Delta Particles that remain in the Southern Delta (Figure 9-30) 

Exports Combined SWP and CVP exports 

Other Diversion Agricultural Diversions, CCWD Diversions, and North Bay Aqueduct 
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Figure 9-30.  DSM2-PTM locations for particle injection. 
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Table 9-20.  Percent particle fate percentiles after 21 days for particle injection at node 7. 

  Year Month Study 6.0 Study 7.0 Study 7.1 Study 8.0 
Name Types Range Min 25% 50% 75% Max Min 25% 50% 75% Max Min 25% 50% 75% Max Min 25% 50% 75% Max 

Jan-Mar 0 2 35 60 91 0 2 36 57 89 0 2 38 61 91 0 2 36 58 91 
Apr-Jun 0 1 5 36 77 0 1 5 39 76 0 1 4 38 76 0 1 4 39 76 
Jul-Sep 0 0 0 0 40 0 0 0 0 43 0 0 0 0 44 0 0 0 0 43 

W 
AN 

Oct-Dec 0 0 0 0 80 0 0 0 0 67 0 0 0 1 69 0 0 0 0 68 
Jan-Mar 0 0 0 0 3 0 0 0 0 2 0 0 0 0 5 0 0 0 0 4 
Apr-Jun 0 0 0 0 5 0 0 0 0 2 0 0 0 0 10 0 0 0 0 9 
Jul-Sep 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Past 
Chipps 

C 
D 

BN 
Oct-Dec 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Jan-Mar 0 1 2 5 11 0 1 2 4 12 0 1 2 3 10 0 1 2 4 10 
Apr-Jun 1 5 14 19 34 1 5 11 19 38 1 5 11 18 43 1 5 11 18 44 
Jul-Sep 1 2 2 3 8 1 2 2 4 6 1 2 3 4 6 1 2 3 3 7 

W 
AN 

Oct-Dec 0 2 3 6 38 1 2 3 5 37 2 2 3 5 33 1 3 4 5 43 
Jan-Mar 0 6 10 21 29 0 5 9 21 29 1 5 9 15 31 1 5 10 22 34 
Apr-Jun 0 11 19 26 35 0 11 19 26 35 0 0 15 28 42 0 0 16 28 41 
Jul-Sep 0 0 4 12 46 0 0 3 10 46 0 1 5 14 29 0 0 5 16 47 

In North 
Delta 

C 
D 

BN 
Oct-Dec 1 3 7 15 33 2 3 5 12 41 2 3 5 11 22 2 4 6 13 25 
Jan-Mar 0 2 5 7 11 0 2 5 8 11 0 1 5 6 10 0 2 5 7 10 
Apr-Jun 1 8 14 19 36 1 7 13 19 33 1 9 12 16 28 1 8 13 17 28 
Jul-Sep 3 6 7 8 15 3 6 7 9 18 5 6 8 9 14 4 6 7 8 9 

W 
AN 

Oct-Dec 2 7 8 17 38 2 6 8 16 37 2 5 5 12 49 2 5 6 11 46 
Jan-Mar 1 6 9 13 29 1 6 8 15 19 3 8 13 19 27 2 6 12 19 49 
Apr-Jun 6 13 20 34 44 1 13 20 36 43 1 14 19 47 56 1 14 19 44 57 
Jul-Sep 2 9 14 22 50 2 11 21 25 54 0 10 16 27 38 0 7 16 30 37 

In South 
Delta 

C 
D 

BN 
Oct-Dec 2 6 13 23 46 4 7 14 18 40 4 6 13 29 48 2 6 12 30 55 
Jan-Mar 9 33 58 81 92 11 37 58 82 93 9 36 55 82 94 9 36 57 81 93 
Apr-Jun 15 33 49 54 70 15 36 50 57 71 20 35 53 62 74 20 35 55 60 74 
Jul-Sep 40 70 82 86 89 40 69 78 85 89 39 71 78 86 89 39 76 82 86 91 

W 
AN 

Oct-Dec 16 46 78 87 89 15 59 77 87 90 21 59 79 88 93 12 60 78 88 93 
Jan-Mar 33 61 76 83 92 49 61 76 85 91 41 61 76 84 95 7 61 73 83 95 
Apr-Jun 0 13 27 46 56 0 11 28 49 67 0 12 39 55 64 0 17 36 56 64 
Jul-Sep 0 20 30 49 80 0 15 30 51 79 12 38 55 69 78 10 31 50 70 82 

Exports 

C 
D 

BN 
Oct-Dec 24 55 74 83 91 21 60 77 84 91 28 60 72 88 93 20 58 72 87 92 
Jan-Mar 0 0 0 1 4 0 0 0 0 4 0 0 0 0 4 0 0 0 1 4 
Apr-Jun 0 1 4 9 29 0 1 4 9 28 0 1 4 7 29 0 1 4 7 29 

Other 
Diversions 

W 
AN 

Jul-Sep 1 5 9 19 37 1 5 9 19 35 1 4 9 13 22 1 5 9 13 30 
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  Year Month Study 6.0 Study 7.0 Study 7.1 Study 8.0 
Name Types Range Min 25% 50% 75% Max Min 25% 50% 75% Max Min 25% 50% 75% Max Min 25% 50% 75% Max 

Oct-Dec 0 1 2 4 17 0 1 2 4 19 0 1 2 3 13 0 1 2 3 13 
Jan-Mar 0 1 2 8 18 0 1 2 5 17 0 1 1 3 13 0 1 1 3 14 
Apr-Jun 2 14 24 45 71 3 13 23 45 71 5 9 14 30 61 5 9 16 33 66 
Jul-Sep 5 19 42 58 98 5 19 41 57 98 4 13 22 30 65 3 12 22 31 65 

C 
D 

BN 
Oct-Dec 2 2 4 6 19 2 2 4 7 24 1 1 3 4 11 1 2 3 5 12 

 

Table 9-21.  Percent particle fate percentiles after 21 days for particle injection at node 249. 

  Year Month Study 6.0 Study 7.0 Study 7.1 Study 8.0 
Name Types Range Min 25% 50% 75% Max Min 25% 50% 75% Max Min 25% 50% 75% Max Min 25% 50% 75% Max 

Jan-Mar 0 28 94 99 100 0 28 94 99 100 0 24 95 99 100 0 24 94 99 100 
Apr-Jun 0 10 30 91 100 0 10 29 88 100 0 11 23 91 100 0 8 19 90 100 
Jul-Sep 0 0 0 0 88 0 0 0 0 93 0 0 0 0 93 0 0 0 0 93 

W 
AN 

Oct-Dec 0 0 0 3 100 0 0 0 3 100 0 0 0 5 100 0 0 0 4 100 
Jan-Mar 0 0 0 1 25 0 0 0 0 17 0 0 0 0 34 0 0 0 0 31 
Apr-Jun 0 0 0 0 24 0 0 0 0 15 0 0 0 0 18 0 0 0 0 15 
Jul-Sep 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Past 
Chipps 

C 
D 

BN 
Oct-Dec 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Jan-Mar 0 0 2 7 27 0 0 2 6 23 0 0 2 5 25 0 0 2 4 24 
Apr-Jun 0 4 28 53 73 0 5 34 55 71 0 4 38 48 64 0 3 39 51 68 
Jul-Sep 1 2 4 8 19 1 3 5 13 24 1 3 6 13 27 1 2 4 13 18 

W 
AN 

Oct-Dec 0 3 4 9 47 0 3 6 8 40 0 3 4 9 45 0 2 5 8 53 
Jan-Mar 1 4 14 34 72 1 5 16 29 63 2 4 13 27 59 2 4 13 30 75 
Apr-Jun 5 20 47 57 64 4 13 42 56 65 3 16 31 50 62 3 20 31 48 63 
Jul-Sep 1 2 5 11 17 1 2 5 10 33 1 2 5 20 39 1 2 8 21 42 

In North 
Delta 

C 
D 

BN 
Oct-Dec 2 6 9 15 42 2 5 7 13 37 2 4 9 13 28 2 4 9 15 44 
Jan-Mar 0 0 2 9 23 0 0 2 9 24 0 0 2 8 22 0 0 2 7 21 
Apr-Jun 0 3 12 19 41 0 3 13 18 40 0 3 16 19 36 0 4 17 20 36 
Jul-Sep 2 4 10 12 20 1 5 9 15 24 1 5 11 14 29 1 5 8 13 23 

W 
AN 

Oct-Dec 0 5 7 16 46 0 6 8 12 50 0 4 7 10 47 0 4 7 11 47 
Jan-Mar 5 11 21 39 57 5 11 27 44 54 4 12 25 39 52 4 11 24 41 54 
Apr-Jun 15 31 38 45 60 12 32 37 47 61 17 31 42 54 63 17 32 44 55 63 
Jul-Sep 2 5 22 39 53 3 9 17 36 54 3 8 28 47 54 3 7 33 49 56 

In South 
Delta 

C 
D 

BN 
Oct-Dec 4 13 19 27 52 4 10 16 24 49 3 9 18 35 48 6 10 16 37 51 

Exports W Jan-Mar 0 0 1 38 85 0 0 2 41 85 0 0 1 42 88 0 0 2 41 89 
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  Year Month Study 6.0 Study 7.0 Study 7.1 Study 8.0 
Name Types Range Min 25% 50% 75% Max Min 25% 50% 75% Max Min 25% 50% 75% Max Min 25% 50% 75% Max 

Apr-Jun 0 0 0 9 36 0 0 1 9 35 0 0 4 15 57 0 0 4 15 62 
Jul-Sep 0 62 74 84 91 0 57 73 81 93 0 58 71 80 89 0 59 79 82 88 

AN 

Oct-Dec 0 25 72 87 92 0 18 77 85 94 0 12 79 88 93 0 10 77 88 93 
Jan-Mar 0 7 52 80 92 0 15 53 81 92 0 24 53 77 93 0 21 60 81 92 
Apr-Jun 0 0 1 17 54 0 0 3 29 68 0 1 7 23 57 0 1 7 15 59 
Jul-Sep 15 40 61 80 93 0 42 67 81 91 0 28 46 79 88 0 24 41 79 92 

C 
D 

BN 
Oct-Dec 12 55 69 79 88 15 61 75 82 89 24 47 73 83 90 3 44 73 82 89 
Jan-Mar 0 0 0 1 3 0 0 0 1 2 0 0 0 1 2 0 0 1 1 3 
Apr-Jun 0 2 3 5 11 0 2 3 6 12 0 2 3 6 14 0 2 3 6 12 
Jul-Sep 2 5 8 10 15 3 4 8 10 16 3 4 8 12 21 3 5 8 12 16 

W 
AN 

Oct-Dec 0 1 2 3 5 0 1 2 3 4 0 2 2 2 4 0 1 2 3 4 
Jan-Mar 1 1 2 2 4 1 1 2 2 4 1 1 2 3 5 1 1 2 2 6 
Apr-Jun 3 4 5 16 21 3 4 6 15 21 3 5 6 17 23 3 5 6 16 21 
Jul-Sep 2 6 10 15 23 2 6 10 15 25 3 8 10 17 25 3 6 10 16 25 

Other 
Diversions 

C 
D 

BN 
Oct-Dec 2 2 3 3 5 2 2 3 3 6 1 2 3 3 7 2 2 3 4 6 

 

Table 9-22.  Percent particle fate percentiles after 21 days for particle injection at node 350. 

  Year Month Study 6.0 Study 7.0 Study 7.1 Study 8.0 
Name Types Range Min 25% 50% 75% Max Min 25% 50% 75% Max Min 25% 50% 75% Max Min 25% 50% 75% Max 

Jan-Mar 84 100 100 100 100 85 100 100 100 100 79 100 100 100 100 77 100 100 100 100 
Apr-Jun 55 93 99 100 100 45 94 99 100 100 51 91 98 100 100 51 89 98 100 100 
Jul-Sep 19 26 45 59 99 16 25 47 59 99 18 26 38 62 99 19 25 39 66 100 

W 
AN 

Oct-Dec 12 34 74 98 100 22 32 73 99 100 10 34 66 98 100 8 37 64 98 100 
Jan-Mar 25 60 71 85 100 38 62 73 86 100 40 64 77 86 100 42 64 76 86 100 
Apr-Jun 8 28 48 66 99 10 29 50 68 97 9 29 49 64 96 7 32 48 64 96 
Jul-Sep 7 21 25 30 43 5 18 22 29 44 6 18 22 28 45 5 18 23 29 54 

Past 
Chipps 

C 
D 

BN 
Oct-Dec 21 28 39 49 91 17 31 40 50 90 13 26 32 45 89 14 27 34 43 90 
Jan-Mar 0 0 0 0 12 0 0 0 0 10 0 0 0 0 13 0 0 0 0 16 
Apr-Jun 0 0 0 5 39 0 0 1 4 50 0 0 2 7 41 0 0 2 9 41 
Jul-Sep 0 29 43 51 65 0 29 43 54 66 0 29 46 55 65 0 24 44 52 63 

W 
AN 

Oct-Dec 0 1 19 52 78 0 1 19 51 72 0 1 22 50 83 0 1 23 50 84 
Jan-Mar 0 8 23 34 72 0 9 18 33 55 0 9 18 30 56 0 10 19 31 53 
Apr-Jun 1 30 44 64 82 2 29 45 62 83 3 29 45 64 85 3 29 43 62 84 

In North 
Delta 

C 
D 

BN 
Jul-Sep 34 46 57 67 83 37 50 59 66 85 35 50 62 70 86 27 52 60 70 86 
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  Year Month Study 6.0 Study 7.0 Study 7.1 Study 8.0 
Name Types Range Min 25% 50% 75% Max Min 25% 50% 75% Max Min 25% 50% 75% Max Min 25% 50% 75% Max 

Oct-Dec 5 39 52 60 72 4 37 50 54 73 5 41 53 57 77 5 43 50 58 77 
Jan-Mar 0 0 0 0 2 0 0 0 0 3 0 0 0 0 3 0 0 0 0 3 
Apr-Jun 0 0 0 0 2 0 0 0 0 2 0 0 0 0 4 0 0 0 0 3 
Jul-Sep 0 2 6 10 12 0 1 7 9 14 0 2 7 11 15 0 2 8 11 13 

W 
AN 

Oct-Dec 0 0 4 8 11 0 0 3 7 12 0 0 5 10 13 0 0 6 10 13 
Jan-Mar 0 1 3 5 9 0 1 2 5 9 0 2 3 5 11 0 1 2 5 11 
Apr-Jun 0 2 4 5 9 0 2 4 6 9 0 3 4 6 9 0 3 4 6 9 
Jul-Sep 5 9 10 11 13 6 8 11 11 16 4 7 9 12 14 5 6 8 11 13 

In South 
Delta 

C 
D 

BN 
Oct-Dec 2 5 6 9 13 1 5 7 9 15 2 6 8 10 16 2 6 8 11 17 
Jan-Mar 0 0 0 0 2 0 0 0 0 3 0 0 0 0 5 0 0 0 0 5 
Apr-Jun 0 0 0 0 1 0 0 0 0 1 0 0 0 0 3 0 0 0 0 2 
Jul-Sep 0 3 5 7 17 0 2 5 7 11 0 2 5 7 11 0 2 7 9 16 

W 
AN 

Oct-Dec 0 0 3 5 9 0 0 3 6 8 0 0 4 7 14 0 0 4 6 14 
Jan-Mar 0 0 1 5 8 0 0 1 2 9 0 1 1 3 8 0 1 1 3 12 
Apr-Jun 0 0 0 1 4 0 0 0 2 3 0 0 0 1 4 0 0 0 1 4 
Jul-Sep 1 2 4 10 20 0 2 5 8 19 0 1 3 9 17 0 1 3 11 19 

Exports 

C 
D 

BN 
Oct-Dec 0 2 4 5 8 1 3 4 5 8 1 2 5 7 10 0 2 5 7 9 
Jan-Mar 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
Apr-Jun 0 0 0 1 3 0 0 0 1 3 0 0 0 1 2 0 0 0 1 2 
Jul-Sep 0 1 2 2 3 0 1 2 2 3 0 1 2 2 4 0 1 2 2 3 

W 
AN 

Oct-Dec 0 0 0 0 1 0 0 0 0 1 0 0 0 0 1 0 0 0 0 1 
Jan-Mar 0 0 0 0 1 0 0 0 0 1 0 0 0 0 1 0 0 0 0 1 
Apr-Jun 0 1 1 2 4 0 1 1 2 3 0 1 1 2 4 0 1 1 2 3 
Jul-Sep 1 1 2 3 4 0 1 2 3 4 1 1 2 3 4 1 1 2 3 4 

Other 
Diversions 

C 
D 

BN 
Oct-Dec 0 0 0 0 1 0 0 0 1 1 0 0 0 1 1 0 0 0 1 1 
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Temperature Results 

Simulated temperature results for Study 7.0, Study 7.1, and Study 8.0 are located in Chapter 10, 
Upstream Effects and in Appendices I and K. The treatment of the Feather River Temperature 
modeling is different than the other reaches previously mentioned is presented in Appendix K 
and described below 

The Oroville Facilities Relicensing Draft Environmental Impact Report (DEIR) and Biological 
Assessment (BA) included evaluation of modeling output for three alternatives: the Existing 
Conditions, the No Project, and the Proposed Project. Operations under OCAP Study 7.0 include 
the same flow and water temperature requirements as the Existing Conditions Alternative. The 
Proposed Project simulation utilized flow requirements and water temperature targets from the 
March 2006 Settlement Agreement for Licensing of the Oroville Facilities (Settlement 
Agreement), as evaluated in OCAP Study 7.1. While simulated storage conditions in Oroville 
Reservoir might be different under the 2008 OCAP BA, temperature management actions would 
follow the same procedures as the Proposed Project. Simulated operations for the 2008 OCAP 
BA would be able to utilize temperature management actions not exhausted in simulation of the 
Proposed Project. 

The primary difference with regards to water temperature between OCAP Study 7.1 and 8.0 
would be the construction of a facility modification to improve DWR’s ability to manage Feather 
River water temperatures. However, the specific configuration of a facility modification will be 
examined in a separate environmental process, so no water temperature modeling of a facility 
modification has been completed. While none of the previously conducted water temperature 
modeling is directly applicable to OCAP Study 8.0, because the respective flow requirements 
and water temperature objectives are the same, conditions at the Feather River Fish Hatchery and 
Robinson Riffle would also be expected to be similar. 

Salmon Mortality, Population, and Life Cycle Results 

Simulated salmon fishery results are discussed in Chapter 11: Upstream Effects and in 
Appendices M, O, and Q. 

Climate Change Results 

CalSim-II long-term average (1922-2003) and dry period average (1929-1934) climate change 
results are reported in Table 9-23. Appendix R discusses the results of the climate change and 
sea level rise sensitivity evaluation. The Base Model is the future condition, Study 8.0, 
simulating the D1641 step. The studies examined include: 

1. Study 9.0 Base Without 1 ft Sea Level Change: Base Model without the 1 foot sea 
level rise and 4 inch increase in tidal amplitude   

2. Study 9.1 Base With 1 ft Sea Level Change: Base Model with 1 foot sea level rise and 
4 inch increase in tidal amplitude  

3. Study 9.2 Wetter, Less Warming: Same assumptions as Study 9.1 hydrology inputs 
modified for a wetter, less warming climate 
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4. Study 9.3 Wetter, More Warming: Same assumptions as Study 9.1 with hydrology 
inputs modified for a wetter , more warming climate 

5. Study 9.4 Drier, Less Warming: Same assumptions as Study 9.1 with hydrology inputs 
modified for a drier, less warming climate 

6. Study 9.5 Drier, More Warming: Same assumptions as Study 9.1with hydrology inputs 
modified for a drier, more warming climate 
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Table 9-23.  Climate Change and Sea Level Rise Long-term Averages and 28-34 Averages  

 

Study 9.0 Base 
Without 1' Sea Level 

Change 
Study 9.1 Base With 
1' Sea Level Change 

Study 9.2 Wetter, 
Less Warming 

Study 9.3 Wetter, 
More Warming 

Study 9.4 Drier, Less 
Warming 

Study 9.5 Drier, 
More Warming 

End of Sep Storages 
(TAF) 1922-94 1929-34 1922-94 1929-34 1922-94 1929-34 1922-94 1929-34 1922-94 1929-34 1922-94 1929-34 

Trinity 1394 728 1325 642 1524 937 1387 838 1313 607 1120 440 
Shasta 2709 1533 2591 1211 2906 2163 2686 1843 2525 1043 2286 835 
Oroville 1973 1206 1891 981 2290 1629 1929 1365 1538 885 1474 892 
Folsom 492 395 476 369 518 448 472 417 428 300 402 249 
New Melones 1533 1043 1533 1045 1695 1304 1594 1190 1022 289 1254 536 
CVP San Luis 237 322 209 215 234 228 195 257 154 115 179 162 
SWP San Luis 406 296 368 291 483 333 344 265 279 147 257 191 
Total San Luis 643 618 576 506 716 561 539 521 433 262 436 352 
River Flows (cfs)              
Trinity Release 974 566 958 566 1142 585 1131 585 978 585 874 528 
Keswick Release 8674 5430 8693 5513 10049 6159 9967 6020 8907 5617 8019 5160 
Nimbus Release 3321 1751 3327 1743 4221 2203 4139 2137 2518 1301 2581 1350 
Flow Below Thermalito 4384 2269 4396 2286 5731 2926 5734 2866 3454 1836 3431 1860 
Goodwin Release  654 366 654 365 976 387 826 371 389 331 451 354 
Flow at Vernalis 4162 1862 4161 1861 5338 1992 4626 1913 3086 1790 3437 1812 
Delta Parameters             
SWP Banks (cfs) 4669 2612 4450 2325 4940 3031 4726 2951 4029 2017 3977 2134 
CVP Banks  (cfs) 108 21 101 14 93 28 107 16 96 8 85 4 
Jones  (cfs) 3510 2126 3334 1991 3628 2448 3479 2208 3237 1933 3030 1753 
Total Banks  (cfs) 4777 2634 4551 2338 5034 3060 4834 2967 4124 2026 4062 2137 
Cross Valley Pumping  
(cfs) 108 21 101 14 93 28 107 16 96 8 85 4 
Sac Flow at Freeport  
(cfs) 22303 11281 22488 11541 25474 13114 24685 12933 20956 11072 19900 10950 
Excess Outflow  (cfs) 14175 1169 15105 1912 20331 2346 19608 2406 11876 1842 11479 1766 
Required Outflow  (cfs) 6193 5908 5790 5849 5300 6014 5460 6003 6220 5705 6058 5755 
Total Inflow  (cfs) 30190 13605 30313 13861 35833 15649 34918 15363 26980 13266 26151 13176 
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Old&Middle River  (cfs) -5151 -3265 -4785 -2874 -4812 -3873 -4906 -3615 -4931 -2576 -4481 -2501 
QWEST  (cfs) 1378 26 1843 533 2883 -120 2381 74 815 664 1300 731 
Deliveries (TAF)             
    CVP             

North of Delta             
Agriculture 240 44 221 28 269 73 238 33 201 17 176 8 
Settlement Contracts 1857 1735 1857 1735 1879 1899 1879 1899 1864 1794 1825 1616 
M&I 201 147 196 138 207 158 200 140 188 127 181 126 
Refuge 90 78 90 78 92 89 92 89 91 82 88 69 
Total 2388 2005 2364 1980 2447 2219 2409 2161 2345 2019 2270 1818 

South of Delta             
Agriculture 1210 224 1097 143 1322 361 1190 166 995 83 889 40 
Exchange 852 741 852 741 867 840 867 841 856 774 834 707 
M&I 129 92 123 85 132 94 126 86 119 79 115 77 
Refuge 273 234 268 226 274 245 273 261 269 226 262 211 
Total** 2647 1474 2520 1377 2776 1721 2637 1538 2419 1343 2279 1216 
    SWP                         
Allocation 3209 1484 3085 1377 3332 2032 3312 1954 2772 1280 2739 1337 
Table A 2959 1414 2845 1309 3072 1938 3050 1846 2563 1213 2534 1270 
Article 56 110 38 112 36 106 47 120 72 111 3 107 34 
Article 21 284 309 237 189 371 159 223 130 200 113 195 76 
Table A + Art 56 3069 1452 2957 1344 3178 1985 3170 1917 2674 1217 2641 1304 
Table A + Art 56 + Art 21 3353 1761 3193 1534 3550 2144 3392 2047 2874 1330 2836 1380 
Anticipated Carryover 177 4 167 2 185 28 186 42 137 1 134 1 
Allocations (%)             
    CVP Allocation             

North of Delta             
Agriculture 68% 20% 63% 16% 76% 29% 68% 17% 57% 13% 50% 8% 
M&I 88% 66% 86% 61% 92% 72% 88% 63% 83% 59% 79% 56% 

South of Delta             
Agriculture 67% 20% 61% 16% 74% 29% 67% 17% 55% 13% 49% 8% 
M&I 88% 66% 86% 61% 91% 72% 88% 63% 83% 59% 79% 56% 
    SWP             
All SWC 78% 36% 73% 33% 79% 48% 78% 46% 65% 30% 65% 32% 
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The DSM2-Hydro climate change analysis was run from Water Year 1976 to 1991 and output 
was provided for a number of locations in the Delta. The boundary tide incorporated a one-foot 
and four-inch (10% increase) amplitude adjustment for sea-level rise which was consistent with 
the ANN used in CalSim-II.  Figure 9-29 shows a map of the Delta and all of the available output 
locations as well as the direction of positive flow and velocity for each location. Table 9-15 lists 
these output locations along with the common name, representative DSM2 channel number and 
distance in channel. All of the results from DSM2-Hydro are provided in spreadsheets, but for 
purposes of this document and Appendix G only four sites were selected for discussion. These 
four sites were generally a combination of flows that represent an imaginary boundary internal to 
the Delta. These four sites were: 

• Cross Delta flow – a combination of Georgiana Slough, North Fork of Mokelumne, and 
South Fork of the Mokelumne (GEORGIANA_SL, NORTH_FORK_MOKE, and 
RSMKL008 as respectively labeled in Figure 9-29). 

• QWest flow – a combination of San Joaquin River at Blind Point, Three Mile Slough, 
and Dutch Slough (RSAN014,SLTRM004, and SLDUT007 as respectively labeled in 
Figure 9-29). 

• Old and Middle River flow – a combination of Old River at Bacon Island and Middle 
River at Middle River (ROLD024, and RMID015 as respectively labeled in Figure 9-29). 

• Old River at Head – described by a single output location ROLD074 as labeled in 
Figure 9-29. 

One location from each of the groups was used to give an indication of the average velocity. 
From the Cross Delta group GEORGIANA_SL is presented for velocity. From the Qwest group 
RANS014 is presented for velocity, and from Old and Middle River RMID015 is presented. 
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Figure 9-31.  DSM2-Hydro locations of output for flow (cfs) and velocity (ft/s). Arrows represent 
the direction of positive flow and velocity. 
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Table 9-24.  Definitions for the DSM2 output 

DSM2 Output Name Channel Distance Common Name 

CFTRN000 172 727 Turner Cut 

CHGRL005 211 1585 Grant Line Canal (West Position) 

RMID015 144 - 145 838 Middle River at Middle River (west channel) 

RMID027 133 3641 Middle River at Tracy Blvd 

ROLD014 117 0 Old River at Holland Cut 

ROLD024 106 2718 Old River at Bacon Island 

ROLD040 82 2609 Old River at Clifton Court Ferry 

ROLD059 71 3116 Old River at Tracy Road 

ROLD074 54 735 Head of Old River 

RSAC075 437 11108 Sacramento River at Mallard Island 

RSAC092 434 435 Sacramento River at Emmaton 

RSAC101 430 9684 Sacramento River at Rio Vista 

RSAC128 421 8585 Sacramento River above Delta Cross Channel 

RSAC155 414 11921 Sacramento River at Freeport 

RSAN007 52 366 San Joaquin River at Antioch 

RSAN014 49 9570 San Joaquin River at Blind Point 

RSAN024 47 8246 San Joaquin River at Bradford Isl. 

RSAN032 349 9672 San Joaquin River at San Andreas Landing 

RSAN058 20 2520 San Joaquin River at Stockton Ship Channel 

RSAN112 17 4744 San Joaquin River at Vernalis 

RSMKL008 344 7088 South Fork Mokelumne at Staten Island 

SLDUT007 274 7351 Dutch Slough 

SLSBT011 385 2273 Steamboat Slough 

SLTRM004 310 540 Three Mile Slough 

DCC 365 0 Delta Cross Channel 

COLUMBIA_CUT 160 50 Columbia Cut 

SJR_DS_CALAVARAS 21 0 San Joaquin River downstream Calaveras River 

SJR_3MILE 49 9570 San Joaquin River at Three Mile Slough 
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DSM2 Output Name Channel Distance Common Name 

OLDR_ITALIAN 88 0 Old River at Italian Slough 

OLDR_NVICTORIA 91 4119 Old River at North Victoria Canal 

OLDR_MOUTH 124 7062 Mouth of Old River 

LATHAM_SL_SJR 161 10808 Latham Slough at San Joaquin River 

VICTORIA_CANAL_MIDR 226 4153 Victoria Canal at Middle River 

SJR_DISPOINT_SL 314 8130 Disappointment Slough at San Joaquin River 

LITTLE_POTATO_SL 325 9962 Little Potato Slough 

NORTH_FORK_MOKE 363 6133 North Fork Mokelumne River 

GEORGIANA_SL 371 7766 Georgiana Slough 

CACHE_SL_DS_MINOR 398 0 Cache Slough downstream Minor Slough 

OMR 144 - 145 + 106 -- Old and Middle River 

QWEST 274 + 49 + 310 -- Western Flow (QWEST) 

XDELTA 371 + 363 + 344 -- Cross Delta Flow 

 

The DSM2-Hydro results were aggregated from a fifteen-minute time-step to a daily average. A 
Godin filter was first applied to the data to remove the tidal variations, and then a daily average 
of the filtered data was applied. This is the same process that the USGS uses to determine daily 
averages for locations under tidal influence.  

The flow results for the more warming case are presented in Table 9-25 and the less warming 
case results are presented in Table 9-26. The velocity results for the more warming case are 
presented in Table 9-27 and the less warming case results are presented in Table 9-28 The tables 
present the minimum, twenty five percentile, median, seventy five percentile, and maximum 
value for water-years 1976 to 1991, broken down into groups representing annual quarters, and 
year type groups. The monthly output was grouped into the annual quarters: January through 
March (Jan-Mar), April through June (Apr-Jun), July through September (Jul-Sep), and October 
through December (Oct-Dec). The year types were grouped into two representative groups: Wet 
and Above Normal (W-AN), and Below Normal, Dry and Critical (C-D-BN). For regional flows 
that cross more than one individual location, for example Old and Middle River includes two 
output locations, a simple time period summation was conducted.  
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Table 9-25.  DSM2-Hydro tidally filtered daily average flow for water-years 1976 to 1991. Shading indicates negative (landward) flows. 
Positive flows are towards the ocean.  

  Year Month Base Wetter, Less Warming Wetter, More Warming 
Name Types Range Min 25% 50% 75% Max Min 25% 50% 75% Max Min 25% 50% 75% Max 

Jan-Mar 1349 3722 8039 9468 16708 1408 5568 8701 10567 17974 1350 4932 8627 11291 18550 
Apr-Jun 0 3685 5707 8645 11252 0 5068 7442 9164 12909 0 2157 4167 8547 11885 
Jul-Sep 449 1889 2102 3978 9682 440 2239 3063 4963 12213 406 1743 2012 3010 8612 

W 
AN 

Oct-Dec 112 313 822 1612 9549 112 322 1144 5461 13201 112 321 752 1664 11307 
Jan-Mar 578 1021 1367 1683 4575 637 1057 1370 1779 6363 637 1093 1376 1742 7728 
Apr-Jun 0 0 606 1133 4163 0 0 735 1202 5474 0 0 673 1171 4027 
Jul-Sep 214 314 384 449 1244 202 329 389 491 1931 190 314 391 463 1444 

Head of Old 
River 

C 
D 

BN 
Oct-Dec 131 257 408 1042 1612 160 265 433 1059 2227 155 260 399 1058 1861 
Jan-Mar -10896 -6733 -3180 5100 22138 -10321 -5610 94 7920 24229 -10340 -5744 -555 8693 25160 
Apr-Jun -9316 -5840 -4015 -693 12606 -9394 -5124 -3347 1183 14326 -8525 -5525 -3182 -925 14585 
Jul-Sep -11350 -8709 -7526 -6793 3258 -11723 -8291 -7259 -6022 9579 -9463 -7967 -7270 -6540 -1793 

W 
AN 

Oct-Dec -11595 -9764 -7528 -4080 6749 -11595 -9561 -8094 -3879 15507 -11595 -9725 -8293 -4043 11925 
Jan-Mar -11345 -8206 -5811 -3671 766 -11344 -7636 -5925 -3313 -267 -11344 -8612 -6377 -4186 -372 
Apr-Jun -9490 -4555 -2439 -1865 -555 -8275 -4719 -3137 -2149 -482 -9102 -5222 -2912 -1964 -234 
Jul-Sep -11959 -8619 -5276 -4092 -1132 -12339 -8325 -6258 -3939 -882 -11746 -7731 -5990 -4286 -583 

Old and 
Middle 
River C 

D 
BN 

Oct-Dec -11213 -7839 -6565 -4660 -326 -11502 -10118 -8299 -5212 -1687 -11222 -8547 -7055 -4796 -392 
Jan-Mar -6574 6496 17895 33459 71816 -6552 9410 21975 38206 77058 -6825 12946 21760 41638 78955 
Apr-Jun -4603 3672 6819 16307 46694 -4285 5299 9846 20458 50574 -4590 3932 6708 14821 51392 
Jul-Sep -5226 -1140 405 3421 26442 -5381 75 1798 4390 34053 -3994 -854 740 2673 17883 

W 
AN 

Oct-Dec -11968 -891 1475 5921 43199 -10791 -799 1977 9127 63503 -11237 -1304 937 5810 54501 
Jan-Mar -11554 -2331 -21 2332 11441 -10823 -1957 446 2448 18108 -11338 -2575 -18 2020 17987 
Apr-Jun -7833 76 1634 3345 8902 -7116 114 1897 3676 8515 -7555 -148 1572 3302 8560 
Jul-Sep -6955 -1600 -162 1138 6148 -6900 -1514 -227 1297 5034 -6431 -1301 -172 1242 5178 

QWEST 

C 
D 

BN 
Oct-Dec -11923 -1707 178 2028 7002 -12037 -2247 -264 1648 5767 -11785 -1774 195 1839 6789 
Jan-Mar 4630 8704 13143 16306 23616 5342 9527 14193 16979 25965 5109 10864 15158 17440 29161 
Apr-Jun 3296 4427 6497 9757 18349 3381 4856 6112 9872 19128 3213 4078 7323 8956 18829 
Jul-Sep 5464 6448 7066 8611 11596 5200 6164 6881 7574 10475 5069 5972 6430 8492 10444 

W 
AN 

Oct-Dec 2159 5448 7331 9106 17428 2185 5365 7391 9714 22800 2171 5157 6916 8717 20272 
Jan-Mar 2174 3284 4108 5804 10507 2151 3324 4448 6250 13008 2134 3468 4456 6408 12933 
Apr-Jun 1458 2596 3572 4778 9422 1549 2767 3530 5297 9345 1521 2816 3543 4912 9823 
Jul-Sep 3644 4876 5638 7571 9210 2556 4991 5867 7219 9642 2830 4962 5613 7346 9443 

Cross Delta 

C 
D 

BN 
Oct-Dec 1875 4006 5376 6448 9609 2193 4630 6176 7048 10088 2113 4374 5540 6908 10413 
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Table 9-26.  DSM2-Hydro tidally filtered daily average flow for water-years 1976 to 1991. Shading indicates negative (landward) flows. 
Positive flows are towards the ocean. 

  Year Month Base Drier, Less Warming Drier, More Warming 
Name Types Range Min 25% 50% 75% Max Min 25% 50% 75% Max Min 25% 50% 75% Max 

Jan-Mar 1349 3722 8039 9468 16708 1348 2951 4495 7080 14338 1347 3228 5323 8823 18182 
Apr-Jun 0 3685 5707 8645 11252 0 1608 2432 6105 10492 0 2040 2762 6707 11622 
Jul-Sep 449 1889 2102 3978 9682 395 491 1849 2258 5630 402 511 1927 2504 5968 

W 
AN 

Oct-Dec 112 313 822 1612 9549 112 284 522 1557 8693 111 275 700 1610 9008 
Jan-Mar 578 1021 1367 1683 4575 661 1023 1298 1531 3148 584 1016 1310 1544 3434 
Apr-Jun 0 0 606 1133 4163 0 0 524 1018 2199 0 0 522 967 2904 
Jul-Sep 214 314 384 449 1244 186 294 350 414 1115 202 293 355 417 1182 

Head of Old 
River 

C 
D 

BN 
Oct-Dec 131 257 408 1042 1612 131 254 375 923 1629 106 249 381 870 1620 
Jan-Mar -10896 -6733 -3180 5100 22138 -11017 -8454 -6368 -1875 18085 -11018 -8363 -4360 1616 24586 
Apr-Jun -9316 -5840 -4015 -693 12606 -8838 -5660 -4458 -2545 10193 -7793 -4734 -3673 -1624 13746 
Jul-Sep -11350 -8709 -7526 -6793 3258 -10959 -9488 -8476 -7403 -4947 -11093 -8490 -7520 -6514 -3975 

W 
AN 

Oct-Dec -11595 -9764 -7528 -4080 6749 -11592 -9570 -7090 -4364 2692 -11595 -9522 -5789 -3140 3915 
Jan-Mar -11345 -8206 -5811 -3671 766 -11344 -8295 -6270 -2114 -17 -11343 -7309 -5451 -2400 -105 
Apr-Jun -9490 -4555 -2439 -1865 -555 -8619 -3452 -2311 -1745 -560 -7367 -2563 -2032 -1577 -555 
Jul-Sep -11959 -8619 -5276 -4092 -1132 -10322 -6409 -4499 -3466 -1024 -10853 -5711 -4275 -3371 -1383 

Old and 
Middle 
River C 

D 
BN 

Oct-Dec -11213 -7839 -6565 -4660 -326 -11253 -8462 -6418 -3810 341 -11236 -7928 -5776 -2900 336 
Jan-Mar -6574 6496 17895 33459 71816 -6915 4733 11456 18506 62135 -7296 5480 13635 25127 76519 
Apr-Jun -4603 3672 6819 16307 46694 -4790 2288 4982 9346 40762 -3972 3069 5662 9170 47956 
Jul-Sep -5226 -1140 405 3421 26442 -5262 -1652 -326 1341 10976 -5058 -1129 273 2005 8864 

W 
AN 

Oct-Dec -11968 -891 1475 5921 43199 -10970 -665 1209 4478 34664 -11951 -554 1666 5473 36036 
Jan-Mar -11554 -2331 -21 2332 11441 -11914 -2393 9 1962 9714 -11955 -1903 74 2267 7714 
Apr-Jun -7833 76 1634 3345 8902 -7198 395 1919 3586 9258 -6221 817 2258 3763 8593 
Jul-Sep -6955 -1600 -162 1138 6148 -6752 -748 500 1905 6150 -5355 -491 612 1892 5690 

QWEST 

C 
D 

BN 
Oct-Dec -11923 -1707 178 2028 7002 -10344 -1661 490 2551 7737 -9683 -1264 851 2905 10217 
Jan-Mar 4630 8704 13143 16306 23616 4359 8008 12013 14968 21386 3982 7498 10903 15635 21323 
Apr-Jun 3296 4427 6497 9757 18349 3201 3957 5936 9104 16566 2960 3675 6023 7769 17482 
Jul-Sep 5464 6448 7066 8611 11596 4946 6737 7867 8461 11306 4760 6153 6802 7962 11315 

W 
AN 

Oct-Dec 2159 5448 7331 9106 17428 2133 4952 6971 9333 15201 2159 5191 6362 8663 14828 
Jan-Mar 2174 3284 4108 5804 10507 1872 3021 3780 4975 10435 1786 3046 3708 4974 10477 
Apr-Jun 1458 2596 3572 4778 9422 1580 2460 3152 4962 8666 1503 2409 3032 5003 7445 
Jul-Sep 3644 4876 5638 7571 9210 3320 4669 5294 5867 8206 3223 4396 5009 5792 9001 

Cross Delta 

C 
D 

BN 
Oct-Dec 1875 4006 5376 6448 9609 1897 3922 5139 6578 9303 1830 3858 5025 6128 9922 
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Table 9-27.  DSM2-Hydro tidally filtered daily average velocity for water-years 1976 to 1991. Shading indicates negative (landward) 
velocities. Positive velocities are towards the ocean. 

  Year Month Base Wetter, Less Warming Wetter, More Warming 
Name Types Range Min 25% 50% 75% Max Min 25% 50% 75% Max Min 25% 50% 75% Max 

Jan-Mar 0.76 1.63 2.48 2.54 3.17 0.79 2.04 2.52 2.59 3.28 0.76 1.90 2.54 2.67 3.33 
Apr-Jun 0.00 1.63 2.10 2.53 2.67 0.00 1.96 2.42 2.57 2.86 0.00 1.08 1.77 2.54 2.71 
Jul-Sep 0.26 0.97 1.06 1.67 2.60 0.25 1.09 1.42 1.91 2.78 0.23 0.90 1.03 1.42 2.56 

W 
AN 

Oct-Dec 0.07 0.19 0.46 0.86 2.60 0.07 0.19 0.61 2.03 2.87 0.07 0.19 0.43 0.89 2.69 
Jan-Mar 0.32 0.55 0.74 0.89 1.84 0.37 0.59 0.74 0.94 2.23 0.37 0.61 0.75 0.92 2.47 
Apr-Jun 0.00 0.00 0.35 0.64 1.75 0.00 0.00 0.42 0.66 2.07 0.00 0.00 0.39 0.64 1.68 
Jul-Sep 0.12 0.18 0.23 0.27 0.72 0.11 0.19 0.23 0.29 1.02 0.11 0.18 0.23 0.27 0.84 

Head of Old 
River 

C 
D 

BN 
Oct-Dec 0.08 0.15 0.24 0.57 0.87 0.09 0.16 0.26 0.59 1.14 0.09 0.15 0.24 0.59 0.99 
Jan-Mar -0.27 -0.16 -0.08 0.13 0.51 -0.27 -0.14 0.01 0.20 0.55 -0.27 -0.14 -0.01 0.21 0.58 
Apr-Jun -0.23 -0.15 -0.10 -0.01 0.31 -0.24 -0.12 -0.08 0.04 0.35 -0.21 -0.14 -0.07 -0.01 0.35 
Jul-Sep -0.29 -0.22 -0.18 -0.16 0.09 -0.30 -0.21 -0.18 -0.14 0.25 -0.23 -0.20 -0.18 -0.16 -0.04 

W 
AN 

Oct-Dec -0.29 -0.25 -0.19 -0.10 0.17 -0.29 -0.24 -0.20 -0.09 0.38 -0.29 -0.25 -0.21 -0.10 0.29 
Jan-Mar -0.29 -0.21 -0.15 -0.09 0.02 -0.29 -0.19 -0.15 -0.08 0.00 -0.29 -0.22 -0.16 -0.10 0.00 
Apr-Jun -0.23 -0.11 -0.06 -0.04 -0.01 -0.21 -0.12 -0.08 -0.05 -0.01 -0.22 -0.13 -0.07 -0.05 -0.01 
Jul-Sep -0.30 -0.22 -0.13 -0.10 -0.02 -0.31 -0.21 -0.15 -0.09 -0.02 -0.30 -0.19 -0.15 -0.10 -0.01 

Middle 
River at 
Middle 
River C 

D 
BN 

Oct-Dec -0.29 -0.20 -0.16 -0.12 -0.01 -0.30 -0.26 -0.21 -0.13 -0.04 -0.29 -0.22 -0.18 -0.12 -0.01 
Jan-Mar -0.01 0.14 0.25 0.41 0.80 0.00 0.18 0.30 0.45 0.86 0.00 0.21 0.29 0.49 0.89 
Apr-Jun 0.03 0.11 0.13 0.23 0.53 0.02 0.12 0.16 0.26 0.57 0.03 0.11 0.13 0.21 0.58 
Jul-Sep 0.00 0.05 0.08 0.10 0.30 0.00 0.07 0.09 0.11 0.38 0.01 0.06 0.08 0.10 0.22 

W 
AN 

Oct-Dec -0.04 0.06 0.09 0.13 0.51 -0.03 0.06 0.09 0.20 0.74 -0.03 0.05 0.08 0.17 0.65 
Jan-Mar -0.05 0.05 0.07 0.10 0.20 -0.03 0.05 0.08 0.10 0.25 -0.05 0.05 0.07 0.10 0.25 
Apr-Jun 0.01 0.07 0.09 0.10 0.17 0.01 0.07 0.09 0.11 0.17 0.01 0.07 0.09 0.10 0.17 
Jul-Sep -0.01 0.05 0.07 0.08 0.13 -0.01 0.05 0.06 0.08 0.12 -0.01 0.05 0.07 0.08 0.12 

San Joaquin 
River at 
Blind Point C 

D 
BN 

Oct-Dec -0.05 0.05 0.07 0.09 0.14 -0.06 0.05 0.07 0.08 0.13 -0.05 0.05 0.07 0.08 0.13 
Jan-Mar 0.94 1.84 2.31 2.50 2.64 1.25 1.91 2.43 2.53 2.62 1.19 2.07 2.48 2.54 2.66 
Apr-Jun 0.60 0.88 1.01 1.52 2.60 0.64 0.91 1.07 1.65 2.59 0.68 0.86 0.98 1.59 2.60 
Jul-Sep 0.62 0.74 0.80 0.91 1.31 0.61 0.74 0.80 0.90 1.72 0.57 0.69 0.77 0.91 1.32 

W 
AN 

Oct-Dec 0.49 0.75 0.93 1.53 2.65 0.49 0.80 1.16 1.94 2.68 0.49 0.77 0.88 1.65 2.67 
Jan-Mar 0.57 0.85 1.00 1.23 2.01 0.57 0.85 1.01 1.40 2.68 0.51 0.87 1.05 1.35 2.68 
Apr-Jun 0.51 0.66 0.84 0.97 1.61 0.54 0.75 0.88 0.98 1.92 0.54 0.77 0.90 0.99 1.94 
Jul-Sep 0.49 0.62 0.69 0.87 1.05 0.43 0.63 0.70 0.84 1.08 0.45 0.62 0.68 0.85 1.05 

Georgiana 
Slough 

C 
D 

BN 
Oct-Dec 0.48 0.65 0.74 0.85 1.36 0.51 0.72 0.80 0.98 1.69 0.50 0.67 0.78 0.88 1.42 
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Table 9-28.  DSM2-Hydro tidally filtered daily average velocity for water-years 1976 to 1991. Shading indicates negative (landward) 
velocities. Positive velocities are towards the ocean. 

  Year Month Base Drier, Less Warming Drier, More Warming 
Name Types Range Min 25% 50% 75% Max Min 25% 50% 75% Max Min 25% 50% 75% Max 

Jan-Mar 0.76 1.63 2.48 2.54 3.17 0.76 1.35 1.80 2.31 2.96 0.76 1.46 1.99 2.53 3.30 
Apr-Jun 0.00 1.63 2.10 2.53 2.67 0.00 0.86 1.21 2.16 2.62 0.00 1.02 1.33 2.28 2.70 
Jul-Sep 0.26 0.97 1.06 1.67 2.60 0.23 0.29 0.95 1.13 2.04 0.23 0.30 1.00 1.23 2.12 

W 
AN 

Oct-Dec 0.07 0.19 0.46 0.86 2.60 0.07 0.17 0.29 0.83 2.57 0.07 0.16 0.40 0.86 2.59 
Jan-Mar 0.32 0.55 0.74 0.89 1.84 0.37 0.56 0.71 0.82 1.45 0.33 0.55 0.73 0.82 1.51 
Apr-Jun 0.00 0.00 0.35 0.64 1.75 0.00 0.00 0.30 0.57 1.10 0.00 0.00 0.30 0.54 1.35 
Jul-Sep 0.12 0.18 0.23 0.27 0.72 0.11 0.17 0.20 0.24 0.65 0.12 0.17 0.20 0.24 0.69 

Head of Old 
River 

C 
D 

BN 
Oct-Dec 0.08 0.15 0.24 0.57 0.87 0.08 0.15 0.22 0.50 0.88 0.06 0.14 0.23 0.47 0.88 
Jan-Mar -0.27 -0.16 -0.08 0.13 0.51 -0.28 -0.21 -0.16 -0.04 0.42 -0.28 -0.21 -0.11 0.05 0.56 
Apr-Jun -0.23 -0.15 -0.10 -0.01 0.31 -0.22 -0.14 -0.11 -0.06 0.25 -0.19 -0.11 -0.09 -0.03 0.34 
Jul-Sep -0.29 -0.22 -0.18 -0.16 0.09 -0.27 -0.24 -0.21 -0.18 -0.12 -0.28 -0.21 -0.18 -0.16 -0.10 

W 
AN 

Oct-Dec -0.29 -0.25 -0.19 -0.10 0.17 -0.29 -0.24 -0.18 -0.11 0.07 -0.29 -0.24 -0.14 -0.07 0.10 
Jan-Mar -0.29 -0.21 -0.15 -0.09 0.02 -0.29 -0.21 -0.16 -0.05 0.00 -0.29 -0.18 -0.14 -0.06 0.00 
Apr-Jun -0.23 -0.11 -0.06 -0.04 -0.01 -0.21 -0.08 -0.05 -0.04 -0.01 -0.18 -0.06 -0.05 -0.04 -0.01 
Jul-Sep -0.30 -0.22 -0.13 -0.10 -0.02 -0.26 -0.16 -0.11 -0.08 -0.02 -0.27 -0.14 -0.10 -0.08 -0.03 

Middle 
River at 
Middle 
River C 

D 
BN 

Oct-Dec -0.29 -0.20 -0.16 -0.12 -0.01 -0.29 -0.22 -0.16 -0.09 0.01 -0.29 -0.20 -0.14 -0.07 0.01 
Jan-Mar -0.01 0.14 0.25 0.41 0.80 -0.01 0.13 0.19 0.28 0.71 -0.02 0.13 0.21 0.33 0.83 
Apr-Jun 0.03 0.11 0.13 0.23 0.53 0.02 0.09 0.12 0.16 0.47 0.03 0.10 0.13 0.16 0.54 
Jul-Sep 0.00 0.05 0.08 0.10 0.30 0.00 0.05 0.07 0.08 0.17 0.00 0.05 0.07 0.09 0.17 

W 
AN 

Oct-Dec -0.04 0.06 0.09 0.13 0.51 -0.03 0.06 0.08 0.11 0.43 -0.04 0.06 0.09 0.12 0.44 
Jan-Mar -0.05 0.05 0.07 0.10 0.20 -0.06 0.05 0.07 0.09 0.16 -0.06 0.05 0.07 0.09 0.16 
Apr-Jun 0.01 0.07 0.09 0.10 0.17 0.01 0.07 0.09 0.10 0.17 0.02 0.08 0.09 0.11 0.17 
Jul-Sep -0.01 0.05 0.07 0.08 0.13 0.00 0.06 0.07 0.09 0.13 0.01 0.06 0.07 0.09 0.12 

San Joaquin 
River at 
Blind Point C 

D 
BN 

Oct-Dec -0.05 0.05 0.07 0.09 0.14 -0.04 0.05 0.07 0.09 0.15 -0.01 0.06 0.08 0.09 0.16 
Jan-Mar 0.94 1.84 2.31 2.50 2.64 0.90 1.80 2.21 2.49 2.65 0.87 1.59 2.18 2.46 2.63 
Apr-Jun 0.60 0.88 1.01 1.52 2.60 0.74 0.90 1.04 1.36 2.60 0.70 0.83 0.91 1.24 2.59 
Jul-Sep 0.62 0.74 0.80 0.91 1.31 0.57 0.76 0.85 0.90 1.17 0.56 0.70 0.77 0.87 1.06 

W 
AN 

Oct-Dec 0.49 0.75 0.93 1.53 2.65 0.49 0.73 0.85 1.29 2.62 0.49 0.70 0.87 1.48 2.60 
Jan-Mar 0.57 0.85 1.00 1.23 2.01 0.45 0.80 0.93 1.18 1.82 0.44 0.79 0.93 1.15 1.84 
Apr-Jun 0.51 0.66 0.84 0.97 1.61 0.55 0.68 0.80 0.90 1.56 0.53 0.68 0.76 0.86 1.54 
Jul-Sep 0.49 0.62 0.69 0.87 1.05 0.46 0.59 0.66 0.72 0.99 0.46 0.58 0.63 0.71 1.01 

Georgiana 
Slough 

C 
D 

BN 
Oct-Dec 0.48 0.65 0.74 0.85 1.36 0.49 0.64 0.74 0.84 1.22 0.49 0.62 0.70 0.85 1.25 
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Model Limitations 
The following model limitations are general and highlight key limitations of individual models. 
This list does not include all limitations associated with the models.   

General Modeling Limitations 

• The models are good representations of the laws of conservation, but nonetheless include 
simplifications or estimations of certain processes.  For example, temporal and spatial 
resolution (i.e. monthly time step and geographic representation) is aggregated to 
simulate a longer period of time rather than a short period of time at a shorter time step 
for similar levels of effort and computation, and to simplify the spatial extent of the 
model.  Therefore, model uncertainty is inherent in the results. 

• Input model data are imperfect.  Model parameter error can accumulate such as in this 
example: river flow data may be plus or minus 5-10%; temperature data and water quality 
data are subject to instrument resolution, deployment technique and location; geometry 
data can have considerable effects on temperature due to approximations in surface area 
depth/cross sectional area; meteorological data is often not local and model domains are 
sufficiently large that meteorological data can vary notably from one location to another.  
All input parameters introduce some level of uncertainty. 

• The numerical solution to the governing equations included in the models can also 
introduce error. 

• The OCAP BA models are designed to compare and contrast the effect of current and 
assumed future operational conditions.  The models are not predictive; they are not 
intended to forecast the future (i.e. no forecast data or information are used).    

 

CalSim-II 

• The main limitation of CalSim-II model is the time step. Mean monthly flows do not 
define daily variations that could occur in the rivers from dynamic conditions. However, 
monthly results are still useful for general comparison of scenarios.  

• The CalSim-II model is not a hydraulic model.  CalSim-II does not use channel 
characteristics, such as channel roughness, cross-sectional geometry, etc., to simulate the 
routing of water as commonly found in other models simulating rainfall runoff response.  

• CalSim-II cannot completely capture the policy-oriented operation and coordination the 
800,000 af of dedicated CVPIA 3406 (b)(2) water and the CALFED EWA (regular 
WOMT, B2IT, and EWAT agencies meetings). The CalSim-II model is set up to run 
each step of the 3406(b)(2) on an annual basis and because the WQCP and Endangered 
Species Act (ESA) actions are set on a priority basis that can trigger actions using 
3406(b)(2) water or EWA assets, the model will exceed at times the dedicated amount of 
3406(b)(2) water that is available. Moreover, the 3406(b)(2) and EWA operations in 
CalSim-II are just one set of plausible actions aggregated to a monthly representation and 
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modulated by year type. However, they do not fully account for the potential weighing of 
assets versus cost or the dynamic influence of biological factors on the timing of actions. 
The monthly time-step of CalSim-II also requires day-weighted monthly averaging to 
simulate minimum in-stream flow levels, VAMP actions, export reductions, and X2-
based operations that occur within a month. This averaging can either under- or over-
estimate the amount of water needed for these actions. 

• CalSim-II uses simplified rules and guidelines to simulate SWP and CVP delivery 
allocation.  Therefore the results may not reflect how the SWP and CVP would actually 
operate under extreme hydrologic conditions (very wet or very dry). The allocation 
process in the modeling is weighted heavily on storage conditions and inflow to the 
reservoirs that are fed into the curves mentioned previously in the Hydrologic Modeling 
Methods section and does not project inflow from contributing streams when making an 
allocation. This curve-based approach does cause some variation in results between 
studies that would be closer with a more robust approach to the allocation process.   

• There are a number of rule-curves embedded in CalSim-II and it is these rule-curves that 
drive the water balance between the reservoirs, determine how much water to carryover 
until the following year, and allocate the amount of water for delivery.  It is difficult to 
produce a rule-curve in CalSim-II that produces good realistic results in the full spectrum 
of year types.  CalSim-II rule-curves often produce sub-optimal results with respect to 
Project operations in the driest years.  Some results imply that the projects would operate 
the reservoirs to unrealistically low levels in these dry year outliers.  In reality the 
Projects could and would operate to higher reservoir elevations in these extremely dry 
years.  An examination of modeling output suggests that this would be possible by 
reducing project releases and exports to minimums rather than the unrealistic rates often 
assumed by the models in these years.  

• Transfer capacity is calculated by looking at the amount of flow available under the EI 
ratio and the amount of available capacity at the exports.  This gives a very general view 
of the amount of water that could be transferred.  However, to be more complete in the 
analysis transfers should also take the current salinity profile into account as well.  
Generally during a transfer, a unit of water will be released somewhere in the system and 
increase the inflow to the Delta.  As that unit of water enters the Delta the exports will 
increase and a portion of that unit gets exported and the remaining portion goes to 
support the Delta standards.  The portion of the unit that goes to support Delta standards 
is called “carriage water”.  Transfers for OCAP were post-processed and incorporating 
constraints based on the salinity profile to determine carriage water was not done.  So the 
estimated transfers will be on the high side. 

 

DSM2 

• DSM2 is a one-dimensional model. As such, it is only capable of simulating the flow in 
the longitudinal direction. Any detailed description such as vertical/lateral mixing, 
changing of the flow patterns due to bends or unusual expansion or contraction of the 
rivers are not simulated. 
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• DSM2 simulates reservoirs as constantly mixed reactors and each is essentially only a 
container that holds water.  Any mixing of water in there occurs instantly.  Reservoirs are 
used for five locations in the model: Clifton Court Forebay, Franks Tract, Little Franks 
Tract, Mildred Island, and Discovery Bay. 

• DSM2 uses CalSim-II results for Delta inflows.  These inflows are monthly average 
flows so the model at times may see very steep transitions in flow from month to month.  
Because of these transitions the hydrodynamic conditions may take a few simulation days 
to adjust to the new inflows.  Given this transition period the results from DSM2-Hydro 
should not be used during the transitions between months.  Therefore all of the PTM 
simulations were begun 4 days after these transitions, and particle fate collected 3 to 6 
days before these transitions.  However the hydrodynamic results do include periods up 
to the transition. 

• The Delta Island Consumptive Use (DICU) simulates the agriculture diversions and 
return flows.  The DICU for the model is consistent with the total monthly volume in 
CalSim-II.  Though the DICU for DSM2 is more spatially represented it still assumes a 
constant monthly flow rate. 

• The DSM2-PTM has the ability to use in channel dispersion but in order to run the 
simulations as quickly as possible only advection was used.  This means that rather than 
using the pseudo three-dimensional velocity profiles to determine the velocity imposed 
on a particle, a one-dimensional velocity straight from DSM2-Hydro was used.  This 
means that the particles only disperse when moving from channel to channel. 

 

Temperature Models 

• The monthly temperature models are unable to accurately simulate certain aspects of the 
actual operations strategies used when attempting to meet temperature objectives.  This is 
especially true on the upper Sacramento River, and the American River where 
adjustments can be made for temperature control. The SRWQM and the Feather River 
models (with shorter time-steps) were applied to compensate for the deficiencies of the 
monthly model.  Elsewhere, the monthly temperature model results may not capture the 
full range of daily temperature variability.  In addition, imperfections in simulated 
monthly results from CalSim-II reservoir operations can influence cold water pool 
storage and downstream temperature results.  Historical temperature observations are also 
presented in Appendix U where sub-monthly temperature model results are unavailable 
for the full period of evaluation.   

• There is also uncertainty regarding performance characteristics of the Shasta TCD. 
Because of the hydraulic characteristics of the TCD, including leakage, overflow, and 
performance of the side intakes, the typical model releases are cooler than can be 
achieved in real-time operations; therefore, a more conservative approach is taken in real-
time operations that is not fully represented by the models.   
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Salmon Mortality and Life Cycle Models 

• The salmon mortality models (Reclamation salmon mortality model and SALMOD) are 
limited to temperature effects on early life stages of Chinook salmon. They do not 
evaluate potential direct or indirect temperature impacts on later life stages, such as 
emergent fry, smolts, juvenile out-migrants, or adults. Also, they do not consider other 
factors that may affect salmon mortality, such as in-stream flows, gravel sedimentation, 
diversion structures, predation, ocean harvest, etc.  

• Because the salmon mortality model operates on a daily time step, a disaggregation 
procedure is required to use the monthly temperature model output. The salmon model 
computes daily temperatures by using linear interpolation between the monthly 
temperatures, which are assumed to occur on the 15th day of the month.   

• The application of the IOS model is used to address salmon life cycle stages which are 
ecological, not evolutionary. 

• Salmon models do not address mortality, life cycle, or temperature effects on green 
sturgeon, or delta smelt. 
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Chapter 10  CVP and SWP Reservoir Operations 

This chapter focuses on how the operations of the Central Valley Project (CVP) and State Water 
Project (SWP) affect flow and water temperature in the river reaches downstream of project 
reservoirs. The following discussion refers to the monthly reservoir release exceedence charts 
and monthly water temperature exceedence charts found in CALSIM Modeling Appendix D and 
Temperature Modeling Appendix H, respectively. Recommended temperature ranges and flows 
for various species are later compared to the exceedence charts. Variation in temperatures and 
flows within months and days are not available from these modeling results, but these variations 
will be similar to what occurs currently. The modeling results display net changes by month and 
show the general trend of change useful for comparing operational studies. Monthly exceedence 
charts are shown for critical locations, and compare the modeling runs outlined in Chapter 9. 
With all models there are assumptions and limitations that are inherent within. Please refer to 
Chapter 9 for a list of model limitations on which this analysis was based.  

Integrated Upstream CVP Reservoir Operations  

Modeling 

The 2004 OCAP BA described and analyzed significant operations influences to CVP/SWP 
reservoir operations. The 2004 OCAP BA also analyzed the integrated management and 
operation of CVP reservoirs to reflect long-term operations criteria that included significant  
water policy changes of the previous decade. A short list of the significant water management 
policy changes that influenced how the integrated upstream CVP reservoir management was 
reflected in the 2004 OCAP BA includes: 

• Changes to Trinity River flow requirements through implementation of the Trinity River 
Restoration Program. 

• Changes to seasonal reservoir release timing and magnitudes through implementation of 
CVPIA section 3406(b)(2) management. These changes include the seasonal timing and 
magnitude of releases necessary to meet the CVP commitments to SWRCB D-1641. 

• Initial implementation to the EWA program. 

The above management changes have had and will continue to have broad influences as to how 
the CVP reservoirs are operated and managed as an integrated system of reservoirs towards 
meeting all CVP authorized purposes.  

The most significant new operational assumptions that will influence the timing and magnitude 
of CVP reservoir releases are:  

• Use of 3406(b)(2) water to create a flow regime consistent with the proposed Lower 
American Flow Standard. 

• Projected future increases in central valley urban water demands. The largest changes in 
future demand patterns occur in the American River basin. 
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• Modification to New Melones Reservoir operations for improved drought management 
and to better reflect the changing water quality dynamics in the overall San Joaquin Basin 
upstream of the influence of the Stanislaus River. 

Figure 10-1 illustrates integrated CVP storage facilities (Trinity+Shasta+Folsom) storage trends 
for each of the studies. The first plot shows the time-series traces for studies 6.0, 7.0, 7.1, and 
8.0. The other plots (Figure 10-2 and Figure 10-3) compare End-of-May and End-of-September 
exceedence storages. The end-of-May storages reflect the general high point in CVP storage for 
most years and the end-of-September storage is a good measure of reservoir conditions before 
the new water year begins. In general, the end-of-May storage exceedence plot shows a reduction 
to CVP storage conditions over time in the driest 30% to 40% of conditions. The end-of-
September storage exceedence plot shows a reduction to CVP storage conditions over time in the 
driest 70% of conditions. The change to CVP storage conditions in September is a reflection of 
the increased water demands and operational changes introduced to CVP operations in study 7.1 
and study 8.0. The less frequent depiction of change to CVP storage conditions for end-of-May 
storage reflects the potential for the CVP to refill reservoir storage between September and the 
following May.  

Figure 10-4 to Figure 10-9 illustrate the major CVP reservoir releases in the central valley 
(Keswick+Nimbus) for each of the studies. There is a figure depicting average releases, as well 
as each release for yeartype. In general, these graphs depict the general seasonality of CVP 
reservoir releases, potential high release during winter months for flood control and the high 
releases during the peak of summer consumptive demand. In general, study 8 shows the highest 
overall releases for consumptive purposes and the least for flood control purposes. Figure 10-10 
depicts this generalized trend between the studies as the increases in the median summertime 
consumptive releases for study 7.1 and study 8.0 and the changes to the frequency of flood 
control releases in January and February.
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Figure 10-1 Trinity+Shasta+Folsom Storage Time-series 
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Figure 10-2 Trinity+Shasta+Folsom Exceedence Storage – End-of-May 
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Figure 10-3 Trinity+Shasta+Folsom Exceedence Storage – End-of-September 
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Figure 10-4 Keswick+Nimbus Releases - Average 
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Figure 10-5 Keswick+Nimbus Releases - Wet 
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Figure 10-6 Keswick+Nimbus Releases – Above Normal 
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Figure 10-7 Keswick+Nimbus Releases – Below Normal 
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Figure 10-8 Keswick+Nimbus Releases - Dry 
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Figure 10-9 Keswick+Nimbus Releases - Critical 
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Figure 10-10 Keswick+Nimbus 50th Percentile Monthly Releases with the 5th and 95th as the Bars 

Trinity River  

Modeling 

Figure 10-11 shows the chronology of Trinity storage using hydrologic data from October 1921 
through September 2003. Figure 10-12 shows the end-of-September exceedence chart for 
Trinity.  

All studies have similar carryover performance, with the notable exception of slight decreases in 
carryover under very low storage conditions for studies 7.1 and 8. Other figures presented in this 
section are the percentile of Trinity Releases (Figure 10-13) and the monthly averages for 
Lewiston releases by long-term average and by 40-30-30 Index water-year type (Figure 10-14 
through Figure 10-19). Figure 10-20 shows the monthly percentile from imports from the Trinity 
through Clear Creek Tunnel. The graphs of averages and percentiles show how the flows in the 
Trinity generally adhere to the flow standard on average. The monthly percentiles for imports 
from Clear Creek tunnel show the general variation trends and timing of water imported to the 
Sacramento Basin. The vast majority of water is imported during the July to October timeframe 
to coincide with water temperature and power production objectives in the Sacramento Basin. 
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Table 10-1 Trinity River Longterm Annual Average 

Longterm Annual Average 
Difference in Thousands of Acre-feet 

[TAF] 
Study 7.0 - 
Study 6.0 

Study 7.1 - 
Study 7.0 

Study 8.0 - 
Study 7.0 

Study 8.0 - 
Study 7.1 

Trinity End-of-September Storage 7 -6 -1 5 
Annual Lewiston Release 0 1 0 -1 
Annual Carr Powerplant Flows 0 -1 -1 0 

 
29- 34 Difference 
Difference in Thousands of Acre-feet 

[TAF] 
Study 7.0 - 
Study 6.0 

Study 7.1 - 
Study 7.0 

Study 8.0 - 
Study 7.0 

Study 8.0 - 
Study 7.1 

Trinity End-of-September Storage -21 0 38 38 
Annual Lewiston Release 0 0 0 0 
Annual Carr Powerplant Flows 35 -20 -34 -13 
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Figure 10-11 Chronology of Trinity Storage Water Year 1922 - 2003
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Figure 10-12 Trinity Reservoir End of September Exceedence  
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Figure 10-13 Lewiston 50th Percentile Monthly Releases with the 5th and 95th as the Bars
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Figure 10-14 Average Monthly Releases to the Trinity from Lewiston 
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Figure 10-15 Average Wet Year (40-30-30 Classification) Monthly Releases to the Trinity  
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Figure 10-16 Average Above-normal Year (40-30-30 Classification) Monthly Releases to the Trinity 
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Figure 10-17 Average Below-normal Year (40-30-30 Classification) Monthly Releases to the Trinity 
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Figure 10-18 Average Dry-year (40-30-30 Classification) Monthly Releases to the Trinity 
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Figure 10-19 Average Critical-year (40-30-30 Classification) Monthly Releases to the Trinity 
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Figure 10-20 Clear Creek Tunnel 50th Percentile Monthly Releases with the 5th and 95th as the Bars 
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Trinity River Temperature Analysis 

Figure 10-21 - Figure 10-27 illustrates potential water temperatures provided to the Trinity River 
at Douglas City. In general, the water temperatures are very similar for each of the studies. Each 
study shows difficulty meeting Trinity Basin water temperature objectives in approximately 20% 
of the drier years during September.  
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Figure 10-21 Douglas City Exceedence Plot – End-of-April 
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Figure 10-22 Douglas City Exceedence Plot – End-of-May 
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Figure 10-23 Douglas City Exceedence Plot – End-of-June 
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Figure 10-24 Douglas City Exceedence Plot – End-of-July 
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Figure 10-25 Douglas City Exceedence Plot – End-of-August 
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Figure 10-26 Douglas City Exceedence Plot – End-of-September 
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Figure 10-27 Douglas City Exceedence Plot – End-of-October 
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Clear Creek 

Modeling 

Whiskeytown Reservoir generally maintains a 235 thousand acre-feet (taf) end-of-September 
storage. Figure 10-28 shows that the end-of-September storage for Whiskeytown dropped from 
235 taf to 180 taf only under the most extreme circumstances when Clear Creek inflows to 
Whiskeytown Reservoir and imports from the Clear Creek Tunnel could not support 
maintenance of Clear Creek release flows without some Whiskeytown Reservoir storage 
reduction. 

Figure 10-29 shows that Clear Creek is mainly being driven by the 3406 (b)(2) management 
releases with the 50th and 95th percentiles for each month in all three studies. Figure 10-30 
through Figure 10-35 illustrates the monthly averages by long-term average and by 40-30-30 
Water Year Classification.  

Figure 10-36 shows the Spring Creek Powerplant releases with the 50th and 95th percentiles for 
each month in all three studies. The seasonal pattern of releases reflects the goal to import water 
from the Trinity Reservoir system on a predominantly July to October pattern conducive with 
water temperature management and power generation needs. The variation during winter months 
generally reflects the movement of winter flows from the Trinity Reservoir system or winter 
flows produced as Clear Creek inflows to Whiskeytown Reservoir. 

 

Table 10-2 Clear Creek Long-term Annual Average 

Longterm Annual Average 
Difference in Thousands of Acre-feet 

[TAF] 
Study 7.0 - 
Study 6.0 

Study 7.1 - 
Study 7.0 

Study 8.0 - 
Study 7.0 

Study 8.0 - 
Study 7.1 

Annual Carr Powerplant Flows 0 -1 -1 0 
Annual Clear Creek Release -3 0 2 2 
Annual Spring Creek Powerplant 
Flows 3 -1 -2 -2 

 
29- 34 Difference 
Difference in Thousands of Acre-feet 

[TAF] 
Study 7.0 - 
Study 6.0 

Study 7.1 - 
Study 7.0 

Study 8.0 - 
Study 7.0 

Study 8.0 - 
Study 7.1 

Annual Carr Powerplant Flows 35 -20 -34 -13 
Annual Clear Creek Release -10 -2 8 10 
Annual Spring Creek Powerplant 
Flows 45 -18 -42 -24 
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Figure 10-28. Whiskeytown Reservoir End-of-September Exceedence 
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Figure 10-29 Clear Creek Releases 50th Percentile Monthly Releases with the 5th and 95th as the 
Bars 
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Figure 10-30 Long-term Average Monthly Releases to Clear Creek  
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Figure 10-31 Average Wet Year (40-30-30 Classification) Monthly Releases to Clear Creek  
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Figure 10-32 Average Above Normal Year (40-30-30 Classification) Monthly Releases to Clear 
Creek 
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Figure 10-33 Average Below Normal Year (40-30-30 Classification) Monthly Releases to Clear 
Creek 
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Figure 10-34 Average Dry Year (40-30-30 Classification) Monthly Releases to Clear Creek 
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Figure 10-35 Average Critical Year (40-30-30 Classification) Monthly Releases to Clear Creek 
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Figure 10-36 Spring Creek Tunnel 50th Percentile Monthly Releases with the 5th and 95th as the 
Bars 

 

Clear Creek Temperature Analysis 

Figure 10-37 to Figure 10-43 illustrates potential water temperatures provided to Clear Creek at 
Igo. In general, the water temperatures are very similar for each of the studies. Each study shows 
relatively good performance to the Igo water temperature objective. This analysis shows 
difficulty meeting the Igo water temperature goals in roughly 5% to 10% of the conditions. It has 
been Reclamation’s recent experience that Igo water temperature goals have been more difficult 
to meet than planning modeling analysis suggests. Recent changes in the volume and temporal 
pattern of water imported from the Trinity River may not be well calibrated in the planning 
model as these parameters relate to changes to temperatures in Whiskeytown Reservoir. 
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Figure 10-37 Igo Exceedence Plot – End-of-April 

 

May

44

46

48

50

52

54

56

0%10%20%30%40%50%60%70%80%90%100%

T
em

p
er

at
u

re
 (

˚F
)

Study 6.0 Study 7.0 Study 7.1 Study 8.0

 

Figure 10-38 Igo Exceedence Plot – End-of-May 
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Figure 10-39 Igo Exceedence Plot – End-of-June 
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Figure 10-40 Igo Exceedence Plot – End-of-July 
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Figure 10-41 Igo Exceedence Plot – End-of-August 
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Figure 10-42 Igo Exceedence Plot – End-of-September 
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Figure 10-43 Igo Exceedence Plot – End-of-October 
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Sacramento River 

Modeling 

The most significant changes to Shasta reservoir operations are generally due to CVP reservoir 
integration and the changes occurring in the American Basin (Table 10-3).  

Table 10-3. Shasta Storage, Spring Creek Tunnel Flow, and Keswick Release Longterm Annual 
Average 

Longterm Annual Average 
Difference in Thousands of Acre-feet 

[TAF] 
Study 7.0 - 
Study 6.0 

Study 7.1 - 
Study 7.0 

Study 8.0 - 
Study 7.0 

Study 8.0 - 
Study 7.1 

Shasta End-of-September Storage 26 -121 -121 0 
Annual Keswick Release 1 8 6 -2 
Annual Spring Creek Powerplant 
Flows 3 -1 -2 -2 

 
29- 34 Difference 
Difference in Thousands of Acre-feet 

[TAF] 
Study 7.0 - 
Study 6.0 

Study 7.1 - 
Study 7.0 

Study 8.0 - 
Study 7.0 

Study 8.0 - 
Study 7.1 

Shasta End-of-September Storage -24 -258 -100 158 
Annual Keswick Release 59 -18 -92 -74 
Annual Spring Creek Powerplant 
Flows 45 -18 -42 -24 

 

Figure 10-45 and Figure 10-46 shows the end-of-April and end-of-September exceedence for 
Shasta storage. The plots show that increased demands at other CVP reservoir facilities will 
influence Shasta Reservoir operations and storages.  

This is the influence of the operationally integrated nature of CVP reservoirs. Shasta Reservoir 
metrics are most different between the studies during the summertime months. These differences 
reflect changed Keswick Reservoir releases due to changed conditions in the American Basin as 
well as increased water demand throughout the Central Valley. Figure 10-47 shows the monthly 
percentile flows for releases from Keswick Reservoir. Figure 10-48 to Figure 10-53 show the 
monthly average flows by long-term average and by Sacramento River Basin 40-30-30 Index 
water-year classification. The percentile and average charts indicate that as the overall water 
management changes occur at other CVP facilities and, as water demand increases, summertime 
releases from Keswick incrementally increase. 
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Figure 10-44. Chronology of Shasta Storage, Water Years 1922 – 2003 



CVP and SWP Reservoir Operations OCAP BA 

10-32  August 2008  

Apr

0

500

1000

1500

2000

2500

3000

3500

4000

4500

5000

0%10%20%30%40%50%60%70%80%90%100%

Probability of Exceedence

S
to

ra
g

e 
(T

A
F

)

Study 6.0 Today EWA: Revised Model/Study 3a Assumptions Study 7.0 Today EWA
Study 7.1 Near Future Limited EWA Study 8.0 Future Limited EWA

 

Figure 10-45 Shasta Reservoir End-of-April Exceedence 
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Figure 10-46 Shasta Reservoir End-of-September Exceedence 



OCAP BA CVP and SWP Reservoir Operations 

 August 2008 10-33 

Percentiles 1922 - 2003

0

5000

10000

15000

20000

25000

30000

35000

40000

Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

F
lo

w
 (

cf
s)

Study 6.0 Today EWA: Revised Model/Study 3a Assumptions Study 7.0 Today EWA
Study 7.1 Near Future Limited EWA Study 8.0 Future Limited EWA  

Figure 10-47 Keswick 50th Percentile Monthly Releases with the 5th and 95th as the Bars 
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Figure 10-48 Average Monthly Releases from Keswick 
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Figure 10-49 Average Wet Year (40-30-30 Classification) Monthly Releases from Keswick  
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Figure 10-50 Average Above Normal Year (40-30-30 Classification) Monthly Releases from 
Keswick 
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Figure 10-51 Average Below Normal Year (40-30-30 Classification) Monthly Releases from Keswick 
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Figure 10-52 Average Dry Year (40-30-30 Classification) Monthly Releases from Keswick 
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Figure 10-53 Average Critical Year (40-30-30 Classification) Monthly Releases from Keswick 
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Upper Sacramento River Temperature Analysis 

Successful management of water temperatures to protect the fishery in any given year for the 
upper Sacramento River requires close coordination and analysis of several factors that influence 
water temperature. The general operational factors that will influence water temperature 
management are: 

• Volume of coldwater availability in the spring, 

• Shasta Temperature Control Device operational flexibility 

• Projected Keswick Reservoir release rate over the temperature control season 

o Too low of release rates may require significantly colder source water to meet a target 
location leading to faster depletion of available coldwater. 

o Too high of release rates may deplete coldwater availability faster than anticipated 
and lead to faster depletion of available coldwater 

• Designation of a water temperature compliance target location that best integrates the 
above three factors with water temperature habitat needs for sensitive lifestages of fish. 

As described in Chapter 2, the Sacramento River Temperature Task Group evaluates all the 
above factors for a given year and designates a compliance target location downstream of 
Keswick Reservoir that balances all the relevant information and factors into a seasonal strategy 
for water temperature management. This adaptive management process updates and evaluates 
current information in order to make significant choices and tradeoffs for seasonal or inter-
seasonal water temperature performance management. Reclamation utilizes this adaptive 
management process in order to comply with SWRCB WRO 90-5 objectives for water 
temperature management in the upper Sacramento River environment. 

The modeling results presented here cannot completely simulate how the Sacramento River 
Temperature Task Group adaptively manages to all available information about operations and 
cold water resources to designate a temperature compliance location in any given year. The 
water temperature analysis presented here demonstrate the generalized relationships of cold 
water availability, generalized Shasta TCD operations and Keswick flow regimes associated with 
a specific set of assumptions for CVP operations. In this incremental sense, the modeled water 
temperature performance between different studies can be compared in a meaningful way to 
better understand the seasonal use of coldwater resources relative to each study framework. This 
water temperature analysis should not be construed as an absolute predictive analysis. The 
Sacramento River Temperature Task Group uses more detailed predictive management tools to 
designate a reasonable temperature compliance location in any given year. 

Coldwater Availability 

The most significant influence on water temperature is the volume of available cold water. The 
estimated volume of water colder than 52ºF stored in Shasta Reservoir on or about May 1 is a 
very useful way to generally relate cold water availability to potential seasonal compliance 
strategies. Generally, the larger the volume of 52ºF water in Shasta Reservoir, the greater 
potential to designate temperature control target locations farther downstream from Keswick 
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Reservoir, or the longer in time that a temperature control target location can be managed to 56ºF 
over the temperature control season with a greater assurance of not over-extending the available 
coldwater resources. 

Figure 10-54 illustrates the 52ºF index of coldwater availability for all three studies. All three 
studies show similar coldwater availability conditions from the 0% to 80% exceedence range. 
The shape of this coldwater availability index is not the same as Figure 10-58 which shows the 
exceedence shape of total Shasta Reservoir storage at the end-of-April. The reason is the 
accumulation of coldwater storage in the spring months is influenced by many factors beyond 
just total storage in Shasta Reservoir. Figure 10-54 illustrates that the 52 ºF index of coldwater 
availability in the drier 80% to 100% exceedence range is closely related to overall storage in 
Shasta Reservoir.  
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Figure 10-54 52ºF index of coldwater availability 

Figure 10-55 to Figure 10-57 characterize the seasonal water temperatures that can occur for 
Spring Creek Powerplant releases into Keswick Reservoir. The reader should refer to Figure 
10-36 (Spring Creek Tunnel Probability Plot) to reference the general quantities of water being 
diverted in association with these water temperature distributions. Spring Creek Powerplant 
releases are a source of coldwater conservation to Shasta Reservoir. When Spring Creek 
Powerplant releases are made to Keswick Reservoir, Shasta Reservoir releases are reduced, 
thereby conserving coldwater reserves for later use. The cooler the Spring Creek Powerplant 
releases are, the greater the conservation of the overall thermal potential at Shasta Reservoir. 
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This operation releases from the Shasta TCD to thermally mix the combination of Shasta 
Reservoir storage and Spring Creek Powerplant releases to produce the desired Keswick water 
temperatures. Figure 10-57 (90% Spring Creek) shows high water temperatures in the months of  
April through June, this is a modeling anomaly of having nearly zero water moved through 
Spring Creek Powerplant under very dry conditions. Generally these plots illustrate that during 
the upper Sacramento River temperature control season and during the prime Spring Creek 
Powerplant release month of July through September, the water temperatures will range from the 
lower 50 ºF’s to the mid 50 ºF’s. All studies show very similar water temperature characteristics 
at Spring Creek Powerplant. 

The combination of coldwater availability below 52 ºF at Shasta Reservoir and expected seasonal 
volumes and water temperatures at Spring Creek Powerplant fully describe the coldwater 
availability Reclamation has to perform upper Sacramento River water temperature performance. 

Spring Creek Tunnel Water Temperatures Seasonal Exceedence Plots 
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Figure 10-55 Spring Creek Tunnel Water Temperatures 10% exceedence 
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Figure 10-56 Spring Creek Tunnel Water Temperatures 50% exceedence 
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Figure 10-57 Spring Creek Tunnel Water Temperatures 90% exceedence 
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Figure 10-58 to Figure 10-65 illustrate the potential seasonal coldwater patterns for the studies at 
the Shasta Reservoir tailbay location. Each of the studies has been modeled using the same 
Shasta TCD target temperature logic. Since each study utilizes the same TCD operations logic to 
generate water temperature values, the results of this analysis will only characterize how the 
depletion of the annual coldwater resources at Shasta Reservoir varies among the studies. Given 
that the water temperature analysis uses the same TCD operations logic in each study, the model 
makes no attempt to adjust the water temperature target location within the season based on the 
availability of coldwater. The Sacramento River Temperature Task Group would consider this 
kind of information and make choices as to how to manage the temporal distribution of 
coldwater resources differently than may be portrayed with this water temperature analysis. 

The usefulness of this analysis is to characterize the water temperature utilization between 
studies in order to evaluate general coldwater management and water temperature trends for each 
study framework.  

The plots begin to show potential differences in the utilization of coldwater resources in July for 
approximately 40% of the years between studies.  

Figure 10-66 to Figure 10-73 illustrate potential seasonal coldwater use patterns for the studies at 
the Keswick Reservoir. Keswick Reservoir is the key management point to water temperature  
operations for the upper Sacramento River because this is the location CVP operators have 
significant influence to the temperature of the water released on a daily basis before reaching the 
water temperature compliance location.  

In realtime water temperature operations, CVP operators manage Keswick release water 
temperatures by adjusting and balancing the following operational factors for water temperature 
purposes; 

• Flow from Shasta Dam  

• Shasta TCD gate configuration 

• Flow from Spring Creek Powerplant into Keswick Reservoir 

• Total flow released from Keswick Reservoir  

o Changes re-affect the above flow contributions and thermal mixing ratios 

o Changes the residence time of water in Keswick Reservoir from Shasta Dam 

This temperature analysis shows for all studies very similar water temperature performance 
characteristics at Keswick from April through July. Comparing the July graph for Keswick 
Releases (Figure 10-69) and the July graph for Shasta Tailbay (Figure 10-61) yields some useful 
information. The Keswick release water temperatures in July are very similar, yet the 
temperature of water released from Shasta Dam is generally warmer for Study 7.1 and Study 8. 
This relationship is due to generally higher Keswick Dam releases in study 7.1 and study 8, and 
the counter influence of Shasta TCD flexibility allowing for slightly warmer releases in order to 
conserve coldwater.  

This temperature analysis shows for all four studies that at roughly the 10% exceedence level, 
each study has possible water temperature control problems by August. The difficulties are more 
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pronounced for study 7.1 and study 8. Referring back to the August Shasta Tailbay plot (Figure 
10-62), the information shows that for study 7.1 and study 8, roughly 10% of the time Shasta 
Reservoir has been depleted of useful coldwater, while in study 7, it is roughly 5% of the time. 
This information is consistent with Figure 10-54 showing lesser coldwater availability for study 
7.1 and study 8 at the 10% exceedence level. This water temperature analysis confirms that the 
change in availability of coldwater resource will eventually produce a temporal change in water 
temperature performance. 

The illustrations of Keswick release water temperatures for September and October show similar 
trends for all studies. Each study shows coldwater availability being a significant factor in 15 to 
20% of the cases by September and 20-30% of cases in late October. There is a slight trend for 
better water temperature performance in study 7 relative to study 7.1 and study 8 in the non-
depleted cases, this trend reflects the slightly improved coldwater availability and temporal 
coldwater conservation characteristics of study 7 relative to study 7.1 and study 8. 

Figure 10-74 to Figure 10-81 and Figure 10-82 to Figure 10-89 illustrate how this water 
temperature analysis reflects water temperature performance characteristics at the Balls Ferry 
location and the Bend Bridge location respectively. In general, the two locations are showing the 
same water temperature/coldwater depletion characteristics as illustrated by the Keswick release 
water temperature issues.  
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Shasta Tailbay Water Temperatures Seasonal Exceedence Plots  
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Figure 10-58 Shasta Tailbay End-of-April Exceedence 
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Figure 10-59 Shasta Tailbay End-of-May Exceedence 
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Figure 10-60 Shasta Tailbay End-of-June Exceedence 
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Figure 10-61 Shasta Tailbay End-of-July Exceedence 
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Figure 10-62 Shasta Tailbay End-of-Aug Exceedence 
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Figure 10-63 Shasta Tailbay End-of-September Exceedence 



CVP and SWP Reservoir Operations OCAP BA 

10-46  August 2008  

Oct

40

42

44

46

48

50

52

54

56

58

60

62

0%10%20%30%40%50%60%70%80%90%100%

T
em

p
er

at
u

re
 (

˚F
)

Study 6.0 Study 7.0 Study 7.1 Study 8.0

 

Figure 10-64 Shasta Tailbay End-of-October Exceedence 
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Figure 10-65 Shasta Tailbay End-of-November Exceedence 
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Keswick Water Temperatures Seasonal Exceedence Plots 
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Figure 10-66 Keswick End-of-April Exceedence 
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Figure 10-67 Keswick End-of-May Exceedence 
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Figure 10-68 Keswick End-of-June Exceedence 
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Figure 10-69 Keswick End-of-July Exceedence 
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Figure 10-70 Keswick End-of-August Exceedence 
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Figure 10-71 Keswick End-of-September Exceedence 
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Figure 10-72 Keswick End-of-October Exceedence 
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Figure 10-73 Keswick End-of-November Exceedence 
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Balls Ferry Water Temperatures Seasonal Exceedence Plots 

Apr

40

42

44

46

48

50

52

54

56

58

60

62

64

66

68

70

0%10%20%30%40%50%60%70%80%90%100%

T
em

p
er

at
u

re
 (

˚F
)

Study 6.0 Study 7.0 Study 7.1 Study 8.0

 

Figure 10-74 Balls Ferry End-of-April Exceedence 
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Figure 10-75 Balls Ferry End-of-May Exceedence 
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Figure 10-76 Balls Ferry End-of-June Exceedence 

 

Jul

40

42

44
46

48

50

52

54
56

58

60

62

64
66

68

70

0%10%20%30%40%50%60%70%80%90%100%

T
em

p
er

at
u

re
 (

˚F
)

Study 6.0 Study 7.0 Study 7.1 Study 8.0

 

Figure 10-77 Balls Ferry End-of-July Exceedence 
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Figure 10-78 Balls Ferry End-of-August Exceedence 
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Figure 10-79 Balls Ferry End-of-September Exceedence 



CVP and SWP Reservoir Operations OCAP BA 

10-54  August 2008  

Oct

40
42
44
46
48
50
52
54
56
58
60
62
64
66
68
70

0%10%20%30%40%50%60%70%80%90%100%

T
em

p
er

at
u

re
 (

˚F
)

Study 6.0 Study 7.0 Study 7.1 Study 8.0

 

Figure 10-80 Balls Ferry End-of-October Exceedence 
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Figure 10-81 Balls Ferry End-of-November Exceedence 
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Bend Bridge Water Temperatures Seasonal Exceedence Plots 
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Figure 10-82 Bend Bridge End-of-April Exceedence 
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Figure 10-83 Bend Bridge End-of-May Exceedence 
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Figure 10-84 Bend Bridge End-of-June Exceedence 
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Figure 10-85 Bend Bridge End-of-July Exceedence 
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Figure 10-86 Bend Bridge End-of-August Exceedence 
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Figure 10-87 Bend Bridge End-of-September Exceedence 
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Figure 10-88 Bend Bridge End-of-October Exceedence 
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Figure 10-89 Bend Bridge End-of-November Exceedence 
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Feather River 
Feather River operations of the Oroville Facilities are currently being covered under a separate 
Section 7 ESA consultation process for the Federal Energy Regulatory Commission (FERC) 
relicensing process (FERC BA).  In addition, FERC prepared an Environmental Impact 
Statement (EIS) and DWR prepared an Environmental Impact Report (EIR) for the Relicensing 
of the Oroville Facilities. The draft National Marine Fisheries Service (NMFS) Biological 
Opinion (BO) for the Oroville Facilities is scheduled for release in late 2008. The discussion 
below compares the current OCAP BA models runs, or Studies, with the modeling conducted for 
the FERC Relicensing process and the various alternatives developed for the FERC BA and 
DEIR. 

The Oroville Facilities Relicensing Draft Environmental Impact Report (DEIR) included 
evaluation of modeling output for three alternatives: the Existing Conditions, the No Project 
Alternative, and the Proposed Project Alternative.  The Oroville Facilities Relicensing FERC BA 
included evaluation of Existing Conditions, a No-Action Alternative, and a Proposed Action 
Alternative.  The DEIR Existing Conditions Alternative was based on the 2004 OCAP Study 3a, 
and the No Project and Proposed Project alternatives were based on the 2004 OCAP Study 4a. 

Operations under OCAP Study 7.0 include the same flow and water temperature requirements as 
both of the Existing Conditions Alternatives in the FERC documents.  While both the Proposed 
Action and Proposed Project alternatives evaluated conditions resulting from the March 2006 
Settlement Agreement for Licensing of the Oroville Facilities (Settlement Agreement), as 
included in OCAP Study 7.1, evaluation of the Proposed Action Alternative focused on the 
effects of the flow and water temperature objectives, whereas analysis of the Proposed Project 
utilized a simulation including the flow and water temperature objectives to determine effects.  
Though no equivalent alternative was analyzed in either the FERC BA or DEIR, OCAP Study 
8.0 would be similar to OCAP Study 7.1, with the exception of a facility modification to improve 
DWR’s ability to manage Feather River water temperatures in OCAP Study 8.0.  However, the 
specific configuration of a facility modification will be examined in a separate environmental 
process, so no water temperature modeling of a facility modification has been completed.  Since 
the flow requirements and water temperature objectives for OCAP Studies 7.1 and 8.0 are the 
same, conditions under OCAP Study 8.0, at the two common water temperature compliance 
locations, the Feather River Fish Hatchery (FRFH) and Robinson Riffle, would be expected to be 
similar to OCAP Study 7.1 (and that of the Proposed Project and Proposed Action alternatives.).   

Operational changes in simulation of OCAP Study 7.1, as compared to OCAP Study 4a and the 
FERC Proposed Project Alternative, include an increased emphasis on storing SWP water in San 
Luis rather than Oroville Reservoir.  These operational changes would result in a general 
increase in releases from the Oroville Facilities in June through October and a resulting lower 
Oroville Reservoir storage for OCAP Study 7.1 as compared to OCAP Study 4a and the FERC 
Proposed Project Alternative.  Lower storage would typically result in a decreased volume of 
cold water within Oroville Reservoir, and corresponding increases in temperature control actions 
(TCA) for the FRFH and Robinson Riffle.  While storage conditions in Oroville Reservoir might 
be different in each alternative, OCAP Study 7.1, the Proposed Project Alternative, and the 
Proposed Action Alternative would each utilize TCA described in the Settlement Agreement.  
Since simulation of the Propose Project Alternative did not require the use of all available TCAs, 
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water temperatures at the FRFH and Robinson Riffle under OCAP Study 7.1 and the Proposed 
Action Alternative would likely be similar to the Proposed Project Alternative. Table 10-4 shows 
the availability of TCAs from the Proposed Project Alternative modeling.  If needed, OCAP 
Studies 7.1 and 8.0 would utilize temperature management actions not exhausted in modeling for 
the Proposed Project Alternative.   

 
Table 10-4  Annual Availability of Oroville Facilities Temperature Management Actions in the 
Oroville Facilities Relicensing DEIR Proposed Project Alternative Simulation. 

Temperature Management Action Number of Years 
Utilized 

Remaining Years 
of Availability 

Pumpback curtailment1 74 0 

Remove all shutters on the Hyatt Intake2 2 72 

Increase LFC flow to 1,500 cfs3 10 64 

Release 1,500 cfs from the river valve4 3 71 

Source:  Oroville Facilities Relicensing DEIR Proposed Project Simulation 

Period of Record: 1922-1994 
1Pumpback curtailed for at least a portion of the year 
2All 13 shutters are removed from the Hyatt Intake 
3For Robinson Riffle water temperature objective only 
4For Feather River Fish Hatchery water temperature objective only 

 

With all models there are assumptions and limitations that are inherent within.  Please refer to 
Chapter 9 for a list of model limitations on which this analysis was based.  

In conclusion, based on a comparison of OCAP Study 7.1 and OCAP Study 4a and the Proposed 
Project Alternative, modeling and environmental analysis of the Oroville Facilities conducted as 
part of the Oroville Facilities Relicensing DEIR and BA is still usable and applicable for use in 
the 2008 draft OCAP BA.  While the TCA taken to achieve the water temperatures could be 
different under 2008 OCAP BA modeling, flows and water temperatures at Robinson Riffle and 
at the FRFH under the 2008 draft OCAP BA would generally be similar to the FERC Proposed 
Project. 
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American River 

Modeling 

When compared to modeling results provided from the 2004 OCAP BA, the most significant 
changes to the American River operations is the combination of increases in overall water 
demands from the 2005 to the 2030 Level of Development (LOD) and the implementation of 
higher minimum flows associated with the proposed Lower American River Flow Management 
Standard. The combination of these two factors have significant influence of how Folsom 
Reservoir is operated and ultimately how the integrated CVP overall is operated. In general, 
water demands for consumptive purposes are during the warm months of the year, late spring 
through summer. In addition, the higher minimum flow requirements from Nimbus Dam for 
fishery management objectives calls for higher flows during the fall and winter months than in 
previous studies.  

Figure 10-90 shows the end-of-month Folsom Reservoir Storage for all three studies. Figure 
10-91 and Figure 10-92 show the probability distribution for Folsom Reservoir Storage at the 
end-of-May and the end-of-September, generally the end of May is the high-point in storage at 
Folsom Reservoir. The end-of-May Folsom Reservoir storage shows some general differences 
between the studies in the 70% to 90% probability range. The differences appear to have a 
general magnitude of 50 TAF or less. The end-of-September Folsom Reservoir storage shows a 
much broader general difference between the studies in the 50% to 100% probability range. The 
differences have a general magnitude of 75 TAF to 100 TAF.  

The differences between the end-of-May and the end-of-September probability plots can be 
explained by two general operations facts about the CVP reservoir system; 1) Folsom Reservoir 
has the highest refill probability in the CVP system – in most normal hydrologic or wetter 
hydrologic conditions Folsom Reservoir will need to release water for flood control purposes 
during the winter or spring months. Under this hydrologic scenario, the next year’s end-of-May 
Folsom Reservoir storage will likely be very similar. 2) If hydrologic conditions are not normal 
or better, and Folsom Reservoir storage conditions become stressed, water storage from the 
much larger storage Shasta-Trinity system is used to meet CVP water demands and objectives 
that can be met by either CVP water source. The integrated nature of CVP reservoir operations 
will spread a storage shortage from one year at Folsom Reservoir to the Shasta-Trinity System. 
The result is that by the following May, Folsom Reservoir storages are nearly similar.  

Figure 10-93 shows the monthly percentile distribution values for Nimbus releases. This plot 
illustrates the CVP operations discussed above by showing the seasonal median releases through 
the year for each study. As the studies progress towards higher water use from the American 
Basin, either a median decrease occurs in another subsequent month (Shasta-Trinity integration) 
or the wintertime probability of higher flood releases is reduced. Figure 10-94 to Figure 10-99 
show the average monthly Nimbus releases by long-term average and Sacramento River Basin 
40-30-30 Water Year Classification.  
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Figure 10-90. Chronology of Folsom Storage Water Years 1922 – 2003
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Figure 10-91 Folsom Reservoir End of May Exceedence 
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Figure 10-92 Folsom Reservoir End of September Exceedence 
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Figure 10-93 Nimbus Release 50th Percentile Monthly Releases with the 5th and 95th as the Bars 
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Figure 10-94 Average Monthly Nimbus Release 
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Figure 10-95 Average Wet Year (40-30-30 Classification) Monthly Nimbus Release 
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Figure 10-96 Average Above Normal Year (40-30-30 Classification) Monthly Nimbus Release 



CVP and SWP Reservoir Operations OCAP BA 

10-66  August 2008  

0

500

1000

1500

2000

2500

3000

3500

4000

4500

5000

Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

F
lo

w
 (

cf
s)

Study 6.0 Today EWA: Revised Model/Study 3a Assumptions Study 7.0 Today EWA
Study 7.1 Near Future Limited EWA Study 8.0 Future Limited EWA

Blw Nrml

 

Figure 10-97 Average Below Normal Year (40-30-30 Classification) Monthly Nimbus Release 
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Figure 10-98 Average Dry Year (40-30-30 Classification) Monthly Nimbus Release 
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Figure 10-99 Average Critical Year (40-30-30 Classification) Monthly Nimbus Release 
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American River Temperature Analysis  

Successful management of water temperatures to protect the fishery in any given year for the 
lower American River requires close coordination and analysis of several factors that influence 
water temperature. The general operational factors that will influence water temperature 
management are: 

• Volume of coldwater availability in the spring 

• Folsom Shutter operational flexibility 

• Projected Nimbus Reservoir release rate over the temperature control season 

o Too low of release rates may require significantly colder source water to meet a target 
temperature leading to faster depletion of available coldwater. 

o Too high of release rates may deplete coldwater availability faster than anticipated 
and lead to faster depletion of available coldwater 

• Water Purveyor withdrawal rates from Folsom Lake and lake elevation of these 
withdrawal. 

• Designation of a compliance water temperature target at Watt Ave. that best integrates 
the above factors with water temperature habitat needs for sensitive lifestages of fish. 

As described in Chapter 2, the American River Group (ARG) and B2IT evaluates all the above 
factors for any given year designate a compliance water temperature target at Watt Avenue that 
balances all the relevant information and factors into a seasonal strategy for water management. 
The adaptive management process updates and evaluates current information in order to make 
significant choices and tradeoffs for seasonal or inter-seasonal water temperature performance 
goals. Reclamation utilizes this adaptive management process in a very similar manner as the 
Sacramento River Temperature Task Group is utilized in order to comply with SWRCB 90-05 
water temperature objectives in the upper Sacramento River environment. 

The modeling results presented here cannot completely simulate the adaptive management 
process to designate a compliance water temperature target at Watt Avenue in any given year. 
The water temperature analysis presented here does demonstrate the generalized relationships of 
coldwater availability, generalized Folsom Shutter management and Nimbus Reservoir flow 
regimes associated with a specific set of assumptions for CVP operations. In this incremental 
sense, the modeled water temperature performance between different studies can be compared in 
a meaningful way to better understand the seasonal use of coldwater resources relative to each 
study framework. This water temperature analysis should not be construed as an absolute 
predictive analysis. The American River Group and B2IT use more detailed management tools to 
designate a reasonable water temperature target in any given year. 

Coldwater Availability 

The most significant influence on water temperature management is the volume of available cold 
water. The estimated volume of water colder than 58 ºF stored in Folsom Reservoir on or about 
June 1 is a very useful way to generally relate coldwater availability to potential seasonal 
compliance strategies. Generally, the larger the volume of 58 ºF water in Folsom Reservoir, the 
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greater potential to designate a lower temperature target at Watt Ave., or the longer in time that a 
temperature target can be managed to over the temperature control season with a greater 
assurance of not over-extending the available coldwater resources. 

Figure 10-100 illustrates the 58 ºF index of coldwater availability at Folsom Reservoir for all 
studies. All three studies show similar coldwater availability conditions from the 0% to 70% 
exceedence range. The shape of this coldwater availability index is not the same as Figure 
10-101 which shows the exceedence shape of total Folsom Reservoir storage at the end-of-May. 
The reason is the accumulation of coldwater storage in the spring months is influenced by many 
factors beyond just total storage in Folsom Reservoir. Figure 10-100 illustrates that the 58 ºF 
index of coldwater availability in the drier 70% to 100% exceedence range is closely related to 
overall storage in Folsom Reservoir. 
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Figure 10-100 58ºF index of coldwater availability 
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Figure 10-101 to Figure 10-106 illustrate the potential seasonal coldwater patterns for the studies 
at the Folsom Reservoir tailbay location. Each of the studies has been modeled using the same 
Folsom Shutter target temperature logic. Since each study utilizes the same shutter operations 
logic to generate water temperature values, the results of this analysis will only characterize how 
the depletion of the annual coldwater resources at Folsom Reservoir is varies among the studies. 
Given that the water temperature analysis uses of the same shutter operations logic in each study, 
the model makes no attempt to adjust the water temperature target within the season based on the 
availability of coldwater. The American River Group would consider this kind of information 
and make choices as to how to manage the temporal distribution of coldwater resources 
differently than maybe portrayed with this water temperature analysis. 

The usefulness of this analysis is to characterize the water temperature utilization between 
studies in order to evaluate general coldwater management and water temperature trends for each 
study framework, and should not be used as a predictive water temperature analysis.  

The Folsom tailbay plots begin to show potential differences in the utilization of coldwater 
resources in May for approximately 10% of the years between study 6, study 7, study 7.1 and 
study 8. This is reflective of the lower coldwater availability under the very dry conditions for 
study 7.1 and study 8. By June the potential difference in the use of coldwater increases to 
approximately 40% of the years between the studies, again reflective of the lower coldwater 
availability differences for study 7.1 and study 8. By July, the potential differences in the use of 
coldwater resources for study 8, increased future demand in the American basin, reflect 
increased depletion of coldwater resources relative to all other studies. This trend persists for the 
remainder of the temperature control season. 

Figure 10-107 to Figure 10-112 illustrate potential seasonal coldwater use patterns for the studies 
at Nimbus Reservoir. Nimbus Reservoir is the key management point to water temperature 
management operations for the lower American River because this is the location CVP operators 
have significant influence to the temperature of the water released on a daily basis before 
reaching the water temperature target at Watt Ave.  

In realtime water temperature operations, CVP operators manage Nimbus release water 
temperatures by adjusting and balancing the following operational factors for water temperature 
purposes; 

• Flow from Nimbus Dam 

• Folsom shutter configuration 

o Shutter configuration changes are a one time event. Changes require a crane and are 
labor intensive. Changes must be scheduled and coordinated in advance of actual 
water temperature needs using forecast information.  

• Daily “Blending” ratio of powerplant units when Folsom shutter are in an elevational 
stepped configuration.  

o When Folsom shutter are in a elevational stepped configuration, it is possible to 
schedule the daily releases at each Folsom powerplant unit to a desired water 
temperature blend and thereby conserve seasonal thermal resources.  
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This temperature analysis for Nimbus releases (Figure 10-107 to Figure 10-112) shows for all 
studies the same general water temperature seasonal patterns as the Folsom tailbay information. 
Study 8 shows the warmest Nimbus release patterns due to the lower initial coldwater 
availability and the increased water demand in the American basin. The temperature analysis 
shows Nimbus release temperatures in July to be consistently above 65 °F. The July water 
temperatures at Nimbus are a reflection of the internal model logic for Folsom shutter 
management and temporal water temperature choices for summer water temperatures and fall 
water temperatures. The American River Group may choose to manage the coldwater resources 
differently than how this model distributes the resource. If the American River Group chooses to 
provide less than 65 °F for Nimbus releases on a more frequent basis than this model portrayal, 
then the fall water temperatures would likely be warmer than this model portrayal. 

This temperature analysis for Watt Avenue (Figure 10-113 to Figure 10-118) shows for all 
studies the same general water temperature seasonal patterns as the Nimbus release information. 
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Folsom Tailbay Exceedence Plots 
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Figure 10-101 Folsom Tailbay End-of-May Exceedence 
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Figure 10-102 Folsom Tailbay End-of-June Exceedence 
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Figure 10-103 Folsom Tailbay End-of-July Exceedence 
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Figure 10-104 Folsom Tailbay End-of-August Exceedence 



CVP and SWP Reservoir Operations OCAP BA 

10-74  August 2008  

Sep

56

58

60

62

64

66

68

70

0%10%20%30%40%50%60%70%80%90%100%

T
em

p
er

at
u

re
 (

˚F
)

Study 6.0 Study 7.0 Study 7.1 Study 8.0

 

Figure 10-105 Folsom Tailbay End-of-September Exceedence 
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Figure 10-106 Folsom Tailbay End-of-October Exceedence 



OCAP BA CVP and SWP Reservoir Operations 

 August 2008 10-75 

Nimbus Release Exceedence Plots 
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Figure 10-107 Nimbus End-of-May Exceedence 
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Figure 10-108 Nimbus End-of-June Exceedence 
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Figure 10-109 Nimbus End-of-July Exceedence 
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Figure 10-110 Nimbus End-of-August Exceedence 
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Figure 10-111 Nimbus End-of-September Exceedence 
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Figure 10-112 Nimbus End-of-October Exceedence 
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Watt Ave. Exceedence Plots 
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Figure 10-113 Watt Avenue End-of-May Exceedence 
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Figure 10-114 Watt Avenue End-of-June Exceedence 
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Figure 10-115 Watt Avenue End-of-July Exceedence 
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Figure 10-116 Watt Avenue End-of-August Exceedence 
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Figure 10-117 Watt Avenue End-of-September Exceedence 
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Figure 10-118 Watt Avenue End-of-October Exceedence 
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Stanislaus River 

Modeling 

Among the studies, long term annual averages show some change as a result of modified 
operations on the Stanislaus River and no significant effects of the previously mentioned 
CalSim-II modeling improvements on storage and release (Table 10-5). Figure 10-119 shows the 
chronology of New Melones. Figure 10-120 and Figure 10-121 and shows the end-of May and 
end-of-September exceedence plots. Both figures show that there are no significant differences 
in storage among the studies. Figure 10-122 shows the percentile values for the releases from 
Goodwin Reservoir, and Figure 10-123 to Figure 10-128 shows the monthly averages by 60-20-
20 water-year types. The Goodwin release graphs also show no significant effect to operations 
among the three studies. Table 10-5 compares some of the annual average -impacts to Stanislaus 
River flows between the studies. 

Table 10-5 Long-term Average Annual Impacts to Stanislaus River flows 

Longterm Annual Average 
Difference in Thousands of Acre-feet 

[TAF] 
Study 7.0 - 
Study 6.0 

Study 7.1 - 
Study 7.0 

Study 8.0 - 
Study 7.0 

Study 8.0 - 
Study 7.1 

New Melones End-of-September 
Storage 

-1 39 31 -8 

Annual Goodwin Release 19 6 0 -6 
 
29- 34 Difference     
Difference in Thousands of Acre-feet 

[TAF] 
Study 7.0 - 
Study 6.0 

Study 7.1 - 
Study 7.0 

Study 8.0 - 
Study 7.0 

Study 8.0 - 
Study 7.1 

New Melones End-of-September 
Storage 

13 51 143 91 

Annual Goodwin Release 142 46 10 -36 
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Figure 10-119 Chronology of New Melones Storage Water Years 1922 – 2003 
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Figure 10-120 New Melones Reservoir End of May Exceedence 
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Figure 10-121 New Melones Reservoir End of September Exceedence 
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Figure 10-122 Goodwin Releases 50th Percentile Monthly Releases with the 5th and 95th as the Bars  
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Figure 10-123 Average Monthly Goodwin Releases  
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Figure 10-124 Average Wet Year (40-30-30 Classification) Monthly Goodwin Releases  
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Figure 10-125 Average Above Normal Year (40-30-30 Classification) Monthly Goodwin Releases  
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Figure 10-126 Average Below Normal Year (40-30-30 Classification) Monthly Goodwin Releases  
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Figure 10-127 Average Dry Year (40-30-30 Classification) Monthly Goodwin Releases  
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Figure 10-128 Average Critical Year (40-30-30 Classification) Monthly Goodwin Releases  
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Chapter 11  Upstream Effects 

This chapter focuses on the Central Valley Project (CVP) and State Water Project (SWP) project 
operations and how the operations affect flow and water temperature in river reaches downstream 
of project reservoirs. The following effects discussion refers to the reservoir release exceedance 
charts (monthly flow values) and water temperature exceedance charts (daily temperature model 
for Sacramento River and Clear Creek and monthly model for other rivers) found in Chapter 10. 
The amount and temperature of the water in the areas inhabited by the species are both elements of 
critical habitat that affect spawning, rearing, migration, and foraging.  Recommended temperature 
ranges and flows for the species are compared to the exceedence charts. Modeling tools are used to 
help estimate effects on species and lifestages where available. Because the monthly model 
presents longer term trends, daily temperature measurements are presented herein to illustrate the 
potential range of variability within particular months. The modeling displays more of a net 
change by month and shows the general direction of change useful for comparing the water 
operations scenarios.  

Three models, addressing portions of the Chinook salmon lifecycle, were used to evaluate the 
effects of operations on Chinook salmon in the Sacramento River. The Reclamation Mortality 
Model is used to compare the effects of water temperature on Chinook salmon egg mortality 
between scenarios for those rivers and salmonid runs for which the model has been developed. The 
model is only available for fall-run Chinook salmon on rivers other than the Sacramento. Past 
reviews of the effects analyses recommended additional quantitative assessment approaches to 
address lifestages beyond those addressed in the egg mortality model. The Salmod Model is being 
used to compare effects of water temperature and flow differences between scenarios on yearly 
juvenile winter-run and spring-run Chinook salmon production in the Upper Sacramento River. 
The Interactive Object-Oriented Salmon Simulation (IOS) Model (Appendix N) is used to compare 
the effects of the operational scenarios throughout the CVP/SWP system on the entire life cycle of 
winter-run Chinook salmon and provides an estimate of changes in escapement through time.  

Water Temperature 
Water temperature is critical to the populations of listed species, particularly Chinook salmon, 
coho salmon, and steelhead, present in the rivers considered in this consultation. Water 
temperature targets from the 2004 Operations Criteria and Plan (OCAP) Biological Opinion (BO) 
are shown in Table 11-1 and used in the analyses presented in this BA. The temperature targets 
vary from river to river based on the species and life stage needing protection. We are selecting the 
most temperature sensitive lifestage present in the river at a given time for analyses. The Upper 
Sacramento River has incubating winter-run Chinook eggs during the summer. Eggs have the 
coolest temperature needs and water temperatures naturally rise to the highest levels during the 
heat of summer, therefore the most stringent temperature targets are for eggs incubating during the 
summer in the Sacramento River. Steelhead rearing occurs in the Sacramento River, Clear Creek, 
Feather River, American River, and Stanislaus River. The generally accepted upper mean daily 
water temperature level for steelhead rearing in the Central Valley is 65 °F. Therefore, CVP/SWP 
water management tries to maintain 65 °F in the controllable reaches of the rivers where steelhead 
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are present during the warmer months of the year. The American River is temperature limited in 
that the coldwater pool volume often cannot maintain the desired temperatures so the target 
recognizes this in an effort to spread the available coldwater out throughout the needed time 
period. 

Table 11-1. Temperature targets from 2004 OCAP BO used as evaluation criteria in this BA. 
Temperature targets are mean daily. Target points in the Sacramento and American River are 
determined yearly with input from the Sacramento River temperature group and American River ops 
group. 

River
Target Species and 

Lifestage
Temperature 
Target Point

Miles Below 
Dam Date

Temperature 
Target Comment

Sacramento Winter run egg incubation Balls Ferry 26 4/15 - 9/30 56
Location depends on 
coldwater availability

Winter run egg incubation Bend Bridge 44 4/15 - 9/30 56
Location depends on 
coldwater availability

Spring run and winter run Balls Ferry 26 10/1 - 10/31 60
Location depends on 
coldwater availability

Spring run and winter run Bend Bridge 44 10/1 - 10/31 60
Location depends on 
coldwater availability

Clear Creek
Spring run prespawn and 
steelhead rearing Igo 7.5 6/1 - 9/15 60
Spring run spawning and 
steelhead rearing Igo 7.5 9/15 - 10/31 56

Feather River steelhead rearing
Robinson's 
Riffle 6 6/1 - 9/30 65

American River steelhead rearing Watt Avenue 13.4 plan May 1 68
Target based on yearly 
plan

Stanislaus River steelhead rearing
Orange 
Blossom 12 6/1 - 11/30 65  

Historic Water Temperature Data Summary (Figures 11-1 through 11-
25) 

The figures listed below show the mean daily temperature at monitoring sites up and down the 
rivers. This shows the difference in water temperatures at different points in the river. These plots 
of actual measured data are presented to show the actual temperatures experienced by the species 
from day to day. The temperature gradient from upstream to downstream and the daily temperature 
fluctuations will likely stay about the same in the future, changing in the same trend (upward or 
downward) with the mean daily and mean monthly temperatures produced by the temperature 
models.  These plots are a part of the baseline in that the conditions occurred under past 
operations, but they are presented here in the effects chapter because the finer details of daily 
temperature fluctuations and longitudinal temperature gradients under different flow conditions are 
more accurately represented by past real time data than predictive models. 

• Figure 11-1 and Figure 11-2 - Sacramento River 

• Figure 11-12 and Figure 11-13 - Clear Creek  

• Figure 11-16 and Figure 11-17 - American River  

• Figure 11-20 and Figure 11-21 - Stanislaus River  

• Figure 11-26 and Figure 11-27 - Trinity River  

Although the water temperature targets are based on mean daily temperatures, the fish respond to 
the temperature fluctuations that occur throughout the day. The figures listed below show past 
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temperature data with daily maximum, minimum, and mean in selected dry and wet year types 
with available temperature data. Because temperatures become more flow dependent in 
intermediate distances below the dams, the flows are also displayed. Higher flows maintain water 
temperatures close to the reservoir release temperature for a longer distance downstream than do 
lower flows. Higher flows can also deplete the coldwater pool from reservoirs quicker in years 
when coldwater availability is a limiting factor for fish survival. Temperatures are generally more 
of an issue during the warmer months of the year, but can also be an issue into the fall and winter 
when reservoirs run out of cold water and maintain and release warm water built up during the 
summer. 

• Figure 11-3, Figure 11-4, Figure 11-9, Figure 11-10, and Figure 11-11 - Sacramento River  

• Figure 11-14 and Figure 11-15 - Clear Creek 

• Figure 11-18 and Figure 11-19 - American River 

• Figure 11-22, Figure 11-23, Figure 11-24 and Figure 11-25 - Stanislaus River and San 
Joaquin River 

• Figure 11-26, Figure 11-27, Figure 11-28 and Figure 11-29 - Trinity River  

Figure 11-5 and Figure 11-7 show the historical water temperature exceedences in the Sacramento 
River. Figure 11-6 and Figure 11-8 show water temperature exceedences through all years in the 
Sacramento River with modeling study 7.0, which approximates current operations (as described 
in Chapter 9). 
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Figure 11-1. Sacramento River mean daily temperature and flow at selected locations in a dry water 
year, actual measured water temperatures (2001). 
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Figure 11-2. Sacramento River mean daily temperature and flow at selected locations in a wet water 
year, actual measured water temperatures (1999). 
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Figure 11-3. Sacramento River at Balls Ferry daily temperature range and flow in a wet water year, 
actual measured water temperatures (1999). 
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Figure 11-4. Sacramento River at Balls Ferry daily temperature range and flow in a dry water year, 
actual measured water temperatures (2001). 
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Figure 11-5. Sacramento River at Balls Ferry seasonal temperature exceedence, 1997-2007 (actual 
temperatures, not modeled). 
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Figure 11-6. Sacramento River at Balls Ferry seasonal temperature exceedence in study 7.0 
(modeled temperatures with current operations throughout the 82 year CalSim-II modeling period). 
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Figure 11-7. Sacramento River at Bend Bridge seasonal temperature exceedence, 1997-2007 (actual 
temperatures, not modeled). 
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Figure 11-8. Sacramento River at Bend Bridge seasonal temperature exceedence in study 7.0 
(modeled temperatures with current operations throughout the 82 year CalSim-II modeling period). 
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Figure 11-9. Sacramento River at Colusa daily temperature fluctuation and flow in a wet water year, 
actual measured water temperatures (1999). 
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Figure 11-10. Sacramento River at Colusa daily temperature fluctuation and flow in a dry water year, 
actual measured water temperatures (2001). 
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Figure 11-11. Sacramento River at Rio Vista water temperature exceedence for 2000 – 2007, actual 
measured temperatures. 
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Figure 11-12. Clear Creek mean daily temperature at Whiskeytown Dam and Igo in a dry year, actual 
measured water temperatures (2002). 
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Figure 11-13. Clear Creek mean daily temperature at Whiskeytown Dam and Igo in an above normal 
water year, actual measured water temperatures (2003). 
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Figure 11-14. Clear Creek at Igo daily temperature fluctuation and flow in a dry water year, actual 
measured water temperatures (2002). 
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Figure 11-15 Clear Creek at Igo daily temperature fluctuation and flow in an above normal water 
year, actual measured water temperatures (2003). 
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Figure 11-16. American River temperature and flow at monitoring sites in a dry year, actual 
measured water temperatures (2001). 

There is a large “thermal lag” present in the American River downstream of Folsom Dam. The 
result is that fall temperatures in the river downstream of Folsom Dam are higher than they would 
be without the dam in place. The reservoir holds a summer’s worth of thermal loading and as fall 
meteorological conditions cool, the reservoir’s large thermal mass does not respond quickly – 
maintaining elevated temperatures. Note how Watt Avenue temperatures are cooler than Hazel 
Avenue – indicating cooling with distance downstream. Elevated fall temperatures may be a 
contributing factor to fisheries challenges in the American River. This is present in other systems 
too (like the Stanislaus), but occurs later in the year and not to the extreme that occurs on the 
American River. 
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Figure 11-17. American River temperature and flow at monitoring sites in a wet year, actual 
measured water temperatures (2006). 
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Figure 11-18. American River at Watt Avenue daily temperature fluctuation and flow in a dry year, 
actual measured water temperatures (2001). 
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Figure 11-19. American River at Watt Avenue daily temperature fluctuation and flow in a wet year, 
actual measured water temperatures (2006). 
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Figure 11-20. Stanislaus and San Joaquin River temperatures and flow at selected locations in a dry 
year, actual measured water temperatures (2001). 
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Figure 11-21. Stanislaus and San Joaquin River temperatures and flow at selected locations in a wet 
year, actual measured water temperatures (2006). 
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Figure 11-22. Stanislaus River at Orange Blossom Bridge daily temperature fluctuation and flow in a 
dry water year, actual measured water temperatures (2001). 
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Figure 11-23. Stanislaus River at Orange Blossom Bridge daily temperature fluctuation and flow in a 
wet water year, actual measured water temperatures (2006). 
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Figure 11-24. San Joaquin River at Mossdale Bridge water temperature exceedence for 2002 – 2007, 
actual measured water temperatures. 
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Figure 11-25. San Joaquin River at Antioch water temperature exceedence for 1995 – 2007, actual 
measured water temperatures. 
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Figure 11-26. Trinity River water temperatures and flow at monitoring sites in a wet year type, actual 
measured water temperatures (1999). 
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Figure 11-27. Trinity River water temperatures and flow at monitoring sites in a dry year type, actual 
measured water temperatures (2002). 
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Figure 11-28. Trinity River at Douglas City daily temperature fluctuation and flow in a wet year, 
actual measured water temperatures (1999. 
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Figure 11-29. Trinity River at Douglas City daily temperature fluctuation and flow in a dry year, 
actual measured water temperatures (2002). 

OCAP Modeling Studies 

The modeling studies referenced in this chapter refer to the CalSim-II studies described in the 
project description (Chapter 2). Table 11-2 is a brief summary of differences between the studies. 

Table 11-2. Summary of differences between the OCAP modeling studies. 

 

CVPIA 
3406 
(b)(2) 

Level of 
Developm

ent EWA 
SDIP 

Stage 1 Freeport Intertie 

Climate and 
Sea Level 

Rise 

Study 3a 
Today 
EWA 

May 2003 2001 Full     

Study 6.0 
Today 
EWA 

May 2003 2005 Full     

Study 7.0 
Today 
EWA 

May 2003 2005 Full     

Study 7.1 
Today 
Limited 
EWA 

May 2003 2005 Limited X X X  
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CVPIA 
3406 
(b)(2) 

Level of 
Developm

ent EWA 
SDIP 

Stage 1 Freeport Intertie 

Climate and 
Sea Level 

Rise 

Study 8.0 
Future 
Limited 
EWA 

May 2003 2030 Limited X X X  

Study 9.0 
Future 
D1641 SA 
Climate 
Change 

 2030  X X X No Sea Level 
Rise 

Study 9.1 
Future D-
1641 

 2030  X X X 1ft Sea Level 
Rise and 4" 
amplitude 

Study 9.2 
Future D-
1641 

 2030  X X X Wetter, Less 
Warming 
Climate 

Change with 
1ft Sea Level 
Rise and 4" 
amplitude 

Study 9.3 
Future D-
1641 

 2030  X X X Wetter, More 
Warming 
Climate 

Change with 
1ft Sea Level 
Rise and 4" 
amplitude 

Study 9.4 
Future  D-
1641 

 2030  X X X Drier, Less 
Warming 
Climate 

Change with 
1ft Sea Level 
Rise and 4" 
amplitude 

Study 9.5 
D-1641 
Future 

 2030  X X X Drier, More 
Warming 
Climate 

Change with 
1ft Sea Level 
Rise and 4" 
amplitude 
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Trinity River 

Adult Coho Salmon Migration, Spawning, and Incubation 

Adult coho typically enter the Klamath River and the mouth of the Trinity River starting in 
September with peak upstream migration occurring in October and November. Flows during this 
time would be a minimum of 450 cfs until October 15 in all year types and would not change 
between the current operations and future operations scenarios. Flows decrease to a 300 cfs 
spawning baseflow on October 15. Based on past observations of spawning salmonids in the 
Trinity River, it was concluded that this flow would provide adequate in stream conditions for the 
upstream migration and spawning of coho salmon.  

For purposes of this assessment, water temperatures at or below 60 °F are assumed to provide 
suitable conditions for adult coho salmon migration. Water temperatures at or below 56 F are 
assumed to be suitable for egg incubation. Water temperatures early in the upstream migratory 
period, in September, would often be above preferred ranges near the mouth of the Trinity, but 
dam operations cannot efficiently control water temperature at the mouth, 110 miles below 
Lewiston Dam. Releases would always be 450 cfs in September. Temperatures were modeled 
down to the North Fork of the Trinity River. This is the reach where Trinity operations have the 
greatest temperature effect. Temperatures in September would be below 60 °F at Douglas City in 
September of about 95 percent of years and suitable for holding and migrating adult coho. During 
a few dry years temperatures could exceed 60 °F in September. Temperatures under future 
operations are projected to be slightly cooler. Between October and May mean monthly 
temperatures at Douglas City would always be maintained at or below 60 °F under all scenarios. 
During November when spawning initiates, average monthly temperatures would be almost always 
below 50 °F at Douglas City. Flows during spawning and incubation would be maintained at 300 
cfs, which has been shown to provide suitable conditions for spawning and incubation of coho 
salmon. Most coho spawning in the mainstem occurs between Lewiston Dam and Douglas City 
with the greatest concentration in the first few miles below the dam. This distribution favoring 
upstream areas is probably influenced by the large hatchery component of the population. Based 
on these results we conclude that current and future operations are not likely to adversely affect 
coho salmon adult migration, spawning, egg incubation, or critical habitat in the Trinity River. 

Coho Salmon Fry, Juveniles, and Smolts 

The Trinity River supports young coho salmon rearing in the mainstem year round. Nearly all coho 
rearing during the summer occurs upstream of Douglas City, in the vicinity of the high density 
spawning. A critical seasonal period for juvenile coho rearing in California is generally June 
through September of dry years when water temperatures are at the high end of what is considered 
to be the optimal range for coho rearing. Water temperatures in the Trinity River between 
Lewiston and Douglas City are cooler than most coho streams in summer. Welsh et al. (2001) 
found coho in streams with mean weekly average temperatures of less than 62 °F. For purposes of 
this BA average monthly water temperatures of less than 62° F are assumed to support suitable 
juvenile coho rearing. Temperatures at Douglas City would be below 60 °F in over 95 percent of 
years but could rise above 62 °F (monthly average) in June through September in up to 5 percent 
of years. Temperatures between the studies are essentially unchanged. Based on these results we 
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conclude that current and future oprations are not likely to affect coho salmon rearing or critical 
habitat in the Trinity River.  

The spring high flows are provided to mimic the natural hydrograph during the snowmelt period 
(Figure 11-30). The flow schedule each year is determined through deliberations conducted by the 
Trinity River Restoration Program. These flows should increase survival of out-migrating coho 
smolts. The higher flows are intended to return more natural geomorphic processes to the Trinity 
River (USDI 2000). These flows should benefit coho salmon through the long-term habitat values 
provided. The flows are designed to discourage riparian vegetation establishment down to the edge 
of the lower flow channel margins and to scour the bed to maintain spawning and rearing habitat 
(USDI 2000). Off channel habitats out of the main river flow are important for sustaining juvenile 
coho salmon through the winter months when water is cooler. Off-channel habitats may potentially 
be created by the higher flows and are being created mechanically. Stranding of coho fry can occur 
when the flows are lowered following the restoration program prescribed flows (Chamberlain 
2003). Flows are essentially unchanged between the studies and the spring pulse flows prescribed 
for the restoration program are the same under all scenarios.  These flows along with physical 
habitat restoration projects are intended to increase the amount of fish habitat and increase fish 
production. Based on the potential stranding risk, we conclude that current and future operations 
may affect, but are not likely to adversely affect, juvenile coho. 

High flows down the Trinity will occur during safety of dams releases during high runoff events, 
generally between December and May, to prevent overtopping of the dam. These safety of dams 
releases occur during about 10-20 percent of years depending on the month. Depending on timing 
of these releases, they can help or hurt juvenile coho. Additional rearing habitat is available during 
the higher releases but when the releases are subsequently lowered some stranding can occur 
where off-channel areas are isolated from the river. The higher releases make it easier for smolts to 
outmigrate from the river when the timing of the flows coincides with a period when fish are ready 
to outmigrate. Stranded fish tend to receive a lot of attention because they are visible and easy to 
count while benefits of the pulsed higher flows to the fish population are not as easily quantified. 
Based on the risk of stranding, we conclude that current and future operations may affect, but are 
not likely to adversely affect, juvenile coho salmon or their critical habitat. 
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Figure 11-30. Trinity River Restoration Program recommended flow releases from Lewiston Dam to 
the Trinity River including functional performance ranges. 

 

Clear Creek 

Adult Salmon and Steelhead Migration, Spawning, and Incubation 

There would be little, if any, difference in flows between current and future operations under all 
scenarios.  Water temperature at Igo would be about the same in all years as well.  No change in 
effect on steelhead or spring-run Chinook or critical habitat is anticipated.  Salmonid populations 
in Clear Creek have been increasing under the current flow regime and physical channel 
restoration actions (DeStaso 2008) and depending on ocean conditions should have the capability 
to make continued increases to carrying capacity. 

For purposes of this BA, suitable water temperatures for adult migration of both Chinook salmon 
and steelhead are assumed to be 60 F or less (Table 11-1). Suitable water temperatures for egg 
incubation are assumed to be 56 F or less (Table 11-1). Most steelhead adults are expected to 
migrate upstream in Clear Creek during December through March to spawn with spawning 
potentially stretching into April. Water temperatures between December and April are projected to 
be within the preferred range for steelhead spawning and incubation between Whiskeytown Dam 
and Igo (Figure 11-31 and Figure 11-32). Figure 11-31and Figure 11-32 show Study 7.0 only, but 
Studies 6.0, 7.1, and 8.0 are the same as Study 7.0 in Clear Creek.  Flow releases from 
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Whiskeytown Dam into Clear Creek during upstream migration are expected to be 200 cfs in about 
75 percent of the years during steelhead upstream migration in all scenarios. During the drier years 
releases are expected to be lower, as low as 30 cfs in the driest years in all scenarios. Optimal 
spawning flows were estimated to be 87 cfs upstream of the old Saeltzer Dam site and 250 cfs 
downstream of the old dam site (Denton 1986). Nearly all steelhead/rainbow spawning 
documented in redd surveys occurs close to Whiskeytown Dam (Jess Newton, personal 
communication, April 2003). During most years flows should be suitable for spawning in upstream 
areas but during dry years flows for attraction, holding, and upstream migration could be less than 
optimal. Tributary inflows downstream of Whiskeytown Dam provide some variation in the lower 
river hydrograph for increased attraction and migratory flows during rainfall events.  

Spring–run Chinook salmon enter Clear Creek from April through September and spawn during 
August and September. Flow releases would be 200 cfs over 80 percent of the time in April, May, 
and June. Flows in July and August would always be 85 cfs in all years. September flows would be 
150 cfs except during the driest 4 percent of years when they would be 30 cfs. These flows should 
provide adequate habitat for Chinook salmon upstream of the former Saeltzer Dam site. During the 
driest years the 30 cfs flows would not accommodate a large number of spawners so depending on 
run size more competition for spawning sites and superimposition may occur. Spring–run may 
benefit from a spawning attraction release during the late spring period to assist in upstream 
migration and passage through the bedrock chute area. This may be provided by CVPIA section 
3406(b)(2) water. Flows during dry years could be as low as 30 cfs. These flows may be too low 
for spring–run to migrate upstream. Chinook may not be able to make it past the bedrock chute 
area at this flow. The area of Clear Creek upstream of the Clear Creek road bridge to Whiskeytown 
Dam is considered to be spring–run habitat (Jim DeStaso, personal communication). Denton 
(1986) estimated optimal flows for salmon in this reach would be 62 cfs for spawning and 75 cfs 
for rearing based on the IFIM study, provided suitable incubation and rearing temperatures were 
provided. Spring–run begin spawning in Clear Creek in September. The flows of 30 cfs in dry 
years would be below the optimum flow for Chinook spawning. Unless the spring–run population 
increases above present levels, spawning habitat availability should not be limiting, as long as the 
fish are able to migrate to the habitat at the lower flow levels. Water temperatures at Igo 
sometimes exceed optimal spawning and incubation temperatures of less than 56 °F. Most spring–
run would likely spawn upstream closer to Whiskeytown Dam where optimal spawning and 
incubation temperatures can be provided year round. NOAA Fisheries (2003) states that the 
Denton (1986) flow recommendations are not applicable and that there are no applicable studies 
completed that can be used to describe the effect of operations on rearing, emigration, and 
spawning. Therefore use of the Denton (1986) recommendations may be somewhat subjective but 
in the absence of other on-the-ground recommendations we used Denton (1986).  A new instream 
flow study is currently being conducted by the Fish and Wildlife Service and is scheduled for 
completion in 2010. 

High flow events during the incubation period have the potential to scour redds and injure pre-
emergent fry. High flow events in excess of 1,000 cfs often occur during heavy rain in the winter 
and spring (Figure 6-6). Whiskeytown Reservoir releases remain constant during all but the 
heaviest runoff periods when the reservoir overflows through the glory hole outlet. High flow 
events in Clear Creek are now smaller than those that occurred prior to flow regulation in the 
system. Clear Creek fishery studies found that spawning gravel in Clear Creek could be improved 
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by adding spawning gravel below Whiskeytown Dam and allowing high flows to deposit it in 
downstream spawning areas. High flow events of approximately 3,000 cfs or greater, which occur 
infrequently, are needed to wash the artificially deposited gravel downstream (Table 11-3).  
Lansdslides deposited fine sediment into Clear Creek and may be affecting juvenile production 
(DeStaso 2008).  The high flow events can be beneficial in washing the fine sediment downstream 
out of spawning areas. 

Table 11-3. Estimated bed mobility flows for affected Central Valley Rivers. 

River and reference Bed load movement 
initiated, cfs 

Bed mobility flow that may 
scour some redds, cfs 

Sacramento River (Buer 1980 
and pers. comm. 2003) 

25,000 40,000 – 50,000 

Clear Creek (McBain&Trush 
and Matthews 1999) 

2,600 (up to 11 mm 
particles) 

3,000 – 4,000 coarse sediment 
transport (32 mm) 

Feather River   

American River (Ayres 
Associates 2001) 

30,000 – 50,000 50,000 

Stanislaus River (Kondolff et al 
2001) 

280 cfs for gravel placed in 
river near Goodwin Dam 

5,000 – 8,000 to move D50 

Trinity River (USDI 2000) 6,000 cfs to move D84 11,000 cfs to scour point bars 

 

Steelhead fry are expected to emerge from redds from approximately mid-February through May. 
Release temperatures from Whiskeytown Dam are modeled to remain at optimal levels throughout 
this period. Most fry will likely remain in upstream areas near where they were spawned, at least 
through the early rearing period until early summer. Spring–run Chinook fry emerge from redds 
between December and February, depending on water temperature where they are spawned. Water 
temperatures during this period are optimal for survival of fry.  

Salmon and Steelhead Fry, Juveniles, and Smolts 

The freshwater life stages of steelhead and Chinook salmon could occupy Clear Creek throughout 
the year. For purposes of this BA, suitable water temperatures for junvenile salmon and steelhead 
rearing are assumed to be 60° F (Table 11-1). Mean monthly temperatures of Whiskeytown 
Reservoir releases are modeled to be in the preferred range for growth and development of 
steelhead (45 °F to 60 °F) and of Chinook salmon (50 °F to 60 °F) throughout the year under all 
hydrologic conditions. Whiskeytown releases are expected to be about the under current and future 
conditions for all months. The average monthly temperatures are always within the range that the 
species have been shown to survive and grow well with adequate food supplies (Myrick and Cech 
2001). Based on observations of juvenile salmonids and their prey in streams further north, food 
availability does not appear to be a limiting factor to salmon or steelhead in the upstream rearing 
areas of any of the affected Central Valley streams.  
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Optimal rearing and emigration flows have not been estimated for Clear Creek. We expect that the 
modeled flows will be suitable for the rearing, smoltification, and emigration of steelhead and 
Chinook salmon during most years. During the driest years flows during summer and fall could be 
limiting for steelhead rearing and for spring–run Chinook that hold over in Clear Creek through 
the summer. During dry years, a source of somewhat higher flows for out migration could be 
provided by brief tributary inflows during rainfall events, but these would be dependent on the 
weather. 

There would be no difference in flows between current and future operations under all scenarios. 
No change in effect on fish is anticipated. Water temperature below Igo would be about the same 
in all years as well. Based on results of these current and future conditions, we conclude that 
operations affecting habitat conditions in Clear Creek are likely to affect salmon and steelhead, but 
are not likely to adversely affect salmon and steelhead rearing in Clear Creek. 

Stranding of fry and juvenile steelhead and Chinook salmon could occur following high flow 
events if river stages drop rapidly and isolate fish in stream margins that are not connected to the 
main channel. Whiskeytown Reservoir releases typically remain constant under the majority of 
flood events. If uncontrolled spills do occur, they are made through the “glory hole” at 
Whiskeytown Reservoir. The reservoir attenuates flood flows by spreading stage changes over the 
entire surface area and the glory hole naturally dampens the change in rate of flow along with the 
changes in reservoir water surface elevation. Rapid decreases in river stage following high flow 
events are typically the result of unimpaired flows from local and tributary inflows downstream 
from Whiskeytown Reservoir. Flow changes under proposed operations are less than those that 
occurred prior to flow regulation. Based on the risk of juvenile salmon and steelhead stranding 
with Clear Creek, we conclude from this assessment that operations are not likely to change 
stranding conditions. 
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Figure 11-31. Water temperature exceedence in Clear Creek at Whiskeytown Dam in OCAP modeling 
study 7.0 in throughout the CalSim-II modeling hydrological record. 
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Figure 11-32. Water temperature exceedence in Clear Creek at Igo in OCAP modeling study 7.0 
throughout the CalSim-II modeling hydrological record. 

Implementation of the Trinity River Restoration Program Record of Decision increased flows in 
the lower Trinity River and decreased diversions into the Sacramento River Basin. Now less water 
passes through Whiskeytown Reservoir than prior to the Trinity decision (Table 11-4). Because 
less cool Trinity River water passes through Whiskeytown Reservoir there may be increased 
heating of the water as it passes through with the lower thermal mass. This appeared to result in a 
slightly warmer release into lower Clear Creek in 2005 than in prior years. The warmer 
temperatures occurred primarily during September and October (Figure 11-33 and Figure 11-34). 
This period coincides with the incubation period for spring run Chinook salmon when the target 
temperature is a mean daily average of 56 °F or below at Igo (NMFS 2004). The mean of the mean 
daily temperatures during the period June 1 through September 15 in 1996 through 2004 was 58.1 
°F and in 2005 it was also 58.1 °F. The mean of the mean daily temperatures during the period 
September 15 through October 31 in 1996 through 2004 was 54.2 °F. The mean of the mean daily 
temperatures for this same period in 2005 was 56.7 °F. The warmer temperatures that occurred in 
the latter part of the temperature control season in 2005 are a tradeoff for the improved flow and 
temperature conditions being provided in the Trinity River.  

The higher temperatures in 2005 occurred during the spring-run egg incubation period and on 
average exceeded the 56 °F target temperature by 0.7 °F. Chinook salmon eggs in other rivers (eg. 
American River) survive at high rates, at least in the hatchery, when spawned at 60 °F as long as 
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the water temperature quickly declines to 56 °F or less. Temperatures in Clear Creek declined to 
50 °F by the end of November in 2005. Therefore, effects of the slightly higher temperatures 
during early incubation for spring-run Chinook in 2005 were expected to be negligible. Similar 
temperature conditions will likely occur in future years.  

A larger volume of water from the Trinity River goes to the Sacramento River through the Spring 
Creek tunnel than goes to Clear Creek. The Spring Creek tunnel water is used primarily to help 
cool the Sacramento River during the heat of the summer for winter run Chinook spawning and 
incubation. The higher volume going to the Sacramento River necessitates operating the system 
primarily for Sacramento River temperature targets. Clear Creek receives the same temperature 
water as what goes to the Sacramento River. This has generally provided suitable Clear Creek 
temperature conditions most of the time in the past. Daily temperature fluctuation in Clear Creek at 
Igo peaks in June and July when days are the longest at around 8 °F difference between the high 
and low temperature for the day (Figure 11-14 and Figure 11-15). 
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Figure 11-33. Whiskeytown Lake isothermobaths in 2004. 
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Whiskeytown Lake Isothermobaths - 2005
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Figure 11-34. Whiskytown Lake isothermobaths in 2005. Water temperatures in degrees Fahrenheit. 

 

Table 11-4. Spring Creek tunnel release volume, 1999-2004 compared to 2005. 

Spring Creek Tunnel Volume (thousand acre feet)
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC ANNUAL

2005 28.7 26.2 60.2 10.0 60.2 47.7 51.7 70.2 68.7 62.6 79.6 109.2 675
2004 54.4 111.7 202.6 123.8 19.4 89.0 133.6 89.8 95.0 156.3 8.7 26.3 1,111
2003 84.0 84.1 86.7 47.7 114.2 109.4 92.8 150.7 137.1 122.2 65.9 49.5 1,144
2002 71.1 27.6 23.2 7.2 41.1 103.8 131.2 131.0 57.8 80.8 16.4 84.0 775
2001 36.9 68.9 75.2 18.7 32.0 92.4 159.2 154.0 108.2 121.6 0.0 53.9 921
2000 83.3 178.2 148.9 122.3 158.7 167.6 193.8 203.4 117.5 31.6 5.4 16.8 1,428
1999 102.0 85.9 130.6 100.0 95.1 128.9 142.0 95.5 91.0 31.7 45.8 39.8 1,088

AVG 99-04 = 72.0 92.7 111.2 70.0 76.8 115.2 142.1 137.4 101.1 90.7 23.7 45.1 1,078

2005 % Diff -60% -72% -46% -86% -22% -59% -64% -49% -32% -31% 236% 142% -37%  

 

Based on results of the flow and temperature analysis for juvenile Chinook salmon and steelhead 
rearing in Clear Creek, we conclude that because operations in the base and future conditions will 
be the same there will be no change in effect to these species or their critical habitat in Clear 
Creek. Spring-run Chinook and steelhead populations should be maintained or increase. 
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Sacramento River 

Adult Chinook Salmon and Steelhead Migration, Spawning, and 
Incubation 

Adult steelhead are expected to migrate upstream past Red Bluff primarily from August through 
December and spawn in the Sacramento River from December through April with peak activity 
occurring from January through March (McEwan 2001). During the upstream migration time 
period flows are high during August as water deliveries are being made. Flows get gradually lower 
as water deliveries are reduced and weather cools so less water is needed for temperature control. 
Flows are expected to affect upstream migrating steelhead only to the extent that they affect water 
temperatures. The minimum Keswick release is 3,250 cfs. Steelhead spawning weighted usable 
area peaks at 3,250 cfs in the upper river reaches and peaks at about 13,000 cfs in the lower reach, 
forty miles further downstream, but with a low variability in availability (FWS 2003). Based on 
the results of the PHABSIM analysis there is no evidence that the 3,250 cfs flow level does not 
provide adequate physical habitat to meet the needs of all steelhead life stages in the Sacramento 
River. Flows during the summer greatly exceed this amount to meet temperature requirements for 
winter–run Chinook spawning. The winter–run Chinook temperature objectives during the summer 
and run-of-the-river temperatures the rest of the year result in water temperatures suitable for year-
round rearing of steelhead in the upper Sacramento River. This reach of the Sacramento River 
provides the best steelhead habitat and greatest use. Therefore, we have concluded the current and 
future operations are not likely to adversely affect steelhead adults or their critical habitat in the 
upper Sacramento River. 

Winter–run Chinook migrate upstream during December through June. Spring–run Chinook 
migrate from March into October, although the run is nearly complete by the end of June. Fall–run 
and late fall–run are migrating between about July and December so that Chinook salmon are 
migrating upstream in the Sacramento River during all months of the year (Figure 16-6). Winter–
run spawning peaks in May through July and spring–run spawning peaks in August and 
September. Redd counts in recent years (2001 – 2007) showed no spawning peak in the 
Sacramento River during the expected spring–run Chinook salmon spawning period until October 
when the redds were considered fall–run redds (DFG aerial redd count survey data). Keswick 
average monthly releases between January and October range from a low of 3,250 cfs during dry 
years in all scenarios in January – April and October to a high of 54,000 cfs during flood control 
releases in the wettest years in January and February. The largest difference in flow between the 
current and future operations will be slightly higher releases in July and slightly lower releases in 
September, October, and June in the future. Flows at the low end of the range of projected flows 
(3,250 cfs) provide enough spawning area for approximately 14,000 winter–run Chinook (FWS 
2003). Under higher levels of escapement spawning habitat at a minimum flow of 3,250 cfs may 
become limiting in the future. If escapement increases significantly to near recovery goals, the 
flow-versus-habitat relationships should be reassessed at the higher escapement levels. During the 
winter run spawning season flows would be high enough for temperature control to provide 
adequate spawning habitat within river reaches where winter-run spawn.  

The lower flows in September and October would lower the amount of spring–run Chinook 
salmon spawning habitat. Spring–run spawning habitat was not estimated but is not limiting the 
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population because few Chinook spawn in the mainstem Sacramento River during the spring–run 
spawning period, (i.e. there is plenty of space with suitable spawning habitat for the ones that are 
there).  

During very wet years monthly flows as high as 53,000 cfs could occur during upstream migration 
for adult winter–run Chinook. During winter–run Chinook spawning, flood control peak flows 
above 50,000 cfs could occur and when combined with tributary inflow could potentially affect 
redd survival (Table 11-3). Attempts are made to spread flood control releases out when possible. 
When the high peaks occur egg-to-fry survival could decrease for a brood year due to redd 
scouring or entombment. Long-term habitat benefits from high flood control flows should include 
gravel recruitment from streamside sources enhancing spawning gravel, instream woody debris 
recruitment, and establishment of new cottonwood seedlings. The population effects should be 
maintained or better egg-to-smolt survival rates in the future. Flood control releases would rarely 
occur during winter-run Chinook spawning and they are the one run with the least exposure to redd 
scour risk. 

Most of the winter–run Chinook spawning (98 percent) in recent years with better access to 
upstream habitat has occurred upstream of Balls Ferry (Figure 11-38). Water temperatures during 
winter–run spawning season can be maintained below 56 °F down to Balls Ferry in about 90 
percent of years in May through August and 50 percent of years in September. Temperatures in the 
future modeling scenarios (7.1 and 8.0) would be slightly increased (1 – 2 °F) in the driest 10 
percent of years with the greatest increase in September (Figure 11-35). Temperatures at Bend 
Bridge in about 20 percent of years in May, 30 percent of years in June, 40 percent of years in 
July, and 80 percent of years in August and September would exceed 56 °F (Figure 11-36). They 
would exceed 56 °F about 20 percent of years in October. The highest water temperatures of the 
year would occur in August through October during dry years as the cold-water pool is depleted. 
During the years when 56 °F cannot be maintained the cold-water pool storage in Shasta Reservoir 
would not be sufficient to maintain cool temperatures throughout the summer and decisions would 
have to be made as to how to allocate the available cool water throughout the warm weather 
period. Figure 11-37 shows that end of September storage would be reduced in the future 
compared to current operations in the drier 70% of years.  End of September storage would be 
below 1.9 million acre feet in about 10% of years in the future.  
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Figure 11-35. Water temperature exceedence at Balls Ferry under study 8.0 from CalSim-II and 
weekly temperature modeling results. 
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Seasonal Temperature Exceedence

38
40
42
44
46
48
50
52
54
56
58
60
62
64
66
68
70
72
74
76

1/1 1/22 2/12 3/5 3/26 4/16 5/7 5/28 6/18 7/9 7/30 8/20 9/10 10/1 10/22 11/12 12/3 12/24

M
e

an
 D

a
ily

 T
em

p
e

ra
tu

re
 (

˚F
)

Avg
Max
5%
10%
25%
50%
75%
90%
95%
Min

 

Figure 11-36. Water temperature exceedence at Bend Bridge under study 8.0 from CalSim-II flow 
and weekly temperature modeling results. 
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Figure 11-37. September storage in Shasta Reservoir.  Study 6.0 represents 2004 operations, study 
7.0 repesents current operations, 7.1 represents near future operations, and 8.0 represents future 
operations. 

Increased flows for the Trinity River restoration program have decreased the ability to maintain 
cool temperatures for winter-run Chinook and other species in the Sacramento River. The egg 
incubation lifestage requires the coolest water temperatures for Chinook salmon.  Therefore, 
operations strive to provide temperatures suitable for successful egg to fry survival.  Since 
temperature requirements are less stringent for later lifestages it is assumed that providing egg 
incubation temperatures in the controllable section of the Sacramento River will adequately protect 
the later lifestages.  Effects of water temperature on egg incubation are evaluated using the 
Reclamation water temperature related egg mortality model.  The model is described in Appendix 
L.  Figure 11-43 shows the average percent mortality of Chinook salmon eggs and pre-emergent 
fry in the Sacramento River through all years modeled based on water temperature while eggs are 
in the gravel. The model projects that water temperature related mortality would be slightly higher 
for all runs in the future (study 7.1 and 8.0) than under current operations (study 7.0). The greatest 
change in mortality would occur in critical year types and is greatest for spring–run.  Mortality 
would be higher under near future operations (Study 7.1) than under future operations (Study 8.0).   

During dry years only about one percent of winter–run eggs are projected to suffer mortality but in 
critically dry years about 10 to 15 percent would suffer mortality on average (Figure 11-39). This 
is an increase from 7 percent under current operations. Mortality would occur primarily in six of 
the years used in the modeling (Figure 11-40). The hydrological period contains twelve critically 
dry years, which is 15 percent of the years used in modeling.  
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During dry years about a 18 percent of spring–run eggs could suffer mortality under current 
operations and 23 percent under future operations (Figure 11-41). During critically dry years about 
49 percent mortality occurs for current operations (study 7.0) and about 65 percent in future 
scenarios.  

Higher egg mortality occurs for spring-run than for winter-run because temperature management 
in the Sacramento River focuses on the winter run spawning and egg incubation period. Eight 
years in the hydrological record would have spring-run egg mortality of over 50 percent (Figure 
11-42). Cold water is largely depleted by the end of the winter-run incubation period in these dry 
years, resulting in warmer water during spring-run Chinook egg incubation. A relatively small 
percentage of the total Central Valley spring–run population spawns in the mainstem Sacramento 
River. Therefore tradeoffs required to balance the cold water needs of winter-run Chinook and 
spring-run Chinook should continue to favor winter-run because the entire winter-run population 
spawns in the Sacramento River. The effects of changes in temperature patterns are of greater 
consequence to the winter-run population than to the spring-run population. 

The Sacramento River exhibits a range of daily temperature fluctuation depending on distance 
downstream from the dam and whether water comes out of Keswick during day or at night. The 
effect at Colusa (Figure 11-9 and Figure 11-10) compared to Balls Ferry (Figure 11-3 and Figure 
11-4) shows a greater daily temperature fluctuation upstream at Balls Ferry than downstream at 
Colusa. 
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Figure 11-38. Winter-run Chinook salmon spawning distribution through time relative to water 
temperature targets. 
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Figure 11-39. Winter run Chinook average egg mortality by water year type from Reclamation egg 
mortality model. Study 6.0 represents 2004 operations, study 7.0 represents current operations, 7.1 
represents near future operations, and 8.0 represents future operations. 
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Figure 11-40. Winter run Chinook egg mortality from Reclamation egg mortality model by year in 
hydrological record. Study 6.0 represents 2004 operations, study 7.0 represents current operations, 
7.1 represents near future operations, and 8.0 represents future operations. 
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Figure 11-41. Spring run Chinook egg mortality from Reclamation egg mortality model by water year 
type. Study 6.0 represents 2004 operations, study 7.0 represents current operations, 7.1 represents 
near future operations, and 8.0 represents future operations. 
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Figure 11-42. Spring-run Chinook egg mortality from Reclamation egg mortality model by year in 
hydrological record. Study 6.0 represents 2004 operations, study 7.0 represents current operations, 
7.1 represents near future operations, and 8.0 represents future operations. 
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Figure 11-43. Average yearly egg mortality from Reclamation egg mortality model between studies 
for all four runs in the Sacramento River.  Study 6.0 represents 2004 operations, study 7.0 
represents current operations, 7.1 represents near future operations, and 8.0 represents future 
operations. 

Salmod Modeling Results (Sacramento River Only) 

Salmod is a computer model that simulates the dynamics of freshwater salmonid populations. 
Salmod was applied to this project because previous reviews recommended a broader quantitative 
approach to the assessment than was provided by Reclamation’s salmon egg mortality model. 
Model documentation is included in Appendix P. Salmod was developed for the Trinity River and 
has been adapted for use on the Sacramento River with fish and habitat data specific to the 
Sacramento River. A thorough review and update of model parameters and techniques on the 
Klamath River enabled a smooth transfer of relevant model parameters to the Sacramento River 
(Bartholow, 2003). Salmod was modified from the original for the Shasta Lake Water Resources 
Investigation in response to concerns posed by DFG, and from the original version used for the 
Sacramento River, which was set for Keswick Dam to Battle Creek. The study area for the Salmod 
analysis covers a 53-mile stretch of the Sacramento River from Keswick Dam to just above the 
Red Bluff Diversion Dam (RBDD). Keswick Dam forms the upstream boundary of anadromous 
fish migration in the Sacramento River, and the RBDD marks the current downstream limit of 
habitat that has been consistently classified by mesohabitat type and evaluated by the USFWS to 
estimate flow versus habitat availability relationships (data needed to run the model). 

Results from SALMOD are best evaluated by examining the direction of change between 
operational scenarios rather than looking at absolute numbers of fish. Percent change from study 
7.0 to study 6.0, 7.1 and 8.0 are presented as a representation of magnitude of potential change.  
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Salmod Inputs 

Salmod was run using a spawning population of 8,591 winter run (the average escapement from 
1999-2006) and 1,000 spring run (Table 11-5). Input variables, represented as weekly average 
values, include streamflow from CalSim-II modeling results, water temperature from the 
Sacramento River daily model, and number and distribution of adult spawners from DFG aerial 
redd survey data. The study area is divided into individual mesohabitats (i.e., pool, riffle, and run) 
categorized primarily by channel structure and hydraulic geometry, but modified by the 
distribution of features such as fish cover. Habitat quality in all computational units of a given 
mesohabitat type changes similarly in response to discharge variation. 

Even though Salmod can simulate small numbers of fish, it is not prudent to do so. Because the 
model is deterministic, it relies on parameters that represent population means derived, or 
supported, by the "law of large numbers." When populations are low, mean responses are quickly 
affected by environmental stochasticity and individual variability, factors Salmod was not 
designed to address. The recent average escapement for spring run Chinook to the mainstem river 
was less than 500 adult spawners, which may be inappropriate because the number of spawners is 
low. The term "low" is arbitrary, but populations under 500 were identified as being too low for 
accurate results using Salmod. A starting adult population of 1,000 spring run was used. 

Table 11-5. Number and Distribution of Spawning Fish (Adult Male and Female) Incorporated into 
Salmod Model. 

Reach Fall-Run Late Fall-
Run 

Winter-
Run 

Spring-
Run 

California Department of Fish and Game (Grand Tab, 1999 – 
2006 Average Escapement broken down into spawning 
distribution from redd surveys)  

    

Keswick to ACID  6,658 4,725 3,591 43

ACID to Highway 44 Bridge  4,011 2,096 1,761 188

Highway 44 Bridge to Airport Road Bridge  7,175 3,123 3,041 324

Airport Road Bridge to Balls Ferry Bridge  12,405 2,507 163 174

Balls Ferry Bridge to Battle Creek  8,337 767 9 106

Battle Creek to Jellys Ferry Bridge  12,146 282 9 150

Jellys Ferry Bridge to Bend Bridge  8,789 130 17 14

Bend Bridge to Red Bluff Inundation Zone  5,044 67 0 0

Total Adult Spawners  64,565 13,697 8,591 1,000

Potential Eggs  154,955,000 32,865,000 12,369,000 2,400,000

 

Salmod Results 

Winter Run 
The main output from Salmod is the number of juvenile Chinook emigrating past Red Bluff. It is 
more useful to examine the change in production between operational scenarios than to look at 
absolute fish numbers for evaluating effects of water operations. Figure 11-44 shows that there is 
not much change between current and future operations during most years but in a few critically 
dry years, when cold water is limited, production is decreased by about 10 to 40 percent.  The 
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greatest reductions occur in under near future operations.  Starting with an escapement of 8,591, 
the number of juvenile winter Chinook emigrating remained relatively constant at around four 
million through most years. Years of low production were 1977, 1935, 1925, 1932, and 1992 
(Figure 11-45). These are critically dry year types when egg mortality due to water temperature 
would be high (Figure 11-46 and Figure 11-47). Study 7.1 experienced the lowest production 
during each of these dry years and study 7.0 generally had the highest production. Winter-run fry 
mortality due to water temperature occurred in the same years as egg mortality (Figure 11-48). 
Mortality of winter-run fry and presmolts due to habitat availability (space) fluctuated slightly but 
there were no outstanding years or operational scenarios that would appear to have exceptional 
population level effects (Figure 11-49 and Figure 11-50).   

Study 7.0 had higher presmolt mortalities in 1933 and 1978. The juvenile lifestage mortality was 
generally a small proportion of total passage past Red Bluff. There was little mortality of presmolts 
or immature smolts due to water temperature in any year under any of the scenarios.  

Juvenile Winter Chinook Production Change from Study 7.0, 
Escapement = 8,591
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Figure 11-44. Percentage change in juvenile winter-run Chinook production past Red Bluff of 
operational scenarios compared with the current scenario from the SALMOD model. Study 6.0 
represents 2004 operations, 7.0 represents current operations, 7.1 represents near future 
operations, and 8.0 represents future operations 
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Winter-run Chinook Juvenile Emigration Past Red Bluff, escapement = 
8,591
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Figure 11-45. Winter-run Chinook juveniles emigrating past Red Bluff by operational scenario, 1923-
2002 from SALMOD model. Study 6.0 represents 2004 operations, 7.0 represents current operations, 
7.1 represents near future operations, and 8.0 represents future operations. 

Winter Chinook Temperature Related Egg Mortality Percent Change 
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Figure 11-46. Percentage change in juvenile winter-run Chinook egg mortality in operational 
scenarios compared with the current scenario from the SALMOD model. Study 6.0 represents 2004 
operations, 7.0 represents current operations, 7.1 represents near future operations, and 8.0 
represents future operations 
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Winter-run Chinook Egg Mortality Due to Temperature, total potential 
eggs = 12,368,840
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Figure 11-47. Winter-run egg mortality due to water temperature by operational scenario with 
12,368,840 total potential eggs, 1923-2002 from SALMOD model. Study 6.0 represents 2004 
operations, 7.0 represents current operations, 7.1 represents near future operations, and 8.0 
represents future operations. 
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Figure 11-48. Winter-run Chinook fry mortality due to water temperature by operational scenario. 
Study 6.0 represents 2004 operations, 7.0 represents current operations, 7.1 represents near future 
operations, and 8.0 represents future operations. 
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Winter-run Chinook Fry Mortality Due to Habitat Limitations, escapement = 
8,591
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Figure 11-49. Winter-run Chinook salmon fry mortality due to habitat limitations by water 
operational scenario, 1923-2002 from SALMOD model. Study 6.0 represents 2004 operations, study 
7.0 represents current operations, 7.1 represents near future operations, and 8.0 represents future 
operations. 

Winter-run Chinook Presmolt Mortality Due to Habitat Limitations, 
escapement = 8,591
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Figure 11-50. Winter-run Chinook presmolt mortality due to habitat limitations by operational 
scenario, 1923-2002 from SALMOD model. Study 6.0 represents 2004 operations, 7.0 represents 
current operations, 7.1 represents near future operations, and 8.0 represents future operations. 
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Spring Run 
Figure 11-51 shows the percent change in spring-run Chinook production for study 6.0, 7.1 and 8.0 
compared with study 7.0. As with winter-run, the main differences are in the critically dry water 
years. The number of Sacramento River spring-run Chinook emigrating remained relatively 
constant at 800-900,000 through most years (Figure 11-52). Years of low production were 1932, 
1935, 1934, 1925, 1978, 1993, 1933, 1927, and 2002 (Figure 11-51). These are critically dry year 
types when egg mortality due to water temperature would be high (Figure 11-53). There were not 
major differences in mortality among the studies. Study 7.0 had the highest mortality in some 
years and study 7.1 and 8.0 were highest in others. Mortality of spring-run fry due to habitat 
availability (space) fluctuated slightly but there were no outstanding years or operational scenarios 
that would appear to have exceptional population level effects (Figure 11-54). The years of very 
low fry mortality were the ones when most of the mortality occurred to the eggs from high water 
temperature. There was no mortality of presmolts or immature smolts due to habitat availability.  
There was no mortality of fry, presmolts, or immature smolts due to water temperature in any year 
under any of the scenarios.  

Sacramento River Spring-run Percent Change in Production Compared 
to Study 7.0
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Figure 11-51.  Percentage change in juvenile spring-run Chinook production past Red Bluff of future 
operational scenarios compared with the current scenario from the SALMOD model. Study 7.0 
represents current operations, 7.1 represents near future operations, and 8.0 represents future 
operations. 
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Sacramento River Spring-run Chinook Juvenile Production Past Red 
Bluff, escapement = 1,000
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Figure 11-52. Juvenile Sacramento River Spring-run Chinook production emigrating past Red Bluff 
by operational scenario with 1,000 spawners, from Salmod model.  Study 6.0 represents 2004 
operations, 7.0 represents current operations, 7.1 represents near future operations, and 8.0 
represents future operations. 
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Figure 11-53. Sacramento River spring-run egg mortality due to water temperature by operational 
scenario with 2,400,000 total potential eggs, 1923-2002 from SALMOD model. Study 6.0 represents 
2004 operations, 7.0 represents current operations, 7.1 represents near future operations, and 8.0 
represents future operations. 
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Sacramento River Spring-run Chinook Fry Mortality Due to Habitat Limitations 
escapement = 1,000
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Figure 11-54. Spring-run Chinook salmon fry mortality due to habitat limitations by water 
operational scenario, 1923-2002 from SALMOD model. Study 6.0 represents 2004 operations, 7.0 
represents current operations, 7.1 represents near future operations, and 8.0 represents future 
operations. 

Interactive Object-Oriented Salmon Simulation (IOS) Winter-Run Life 
Cycle Modeling Results  

The IOS Winter-Run Life Cycle model was used to evaluate the influence of different Central 
Valley water operations on the life cycle of Sacramento River winter-run Chinook Salmon over an 
80 year period using simulated historical flow and water temperature inputs. The model was used 
to provide a quantitative estimate of project effects to lifestages other than that provided by the 
Reclamation egg mortality model and to provide a feedback loop from one cohort to the next 
which is not available in Salmod. The IOS model was seeded with 5,000 spawners for the first four 
years then allowed to cycle through multiple generations during years 1923-2002. Four runs of the 
IOS model were completed, each under a different water operation scenario: 1) Study 7.0, 2) Study 
6.0, 3) Study 7.1, and 4) Study 8.0. 

The effect of different water operation scenarios on the Sacramento River winter-run Chinook 
salmon population was evaluated by comparing abundance and survival trends at various life 
stages among the three runs of the IOS Model. The annual abundance of returning spawners and 
juveniles out-migrating past RBDD were reported for each model run. Trends in survival through 
time at various life stages were examined to explain patterns seen in yearly escapement under each 
water operation scenario. Average differences in winter-run survival between water operation 
scenarios were translated into average differences in annual escapement to better evaluate the 
potential impact each water operation scenario has on the winter-run abundance in the Sacramento 
River. Finally, predicted monthly spatial distribution of juvenile salmon during model runs was 
reported. 
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Model Settings 

Reach specific, daily CalSim-II discharge (CalSim-II monthly results disaggregated to daily) and 
daily HEC-5Q water temperature provided the basic inputs for model runs.  In addition, monthly 
average Delta conditions (inflow, exports, DCC operations, temperature) were provided by 
CalSim-II.  Most model settings and functional relationships were set as described in detailed IOS 
model documentation 
(http://www.fishsciences.net/projects/NODOS/winter_run_IOS_model_documentation.pdf).  
Other model settings were set specifically for this analysis and at constant values throughout the 
80-year run of the IOS model.  The use of constant values for parameters with little uncertainty or 
with lesser management significance is desirable because it simplifies the model and facilitates 
easier interpretation of results.  The RBDD and ACID dams were set to be “open” to allow adult 
spawners access to upstream spawning reaches.  Annual hatchery supplementation was set at zero.  
Adult harvest rates were set at approximate historical averages.  Age-3 and age-4 ocean harvest 
rate was set at 0.3 and 0.5, respectively.  In-river sport harvest was set at 0.10.  The first four years 
of the model run were each seeded with 5,000 adult spawners. 

Results 

Measures of winter-run Chinook salmon abundance increased through time under water operation 
scenario 7.0; ultimately ending near 45,000 adult spawners in 2002 (Figure 11-55).  Similarly, 
passage of juveniles past RBDD increased through time and ended around 14 million in 2002. 

Even with large inter-annual variations in winter-run escapement and juvenile RBDD, winter-run 
abundance appears to show a strong increasing trend through time under water operation scenarios 
6.0, 7.1, and 8.0 (Figure 11-55; Figure 11-56).  Winter-run abundance increased at a similar rate 
for all three alternative water scenarios until the late 1970’s when the escapement trend for study 
6.0 continued to increase, while the escapement levels for studies 7.1 and 8.0 seemed to level off 
(Figure 11-55; Figure 11-56).  For studies 7.1 and 8.0, winter-run abundance began at the initial 
spawner seeding level of 5,000 fish and slowly grew through time to end at approximately 35,000 
fish in 2002 (Figure 11-55).  For study 6.0, winter run abundance reached approximately 35,000 
fish in the late 1970’s and continued to increase to approximately 45,000 fish by 2002 (Figure 
11-55). 
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Figure 11-55. Annual winter-run Chinook salmon escapement under four OCAP water operation 
scenarios, 1923-2002 from IOS model.  Study 7.0 represents current operations, 6.0 represents 2004 
operations, 7.1 represents near future operations, and 8.0 represents future operations. 

 

Figure 11-56. Annual Passage of winter-run Chinook Salmon juveniles past Red Bluff Diversion Dam 
(RBDD) under four OCAP water operation scenarios, 1923-2002 from IOS model.  Study 7.0 
represents current operations, 6.0 represents 2004 operations, 7.1 represents near future 
operations, and 8.0 represents future operations. 
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Figure 11-57. Annual percent difference in juvenile survival from emergence to RBDD from water 
operation scenario 7.0 for water operation scenarios 6.0, 7.1, and 8.0, 1923-2002 from IOS model.  
Study 7.0 represents current operations, 6.0 represents 2004 operations, 7.1 represents near future 
operations, and 8.0 represents future operations. 

Annual differences in escapement from water operation scenario 7.0 follow different trends 
through time for each alternative water operation scenario (Figure 11-57).  For study 6.0, the 
annual percent difference in escapement from study 7.0 increased from zero to near 10% in the late 
1930’s, then fluctuated near 3% until 1990 when the escapement difference from study 7.0 began 
fluctuating above 10% and continued through 2002 (Figure 11-57).  For study 7.1, the annual 
percent difference in escapement from study 7.0 fluctuates wildly in the early years from -25% to 
+20%, stabilizes near 0% from 1948-1978, then decreases and fluctuates around -15% for the 
remainder of the model run (Figure 3).  For study 8.0, the annual percent difference in escapement 
from study 7.0 decreases to -30% by 1935, then rebounds and fluctuates around -8% until a large 
decrease in 1980 and fluctuation around -15% for the remainder of the model run (Figure 11-57).  
The annual differences from study 7.0 for studies 7.1 and 8.0 appear almost identical for years 
1980 to 2002 (Figure 11-57).  
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Figure 11-58. Annual percent difference in egg-fry survival from water operation scenario 7.0 for 
water operation scenarios 6.0, 7.1, and 8.0, 1923-2002 from IOS model.  Study 7.0 represents current 
operations, 6.0 represents 2004 operations, 7.1 represents near future operations, and 8.0 
represents future operations. 
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Figure 11-59. Annual percent difference in survival from emergence to RBDD from water operation 
scenario 7.0 for water operation scenarios 6.0, 7.1, and 8.0, 1923-2002 from IOS model.  Study 7.0 
represents current operations, 6.0 represents 2004 operations, 7.1 represents near future 
operations, and 8.0 represents future operations. 

 

Figure 11-60. Annual percent difference in survival from RBDD to the Delta from water operation 
scenario 7.0 for water operation scenarios 6.0, 7.1, and 8.0, 1923-2002 from IOS model.  Study 7.0 
represents current operations, 6.0 represents 2004 operations, 7.1 represents near future 
operations, and 8.0 represents future operations. 
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Figure 11-61. Annual percent difference in juvenile Delta survival from water operation scenario 7.0 
for water operation scenarios 6.0, 7.1, and 8.0, 1923-2002 from IOS model.  Study 7.0 represents 
current operations, 6.0 represents 2004 operations, 7.1 represents near future operations, and 8.0 
represents future operations. 

The observed phases in differences in annual escapement from study 7.0 for study 6.0 during the 
80-year model run as seen in Figure 3 may be a result of in-river survival trends of juveniles seen 
in Figure 11-59 andFigure 11-60.  The percent difference in survival from study 7.0 for study 6.0 
for fry emergence to RBDD passage and RBDD to Delta arrival show an increase in years 1932-
1934 (Figure 11-59; Figure 11-60).  Because 96 percent of returning spawners are age-3 it is likely 
that this increase in juvenile in-river survival resulted in the increased difference from study 7.0 
observed in adult escapement in the late thirties.  Likewise, the later increase in differences in 
juvenile in-river survival from study 7.0 from 1987 through the late nineties correspond to an 
increase in differences in adult escapement from study 7.0 for years 1990-2002 (Figure 11-57; 
Figure 11-59; Figure 11-60).  

The two observed differences in annual escapement from study 7.0 for studies 7.1 and 8.0 during 
the 80-year model run as seen in Figure 11-57 also appear to be predominantly a function of in-
river survival trends of juveniles seen in Figure 11-59 andFigure 11-60.  The percent differences in 
survival from study 7.0 for studies 7.1 and 8.0 for fry emergence to RBDD passage and RBDD to 
Delta arrival show a sudden, dramatic decrease in 1977 (Figure 11-59; Figure 11-60). Because 96 
percent of returning spawners are age-3 it is likely that this large difference in juvenile in-river 
survival resulted in the large difference observed in adult escapement in 1980 (Figure 11-57). 
Likewise, the long stable period in differences in juvenile in-river survival from study 7.0 prior to 
1977 correspond to a period of increasing stabilization in differences in adult escapement from 
study 7.0 during a similar time period (Figure 11-57; Figure 11-59; Figure 11-60). 
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However, unlike in-river juvenile survival, egg-fry survival and Delta survival do not appear to 
contribute strongly to the trend seen in the observed phases in differences in annual escapement 
from study 7.0 for studies 6.0, 7.1, and 8.0 during the 80-year model run (Figure 11-57;Figure 
11-58;Figure 11-61).  Despite large inter-annual variation, the percent differences in survival from 
study 7.0 for studies 6.0, 7.1, and 8.0 for egg-fry survival and Delta survival show no distinct trend 
through time (Figure 11-58; Figure 11-61). 

Table 11-6. Average survival proportions under four OCAP water operation scenarios and percent 
difference in average survival from study 7.0 for studies 6.0, 7.1, and 8.0, 1923-2002 fro IOS model.  .  
Study 7.0 represents current operations, 6.0 represents 2004 operations, 7.1 represents near future 
operations, and 8.0 represents future operations. 

  Study 7.0   Study 6.0  Study 7.1   Study 8.0 

Survival 
Avg. 

Survival   
Avg. 

Survival 
% 

Diff.  
Avg. 

Survival 
% 

Diff.   
Avg. 

Survival 
% 

Diff. 

Egg-Fry 0.273   0.2731 -0.1  0.2713 -0.8   0.2712 -0.8 

Emergence-RBDD 0.546   0.5472 0.3  0.5397 -1.1   0.5426 -0.6 

RBDD-Delta Arrival 0.3288   0.3289 0.0  0.3256 -1.0   0.3269 -0.6 

Delta 0.709   0.7104 0.3  0.7073 -0.2   0.7088 0.0 

Overall 0.0491   0.0492 0.1  0.0478 -2.7   0.0482 -1.8 

 

For study 6.0, the average survival values across all life stages and spatial locations were very 
similar to study 7.0 during the 80-year model run (Table 11-6).  The overall average survival (egg 
deposition to Bay arrival) was 0.1% higher for study 6.0 than study 7.0 (Table 11-6).  Studies 7.1 
and 8.0 had slightly lower average survival values across all life stages and spatial locations than 
study 7.0 (except Delta survival for study 8.0) during the 80-year model run (Table 11-6). 

We translated differences in average survival between study 7.0 and studies 6.0, 7.1 and 8.0 into 
average differences in the number of smolts entering the ocean and number of adult spawners to 
better evaluate the impact each water operation scenario may have on winter-run abundance in the 
Sacramento River. We found that study 6.0 produced on average 87,000 more smolts entering the 
ocean and ultimately 1,800 more adult spawners annually than study 7.0.  Study 7.1 produced on 
average 300,000 fewer smolts entering the ocean and ultimately 6,200 fewer adult spawners 
annually than study 7.0.  Study 8.0 produced on average 176,000 fewer smolts entering the ocean 
and ultimately 3,600 fewer adult spawners annually than study 7.0. 
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Figure 11-62. Annual winter-run Chinook salmon in-river survival (egg-Delta arrival) under four 
OCAP water operation scenarios, 1923-2002 from IOS model.  Study 7.0 represents current 
operations, 6.0 represents 2004 operations, 7.1 represents near future operations, and 8.0 
represents future operations.   

 

 

Figure 11-63. Annual winter-run Chinook salmon in-river survival (egg-Delta arrival) for water 
operation scenario 7.0 and its three components: 1) egg to fry, 2) fry emergence to RBDD, and 3) 
RBDD to Delta arrival, 1923-2002 from IOS model. 
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Figure 11-64. Annual winter-run Chinook salmon Delta survival under four OCAP operation 
scenarios, 1923-2002 from IOS model.  Study 7.0 represents current operations, 6.0 represents 2004 
operations, 7.1 represents near future operations, and 8.0 represents future operations.   
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    PRE-SMOLTS         

Location                         

Name RM Start RM End July Aug. Sep. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June 

Segment 1 302 271.3                 

Segment 2 271.3 243                 

Segment 3 243 220.4                  

Segment 4 220.4 171                   

Segment 5 171 46.5                   

Delta N/A N/A                         

               
               
     SMOLTS         

Location                         

Name RM Start RM End July Aug. Sep. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June 

Segment 1 302 271.3             
Segment 2 271.3 243             

Segment 3 243 220.4               

Segment 4 220.4 171                 

Segment 5 171 46.5                 

Delta N/A N/A                  

Ocean Entry N/A N/A                         

Figure 11-65. Monthly spatial distribution of winter-run Chinook salmon pre-smolts and smolts in the IOS Winter-Run Life Cycle Model 
during OCAP Biological Assesment model runs from IOS model.  
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Discussion 

We observed an increasing trend in winter-run escapement through time for all four water 
operation scenarios.  Although trends in escapement were similar for all studies, by the end of the 
80-year model run escapement was higher for studies 7.0 and 6.0 than studies 7.1 and 8.0.  It 
should be noted that escapement trends are sensitive to factors external to OCAP related 
environmental conditions. For example, increased harvest rate or loss of winter run hatchery 
contribution could easily lead to a different population trajectory. In evaluating effects of the 
proposed actions, differences between the four studies rather than absolute trends should be 
examined. 

We found that study 6.0 produced on average 87,000 more smolts entering the ocean annually than 
study 7.0.  Increased smolt production led to an average annual escapement increase of 
approximately 1,800 adult winter-run Chinook in years 1923-2002 for study 6.0.  While studies 7.1 
and 8.0 annually produced on average 300,000 and 176,000 fewer smolts than study 7.0, 
respectively.  For studies 7.1 and 8.0, reduced smolt production led to an average annual 
escapement reduction of approximately 6,200 and 3,600 adult spawners, respectively. 

Study 6.0 survival proportions across all life stages and spatial locations were almost identical to 
those observed in study 7.0.  Increased abundance of smolts and spawning adults in Study 6.0 
apparently results from slightly improved in-river juvenile survival.  Unlike studies 7.1 and 8.0 
(discussed below), water year type doesn’t appear to be driving the differences in survival between 
study 6.0 and 7.0. 

Differences between study 7.0, and studies 7.1 and 8.0 appears to be driven largely by decreased 
in-river survival among juveniles during critically dry water years. The year with the largest 
difference in juvenile in-river survival between 7.0 and studies 7.1 and 8.0 was 1977.  Adult 
escapement in 1980, 3 years later, exhibits the largest difference in adult abundance between study 
7.0 and studies 7.1 and 8.0.  1977 is the most critically dry water year during the 80-year period of 
1923-2002 (Table of Water Year Type).  Our results suggest that winter-run abundance may 
exhibit a greater sensitivity to critically dry water years under water studies 7.1 and 8.0 relative to 
7.0. 

Conclusion 

The IOS model was designed to serve as a quantitative framework for estimating the long-term 
response of Sacramento River Chinook populations to changing environmental conditions (e.g. 
river discharge, temperature, habitat quality at a reach scale). Life cycle models are well-suited for 
such evaluations because they integrate survival changes at various life stages, across multiple 
habitats, and through many years.  

In applying the IOS winter run Chinook model to predicted environmental conditions under four 
alternative operational scenarios, we found that escapement increased for all four studies.  
Escapement for study 6.0 was similar to study 7.0 throughout the 80-year model run, with average 
annual escapement slightly higher for study 6.0 (Figure 11-57).  However, escapement for studies 
7.1 and 8.0 was typically lower than study 7.0 by approximately 15 percent (Figure 11-57). 
Winter-run Chinook salmon abundance demonstrated considerable sensitivity to critically dry 
water years for studies 7.1 and 8.0 relative to study 7.0. The primary mechanism for this observed 
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difference appears to have been reduced survival of juvenile winter-run during critically dry water 
years for studies 7.1 and 8.0.   

While differences in survival between operational scenarios were seemingly minimal, (e.g. 
seeTable 11-6), the IOS model effectively integrates these incremental effects over many salmon 
generations. This long-term, life cycle approach indicates that episodic reduction in juvenile 
survival (particularly in critically dry years) leads to an average annual reduction of 6,200 adult 
spawners for 7.1 and 3,600 for 8.0 (relative to study 7.0).  The effect of this reduced escapement 
through an 80-year period of simulation is sensitive to effects external to the proposed action. For 
example, increased harvest rate or loss of winter run hatchery supplementation would exacerbate 
the effects reported here.  

In evaluating effects of the proposed actions, differences between the four studies should be 
favored over analysis of absolute trends. It should also be noted that IOS model results reported 
here do not include confidence intervals or other measures of uncertainty. As such, quantitative 
results should be interpreted cautiously, with preference given to general trends rather than 
specific, numeric values. 

Red Bluff Diversion Dam 

Reclamation plans to continue the current May 15-September 15, gates lowered period at RBDD 
under current and near future operations and extend to a ten month gates out period under future 
operations. The gates will be in a closed position during the tail end of the winter–run upstream 
migration and during much of the upstream migration season for spring–run. Approximately 15 
percent of winter–run and 70 percent of spring–run that attempt to migrate upstream past RBDD 
may encounter the closed gates (TCCA and Reclamation 2002). This is based on run timing at the 
fish ladders (ie. after the delay in migration has occurred) when the gates were lowered year round 
so a delay is built into the run timing estimate. The percentage, especially for winter-run Chinook 
is likely lower than 15 percent. Over 90 percent of the spring–run population spawns in tributaries 
downstream of RBDD. Most of the spring–run that do pass RBDD pass before May 15. The 
downstream tributary runs never encounter the gates. When the gates are closed, upstream 
migrating Chinook salmon have to use the fish ladders to get past RBDD. Vogel et al (1988) found 
the average time of delay for fish passing through RBDD was three to13 days depending on the 
run. Spring–run had the highest average delay but that mean value was influenced by a single fish 
that stayed downstream of the dam for 50 days. Recent radio tagging data indicate an average 
delay of 21 days (TCCA and Reclamation 2002). Winter-run consistendly experienced the greatest 
delays, likely due to the higher winter discharge rates making fish ladder entrances harder to find. 
Delay for spring-run Chinook was influenced by the fact that the area below RBDD is a suitable 
over-summering habitat in normal and wetter years. Spring-run tend to “hole up” and hang out for 
long periods of time during the pre-spawning season in the summer months. Although studies have 
shown that fish do not immediately pass the fish ladders, the extent that delayed passage affects 
ultimate spawning success is unknown. Some Chinook immediately pass RBDD when they arrive.  
For example, in 2008, 18, 36, and 14 Chinook salmon passed the fish ladders on May 15, 16, and 
17 respectively, after the gates were lowered on May 15.  The five year average is passage of 219 
Chinook on those days (Red Bluff Fish and Wildlife Office fish passage monitoring data).   

Average monthly water temperatures at Red Bluff would be maintained at suitable levels for 
upstream migrating and holding Chinook through July of all years (Figure 11-66). Fish delayed by 
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RBDD should not suffer high mortality due to high temperatures unless warmer than average air 
temperatures warm the water significantly above the monthly average temperatures predicted by 
the model. Average monthly water temperatures during August and September could be greater 
than 60 °F in about 10 percent of years.  Study 7.1 shows the highest temperature in these 10% of 
years. During these years delays at RBDD would be more likely to result in mortality or cause 
sufficient delay to prevent migration into tributaries.  The lower reaches of small tributaries can 
become too warm for salmon passage in mid-summer of some years. Effects to fish from warmer 
temperatures later in the summer when they are delayed below the dam would affect primarily 
fall–run fish. This is much less of a problem since the installation of the Shasta temperature control 
device. Elevated temperatures downstream of RBDD were the big problem for delayed fish prior 
to improvements in temperature control capability. The proportion of the spring–run and winter–
run populations that encounter closed gates is small so effects of delays at RBDD during these dry 
years would not be as great as the population effect of higher than optimal spawning and 
incubation temperatures in critically dry years.  

The ten month gates out period under future operations would extend from Labor Day to July 1 
with a seven day closure over Memorial Day. This period would eliminate the potential migratory 
delay to upstream migrating spring-run Chinook salmon and winter-run Chinook salmon, 
improving migratory conditions for a small proportion of the adult winter-run population and the 
proportion of the spring-run population that utilizes habitats upstream of RBDD (about 10% of the 
Central Valley spring-run population). 

The spring–run population upstream of RBDD has not exhibited patterns of abundance similar to 
the tributaries from what appears to have been a down cycle that should have ended shortly after 
the by-passes at Shasta Dam for temperature control began (1987) and shortly before the full eight 
months gates out operation began (1995). During this same period, spring–run downstream of the 
RBDD have increased about 20 fold, suggesting that some upstream event other than the RBDD 
operations have caused the decline in the spring–run population (TCCA and Reclamation 2002). 
This may be an artifact of a change in sampling protocols, but remains an unknown. It is also 
possible that some spring-run destined for the upper Sacramento River get delayed at RBDD so 
head back downstream and enter tributaries to spawn. 

Early migrating steelhead encounter the lowered gates at RBDD. Approximately 84 percent of 
adult steelhead immigrants pass RBDD during the gates-out period based on average run timing at 
RBDD. Although the historical counts of juvenile steelhead passing RBDD do not differentiate 
steelhead from resident rainbow trout, approximately 95 percent of steelhead/rainbow trout 
juvenile emigrants pass during the gates-out period based on historical emigration patterns at 
RBDD (DFG 1993, as summarized in FWS 1998). Effects of RBDD operation on steelhead run 
timing would be unchanged from the current condition. About 16 percent of steelhead would still 
be delayed until the future gate operations are implemented when the gates would come out a week 
or two earlier. Because this is the early part of the steelhead run, well before the spawning period, 
and temperatures are generally suitable for holding below RBDD we believe that steelhead that do 
not use the ladders hold successfully until the gates are raised and the continue their upstream 
migration.  No mortality to adult steelhead is expected to occur due to gate operations. 

Fry, juveniles, and smolts that pass RBDD when the gates are lowered are more susceptible to 
predation below the gates because pike minnows and striped bass congregate there. The predation 
situation at RBDD has improved since gate operations were changed so that not as many predator 
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species now stop at RBDD during their upstream migrations (CH2M Hill 2002). The predation 
situation as it is now would likely continue through near future operations but under the 10 month 
gates out period the amount of time predators would be attracted to the gates in place situation 
would be reduced by 58 percent.  
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Figure 11-66. Water temperature exceedence at Red Bluff under study 8.0 from CalSim-II and weekly 
temperature modeling results. 

Green Sturgeon 

The Sacramento River provides spawning, adult holding, foraging, and juvenile rearing habitat for 
green sturgeon. Specific spawning areas have not been identified but some do spawn upstream of 
Red Bluff Diversion Dam as evidenced by catches of green sturgeon in rotary screw traps at 
RBDD. Acoustically tagged green sturgeon were detected upstream of RBDD in 2007. Green 
sturgeon water temperature requirements are less stringent than winter-run Chinook salmon. Water 
temperatures greater than 63 ºF can increase mortality of sturgeon eggs and larvae (PSMFC 1992). 
Effects to green sturgeon life stages in the Sacramento River are believed to be covered by 
operating to target water temperatures for winter-run Chinook. During the green sturgeon 
incubation period, temperatures at Hamilton City, about 100 miles below Keswick Dam, would be 
maintained below 63 °F. Water temperatures are not likely to adversely affect green sturgeon in 
the reaches of the river where temperature control operations are most effective. 
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Green sturgeon upstream spawning migrations occur near the time the Red Bluff gates are lowered 
for the summer irrigation season on May 15. The gates of the dam are lowered during the last third 
of the spawning period. Most sturgeon make it past before gate closure but some do get blocked 
and congregate downstream of the dam as occurred in May of 2007 and 2008.  During an 
emergency closure to meet high irrigation demands, ten green sturgeon carcasses were found 
downstream of RBDD between May 18 and early June in 2007. These sturgeon may have been 
killed when they attempted to pass downstream past the dam but were lodged in gate openings of a 
smaller height than the depth of their bodies. Reclamation worked with other agencies to review 
the gate operation protocol to reduce this type of effect. The new protocol is for all gates in 
operation to be open to a minimum height of 12 inches to reduce the possibility of injury should 
adult green sturgeon pass beneath the gates. There would still be turbulence below the gates after 
passage that could injure sturgeon, but the chance for impingement in the gates when sturgeon are 
swept under by high velocities is reduced.  The gates would still pose a barrier to upstream 
migrating green sturgeon because velocities under the gates are too high for sturgeon passage.  
White sturgeon passage through fish ladders on the Columbia River has been documented (Parsley 
et al 2007) but none has been documented at the Red Bluff ladders.  Sturgeon that are blocked 
would need to spawn in habitats downstream of the dam.  Green sturgeon have been documented 
holding and spawning in large pools downstream of RBDD.  Reclamation tracked acoustically 
tagged green sturgeon during 2007 and identified three that passed the gates during the gates 
closed period (Table 11-7). This was prior to the time the new 12-inch minimum gate opening 
protocol was developed. The new protocol should reduce the chance of injury to adult green 
sturgeon in the future. The chance of injury would be reduced because the body depth of green 
sturgeon is less than 12 inches.  They may be swept under the gates in the high velocity water but 
should not become stuck due to gate opening height being too small.  Monitoring is underway to 
better quantify effects of RBDD on adult green sturgeon. Numerous adult green sturgeon were 
present in the river during 2008 monitoring and no gate related mortality has been detected to at 
least the end of July.  We conclude the new protocol will reduce adverse effects on adult green 
sturgeon. 

The ten month gates out period in the future will remove the barrier to upstream migrating green 
sturgeon and remove the potential for injury to a majority the downstream migrating adult green 
sturgeon.  

Table 11-7. Acoustic tagged adult green sturgeon that passed downstream under the RBDD gates in 
2007 and height of opening under gates in feet. 
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Red Bluff Research Pumping Plant 

The Red Bluff Research Pumping Plant will continue to be operated to supply water to the 
Tehama-Colusa and Corning Canals when the RBDD gates are raised. Reclamation monitors fish 
entrainment at the downstream side of three of the four pumps in operation. The fourth pump 
which was installed in the spring of 2006 has no infrastructure for monitoring entrainment. We 
used this entrainment data for the three previous existing pumps to estimate total entrainment since 
operation and monitoring of the pumps began in 1997. Data on amount of pumping time for all 
four pumps and amount of time entrainment monitoring occurred was summed each year to 
determine the proportion of the time entrainment was monitored. The sum of fish entrained was 
divided by proportion of pumping time that monitoring occurred to estimate total entrainment each 
year. Table 11-8, Table 11-9, and Table 11-10 show the estimates of entrainment and mortality of 
winter-run, spring-run, and steelhead respectively. Chinook were assigned to runs based on size at 
age data. Borthwick and Corwin (2001) found that the average mortality of Chinook salmon 
entrained through the pumps was 0.9 percent during short trials so this percentage was used to 
estimate mortality for each year. Higher mortality occurs when entrainment is monitored for longer 
periods of time (eg 24 hours) but this is due to the presence of sampling gear and the entrainment 
of debris in the holding tanks which does not occur during normal pumping operations. Future 
pumping operations with all four pumps will be similar so we expect a similar range of fish 
entrainment and mortality as occurred in 1997 through 2007. Entrainment will vary with the 
population of fish in the river. Fish that pass through the pumps return to the river through the 
same passage used by fish diverted from the canal when RBDD gates are lowered.  

Four juvenile sturgeon have been captured since monitoring began. These occurred in May and 
June of 1997 (2 sturgeon), 1998, and 1999. These were all captured alive. Due to the low number 
captured no estimate of total sturgeon entrainment was made. Future impacts of the pumps to 
green sturgeon are likely to be similarly low. 

It should be noted that during the initial years of pump evaluations the pumps were run during the 
winter when water is generally not being diverted to supply the water needs of the Tehama-Colusa 
and Corning canals. Pumps will generally not be run during times of the year when water is not 
needed to supply the canals. They would only be run to conduct additional effects evaluations but 
none are currently planned. 

Borthwick and Corwin (2001) estimated the proportion of fish in the river that were diverted 
compared to the proportion of water diverted. The proportion of fish diverted was consistently less 
than the proportion of river flow diverted and was similar to the results of Hanson (2001). This is 
likely due to the location of the pump intakes which are near the bottom of the river. 
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Table 11-8. Estimated entrainment and mortality of winter-run sized Chinook salmon at Red Bluff 
Pumping Plant pumps. 

Winter Run sized fish
Month

1 2 4 7 8 9 10 11 12 Total Mortality
1997 0 2 0 0 0 400 304 149 6 862 8
1998 0 0 2 25 161 753 227 17 0 1,186 11
1999 0 0 0 0 0 330 295 5 0 630 6
2000 0 0 0 0 0 144 148 0 0 292 3
2001 7 0 0 0 0 751 731 0 0 1,488 13
2002 0 0 0 0 0 544 719 0 0 1,262 11
2003 0 0 0 0 0 1,558 981 0 0 2,539 23
2004 0 0 0 0 0 2,886 232 0 0 3,119 28
2005 0 0 0 0 0 2,123 1,381 0 0 3,504 32
2006 0 0 0 0 29 2,984 1,809 0 23 4,845 44
2007 0 0 0 0 0 329 105 22 0 456 4

Total 7 2 2 25 190 12,803 6,931 194 30 20,184 182  

 

Table 11-9. Estimated entrainment and mortality of spring-run sized Chinook salmon at Red Bluff 
Pumping Plant pumps. 

Spring Run sized fish
Month

1 2 3 4 5 10 11 12 Total Mortality
1997 0 2 4 243 0 0 115 290 654 6
1998 2 0 21 2 0 6 25 0 57 1
1999 5 0 5 0 0 3 0 0 13 0
2000 117 0 19 47 4 0 0 0 187 2
2001 0 0 0 75 0 0 0 0 75 1
2002 0 0 0 87 0 0 0 0 87 1
2003 0 0 0 6 0 112 0 0 118 1
2004 0 0 0 70 0 0 0 0 70 1
2005 0 0 0 271 15 5 0 0 291 3
2006 0 0 0 0 0 12 0 17 29 0
2007 7 22 37 247 15 7 150 0 486 4

Total 133 27 90 1,052 38 155 301 319 2,115 19  
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Table 11-10. Estimated entrainment and mortality of steelhead at Red Bluff Pumping Plant pumps. 

Steelhead
Month

1 2 3 4 5 6 7 8 9 10 11 Total Mortality
1997 0 11 0 4 4 6 2 4 9 2 15 57 1
1998 47 0 6 0 2 4 2 13 4 2 0 81 1
1999 0 3 5 0 8 3 3 0 33 0 0 54 0
2000 171 0 4 4 0 0 0 0 0 0 0 179 2
2001 0 0 0 41 48 0 0 0 0 7 0 96 1
2002 0 0 0 40 0 0 0 0 0 7 0 47 0
2003 0 0 0 12 12 0 0 0 12 12 0 50 0
2004 0 0 0 19 0 0 0 0 14 5 0 37 0
2005 0 0 0 24 73 0 0 0 0 0 0 97 1
2006 0 0 0 0 151 0 0 6 12 0 0 169 2
2007 0 52 0 30 15 0 0 0 7 0 7 112 1

Total 218 66 15 175 313 13 7 23 92 35 22 978 9  

It is concluded that future operation of the pumps will continue to have the same level of effect on 
entrainment. 

Estimated Loss from Unscreened Diversions on the Sacramento River 

Hansen (2001) studied juvenile Chinook salmon (mean length = 102 mm) entrainment at 
unscreened diversions during June at the Princeton Pumping Plant (river mile 164.4) and at the 
Wilkins Slough Diversion (river mile 117.8). The Princeton Pumping Plant has a peak diversion 
capacity of 290 cfs through four 36 inch diameter pipes and one 30 inch diameter pipe. 
Maintenance flows are typically 120 to 180 cfs. He found that the percent of the released hatchery 
Chinook salmon entrained was 0.05 to 0.07 times the percent of the Sacramento River flow 
diverted for the two sites respectively. We use an average of percent of juveniles diverted to be 
0.06 times the percentage of the Sacramento River flow diverted for calculating entrainment into 
unscreened diversions. We used the average juvenile Chinook salmon (for each run) and rainbow 
trout (resident and anadromous forms not differentiated) passage past Red Bluff Diversion Dam 
(Martin et al 2001 and Gaines and Martin 2002) for the brood years 1995 through 1999 as the 
number and timing of winter run present in the Sacramento River. All of the 123 unscreened 
diversions (not counting those in the process of being screened) are downstream of Red Bluff 
Diversion Dam (RBDD). Average Sacramento River flow at Red Bluff from CalSim-II modeling 
study number eight was used for the river flow past the diversions. We did not calculate a separate 
estimate for each study because the calculation is not precise enough to logically separate out 
differences in number of fish diverted from the similar Sacramento River flows between studies. 
Many diversions on the Sacramento River are located over 100 miles downstream of Red Bluff 
Diversion Dam. There is some unquantified mortality that occurs within this reach and a timing 
delay between the time fish pass RBDD and when they reach the diversions. This unquantified 
mortality and timing delay was not factored into this anlaysis.  

Timing and quantity of diversions was based on the monthly average of historic diversions from 
Sacramento River contractors with currently unscreened diversions, 1964 through 2003 (Table 
11-11). 
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Table 11-11. Timing and quantity of diversions based on past averages.* 

Sacramento Diversion Timing
Project Base

Percent amount, acre-ft cfs Percent amount, acre-ft cfs
April 0.0% 20 0 11.9% 40,475 680
May 0.0% 3 0 27.0% 91,460 1,487
June 8.8% 11,264 189 26.9% 91,252 1,534
July 34.7% 44,310 721 18.6% 63,030 1,025
August 44.5% 56,845 924 11.0% 37,348 607
September 11.7% 14,922 251 2.2% 7,450 125
October 0.3% 364 6 2.4% 8,124 132  

*Project diversions are the amounts of water diverted under contract with Reclamation. Base 
diversions are water rights diversions not associated with Reclamation. 

 

Average summer water temperatures may be somewhat suitable down to Butte City. They are 
projected to average about 67 °F in June through August. Seventeen diversions are between RBDD 
and Butte City and probably pose the highest risk to winter-run based on location and timing of 
diversions. 

Juvenile salmonid passage by run past RBDD is in Table 11-12 below. 
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Table 11-12. Timing and passage of juvenile salmonids past Red Bluff Diversion Dam. The line “% of 
year total” refers to the percent of the fish for the entire year that pass RBDD during that month. 

Juvenile Emigration Data, Sacramento River at RBDD
Numbers of winter-run Chinook salmon passing RBDD by month, Martin et al 2001.
Brood Year April May June July Aug Sep Oct Total
BY 95 236 0 0 751 81,804 1,147,684 299,047 1,529,522
BY 96 1,378 272 0 903 18,836 228,197 24,226 273,812
BY 97 732 0 0 18,584 134,165 925,284 410,781 1,489,546
BY 98 1,754 262 0 184,896 1,540,408 2,128,386 404,275 4,259,981
BY 99 1,092 375 0 8,186 91,836 404,378 163,482 669,349
Average 1,038 182 0 42,664 373,410 966,786 260,362 1,644,442
% of year total 0.1% 0.0% 0.0% 2.2% 19.5% 50.4% 13.6% 85.7%

Numbers of fall-run Chinook salmon passing RBDD by month, Gaines and Martin 2002.
Brood Year April May June July Aug Sep Oct Total
BY 94 4,172,651 672,926 194,843 42,564 21,463 12,976 2,125 5,119,548
BY 95 692,012 340,490 143,832 82,885 19,634 3,906 721 1,283,480
BY 96 600,977 198,705 264,400 111,830 41,309 6,287 385 1,223,893
BY 97 2,667,508 200,945 588,586 265,092 97,305 5,958 0 3,825,394
BY 98 471,158 826,624 767,144 613,884 181,162 49,401 683 2,910,056
Average 1,720,861 447,938 391,761 223,251 72,175 15,706 783 2,872,474
% of year total 8.8% 2.3% 2.0% 1.1% 0.4% 0.1% 0.0% 14.7%

Numbers of late fall-run Chinook salmon passing RBDD by month, Gaines and Martin 2002.
Brood Year April May June July Aug Sep Oct Total
BY 94
BY 95 65,895 15,975 1,688 1,974 5,213 10,061 7,295 108,101
BY 96 13,698 3,450 1,283 2,390 2,762 4,445 5,133 33,161
BY 97 19,909 8,071 14,037 29,711 47,684 32,880 12,632 164,924
BY 98 241,824 59,444 34,077 32,281 94,981 47,958 20,998 531,563
BY 99 131,113 63,611 16,968 56,119 110,316 79,303 49,215 506,645
Average 94,488 30,110 13,611 24,495 52,191 34,929 19,055 268,879

Numbers of spring-run Chinook salmon passing RBDD by month, Gaines and Martin 2002.
Brood Year April May June July Aug Sep Oct Total
BY 94
BY 95 49,304 6,105 0 0 0 0 9,056 64,465
BY 96 136,766 3,889 404 99 0 0 491 141,649
BY 97 70,874 10,762 482 0 0 0 1,207 83,325
BY 98 20,608 3,004 110 129 0 0 26,394 50,245
BY 99 281,808 19,374 466 20,414 322,062
Average 111,872 8,627 292 57 0 0 11,512 132,349
% of year total 21.7% 1.7% 0.1% 0.0% 0.0% 0.0% 2.2% 25.7%

Numbers of O.mykiss passing RBDD by month, Gaines and Martin 2002.
Brood Year April May June July Aug Sep Oct Total
BY 94
BY 95 5,626 39,102 2,541 2,230 22,418 34,485 1,400 107,802
BY 96 2,524 4,412 3,098 1,342 8,012 34,164 3,109 56,661
BY 97 8,183 6,796 4,951 3,686 5,282 1,758 632 31,288
BY 98 5,083 11,632 4,777 3,647 12,889 10,432 1,156 49,616
BY 99 1,571 8,040 4,465 5,092 12,810 11,605 1,146 44,729
Average 4,597 13,996 3,966 3,199 12,282 18,489 1,489 58,019  
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Number of fish diverted was calculated for each of the 123 unscreened diversions and then the fish 
numbers summed for an overall entrainment estimate. No specific information on the configuration 
of the diversion points relative to fish habitat was used in the entrainment estimates. Only the 
amount of water diverted by month was used. Entrainment separated out between project water 
supply diversions and base water supply diversions. The project water diversions are the ones 
under contract with Reclamation. Base supply is water rights water. Entrainment for the diversions 
upstream of Butte City is estimated to be 86 winter run from the project supply and 23 winter run 
from the base supply. This is the primary area where pumping occurs when winter run are likely to 
be present in the vicinity of the pumps because water temperatures are suitable. Water 
temperatures at the diversion sites may be warm for salmonids (Figure 11-67) during the summer 
months but this was not figured into the analysis. Past water temperature information at the sites 
was not available. 

O. mykiss use slightly different habitats than Chinook so the past entrainment monitoring of 
Chinook is probably not that representative of O. mykiss, but we used it in the absence of other 
data. We expect that steelhead would be diverted at a lower rate than Chinook salmon because 
diversions are often in slack water areas where steelhead are less inclined to inhabit than Chinook. 

Sacramento River Temperatures, 2003 Diversion 
Season
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Figure 11-67. Water temperatures at Sacramento River temperature monitoring stations. 

Total winter run entrainment for all diversions assuming timing of fish presence is the same in the 
lower river as at RBDD is estimated to be 4,455 from project pumping and 2,985 from base supply 
pumping, for a total of 7,440 winter run (Table 11-13). This is very likely an over estimate because 
the lower river is too warm through much of the summer for juvenile salmon rearing. The 
estimated entrainment contains six older juveniles (April through June), all from base water 
deliveries. The rest are fry entrained during July through October. One diversion at approximately 
river mile 88 accounted for 65 percent of the entrainment estimate. 
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The total estimated entrainment into unscreened diversions represents 0.37 percent of the estimated 
winter run juvenile passage past RBDD.  

Spring run entrainment for all diversions is estimated to be 537 individuals with one from project 
water diversions and 536 from base diversions. 98 percent of the spring run diverted are estimated 
to be older juveniles occurring in April, May, and June. 

An estimated 393 of O.mykiss would be entrained with 32 percent of them from project supply. 

Table 11-13. Estimated entrainment of salmonids in unscreened diversions in the Sacramento River. 
Project water refers to water supplied by Reclamation and base water is water rights water. 

Sac Flow @ Red Bluff, cf 10,404 9,435 11,110 13,082 9,683 6,730 7,013
Project Water April May June July August September October Total
% of flow diverted 0.0% 0.0% 1.7% 5.5% 9.5% 3.7% 0.1%
% of fish diverted 0.0% 0.0% 0.1% 0.3% 0.6% 0.2% 0.0%
Number of Fish Entrained
Winter Run 0 0 0 141 2,139 2,162 13 4,455
Spring Run 0 0 0 0 0 0 1 1
O. mykiss 0 0 4 11 70 41 0 126
Fall Run 3 0 400 738 413 35 0 1,590
Late Fall Run 0 0 14 81 299 78 1 473
Base Water

April May June July August September October
% of flow diverted 6.5% 15.8% 13.8% 7.8% 6.3% 1.9% 1.9%
% of fish diverted 0.4% 0.9% 0.8% 0.5% 0.4% 0.1% 0.1%
Number of Fish Entrained
Winter Run 4 2 0 201 1,405 1,079 294 2,985
Spring Run 439 82 2 0 0 0 13 536
O. mykiss 18 132 33 15 46 21 2 267
Fall Run 6,750 4,237 3,245 1,050 272 18 1 15,572
Late Fall Run 371 285 113 115 196 39 22 1,140
Total (Project + Base)

April May June July August September October
% of flow diverted 6.5% 15.8% 15.5% 13.3% 15.8% 5.6% 2.0%
% of fish diverted 0.4% 0.9% 0.9% 0.8% 0.9% 0.3% 0.1%
Number of Fish Entrained
Winter Run 4 2 0 342 3,545 3,241 308 7,440
Spring Run 439 82 3 0 0 0 14 537
O. mykiss 18 132 37 26 117 62 2 393
Fall Run 6,754 4,237 3,645 1,788 685 53 1 17,162
Late Fall Run 371 285 127 196 495 117 23 1,613  

Green Sturgeon at Sacramento River Sites 

We estimated potential take of green sturgeon by examining screw trap catches of sturgeon at 
GCID and RBDD (Table 11-14, Table 11-15, and Figure 11-68). Most of the sturgeon captured in 
these traps are young of the year and too small to identify to species. Based on a sample of these 
sturgeon that have been raised to an identifiable size they appear to be mostly green sturgeon. 
White sturgeon spawn mostly downstream of GCID. The GCID screw trap at river mile 205 is the 
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closest to many of the diversions so the catches from that trap were used to estimate potential 
entrainment. This screw trap has not been calibrated for expanding catch to total passage. We used 
an efficiency of 0.5 percent at the GCID screw trap for green sturgeon.  

The total estimated entrainment of green sturgeon is 199 green sturgeon (Table 11-16). We used 
0.06 times the percentage of the Sacramento River flow diverted (same as for Chinook) as the 
percentage of the green sturgeon that would be entrained when passing the monitored diversion 
sites. This estimate is largely dependent on an unknown screw trap efficiency and percentage of 
sturgeon diverted relative to flow diverted. 

Table 11-14. Rotary screw trap catches of sturgeon at GCID, 1994-2005. 

Sturgeon in CDF&G Screw Trap at GCID
1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 Average Median Std Dev

January 0 0 0 0 0 0 0 1 0 0 0 0 0.1 0.0 0.3
February 0 0 0 0 0 0 0 0 0 0 0 0 0.0 0.0 0.0
March 0 0 0 0 0 0 0 0 0 0 0 0 0.0 0.0 0.0
April 0 0 0 0 0 0 0 0 0 0 0 0 0.0 0.0 0.0
May 0 0 113 27 0 0 1 3 8 0 1 0 12.8 0.5 32.5
June 12 20 10 126 0 23 13 13 1 4 3 5 19.2 11.0 34.4
July 6 205 180 52 0 214 18 16 0 3 1 23 59.8 17.0 85.9

August 0 77 109 24 0 52 2 1 0 1 0 4 22.5 1.5 37.0
September 1 4 2 3 0 1 0 0 0 1 0 1 1.1 1.0 1.3
October 0 0 1 4 0 1 1 0 0 0 1 0 0.7 0.0 1.2

November 2 0 0 1 0 0 0 0 0 0 0 0 0.3 0.0 0.6
December 2 1 5 0 0 0 0 0 0 0 0 0 0.7 0.0 1.5

Total 23 307 420 237 0 291 35 34 9 9 6 33 117.0 33.5 151.2 

 

Table 11-15. Sturgeon captured at RBDD rotary screw traps 

Sturgeon Captured at RBDD Screw Traps 

Year Months Captured # of Sturgeon 

1995 June - August 1364

1996 May - August 410

1997 May - July 354

1998 July - August 302

1999 Feb - Oct 80

2000 May - June 98

2001 No sampling  

2002 May - July 35

2003 June - November 360

2004 May - July 643

2005 May - August 271

2006 June - August 191
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Figure 11-68. Sturgeon captured at RBDD and GCID (BDAT 8/29/2006).  
      Note: All Sturgeon, N=4,767 (green=296, white=18, unidentified=4,453) 

 

Table 11-16. Estimated entrainment of green sturgeon at unscreened diversions in the Sacramento 
River. 

April May June July August September October Total
Sturgeon catch (average 94-2005 0.0 12.8 19.2 59.8 22.5 1.1 0.7 116
Total Sturgeon at 0.5% efficiency 0 2,550 3,833 11,967 4,500 217 133 23,200
Flow at RBDD 10,404 9,435 11,110 13,082 9,683 6,730 7,013
% of flow diverted 6.5% 15.8% 15.5% 13.3% 15.8% 5.6% 2.0%
% of fish diverted 0.4% 0.9% 0.9% 0.8% 0.9% 0.3% 0.1%
Number of Sturgeon Diverted 0 24 36 96 43 1 0 199  

 

Effect of Cool Summer Time Dam Releases on 
Steelhead Critical Habitat  
The Sacramento River below Keswick Dam is managed for cool water during the summer to 
protect winter-run Chinook. This area was historically warmer prior to the dam and therefore was 
not as suitable for juvenile steelhead during the summer. Prior to dam construction most trout 
probably reared further upstream, above the Shasta Lake area. The cool water provided over the 
summer downstream of Shasta Dam for winter run Chinook has been implicated in potentially 
decreasing the steelhead population due to an increase in the resident trout population and 
predation mortality on juvenile steelhead (Cramer 2006). A similar situation occurs in the 
Stanislaus River downstream of Goodwin Dam and Clear Creek downstream of Whiskeytown 
Dam where cool water releases are maintained throughout the summer and resident rainbow trout 
populations are high. The larger resident trout populations may potentially compete with juvenile 



OCAP BA Upstream Effects 

 August 2008 11-71 

steelhead, reducing the juvenile steelhead population. The Cantara chemical spill occurred July 14, 
1991, in the upper Sacramento River five miles upstream of the city of Dunsmuir. An estimated 
309,000 trout were killed by the spill in an approximately thirty mile reach of the river, upstream 
of Shasta Lake (Hankin and McCanne 2000). Scale analysis and genetic analysis indicated 83-96 
percent of these fish were wild (non-hatchery produced) trout. This population size amounts to 
10,300 trout per mile (two trout per linear foot of river). This may be the best estimate of trout 
population size in any part of the Sacramento River. The population has since recovered to a 
similar density of trout in this reach. Water temperatures in this reach of the river are expected to 
be similar (or potentially higher due to Lake Siskiyou) compared to historic temperatures. The high 
trout population in this reach is probably similar to what existed in the upper Sacramento River 
historically in the presence of steelhead. Therefore we expect that the high resident trout 
population supported by cool water downstream of Central Valley Dams such as Keswick, 
Goodwin, and Whiskeytown is not a major factor in decreasing the anadromous populations in 
those systems. In any event the resident fish do produce anadromous individuals and maintain a 
supply of fish for the anadromous population. Fish from upstream do survive passage downstream 
during flood control operations and adults have been documented surviving downstream passage 
through turbines. 

Zimmerman et al (2008) found that in a sample of 964 of O. mykiss otoliths from Central Valley 
rivers 224 were from fish who were the progeny of anadromous rainbow trout (i.e., steelhead) 
females and 740 were the progeny of non-anadromous rainbow trout females. This indicates 
relatively higher reproduction from resident trout than from the anadromous form, however 
because many samples were from fish in a size range not exhibited in anadromous trout in 
freshwater, sampling may have been biased towards resident fish.  

Feather River 
The operations on the Feather River for the Oroville Facilities are currently being covered under a 
separate Section 7 ESA consultation process for the Federal Energy Regulatory Commission 
(FERC) hydroelectric relicensing process. The draft NMFS BO is scheduled for release in late 
May 2008. Under the 2008 OCAP BA, DWR would continue to operate the Oroville Facilities to 
meet the same water temperature objectives at the Feather River Hatchery and Robinson Riffle 
under the current FERC license until the new license is issued. While simulated storage conditions 
in Oroville Reservoir might be different under the 2008 OCAP BA, temperature management 
actions would follow the procedures described in the 2006 Settlement Agreement for Licensing of 
the Oroville Facilities (Settlement Agreement) and in Appendix J (Feather River Temp appendix). 
Therefore, affects to the listed fish species under Studies 7.1 and 8.0 are expected to be the same as 
what is described in the Section 7 consultation document for the Oroville Relicensing Project. A 
brief summary of the changes affecting Chinook salmon, steelhead and green sturgeon resulting 
from the project are outlined below. 

Under Studies 7.1 and 8.0, both of which include conditions established under the Settlement 
Agreement, from April 1 to September 8, DWR would release a minimum flow of 700 cfs into the 
Low Flow Channel (LFC) to improve habitat conditions for Central Valley spring-run Chinook 
salmon adult immigration and holding and juvenile rearing and emigration. From September 9 to 
March 31 of each year, the minimum flow in the LFC would be 800 cfs to accommodate adult 
spawning for spring-run Chinook salmon and steelhead. Prior to the facilities modifications 
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included in Study 8.0, if DWR does not achieve the applicable temperatures upon release of the 
specified minimum flow, DWR would singularly, or in combination (a) curtail pump-back 
operation, (b) remove shutters on Hyatt Intake, and (c) increase flow releases in the LFC up to a 
maximum of 1500 cfs, or up to the total facilities releases, whichever is less. Increased flows are 
anticipated to decrease water temperature and thereby increase holding-habitat area, decrease egg 
mortality in holding adults, enhance adult spawning and egg survival, and improve rearing habitat 
conditions in the LFC.  

Accordingly, water temperatures in Studies 7.1 and 8.0 would likely be decreased relative to Study 
7.0, improving conditions for Federally listed anadromous salmonids. It is anticipated that changes 
in water temperature under Studies 7.1 and 8.0 would result in an overall benefit to spring-run 
Chinook salmon and steelhead adult immigration and holding, adult spawning and embryo 
incubation, and/or juvenile rearing and emigration. Increasing flows and decreasing water 
temperatures in the LFC would likely result in a beneficial change to green sturgeon habitat as well 
(DWR 2007). 

American River 

Adult Steelhead Migration, Spawning, and Incubation 

Flows in the future would be similar to the baseline condition in all months except July through 
September. During July flows would be slightly higher and in August and September they would 
be slightly lower than under present conditions. The American River flow standard is being 
implemented to provide for operations consistent with the lifecycle needs of steelhead and fall-run 
Chinook salmon. Management for both species requires tradeoffs that benefit one species while 
making conditions less favorable to the other, especially regarding temperature management. The 
flow standard is integrated in with the CalSim-II modeling results. 

The American River supports a steelhead run but no spring–run or winter–run Chinook salmon. 
Adult steelhead migration in the American River typically occurs from November through April 
and peaks in December through March (McEwan and Jackson 1996; SWRI 1997). Spawning 
occurs in late December to early April with the peak in late February to early March (Hannon and 
Deason 2007).  Predicted flows could drop as low as 500 cfs in up to 10 percent of years and be as 
high as 33,000 cfs as a monthly average. Flows in the future will be lower in these months. 
Steelhead spawning habitat area peaks at 2,400 cfs (Table 4−2) but shows very little variability in 
spawning habitat area between 1,000 and 4,000 cfs. Flows during the spawning period would be 
below 2,400 cfs in about 30 to 60 percent of years, depending on the month. Average monthly 
flows could range up over 30,000 cfs in the wettest years with instantaneous flows likely over 
100,000 cfs for flood control. The flows over about 50,000 cfs could scour some redds (Ayres 
Associates 2001), but will provide needed reconfiguration of the channel for long-term 
maintenance of good spawning and rearing habitat. At the 90 percent exceedance level flows could 
average as low as 500 cfs (driest years). Spawning habitat area was not predicted for flows below 
1,000 cfs but spawning habitat would certainly be less and important side channel spawning 
habitat would be nearly absent. The steelhead population in the American River does not appear to 
be ultimately limited by spawning habitat availability, but by factors following fry emergence such 
as summer water temperatures and predation. The majority of steelhead enter the hatchery instead 
of spawning in the river.  Efforts are underway to provide habitats such as improved spawning 
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gravel in upstream areas and additional side channel areas to entice more steelhead to spawn in the 
river.  The number of juvenile steelhead in the river drops quickly at the beginning of the summer, 
possibly due to predation. Predators likely take more steelhead when the water is warmer. Flow 
conditions are expected to provide suitable depths and velocities for upstream passage of adults to 
spawning areas within the lower American River. No migration barriers exist below Nimbus Dam, 
except when the hatchery picket weir is in operation. 

Steelhead prefer 46 °F to 52 °F water for upstream migration. Temperatures of 52 °F or lower are 
best for steelhead egg incubation. However temperatures less than 56 F are considered suitable. 
Average temperatures at Watt Avenue are generally within this range much of the time between 
December and March. During dry years temperatures in November, March, April, and May would 
be higher than preferred and could be as high as 71 °F in May of warm dry years (Figure 11-69 
and Figure 11-70). Over 90 percent of the steelhead spawning activity occurs during late 
December through March when temperatures are generally within an acceptable range for 
spawning (Hannon and Deason 2007). Steelhead eggs are in the gravel from December until mid-
May. Temperatures from March through May could be above the preferred range for egg 
incubation at Watt Avenue in about 50 percent of years during March, and in all years in April and 
May. Fish surveys identify newly emerged steelhead in the American through May indicating that 
eggs do survive at temperatures above the preferred range. Temperatures are relatively unchanged 
between all modeling runs during the steelhead spawning and incubation period so there is no 
change in effect. 

Meeting temperature objectives for steelhead during the summer and for Chinook in the fall 
involves trade-offs between whether to use more cool water during the summer for steelhead 
rearing or saving some amount of cool water until fall to increase Chinook spawning success. 
Reclamation manages the cold-water pool in Folsom reservoir with regular input from the 
American River Operations Group. Temperature shutters on each of the power penstocks are 
raised throughout the summer and fall when needed to provide cool water in the lower American 
River for steelhead and Chinook. The shutters allow releases to be made from four different levels 
of the reservoir, depending on the desired water temperature in the lower river.  

Flood flows that are not reflected in the operations forecasts have the potential to scour steelhead 
redds resulting in injury and mortality of steelhead eggs and sac-fry. Frequency and magnitude of 
flood operations will be the same between the baseline and future scenarios. Most flood control 
operations are not expected to result in flow conditions that are likely to create scour (>50,000 cfs). 
Flow reductions following flood control releases have the potential to dewater redds constructed 
during the higher flow period. Higher flood control releases over a one or two-day period rather 
than lower releases over an extended period would preclude steelhead spawning in areas that will 
be later dewatered. The American River Operations Group considers the risk of redd dewatering 
when choosing options for flood control releases. Planning for the normal operations of Folsom 
Reservoir during this period considers the potential for high flood control releases during the 
steelhead spawning and egg incubation period. Non-flood control operations are typically designed 
to avoid large changes in flow that may create stranding problems. Because Folsom Reservoir is 
the closest water source to the Delta, releases from Folsom can be needed to maintain Delta water 
quality requirements when delta water quality deterioration occurs (chapter 2). Once water quality 
requirements are met or increased flows from other reservoirs make it to the Delta Folsom releases 
can be reduced to conserve storage, sometimes affecting fish or redds in the river. CVPIA section 
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3406(b)(2) water may be used during this period to support higher flows or avoid reductions that 
otherwise would be made. Dewatered steelhead redds likely lowered the number of steelhead fry 
produced in 2003. The limiting period to in-river steelhead production seems to occur after fry 
emergence. Therefore changes in operational effects on spawning and egg incubation are not 
expected to affect the steelhead population in the American River.  It is hoped that spawning 
gravel introductions will improve the condition of spawning and rearing critical habitat in the 
American River. 

Steelhead Fry, Juveniles, and Smolts 

The freshwater life stages of steelhead occupy the American River throughout the year. Most 
literature has indicated that rearing fry and juvenile steelhead prefer water temperatures between 
45 °F and 60 °F (Reiser and Bjorn 1979; Bovee 1978; Bell 1986). However, Myrick (1998) found 
the preferred temperatures for Mokelumne River Hatchery steelhead placed into thermal gradients 
were between 62.6 °F and 68 °F. NMFS generally uses a daily average temperature of 65 °F at 
Watt Avenue as a temperature objective for steelhead rearing in the American River and then 
adjusts the temperature objective and point depending on Folsom cold-water pool each year. 
Temperatures could exceed a monthly average of 65 °F at times between May and October with 
the highest temperatures of up to 75 °F in occurring in July and August of years with a low cold-
water pool storage in Folsom. Temperatures are modeled to be almost always higher than 65 °F at 
Nimbus Dam in July through September with not much difference between the current and future 
scenarios (Figure 11-71 and Figure 11-72). Temperatures would exceed 70 °F during July in 20 
percent of years and in August in 50 percent of years at Watt Avenue. These high summer 
temperatures are likely what limits the naturally spawned steelhead population in the American 
River by providing conditions conducive to predatory fish. Monitoring during 2001 and 2002 
indicated that steelhead did not appear to be finding water cooler than that found in the thalweg 
and they persisted below Watt Avenue in water with a daily average temperature of 72 °F and a 
daily maximum over 74 °F. Water temperature in the future runs is predicted to be approximately 1 
°F warmer from July to October. Temperatures the rest of the year will be relatively unchanged. 
The increased temperatures will put additional temperature stress on rearing steelhead during 
summer and adult Chinook holding and spawning. Due to the high temperatures the steelhead run 
in the American River will likely require continued support by the hatchery. This is an adverse 
effect to steelhead. 

Juvenile salmon emigration studies using rotary screw traps in the lower American River at Watt 
Avenue generally capture steelhead fry from March through June while steelhead yearlings and 
smolts emigrate from late December till May, with most captured in January (Snider and Titus 
2000). Specific flow needs for emigration in the American River have not been determined. 
Steelhead emigrate at a relatively large size so are good swimmers and presumably do not need 
large pulses to emigrate effectively from the American River as long as temperatures are suitable 
through the lower river and in the Sacramento River. Modeled flows are expected to provide 
suitable depth and velocity conditions for emigration during most years. Flows could drop below 
1,000 cfs between December and May in about 5 to 15 percent of years depending on month. Low 
flows would occur slightly more often in the future than under current operations. This would 
probably affect juvenile salmon more than juvenile steelhead due to the high salmonid densities. 
The habitat is generally not fully seeded with steelhead fry. December through March forecast 
mean monthly temperatures are expected to be generally within the optimum smoltification and 
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emigration range (44 °F to 52 °F) during most years but temperatures may exceed 52 °F in 
February in about 10 percent of years and in about 70 percent of years in March. No change in 
temperatures between current and future operations during December through March is expected 
to occur. 

Rearing steelhead fry and juveniles can be exposed to stranding and isolation from main channel 
flows when high flows are required for flood control or Delta outflow requirements results in short 
duration flow increases which are subsequently reduced after the requirement subsides. After high 
flow events when rearing steelhead fry and juveniles issues are a concern, Reclamation coordinates 
flow reduction rates utilizing the B2IT and American River Operation Group adaptive 
management processes to minimize the stranding and isolation concerns versus current hydrologic 
conditions and future hydrologic projections to Folsom cold-water management. Reclamation 
attempts to avoid flow fluctuations during non-flood control events that raise flows above 4,000 
cfs and then drop them back below 4,000 cfs as recommended by Snider et al (2002). Flow 
fluctuations are sometimes difficult to avoid with competing standards to meet in the Delta and 
upstream so some stranding will continue to occur at about the same level as under the baseline. 
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Figure 11-69. 90% exceedence level monthly water temperatures at Watt Avenue for the four OCAP 
scenarios (dry conditions). 
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Figure 11-70. 10% exceedence level monthly water temperatures at Watt Avenue for the four OCAP 
scenarios (wet conditions). 
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Figure 11-71. 90% exceedence level monthly water temperatures at Nimbus Dam for the four OCAP 
scenarios (dry conditions). 
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Figure 11-72. 10% exceedence level monthly water temperatures at Nimbus Dam for the four OCAP 
scenarios (wet conditions). 

 

Gas Bubble Disease and IHN (effects of high releases on critical 
habitat) 

Gas bubble disease was detected in fall-run Chinook salmon in Nimbus Hatchery during flood 
control releases in 2006. It likely occurred in the river as well. All salmonids are susceptible. An 
outbreak of infectious hematopoietic necrosis (IHN) also occurred in Nimbus and was implicated 
to be caused by the stress from the gas bubble disease. High mortality of the hatchery Chinook 
occurred from the IHN. It is not known whether wild fish in the American River also suffered 
mortality from IHN. Juvenile Chinook salmon from Nimbus Hatchery are stocked in Folsom 
Reservoir as a put and take fishery. This upstream stocking could possibly be a source of the IHN, 
carried into the hatchery by the water supply. The IHN virus isolated from Sacramento River and 
Feather River Chinook salmon causes high mortalities in Chinook salmon in California but does 
not readily kill steelhead (Leong 1984). Gas bubble disease can occur below the dams when high 
flows are released. Supersaturation of the water with dissolved gasses occurs when the water 
cascades down over dam spillways into the pools below with high force causing higher than 
normal levels of dissolved gasses in the water. Under the high flows the water quickly flows down 
through the reregulating reservoir (eg. Lake Natoma on the American) before the extra gasses have 
time to be released into the atmosphere. When the water reaches the anadromous habitat it is used 
by the fish and comes out of saturation inside the fish forming gas bubbles. This situation occurs 
during high runoff years.  



Upstream Effects OCAP BA 

11-78  August 2008  

Beeman and Maule (2006) studied gas supersaturation effects on migrating steelhead and Chinook 
during spills at Columbia River dams. They found dissolved gas levels below the dams were high 
enough to cause gas bubble disease. The levels decreased with increasing distance downstream of 
the dams. They concluded that hydrostatic compensation, through depth of the fish in the water 
column, along with short exposure time in the areas of highest dissolved gas levels reduced the 
effects of gas supersaturation exposure below those generally shown to elicit gas bubble disease 
signs or mortality.  

Frequency of occurrence for flood control releases from the dams is illustrated in Figures 6-6 
through 6-11 and Figure 6-13. This approximates the frequency with which supersaturation of 
water with dissolved gasses in the critical habitat near the dams can be expected to occur. The 
frequency and duration is expected to be about the same in the future. 

Stanislaus River 

Adult Steelhead Migration, Spawning, and Incubation 

Steelhead life history patterns in the Stanislaus River and the rest of the San Joaquin River system 
are only partially understood, but studies are underway to determine steelhead populations, extent 
of anadromy, and run timing. Resident rainbow trout are abundant in the first 10 miles downstream 
from Goodwin Dam. Anglers report catches of adults that appear to them to be steelhead based on 
large size and coloration. Rotary screw traps at Oakdale and Caswell catch downstream migrating 
steelhead with smolting characteristics each year. The Stanislaus River weir has captured a few 
adult steelhead, mostly during the years it was operated past the first of the year (Figure 11-73). 
Three of these steelhead captured at the weir were identified as steelhead based on scale samples. 
The Stanislaus River receives the highest year-round flows during most years and has the coolest 
water of the three major San Joaquin tributaries. A high population of resident trout in the roughly 
ten river miles below Goodwin Dam in the Stanislaus River indicates critical habitat conditions are 
favorable year round for steelhead rearing in the Stanislaus River.  

O.mykiss Passage at the Stanislaus River Weir
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Figure 11-73. O. mykiss passage through the Stanislaus River weir. 
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River releases from Goodwin Dam are relatively unchanged between the three studies. Steelhead 
in Sacramento River tributaries migrate upstream to spawn primarily between December and 
March. Spawning occurs during this period and may extend through April. Based on trout fry 
observations in Stanislaus snorkel surveys, spawning timing appears to be about the same in the 
Stanislaus as in the Sacramento River tributaries. Goodwin Dam releases during this period would 
be mostly from 200 to 500 cfs in December and 125 to 500 cfs in January through March. Flows in 
April and May would be between 400 and 1,500 cfs. Steelhead spawning flows were estimated to 
be maximized at 200 cfs and in stream habitat for adult migration and rearing was estimated to be 
maximized at 500 cfs (Table 4−4). Spawning or holding habitat for adult steelhead is not likely 
limiting in the Stanislaus because the anadromous component of the population is not abundant. 
Monthly mean flows as high as 5,000 cfs and as low as 125 cfs could occur throughout the range 
of precipitation regimes. Flows above about 5,000 cfs could affect egg survival in redds or scour 
some redds (Table 11-3). Spawning occurs on a number of gravel addition sites. Bed mobility 
flows are likely lower at these sites until the initial high flows distribute the gravel in a more 
natural manner. The flows as low as 125 cfs in 90 percent exceedance years and dryer would still 
provide some spawning habitat for steelhead. The recommended spawning flows for rainbow trout 
were 100 cfs (Table 4−4). Low flows for upstream migration and attraction during dry years may 
result in fewer steelhead reaching the spawning areas. During years when flows are low in the 
Stanislaus they would likely be low in other rivers so that Stanislaus flows should still be a similar 
proportion of total San Joaquin River flow and Delta outflow.  

During low flows from the San Joaquin River dissolved oxygen sometimes reaches lethal levels in 
the Stockton deep-water ship channel. The low DO can cause a barrier to upstream migrating 
steelhead and Chinook so that they are delayed or migrate up the Sacramento River or other 
tributary instead. This generally occurs prior to the time steelhead are migrating up to the 
Stanislaus. Flows from the Stanislaus help to address the low DO problem by meeting the Vernalis 
flow standard when possible, although there is not always enough water available from New 
Melones to meet the flow standard at all times. 

Little change in Stanislaus River temperatures at Goodwin Dam is projected to occur (Figure 
11-74 and Figure 11-75). Temperatures at Orange Blossom Bridge would be 52 °F or below most 
of the time from December to February. In March and April temperatures would exceed 52 °F in 
about 45-60 percent of years and in May in 90 percent of years. Because these temperatures are 
about the same as in past operations and the Stanislaus River supports a large trout population year 
round with these temperatures, these temperatures appear to provide sufficient cold water in the 
critical spawning habitat for the current steelhead population and there is space for additional 
anadromous individuals. 

Steelhead Fry, Juveniles, and Smolts 

Most literature has indicated that rearing fry and juvenile steelhead prefer water temperatures 
between 45 °F and 60 °F (Reiser and Bjorn 1979; Bovee 1978; Bell 1986). However, Myrick 
(1998) found the preferred temperatures for Mokelumne River Hatchery steelhead placed into 
thermal gradients were between 62.6 °F and 68 °F. 

Snorkel surveys (Kennedy and Cannon 2002) identified trout fry starting in April in 2000 and 
2001, with the first fry observed in upstream areas each year. During 2003, a few trout fry were 
identified as early as January but most did not appear until April as in 2000 and 2001. Rotary 
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screw traps operated at Oakdale and Caswell capture rainbow trout/steelhead that appear to exhibit 
smolting characteristics (Demko and others 2000). These apparent smolts are typically captured 
from January to mid-April, and are 175 to 300 mm fork length. Because steelhead smolts are 
generally large (>200 mm) and strong swimmers, predicted Goodwin Dam releases are expected to 
provide adequate depth and velocity conditions for emigration at all times. Spring storms that 
generally occur during this period provide pulse flows from tributaries below Goodwin Dam that 
will stimulate and assist in out migration. The lowest flows predicted between January and April 
would be 125 cfs. Flows would pick up in mid-April for the VAMP period and provide an out 
migration pulse for any steelhead smolts still in the river that late. 

Smolts are thought to migrate through the lower reaches rather quickly so should be able to 
withstand the few days of warmer temperatures when migrating to the estuary or ocean. The 
current temperature compliance point is 65 °F at Orange Blossom Bridge June 1 to November 30. 
Most of the steelhead spawning and rearing habitat extends from near Orange Blossom Bridge up 
to Goodwin Dam. This is the area with higher gradients producing riffles used by steelhead for 
rearing, food production, and spawning. Gradients below the vicinity of Orange Blossom Bridge 
are flatter with sand substrates more prevalent as you get further downstream. These habitats are 
less suitable for steelhead rearing.  Temperatures would be below 65 °F through June in 95 precent 
of years (Figure 11-76 and Figure 11-77). About 5 percent of years in July, could be above 65 °F. 
In August and September, temperatures could exceed 65 °F at Orange Blossom in about 15 percent 
of years. Temperatures during summer would be about the same under future scenarios in the 
summer at Orange Blossom. Year round temperatures for steelhead in the upper river above 
Orange Blossom Bridge are suitable for steelhead rearing (Figure 11-74 and Figure 11-75).   

Although Stanislaus River operation assumptions changed between scenarios, results show there 
are only slight changes (annual average) to flows and temperatures. Effects of the project on 
steelhead and their critical habitat in the Stanislaus River are expected to be about the same 
between the OCAP scenarios. Migratory conditions through the delta may be the most significant 
factor affecting the proportion of O.mykiss in the Stanislaus River that assume an anadromous 
lifecycle. 
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Figure 11-74. Stanislaus River at Goodwin Dam modeled water temperatures for the four studies at 
the 90% exceedence level (dry conditions). 
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Figure 11-75. Stanislaus River at Goodwin Dam modeled water temperatures for the four studies at 
the 10% exceedence level (wet conditions). 
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Figure 11-76. Stanislaus River at Orange Blossom Bridge modeled water temperatures for the four 
studies at the 90% exceedence level (dry conditions). 
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Figure 11-77. Stanislaus River at Orange Blossom Bridge water temperatures for the four studies at 
the 10% exceedence level (wet conditions). 
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San Joaquin River 

Adult Steelhead Migration, Spawning, and Incubation 

The modeling shows essentially no difference in flows in the San Joaquin River between the 
current and future modeled scenarios. Steelhead life history patterns in the San Joaquin River 
system are only partially understood, but studies are underway to determine steelhead populations, 
extent of anadromy, and run timing. Steelhead/rainbow populations exist in the San Joaquin 
tributaries and smolt-sized fish get captured by trawling in the lower river near Mossdale (Figure 
3-17). Adult steelhead are assumed to migrate up the San Joaquin River in late fall and winter, 
after temperatures and dissolved oxygen conditions become suitable for migrations to occur. 
Spawning, although not well documented, likely occurs in the tributaries primarily from January 
through March. No steelhead spawning or incubation occurs in the mainstem San Joaquin River 
because habitat conditions (gravel and higher gradient) is not suitable in the lower river. 

Supplemental water released in the Stanislaus River for Chinook salmon in October will generally 
provide conditions (attraction flow, lower temperature, and higher dissolved oxygen) in the lower 
San Joaquin River and through the Stockton Deep-water Ship Channel suitable for upstream 
migrating steelhead. During November and through the rest of the upstream migratory period 
ambient cooling generally provides suitable conditions for migrations up through the San Joaquin. 
Prior to the October pulse, conditions in the lower San Joaquin and Stockton Deepwater Ship 
Channel are sometimes unsuitable for migrating steelhead (Lee 2003). Early returning fish could 
be delayed or stray to the Sacramento River tributaries when San Joaquin River conditions are 
unsuitable. During pre-dam days temperatures were likely higher and flows in the lower San 
Joaquin were likely lower than what occurs currently (although dissolved oxygen was probably not 
as much of an issue then) so there were not likely historically steelhead returning to the San 
Joaquin during late summer and fall before ambient cooling and seasonally increased flows 
occurred. 

Steelhead Fry, Juveniles, and Smolts 

San Joaquin River flow and habitat conditions are not predicted to change under the future 
scenarios. Habitat conditions in the San Joaquin River do not appear well suited to young steelhead 
rearing because there are no riffles or gravel for invertebrate production and temperatures are often 
too high. Fry and juvenile steelhead rearing for long periods in the San Joaquin River is not likely 
a common occurrence. The river likely serves primarily as a migratory corridor for smolts heading 
to saltwater. Out migration from the San Joaquin tributaries to saltwater probably occurs from 
November through May. The lowest flows during this period would be about 1,200 cfs in January 
of 1 percent of years. The 50th percentile flows range from about 2,100 cfs in December to about 
5,000 cfs in April. The larger size of steelhead smolts makes them stronger swimmers than 
juvenile salmon so they should be better able to out-migrate during the low water velocity years 
when flows are lower. Conditions in the critical habitat in the San Joaquin River during the 
summer and fall are not conducive to successful out migration or habitation because water is 
warmer and dissolved oxygen sags occur.  

San Joaquin River flows from the Merced River downstream are managed for one life history type 
of Chinook salmon. Flows are managed for fall run Chinook salmon to enter the river in October, 
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spawn in November, and incubate and rear in the river until late spring. A month long increased 
flow pulse is provided each year generally mid April to mid May to aid emigration of the large 
(~75-100 mm) Chinook salmon juveniles out of the river and through the Delta to the estuary. 
Flows prior to April 15 are managed for in-river rearing of Chinook and steelhead with no pulses, 
other than that provided by brief tributary inflows, to aid emigration of yearling Chinook, Chinook 
fry, or steelhead from the system. Little data on steelhead in the San Joaquin system exists so it is 
assumed that the flows that are managed for fall run Chinook will adequately support the steelhead 
life history. Data from the Stanislaus River weir shows that the adult steelhead population in the 
Stanislaus is very low compared to the large resident rainbow trout population that is evident when 
snorkeling the river. 

Climate Change 
Details on climate change sensitivity analyses are presented in Appendix R.  Temperatures in 
California are projected to increase several degrees centigrade (°C) by the end of this century as a 
result of climate change. One expected consequence of this is further reduction in the State’s 
annual snowpack with more precipitation falling as rain, and earlier melting of snow. Warming 
and reduction to the State’s snowpack will affect the operation of most major multipurpose 
reservoirs at low and mid-elevations in the Sierra including all of those included in this 
consultation. 

Climate change could also affect the intensity, duration, and timing of precipitation events in 
California as well as the spatial distribution and temporal variability of precipitation. Significant 
changes in one or more of these factors would present major challenges for water supply 
management, and therefore have an effect on future water demand patterns. However, many other 
factors such as population, land development and economic conditions that are not directly related 
to climate change will also affect future demand.  

Predicting effects of climate change on Chinook salmon, steelhead, and green sturgeon is difficult 
due to the uncertainty of future changes. According to the DWR climate change report, Sierra 
watersheds with snowpack are predicted to get less snow and more rain, more winter and less 
spring and summer runoff, and warmer runoff. Increased water temperatures pose a threat to 
aquatic species that are sensitive to elevated water temperature, including anadromous fish. 
Increased water temperatures would decrease dissolved oxygen concentrations in water and would 
likely increase production of algae and some aquatic weeds. (DWR 2006) 

In many low- and middle-elevation streams in California today, summer temperatures often come 
close to or exceed the upper tolerance limits for salmon and steelhead. Thus, anticipated climate 
change that raises air temperatures a few degrees celsius may be enough to raise water 
temperatures above the tolerance of salmon and trout in many streams, favoring instead non-native 
fishes such as carp and sunfish. Chinook salmon and steelhead trout that migrate upriver early in 
the year, spending the summer in deep, cold pools, and spawning in the summer or fall (Chinook 
salmon) or winter (steelhead) depend on the availability of cold water for survival over the summer 
months. Climate change could reduce the volume of cold water in storage in reservoirs and 
groundwater upwelling/springs, and tributaries since they would receive less snowmelt and have 
reduced carryover storage. Runoff would occur earlier in the year and require earlier releases for 
flood control, reducing coldwater pools for summer. Thus, the availability of cold water volumes 
needed to maintain releases of cold water to support salmonid and sturgeon spawning and rearing 
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below the dams may decline. Due to the combination of anticipated warmer and shallower streams 
and rivers, climate change may diminish most summer habitat for steelhead and winter-run 
Chinook and potentially all such habitat now used by spring-run Chinook salmon (DWR, 2006).  

Study 9.0 is considered the baseline for climate change scenario comparisons.  Study 9.0 is the 
same as study 8.0 except it does not include EWA and b2.  Study 9.1 is the same as 9.0 except that 
study 9.1 includes a one foot sea level rise.  Studies 9.2, 9.3, 9.4, and 9.5 all include the one foot 
sea level rise and the various changes in precipitation and temperature.  Figure 11-78 and Figure 
11-79 show the effect of climate change scenarios on winter-run Chinook egg mortality.  Results 
in all year types show increased mortality in studies other than the wetter, less warming scenario, 
when mortality would be reduced.  Four years show near 100% egg mortality in the dryer, more 
warming scenario. Figure 11-80 and Figure 11-81 show that spring-run Chinook egg mortality in 
the Sacramento River would also be increased in all year types except for under the wetter, less 
warming scenario. Figure 11-82 shows the average egg mortality for all four runs increases in all 
except the wetter, less warming scenario. Figure 11-83 shows effects of the scenarios on coldwater 
pool volume in Shasta Reservoir. Figure 11-84 through Figure 11-89 show Chinook salmon egg 
mortality in the Trinity, Feather, American, and Stanislaus Rivers under the climate change 
scenarios. These results are for fall-run Chinook but show the likely trend for the other runs and 
species as well. Effects on egg incubation in coho salmon in the Trinity River would be less than 
for Chinook because coho spawn during the coolest time of year. Effects in the Feather River 
shownot much change in the wetter and less warming scenario but increased mortality for the other 
scenarios. Effects in the American River would likely be greater for Chinook than for steelhead but 
the general trend would be increased mortality under most conditions with climate change. Figure 
11-88 shows effects on coldwater pool volume in Folsom Reservoir. Stanislaus River steelhead 
egg mortality would be less than for Chinook. The Stanislaus River shows much greater effect due 
to climate change scenarios than due to changes in water operations under the regular studies.   

The mortality model shows projections of egg incubation success due to water temperature 
changes between the climate change scenarios.  Additional effects to eggs could occur due to 
higher high flows under the increased precipitation and temperature scenarios.  This could result in 
scouring eggs from the gravel or entombment of eggs due to additional deposition on top of redds.  
Effects to Chinook and steelhead adults in the rivers include a reduction in the quality and amount 
of holding habitat prior to spawning.  These effects would be greatest for spring run Chinook 
because they hold over all summer in the rivers before spawning in the fall.  Increasing water 
temperatures can increase the rate of development of eggs and result in earlier emergence timing 
and smaller fry.  If the entire freshwater lifestages are condensed into a shorter period of time then 
Chinook salmon could reach the ocean earlier, potentially prior to the time of greatest productivity 
in the spring.  If many fish enter the ocean at an earlier time then food could be limiting for the 
juvenile fish in the ocean.  Salmonids have evolved with peak ocean entry times to coincide with 
periods of  plankton blooms and high juvenile food availability in the ocean.  The climate change 
scenarios could alter this pattern so that fish become out of balance with their food supply in the 
ocean. 

Increased water temperature in the rivers under climate change scenarios would improve 
conditions for predatory fish such as bass.  As shown in Figure 11-90 and Figure 11-91 water 
temperatures at Balls Ferry and at Freeport would increase.  The 50% Freeport temperatures could 
increase by up to as much as three degrees as a monthly average in the summer. Over-summer 
rearing conditions for steelhead in rivers would be degraded with warmer temperatures.  This 
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would occur particularly in the American River.  Conditions for over-summer rearing of juvenile 
steelhead in Nimbus Hatchery would be degraded.  Steelhead would likely need to be moved to 
other hatcheries more often to be reared over the summer.  Although these steelhead are not 
considered to be a part of the DPS, they play a large role in producing the in-river spawners.  
Salmonids could become more susceptible to diseases such as IHN under increased water 
temperatures.  Salmon and steelhead would be more confined to areas closer to the dams where 
water is coolest during warm weather and predators would have increased food requirements in the 
warmer water. 
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Figure 11-78. Sacramento River winter-run Chinook egg mortality with climate change scenarios 
from Reclamation egg mortality model.  All studies except 9.0 include 1’ sea level rise.  Study 9.0 is 
future conditions with D-1641. 
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Winter-run Chinook egg mortality with climate change (daily model)
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Figure 11-79. Sacramento River Winter-run Chinook egg mortality with climate change scenarios 
from Reclamation egg mortality model.  All studies except 9.0 include 1’ sea level rise.  Study 9.0 is 
future conditions with D-1641. 

 

Sacramento River Spring-Run Chinook Salmon Mortality
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Figure 11-80. Sacramento River spring-run Chinook egg mortality with climate change scenarios  
from Reclamation salmon egg mortality model.  All studies except 9.0 include 1’ sea level rise.  
Study 9.0 is future conditions with D-1641. 
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Spring-run Chinook Egg Mortality in the Sacramento River with Climate Change Scenarios
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Figure 11-81. Sacramento River spring-run Chinook egg mortality with climate change scenarios 
record from Reclamation egg mortality model.   All studies except 9.0 include 1’ sea level rise.  
Study 9.0 is future conditions with D-1641. 
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Figure 11-82. Sacramento River average Chinook salmon mortality by run and climate change 
scenario from Reclamation salmon egg mortality model.   All studies except 9.0 include 1’ sea level 
rise.  Study 9.0 is future conditions with D-1641. 
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Figure 11-83.Shasta Lake coldwater pool volume at end of April with climate change scenarios.   All 
studies except 9.0 include 1’ sea level rise.  Study 9.0 is future conditions with D-1641. 
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Figure 11-84. Trinity River fall-run Chinook egg mortality with climate change scenarios from 
Reclamation salmon egg mortality model.  All studies except 9.0 include 1’ sea level rise.  Study 9.0 
is future conditions with D-1641. 
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Feather River Chinook Salmon Mortality
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Figure 11-85. Feather River fall-run Chinook egg mortality with climate change scenarios from 
Reclamation egg mortality model.  All studies except 9.0 include 1’ sea level rise.  Study 9.0 is future 
conditions with D-1641. 
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Figure 11-86. Oroville Lake coldwater pool volume at end of April with climate change scenarios.   
All studies except 9.0 include 1’ sea level rise.  Study 9.0 is future conditions with D-1641. 
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Figure 11-87. American River fall-run Chinook egg mortality with climate change scenarios from 
Reclamation salmon egg mortality model.  All studies except 9.0 include 1’ sea level rise.  Study 9.0 
is future conditions with D-1641. 

 

Cold Water Resource - Folsom Lake
(End of May Lake Volume Less Than 58˚F)

0
40
80

120
160
200
240
280
320
360
400
440
480
520
560
600
640
680
720
760
800

0%10%20%30%40%50%60%70%80%90%100%

T
h

o
u

sa
n

d
s

Probability of Exceedence

V
o

lu
m

e
 (

ac
re

-f
ee

t)

Study 9.0 Study 9.1 Study 9.4 Study 9.2 Study 9.5 Study 9.3  

Figure 11-88. Folsom Lake end of May coldwater pool with climate change scenarios. All studies 
except 9.0 include 1’ sea level rise.  Study 9.0 is future conditions with D-1641. 
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Stanislaus River Chinook Salmon Mortality
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Figure 11-89. Stanislaus River fall-run Chinook egg mortality with climate change scenarios from 
Reclamation salmon egg mortality model.  All studies except 9.0 include 1’ sea level rise.  Study 9.0 
is future conditions with D-1641. 
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Figure 11-90. Water temperature in the Sacramento River at Balls Ferry under climate change 
scenarios at the 50% exceedence level. 
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Figure 11-91. Water temperature in the Sacramento River at Freeport under climate change 
scenarios at the 50% exceedence level. 



Upstream Effects OCAP BA 

11-94  August 2008  

A mechanism exists whereby global greenhouse warning could, by intensifying the alongshore 
wind stress on the ocean surface (due to increased temperature gradient between land and water), 
lead to acceleration of coastal upwelling. Evidence from several different regions suggests that the 
major coastal upwelling systems of the world have been growing in upwelling intensity as 
greenhouse gases have accumulated in the earth's atmosphere. Effects of enhanced upwelling on 
the marine ecosystem are uncertain but potentially dramatic (Bakun 1990).  Focusing on the 
California Current, Diffenbaugh et al (2003) show that biophysical land-cover–atmosphere 
feedbacks induced by CO2 radiative forcing enhance the radiative effects of CO2 on land–sea 
thermal contrast, resulting in changes in eastern boundary current total seasonal upwelling and 
upwelling seasonality. Specifically, relative to CO2 radiative forcing, land-cover–atmosphere 
feedbacks lead to a stronger increase in peak- and late-season near-shore upwelling in the northern 
limb of the California Current and a stronger decrease in peak- and late-season near-shore 
upwelling in the southern limb.  Barth et al (2007) show how a 1-month delay in the 2005 spring 
transition to upwelling-favorable wind stress in the northern California Current Large Marine 
Ecosystem resulted in numerous anomalies: warm water, low nutrient levels, low primary 
productivity, and an unprecedented low recruitment of rocky intertidal organisms.  Early in the 
upwelling season (May–July) off Oregon, the cumulative upwelling-favorable wind stress was the 
lowest in 20 years, nearshore surface waters averaged 2°C warmer than normal, surf-zone 
chlorophyll-a and nutrients were 50% and 30% less than normal, respectively.  Delayed early-
season upwelling and stronger late-season upwelling are consistent with predictions of the 
influence of global warming on coastal upwelling regions. 

Implications for salmonids are that if coastal upwelling does indeed increase but occur later under 
warming scenarios then, although uncertain, food supplies for salmonids in the ocean could 
increase and provide favorable foraging conditions and high ocean survival.   

Consideration of Variable Ocean Conditions 
Salmon and steelhead spend the majority of their lives in the ocean. Therefore, conditions in the 
ocean exert a major influence on the growth and survival of these fish from the time they leave 
freshwater until they return as adults to reproduce. Mantua et al (1997) described a recurring 
pattern of ocean-atmosphere climate variability centered over the mid-latitude North Pacific basin. 
Over the past century, the amplitude of this climate pattern has varied irregularly at interannual-to-
interdecadal time scales. This pattern is referred to as the Pacific Decadal Oscillation (PDO). 
Major changes in northeast Pacific marine ecosystems have been correlated with phase changes in 
the PDO; warm eras have seen enhanced coastal ocean biological productivity in Alaska and 
inhibited productivity off the west coast of the contiguous United States, while cold PDO eras have 
seen the opposite north-south pattern of marine ecosystem productivity. 

Another pattern, called the El Niño/Southern Oscillation (ENSO), occurs on a shorter time scale of 
six to eighteen months compared to 20 to 30 years for the PDO. The same general pattern is 
evident with warm periods showing inhibited productivity along the Pacific coast of the southern 
US and enhanced ocean biological productivity in Alaska. 

Sierra snowpack and streamflow are also correlated with ENSO and PDO. During the warm phases 
lower snowpack and streamflows occur and during cool phases above average snowpack and 
streamflows occur (Mantua et al, 1997). 
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During the cooler phases of ENSO and PDO, California salmon populations generally experience 
increased marine survival. In addition, higher streamflows tend to occur during the cooler phases, 
enhancing freshwater production and providing the opportunity for more diverse life history types 
of juvenile salmonids. The inverse effects on California salmonid populations tend to occur during 
warm cycles. These alternating patterns of productivity, which are independent of CVP and SWP 
water operations, can mask most changes in populations that occur due to water operations. The 
effects of habitat conditions resulting from water operations interact with the effects of oceanic 
productivity on salmon survival/production. Ocean conditions can exert a dominant effect on year-
to-year productivity. Therefore, any effects need to be considered in light of variable and difficult 
to quantify ocean conditions and climate variability.  

Returns of several West Coast Chinook and coho salmon stocks were lower than expected in 2007. 
In addition, low jack returns in 2007 for some stocks suggest that 2008 returns will be at least as 
low. Central Valley fall run Chinook escapement was estimated to have been less than 25 percent 
of predicted returns and below the escapement goal of 122,000 – 180,000 adults for the first time 
since the early 1990’s and continuing a declining trend since the recent peak abundance in 2002. 
For the spring and summer of 2005 (the ocean-entry year for 2004 brood fall-run Chinook and 
2003 brood coho), two approaches to estimating ocean suitability for juvenile salmon both 
indicated very poor conditions for salmon entering the ocean, indicating poor returns for coho in 
2006 and age 3 fall Chinook in 2007. Coast-wide observations showed that 2005 was an unusual 
year for the northern California Current, with delayed onset of upwelling, high surface 
temperatures, and very low zooplankton biomass. These poor ocean conditions provide a plausible 
explanation for the low returns of Central Valley fall Chinook in 2007 and coho in 2006 and 2007. 
Coho returns to Trinity River Hatchery were not reduced in 2006 but 2007 returning coho were 
severely reduced and would have been affected by the 2005 ocean conditions. Consistent with 
Central Valley fall Chinook record low jack return in 2007, the ocean indicators would predict 
very low fall Chinook adult returns in 2008 (Varanasi and Bartoo, 2008). As a result of predicted 
low returns the California commercial and recreational fishing season have been closed by the 
PFMC and NMFS in 2008.   

According to Robert Webb (pers comm.) the timing and intensity of springtime upwelling along 
the west coast of the US has dramatic impacts on the productivity and structure of the California 
Current ecosystem with studies documenting the effects on  marine mammals, coast sea birds, and 
marine and anadromous fish populations. Schwing et al (2006) documented the delayed onset of  
upwelling in the northern California Current in 2005, noting that while not unprecedented, this 
delay impacted dramatically organisms with life histories closely tied to the evolution of the 
annual cycle and dependent on the high productivity associated with the upwelling.  One thing to 
note was the unusually warm (nutrient depleted) water that penetrated north as far as Oregon. 
 
The wind-driven California Current System (CCS) plays a critical role as it advects cold water 
southward along the western coast, thus contributing to a significant land-sea temperature and 
pressure difference in spring-summer when the land warms. This pressure difference results in 
northerly coastal winds that drive coastal upwelling, bringing nutrient rich water to the surface. 
The California Current is also linked to the large-scale wind forcing and ocean circulation. For 
example, the second EOF of SST and sea surface height over the North Pacific is characterized by 
a dipole-like structure with a nodal line along 40°N, close to the axis of the eastward flowing  
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North Pacific Current. Variations of this mode primarily correspond to a strengthening and 
weakening of the north Pacific gyre circulation. North of Cape Mendocino (~40°N) upwelling 
starts in spring and lasts until fall, while south of Cape Mendocino upwelling occurs year-round. 
The seasonality of upwelling in the northern region appears to be crucial for ecosystem dynamics, 
especially for species whose life history is closely tied to the seasonal cycle. 
 
Anomalous near-shore oceanographic conditions associated with delayed upwelling and 
anomalous water temperatures during the Springs of 2005 and 2006 are thought to have played the 
critical role in low juvenile fish survivorship. Schwing et al (2006) identified anomalous 
anomalous April–June sea level pressure over the North Pacific. Their analysis concluded that 
while El Niños can be linked to weaked/delayed upwelling along the west coast of  
the US, El Niños are not the only cause. Offshore transport, water column stability, and freshwater 
input were identified as other important influences on critical nutrient availability. A subsequent 
NWS analysis of the potential predictiblility of the suppressed spring upwelling in 2005 and 2006 
along the west coast of the US (pers. comm. Dave Reynolds) suggests that the persistence of a 
cutoff low just off the coast is sufficient to disrupt “northwest flow and stratus by destroying the 
marine inversion and coast jet”. 
 
Habitat restoration can mitigate some of the negative impacts of climate change on salmonid 
habitat. However, climate change will make salmon restoration more difficult. 
 
During times of decreased ocean productivity the production of fish from freshwater can be critical 
to maintaining salmon runs. The abundance of hatchery fish released into the bay tends to remain 
constant and could result in higher mortality of the wild fish due to competition for lower than 
normal krill populations or other factors. 

Consideration of the Risks Associated with Hatchery 
Raised Mitigation Salmon and Steelhead 
Reclamation funds the operation of Coleman Hatchery, Livingston Stone Hatchery, Nimbus 
Hatchery, and Trinity River Hatchery. DWR funds the operation of the Feather River Hatchery 
(FRH). The USFWS operates Coleman and Livingston Stone Hatcheries and DFG operates 
Feather River, Nimbus, and Trinity Hatcheries. These hatcheries are all operated to mitigate for the 
anadromous salmonids that would have been produced by the habitat if not for the dams on each 
respective river. Reclamation and DWR have discretion over how the hatcheries are operated but 
generally leave operational decisions on how to meet mitigation goals up to the operating agency.  

Most hatchery production releases from the American and Feather Rivers are released in San Pablo 
Bay. The bay releases have been suspected of causing increased rates of returning adults straying 
into tributaries other than their tributary of origin. Examination of CWT data from the American 
River from 2001 and 2002 shows that straying was not as high as was suspected. Out of a 
contribution from Nimbus Hatchery to the Central Valley escapement of nearly 80,000 Chinook in 
run years 2002-2004 only about 2.8 percent (2,193 fish) returned to rivers other than the American 
(Table 11-17). This is well within a straying rate that could be considered normal for wild fish. The 
highest percentage of strays from the American (0.7 percent) occurred in the Feather/Yuba River 
system. 
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Table 11-17. Contribution of Nimbus Hatchery Chinook salmon from brood years 2000 and 2001 to 
Central Valley rivers based on coded wire tag returns. 

Contribution of Nimbus Hatchery Fish from BY 2000 and BY 2001 to Central Valley Rivers
Sum of Contribution runyr
sampsite 2002 2003 2004 Grand Total Percent of total
ABRB 142 142 0.2% Sacramento River (abov
AMN 2,406 49,887 12,604 64,897 82.3% American River, in-river
BUT 25 21 46 0.1% Butte Creek
FEA 214 214 0.3% Feather River
FRH 14 3 17 0.0% Feather River Hatchery
GUAD 7 7 0.0% ?
LFC 90 90 0.1% Feather Low Flow Chan
MER 76 52 128 0.2% Merced
MOK 166 564 55 784 1.0% Mokelumne
MRFI 65 65 0.1% Mokelumne River hatche
MRH 116 50 22 188 0.2% Merced Hatchery?
NFH 1,797 6,769 2,777 11,343 14.4% Nimbus Hatchery
SAA 397 397 0.5% Carquinez to American
STA 110 56 166 0.2% Stanislaus
TUO 7 81 11 99 0.1% Tuolumne
YUB 27 220 247 0.3% Yuba
Grand Total 5,130 57,802 15,897 78,829 100.0%  
Total straying of Nimbus hatchery fish 2002-2004 
(sum of contribution recovered in rivers other than American)

2,193
2.8% recovered in other rivers compared to American  

Consultations for Hatchery Genetic Management Plans are underway for Nimbus, Feather River, 
Coleman, and Trinity River Hatcheries. These will address the effects of hatchery operations on 
the listed species. 

Williams (2006) summarized existing knowledge on effects of hatchery production on wild 
populations in the Central Valley and outlined radical recommendations for protecting or 
rehabilitating diverse, naturally adapted populations of salmon in the Central Valley.  These 
recommendations include abandoning production hatcheries altogether and rely on natural 
production, moving fall-run hatcheries to the coast to support the fall-run Chinook fishery and 
eliminate competition between natural and hatchery fish in the rivers, concentrating fall-run 
hatchery production in one river to concentrate the effects on only one river, or substantially 
reduce hatchery production in all hatcheries or experimentally halt production in selected 
hatcheries.   His formal recommendations are less radical and include:  thoroughly reconsider 
hatchery operations, mark all hatchery fish, release fish only at hatcheries or nearby, avoid 
overproduction, review and document hatchery practices, and look for evidence of domestication. 

Feather River Spring-Run Chinook Straying and Genetic Introgression 

Prior to the construction of numerous dams (including the Oroville Dam) on the Feather River, 
spawning spring- and fall-run Chinook salmon were temporally and spatially separated—i.e., 
spring-run Chinook salmon spawned earlier and in higher reaches of the watershed compared to 
fall-run Chinook salmon. Although data are limited, there is a general consensus that there were 
once genetically distinct Chinook salmon runs in the Feather River system (Lindley et al. 2004; 
Yoshiyama et al. 2001).  
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Today, the Fish Barrier Dam located on the Feather River blocks the early-returning (arriving in 
April through June) run of sexually immature adult Chinook salmon in the Feather River from 
moving upstream to historical spawning habitat (the dam blocks access). As there is overlap in the 
timing of spawning, this spring-run Chinook salmon now spawns in the same location as the more 
numerous later-returning fall-run Chinook salmon. Findings of recent genetic studies using 
microsatellite markers suggest that: (1) FRH produced spring-run Chinook salmon are genetically 
similar to fall-run Chinook salmon and (2) phenotypic in-river spring-run Chinook salmon are 
genetically more similar to fall-run Chinook salmon than to spring-run Chinook salmon 
populations in Mill, Deer, and Butte creeks (Banks et al. 2000; Hedgecock et al. 2001; DWR 
2004a).  

A review of available literature suggests three opportunities for genetic introgression in the Feather 
River: 

• Introgression between spring- and fall-run Chinook salmon in the Feather River;  

• Introgression between hatchery-produced and wild spring-run Chinook salmon in the 
Feather River; and 

• Straying and introgression between Feather River spring-run Chinook salmon and spring-
run Chinook salmon in other systems. 

Introgression Between Spring- and Fall-Run Chinook Salmon.  

Conditions will continue to promote the commingling of spring-run and early maturing fall-run 
Chinook salmon on common spawning grounds, leading to increased opportunities for genetic 
introgression (hybridization) between spring- and fall-run Chinook salmon in the Feather River. In 
fact, data collected over the past 5 years by DWR on spawning populations of Chinook salmon in 
the Feather River do not show a bimodal peak that would be expected if there were temporally 
distinct spawning populations (DWR 2004a). In addition, continued hatchery practices—
specifically, the inability to distinguish between spring- and fall-run Chinook salmon when 
artificially spawning—will continue to be an additional contributor to the observed genetic 
introgression. Data on the returns of tagged fish suggest that there may have been considerable 
cross-fertilization between nominal spring- and fall-run Chinook salmon at the FRH (DWR 2004a) 
over the past several years, and probably since the hatchery began operation in 1967. Under the 
new FERC license steps would be taken to try and segregate the spring-run and fall-run Chinook 
salmon in the Feather River to decrease introgression  

Introgression between Hatchery-Produced and Wild Spring-Run Chinook Salmon.  

One of the key questions about Feather River Chinook salmon involves the genetic and phenotypic 
existence of a spring run, and the potential effects of the FRH on this run. The Feather River’s 
nominal spring run is part of the spring-run ESU and is thus listed as threatened. Conversely, the 
hatchery population is not included in the ESU. The nominal spring- and fall-run Chinook salmon 
in the Feather River are genetically similar and are most closely related to CV fall-run Chinook 
salmon. There is a significant phenotypic spring run that arrives in the Feather River in May and 
June and enters the FRH when the ladder to the hatchery was opened. Observations of these early 
arriving Chinook salmon cast doubt on the presence of a Feather River spring-run, as opposed to a 
hatchery spring-run. DWR is currently preparing Hatchery Genetics Management Plans for the 
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steelhead and Chinook salmon runs produced at the Feather River Fish Hatchery. It is anticipated 
that they will be completed in late 2008. 

Due to the lack of pre-Oroville Facilities genetic data, the genetic identity of the historic Feather 
River spring-run Chinook salmon cannot be definitively ascertained. However, it appears that the 
early arriving, immature Chinook salmon run in the Feather River does not resemble current day 
spring-run populations in Mill, Deer, and Butte creeks. There are no data on the potential effects 
(e.g., reduced fitness) of inbreeding or outbreeding of FRH-produced Chinook salmon. In addition, 
there are no data indicating that spring-run timing on the Feather River is an inheritable trait and 
the loss of this phenotype would adversely affect the recovery of the CV spring-run Chinook 
salmon ESU (DWR 2004a). Nonetheless, under the No-Action Alternative, continued operation of 
the Oroville Facilities is anticipated to continue to contribute to the ongoing genetic introgression 
currently observed under existing conditions. 

Straying and Introgression with Spring-Run Chinook Salmon in Other Systems.  

As part of existing operations, FRH-produced Chinook salmon are transported and released into 
San Pablo Bay. This hatchery practice was intended to reduce/avoid the mortality associated with 
migrating through the Sacramento-San Joaquin Delta. However, data suggest that the practice of 
releasing to San Pablo Bay increased the incidence of straying of FRH-produced Chinook salmon 
(DWR 2004a). Straying can lead to increased competition for spawning habitat and exchange of 
genetic material between hatchery and naturally spawning Chinook salmon (Busack and Currens 
1995). 

To analyze the role that hatcheries play in influencing straying rates, DFG used mark-and-
recapture data (coded wire recoveries) in the ocean fisheries to reconstruct the 1998 fall-run 
Chinook salmon cohort from the FRH (Palmer-Zwahlen et al. 2004). This analysis was used to 
determine the rate at which fish released in the estuary return to the Feather River and to other 
streams (the stray rate). DFG estimated that of the approximately 44,100 FRH-produced fish that 
returned to the Central Valley, 85 percent returned to the Feather River (including the FRH), 7 
percent were caught in the lower Sacramento River sport fishery, and 8 percent strayed to streams 
outside the Feather River basin. If salmonids returned to the Feather River in the same proportion 
as observed in other river systems, the straying rate would be estimated to be approximately 10 
percent (DWR 2004a). Although tags from FRH-produced fish were collected in most Central 
Valley streams sampled, about 96 percent of the 12,438 tags recovered during the 1997 to 2002 
period were collected in the Feather River or at the FRH.  

A lower percentage of in-basin releases than bay releases survived to reenter the estuary as adults 
(0.3 percent versus 0.9 percent); however, these fish returned to the Feather River with greater 
fidelity (approximately 95 percent as compared to around 90 percent for bay releases). Although 
the straying rate from bay releases is less than might be expected based on earlier studies, it is still 
higher than natural straying rates and higher than the 5 percent straying rate recommended as a 
maximum by NMFS. Before rendering definitive conclusions, it should be noted that there are 
several limitations in the existing data: 

• Cohort analysis was only for one broodyear; 

• Tag recovery efforts on most Central Valley streams do not provide statistically reliable 
estimates of the number of tagged fish in the spawning populations; and 
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• There is a significant inland sport fishery and, in recent years, sampling of this fishery and 
collecting tags has been spotty because of budget cuts. 

It should be noted that based on tag return and genetic data, minimal interbreeding appears to have 
occurred between FRH spring-run Chinook salmon and spring-run Chinook salmon in Butte, Mill, 
and Deer creeks. Only a few FRH-produced Chinook salmon have been collected in the lower 
portions of Deer, Mill, and Butte creeks, in sections supporting fall-run spawning activity. In 
addition, the genetic structure of spring-run Chinook salmon in the Feather River is distinct from 
spring-run Chinook salmon from Deer, Mill, and Butte creeks. 

Under the No-Action Alternative, operations of the FRH are anticipated to result in continued 
straying of FRH-produced Chinook salmon at rtes currently observed under existing conditions. 

Feather River Spring-Run Chinook Susceptibility to Disease 

Susceptibility to disease is related to a variety of factors, including fish species, fish densities, the 
presence and amounts of pathogens in the environment, and water quality conditions such as 
temperature, DO, and pH. Oroville Facilities operations have the potential to affect all of these 
factors at the FRH and in the Feather River downstream of the Oroville Facilities.  

Several endemic salmonid pathogens occur in the Feather River basin, including Ceratomyxa 
shasta (salmonid ceratomyxosis), Flavobacterium columnare (columnaris), the infectious 
hematopoietic necrosis (IHN) virus, Renibacterium salmoninarum (bacterial kidney disease 
[BKD]), and Flavobacterium psychrophilum (cold water disease) (DWR 2003a). Of the fish 
pathogens occurring in the Feather River basin, those that are main contributors to fish mortality at 
the FRH (IHN and ceratomyxosis) are of highest concern for fisheries management in the region. 
Although all of these pathogens occur naturally, the Oroville Facilities have the opportunity to 
produce environmental conditions that are more favorable to these pathogens than under historic 
conditions: 

• Impediments to fish migrations may have altered the timing, frequency, and duration of 
exposure of anadromous salmonids to certain pathogens; 

• Out-of-basin transplants may have inadvertently introduced foreign diseases; and 

• Water transfers, pumpback operations, and flow manipulation can result in water 
temperature changes, which potentially increase the risk of disease. 

The transmission of disease from hatchery fish to wild fish populations is often cited as a concern 
in fish stocking programs. There is, however, little evidence of disease transmission between 
hatchery fish and wild fish (Perry 1995). Further, the FRH has implemented disease control 
procedures (e.g., disinfecting procedures) that are intended to minimize both the outbreak of 
disease in the hatchery and the possibility of disease transmission to wild fish populations.  

Field surveys indicated that IHN was not present in juvenile salmonids or other fish in the Feather 
River watershed (DWR 2004a). Eighteen percent of the adults returning to the Feather River 
watershed were infected with IHN, but there were no clinical signs of disease in these fish. The 
hypothesis advanced by DFG pathologists for the cause of the recent IHN epizootics at the FRH is 
that planting Chinook salmon in Lake Oroville (in the hatchery water supply) resulted in the virus 
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entering the hatchery. Hatchery conditions can then lead to stress and the infections can rapidly 
escalate to clinical disease, as evidenced by high mortality. No additional epizootics have been 
observed since the plantings of Chinook salmon in the reservoir were brought to an end. Whether 
the cessation of stocking Chinook salmon will prevent future IHN outbreaks at the FRH is 
uncertain, as the cause of specific disease outbreaks in Oroville Facilities waters is poorly 
understood (DWR 2004a). 

Under the No-Action Alternative, continued operations of the Oroville Facilities are anticipated to 
result in potential exposures to pathogens similar to that currently observed under existing 
conditions. 

Steelhead Straying and Genetic Introgression 

The lack of distinction between San Joaquin and Sacramento steelhead populations suggests either 
a common origin or genetic exchange between the basins. Findings of a recent genetic study on 
CV steelhead populations (Nielson et al. 2003) indicate that: 

• Feather River steelhead populations (natural and FRH-produced populations) are more 
similar to populations from streams in the same general geographic location—i.e., Clear 
Creek, Battle Creek, upper Sacramento River, Coleman National Fish Hatchery, and 
Cottonwood, Mill, Deer, and Antelope creeks. 

• Feather River steelhead populations are not closely linked to Nimbus Hatchery and 
American River populations. 

• Feather River steelhead population’s closest relative is the FRH-produced steelhead and 
both are distinct from other Central Valley steelhead populations. 

• There are no data on the potential effects (e.g., reduced fitness) of inbreeding or 
outbreeding of FRH-produced steelhead. 

These data suggest that there appears to be considerable genetic diversity within the CV steelhead 
populations and that, although fish from the San Joaquin and Sacramento River basins cannot be 
distinguished genetically, there is still significant local genetic structure to CV steelhead 
populations (Figure 3-2). For example, Feather River and FRH-produced steelhead are closely 
related, as are American River and Nimbus Hatchery fish.  

Estimates of straying rates only exist for Chinook salmon produced at the FRH. However, based 
on available genetic data, the effects of hatcheries that rear steelhead appear to be restricted to the 
population on hatchery streams (DWR 2004a). These findings suggest that, although ongoing 
operations may impact the genetic composition of the naturally spawning steelhead population in 
these rivers, hatchery effects appear to be localized. It should be noted that genetic data for 
steelhead are limited (DWR 2004a).  

There appears to be little mixing of hatchery and wild gene pools in the FRH. This conclusion is 
based on study findings that show that only adipose clipped steelhead (hatchery-produced, 
presumably mostly from the FRH) ever reach the FRH. Spawned steelhead are released back to the 
river—there are no data to determine how many of these fish survive to spawn again. 
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Nevertheless, the commingling of spawning adults due to the blockage of fish to historical 
spawning and rearing habitat in headwater streams presumably provides an opportunity of mixing 
between FRH-produced and wild steelhead. Homogenization of the wild Feather River steelhead 
genetic structure cannot be ascertained as there are no data to show if the river spawners are of 
direct hatchery origin or the progeny of previous natural spawners. Moreover, as there are no pre-
Oroville Facilities genetic data, it is not possible to characterize the distinctness of historical 
steelhead in the Feather River. However, the existing data suggest that some of the original genetic 
attributes remain in the current steelhead populations in the Feather River.  

Given available genetic data, under the No-Action Alternative, straying of FRH-produced 
steelhead is anticipated to have a negligible effect on the genetic integrity of CV steelhead 
populations as observed under existing conditions and continued operation of the Oroville 
Facilities is anticipated to continue to provide potential opportunities for the genetic introgression 
currently observed under existing conditions in the Feather River. 

 

Critical Habitat 
The primary constituent elements (PCEs) of critical habitat include sites essential to support one or 
more life stages of the ESU (sites for spawning, rearing, migration, and foraging). The specific 
PCEs include: 

1. Freshwater spawning sites 

2. Freshwater rearing sites 

3. Freshwater migration corridors 

4. Estuarine areas 

5. Nearshore marine areas 

6. Offshore marine areas 

Water operations can affect habitat conditions in the first four of the PCEs. These four PCEs are 
present in the action area. The critical habitat areas are delineated and some critical habitat effects 
are detailed in Chapters 3 and 5. 

Spawning Sites 

Sufficient spawning habitat would be maintained for all the listed salmonids in the affected rivers 
by maintaining coolwater releases from the reservoirs. A slight reduction in available coldwater for 
spawning habitat could occur in critically dry water years in the future as detailed above. This 
could result in fish spawning further upstream closer to the terminal dams.  Spawning habitat has 
not been identified as a limiting factor to the listed species in any of the rivers at the current 
densities of spawners.  When populations are higher with improved ocean conditions numbers of 
returning spawners could fully utilize the spawning habitat within the area of suitable water 
temperature.  Spawning gravel additions would continue to occur to replace the deficits created by 
the loss of recruitment from upstream. These additions should maintain spawning habitat in the 
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areas of the rivers near the dams with the coolest temperatures for egg incubation.  High flows 
during flood control operations would provide needed gravel movement to keep spawning areas 
clean with freshly redeposited gravel. 

Freshwater Rearing Sites  

The project operations would not change rearing habitat availability. Habitat features such as meso 
and micro habitat sites, woody debris, aquatic vegetation and varied substrates would continue to 
be present in a similar configuration. These habitats would continue to produce food needed by the 
salmonids. Salmonid habitat improvement projects will continue to be funded by Central Valley 
Project Improvement Act funds received from water deliveries.  Temperatures could be degraded 
somewhat through future climate change scenarios and decreased coldwater pool volume as 
detailed above. These scenarios would affect steelhead rearing habitat the most in rivers such as 
the American and Stanislaus.  

Freshwater Migration Corridors 

Freshwater migration corridors would not change through the project. Red Bluff Diversion Dam 
operations would remain the same in the near future but would allow for improved passage 
conditions when a pumping plant is constructed. Delta Cross Channel gates would be operated the 
same. Flows would be suitable for passage in all river reaches. Changes in flows and their effects 
on the critical habitat in the rivers and the delta are detailed above and in Chapters 10 and 12. 

Estuarine Areas 

Conditions in the estuary would remain about the same for salmonids through future operations. 
Salmonids would continue to use nearshore areas in the estuary as rearing habitat as they migrate 
and grow on their way to the ocean. Delta pumping operations and take of listed species will 
continue to be monitored so that adjustments can be made when take levels increase. 

 

Evaluation of Viable Salmonid Population (VSP) 
Parameters 
According to McElhany et al. (2000) the key parameters used to determine whether a population is 
likely to experience long-term viability are 1) abundance, 2) population growth rate, 3) population 
spatial structure, and 4) diversity. The following is a discussion of the effects of the project on VSP 
parameters. 

Winter-run Chinook Salmon 

Population Size 

Winter-run Chinook have experienced recent population size increases followed by the most recent 
year drop in numbers experienced throughout southern Chinook and coho salmon populations. The 
population size increases encompassed two generations with three year average population sizes of 
around 7,000 to 12,000 individuals making up the escapement. The current three year running 
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average population size appears to have sufficient numbers of individuals to have a high 
probability of surviving environmental variation of hydrological and ocean conditions experienced 
through the historical record. Depensatory processes are not likely to be important at current 
population levels since the population is limited to a specific area of the Sacramento River, ie. the 
fish are all present in the same area of the river at the same time.  Genetic diversity should be 
maintained at these population levels. The winter-run population overlaps habitat use with other 
runs and all together they provide needed ecological functions such as cycling of spawning gravels 
and providing nutrients from carcasses. Current monitoring programs provide a high level of 
confidence in the winter-run population numbers and spatial distribution. 

Population Growth Rate 

The winter-run Chinook population has been consistently growing through all cohorts since the 
low levels of the early 1990’s. The recent decline in 2007 and expected in 2008 is an exception. 
Even with the recent decline the population exhibited the ability to increase under current 
operational scenarios with suitable ocean conditions. The IOS model, with the assumptions used, 
indicates that under future operational scenarios the growth rate may decrease in comparison with 
the current condition due to the effects that could occur in critically dry water years. The current 
poor ocean conditions produced a population about one third of the three year prior escapement. 
This decrease in productivity was less than what has occurred for fall-run Chinook.  The fall-run 
Chinook adult returns are dominated by returns from large numbers of hatchery Chinook released 
into San Pablo Bay.  These hatchery fish do not experience the in-river conditions during their 
juvenile lifestage and the number released is relatively constant from year to year.  The fact that 
winter-run Chinook returns did not decrease as much as occurred for fall-run Chinook indicates 
that juvenile winter-run production surviving to the ocean was probably high for the cohort and 
was supported by good in-river conditions.  This means that for the current population, during 
years that are not critically dry, the freshwater productivity can compensate somewhat for poor 
ocean conditions and the population should remain viable.  During successive dry water years 
winter-run would not fare as well. 

Spatial Structure 

Winter-run Chinook are restricted to the Sacramento River. This limits the spatial structure of the 
population compared to most salmonid runs which utilize multiple tributaries. Habitat patches are 
being maintained through water temperature management, reduction in impediments to migration 
(RBDD, ACID, and DCC gate), and habitat improvements (spawning gravel replacement). Battle 
Creek is being improved to potentially support winter-run Chinook in the future and increase 
spatial structure. No natural source subpopulations are currently available, although Livingston 
Stone Hatchery could be considered a subpopulation. 

Diversity 

Chinook salmon in the Central Valley exhibit a high diversity in run timing such that depending on 
the specific tributary there are Chinook salmon returning and spawning during virtually all months 
of the year. This allows the species to take advantage of the environmental conditions unique to 
individual tributaries. Blockage of many upstream habitats has reduced diversity and spatial 
structure somewhat however. Winter-run Chinook exhibit a diversity of age at return from fish that 
return from two to five years of age. The predominant trait is three year fish but the diversity in 
ages allows for overlap in case a year class experiences a large drop in abundance. Natural 
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disturbance regimes such as high flows that redistribute the bed occur and provide some diversity 
in habitat. Gene flow between winter-run and other runs is likely negligible because their spawning 
timing is well separated from runs in the Sacramento and all other rivers. The project should 
maintain the existing diversity and run size will continue to fluctuate with year to year changes in 
precipitation and ocean conditions.  

Spring-run Chinook Salmon 

Population Size 

The core spring-run population reproduces primarily in non-project streams. Spring-run 
experienced recent increases in population, similar to winter-run and currently are experiencing a 
positive growth rate. The component of the population in the Sacramento River is at a low level, 
however. The Clear Creek component has been steadily increasing and the Feather River 
component has been relatively stable. Depensatory processes could occur in the Sacramento River 
but this river is not considered a core spring-run habitat area for spring-run spawning. Spring-run, 
when combined with the other runs, provide needed ecological functions such as cycling of 
spawning gravels, and providing nutrients from carcasses. Spring-run population size is monitored 
relatively well and trends can be detected. The project is not expected to significantly affect the 
spring-run population size. For some reason spring run in the Sacramento River have not 
rebounded from population lows as they have in the Sacramento River tributary streams.  Red 
Bluff Diversion Dam affects spring-run adult migrations in the Sacramento River more than any of 
the other runs.  The ten month gates out operations in the future may allow upstream populations 
to increase, but it remains unknown whether the blockage of a portion of the run is what is 
currently limiting upstream population increases.  For example spring run escapement in Clear 
Creek has increased under the current gate operations.  Conditions downstream of RBDD are 
generally suitable for spring-run to hold for long periods during the summer.  There are risks to the 
spring-run population from climate change scenarios, but these are not caused specifically by the 
project. 

Population Growth Rate 

The spring-run Chinook population has recently maintained cohort replacement rates of 1.0 or 
greater in most years. The recent year decline in returning fall-run and winter-run escapement will 
likely be seen in spring-run as well. The Feather River segment of the population includes a 
hatchery component making the natural productivity difficult to determine. The Sacramento River 
segment of the population is at low numbers. The necessity of managing coldwater for winter-run 
Chinook stresses spring-run spawners during the fall in the mainstem, especially in critically dry 
water years. Differences in spring-run production between current and future operational scenarios 
were not as apparent as for winter-run.  

Spatial Structure 

Spring-run Chinook are present in multiple Sacramento River tributaries. This provides a better 
buffer against catastrophic effects than exists for winter-run Chinook. The trait of the spring-run 
population holding over through the summer originally was an asset to the population because it 
allowed migrations to occur during high water when water temperatures were cool. It is currently a 
risk factor because the amount of over summer holding habitat with suitable water temperatures 
and habitat conditions is limited. Clear Creek may provide a good refuge for the population in dry 
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water years with the presence of the coldwater pool in Trinity Reservoir and relatively small 
instream flow needs to maintain fish in Clear Creek. Battle Creek is also being made more 
accessible for spring-run and has shown promising numbers over two generations. The existing 
spatial structure should not be affected by the project.  Improvements to passage at Red Bluff 
Diversion Dam could help upstream populations, thereby enhancing spatial structure. 

Diversity 

Chinook salmon in the Central Valley exhibit a high diversity in run timing such that depending on 
the specific tributary there are Chinook salmon returning and spawning during virtually all months 
of the year. This allows the species to take advantage of the environmental conditions unique to 
individual tributaries. Blockage of many upstream habitats has reduced diversity and spatial 
structure somewhat however. Spring-run Chinook exhibit a diversity of age at return from fish that 
return from two to five years of age. The predominant trait is three year fish but the diversity in 
ages allows for overlap in the event a year class experiences a large drop in abundance. Natural 
disturbance regimes such as high flows that redistribute the bed occur and provide some diversity 
in habitat. Gene flow between spring-run and fall-run Chinook can be substantial where the two 
runs co-exist. The two runs formerly spawned in different river reaches but the reduction in habitat 
is such that their spawning habitat and run timing overlap. This allows more opportunity for gene 
flow between the runs. Spring-run and fall-run in the Feather River probably have the greatest 
overlap leading to gene flow between the populations. Actions are being taken to separate the runs 
and reduce this effect on the Feather River.  

Central Valley Steelhead 

Population Size 

The lack of monitoring data to effectively determine steelhead population size contributes as a risk 
factor for steelhead because it makes population trends difficult to detect. The best indicator of 
population size may be the ratio of hatchery (clipped) to unclipped steelhead in monitoring 
programs. This has remained relatively constant since clipping of all hatchery steelhead began in 
1998. The diversity of life history types and the prevalence of resident O. mykiss in many rivers 
provides some insurance against low population size. It is evident that hatchery produced steelhead 
numbers are higher than naturally produced numbers.  

Population Growth Rate 

Because the population size is unknown in most tributaries the population growth rate is unknown. 
Based on existing monitoring programs there do not appear to be population increases occurring. 
No real change in population size is apparent. The streams with hatchery populations (American 
River, Feather River, Battle Creek) appear to have the majority of their runs made up of hatchery 
fish and the fish spawning in the rivers include a large hatchery produced component. Gene flow 
between the hatchery and naturally spawned component is substantial. The resident O.mykiss 
component present in rivers such as the Sacramento, Clear Creek, and Stanislaus provides a source 
of fish during down cycles in abundance. Water temperature can limit potential for natural 
populations to increase in some streams. 
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Spatial Structure 

The spatial structure of the steelhead population provides some resiliency to the population. 
Steelhead and the resident form are the most widely distributed of the salmonids in the Central 
Valley. The spatial structure has been reduced, however, by the presence of dams on many streams 
eliminating access to upstream habitat. The resident form of the species still thrives in many of 
these upstream areas but gene flow from downstream to upstream has been eliminated. Upstream 
populations can provide a source of fish to anadromous reaches downstream where stocking has 
not replaced the natural stocks upstream. The habitat is patchily distributed during the warmwater 
periods of the year because the warmwater in the lower reaches of streams creates a barrier to 
migrations between tributaries. Project operations maintain coldwater downstream of reservoirs, 
maintaining resident O.mykiss. 

Diversity 

Steelhead (O.mykiss) exhibit a high diversity in life history forms. Numerous resident populations 
exist that are probably somewhat connected. Anadromous fish have been shown to produce both 
resident and anadromous offspring. Resident fish have also been shown to produce both resident 
and anadromous offspring. Steelhead provide some resiliency to the population in the case that 
some catastrophic event should wipe out a resident population in some stream. The resident form 
provides the same type of insurance in the case that the anadromous form suffers increased 
declines.  

SONCC Coho Salmon 

Population Size 

The estimated coho salmon run size in the Trinity River has been above the 20-year average for 
seven of the last eight years. The ESU includes rivers other than the Trinity. The Trinity River 
Restoration Program is working to increase coho habitat and population size in the system. The 
Trinity River coho run has a large hatchery component with substantial gene flow with in-river 
spawners. Depensatory processes are unlikely to be important because the spawning population is 
concentrated in a small area of the river near the dam. The project should not adversely affect the 
coho population size and there should be benefits with the restoration program. 

Population Growth Rate 

The in-river spawning population is at a low level. The growth rate is difficult to determine with 
the substantial hatchery presence producing a steady number of fish each year. The growth rate 
does not appear to be large, however. The state of the population in the absence of hatchery 
production is unknown. Coho in the mainstem Trinity tend to congregate within a few miles 
downstream of the dam and hatchery. The operational scenarios should allow for population 
growth to occur. 

Spatial Structure 

Coho salmon are widespread throughout the ESU. This project should not affect spatial structure 
of the population as the Trinity River component will be maintained. The restoration program is 
working to improve habitat for coho salmon and maintain or increase habitat patches within the 
mainstem Trinity River. 
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Diversity 

Coho salmon in this ESU primarily return in their third year, but a small number of males breed in 
their second year. There may be a few four year old fish. Natural processes are being maintained 
through the restoration program and its flow regime. The project should not affect diversity of the 
ESU.  

Central California Coast Steelhead 

No adverse effects of the project on Central California Coast steelhead have been identified.  The 
portion of the project area intersecting the CCC steelhead DPS is in the north-western Delta 
leading to Susuin Creek.  Suisun Creek was excluded from the Critical Habitat designation.  
Effects on this migratory corridor for CCC steelhead are expected to be minimal to water quality 
and of no measurable effect on VSP parameters for CCC steelhead.   

 

Cumulative Effects 
Cumulative effects include the effects of future State, tribal, local, or private actions that are 
reasonably certain to occur in the action area of this biological assessment. Future Federal actions 
that are unrelated to the proposed action are not included because they require separate ESA 
consultation. 

Non-Federal actions that may affect the action area include State angling regulation changes, 
commercial fishery management changes, voluntary State or private habitat restoration, State 
hatchery practices, agricultural practices, water withdrawals/diversions, increased population 
growth, mining activities, and urbanization. State angling regulations are generally moving 
towards greater restrictions on sport fishing to protect listed fish species. The state closed 
recreational salmon fishing in California in all ocean and fresh waters except between Knights 
Landing and Red Bluff on the Sacramento River in the late fall.  Commercial fishing regulations 
are designed to target the abundant fall–run Chinook and avoid fishing during times and in areas 
where listed species are more likely to be caught.  However, during 2008 commercial salmon 
fishing was closed to protect the expected low numbers of Chinook salmon in the ocean.   

Habitat restoration projects may have short term negative effects associated with construction 
work in waters but the outcome is generally a benefit to listed species. State hatchery practices 
(Merced, Mokelumne, American River Trout Hatchery) may have negative effects on naturally 
produced salmon and steelhead through genetic introgression, competition, and disease 
transmission from hatchery introductions. Farming activities within or near the action area may 
have negative effects on Sacramento and San Joaquin water quality due to runoff laden with 
agricultural chemicals. Essential features of critical habitat that are degraded on the Sacramento 
River include water, space, cover, and rearing along approximately 200 miles of mainstem river.  
The function of critical habitat may continue to be reduced through the cumulative loss of riparian 
areas along Central Valley river due to bank stabilization projects, removal of trees for levee 
stability, and growth and development (e.g., boat docks, marinas, sewage outfalls). 

Cumulative effects include non-federal riprap projects. Depending on the scope of the action, some 
non-federal riprap projects carried out by State or local agencies do not require Federal permits. 
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These types of actions, and illegal placement of non-federal riprap are common throughout the 
action area. The effects of such actions result in fragmentation of existing habitat and conversion 
of complex nearshore aquatic habitat to simplified habitats that are less suitable for salmonids. 
 
Cumulative effects include future non-federal water withdrawals which affect salmonids by 
entraining individuals into improperly screened diversions and may result in lower river flows that 
are needed for migration, spawning, rearing, flushing of sediment, gravel recruitment and transport 
of woody debris.  Future temperatures in the American River are largely the result of upstream 
diversions impacting the coldwater pool in Folsom Reservoir.  The largest diversions are screened 
or in planning phases with a Federal cost share.  The smaller non-project diversions are largely 
privately owned and may have significant cumulative effects. 
 
Cumulative effects may result from discharge of point and non-point source chemical 
contaminants, which include selenium and pesticides and herbicides associated with agricultural 
and urban activities.  The proliferation of  invasive species may occur from increasing water 
temperatures due to future level of development or climate change.  Invasive species can prey on 
or displace native species that provide food for young fish.  Contaminants may injure or kill 
salmonids by affecting food availability, growth rate, susceptibility to disease, or other processes 
necessary for survival. 
 
Future urban growth and mining operations may adversely affect water quality, riparian function, 
and stream productivity.  Intermittent streams used by steelhead are being impacted by urban 
sprawl before monitoring can detect presence/absence of the species. 
 
Other potential cumulative effects could include:  wave action in the water channel caused by 
boats that may degrade riparian and wetland habitat and erode banks; dumping of domestic and 
industrial garbage; urban land uses that result in increased discharges of pesticides, herbicides, oil, 
and other contaminants into the water; and non-federal dredging practices.  These things also may 
injure or kill salmonids by affect food availability, growth rate, susceptibility to disease, or other 
physiological processes necessary for survival. 
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Chapter 12  CVP and SWP Delta Operations 

This chapter focuses on the effects of the CVP and SWP project operations in the Delta. The 
results in this chapter are from monthly CalSim-II output and are a coarse example of the 
hydrologic and hydraulic effects that project operations will have in the Delta. The effects 
analyzed in this chapter are due to the changes in operations and demands between the four 
OCAP Studies 6.0, 7.0, 7.1 and 8.0 as detailed in Chapter 10. Modeling results analyzed in this 
chapter will be Delta inflow, Delta outflow, Delta exports (Banks, Jones, Contra Costa Water 
District, and North Bay Aqueduct), SWP demand assumption changes, and EI ratio. The SWP 
demand assumptions (including both Table A and Article 21) will be compared against the 2004 
OCAP SWP demand assumptions. The chapter’s final section will focus on potential transfers 
amounts that were post-processed from the CalSim-II results for Study 8.0. Refer to Chapter 9 
for a list of model limitations on which this analysis was based. 

Inflow 

Total Delta inflow in the model is treated as the sum of Yolo Bypass, Sacramento River, 
Mokelumne River, Calaveras River, Cosumnes River, and the San Joaquin River. Table 12-1 
lists the difference in average annual inflow into the Delta on a long-term average and 1929 to 
1934 average bases. The total annual inflow decreases in all comparisons on average between 
studies. 

Table 12-1 Differences in annual Delta Inflow for Long-term average and the 1929-1934 Drought 

Difference in Thousands of Acre-feet [TAF] 
Study 7.0 - 
Study 6.0 

Study 7.1 - 
Study 7.0 

Study 8.0 - 
Study 7.0 

Study 8.0 - 
Study 7.1 

Longterm Annual Average Total Delta 
Inflow -69 -201 -270 -70 

29 - 34 Annual Average Total Delta Inflow 136 -272 -403 -130 
 

Figure 12-1 shows the chronology of total inflow for all three of the studies. The highest inflows 
occur January through April due to flood flows, and July when pumping is increased through the 
late summer with the 50th percentiles being greater than 20,000 cfs (Figure 12-2). In the other 
months the inflow tends to be less than 20,000 cfs. Considering the monthly averages by 
40-30-30 water year classification (Figure 12-3 to Figure 12-8), the results show little difference 
on average. In water years classified as critical years, Figure 12-1, the summer pumping in those 
years is higher for Studies 6.0 and 7.0 versus the other two studies. The increase in Studies 6.0 
and 7.0 inflows for critical years during the summer are from EWA transfers being wheeled at a 
higher rate than in Studies 7.1 and 8.0 which are limited EWA studies.
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Figure 12-1 Chronology of Total Delta Inflow
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Percentiles 1922 - 2003
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Figure 12-2 Total Delta Inflow 50th Percentile Monthly Flow with the 5th and 95th as the bars 
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Figure 12-3 Average Monthly Total Delta Inflow 
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Figure 12-4 Average wet year (40-30-30 Classification) monthly Total Delta Inflow 

0

10000

20000

30000

40000

50000

60000

70000

80000

Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

F
lo

w
 (

cf
s)

Study 6.0 Today EWA: Revised Model/Study 3a Assumptions Study 7.0 Today EWA
Study 7.1 Near Future Limited EWA Study 8.0 Future Limited EWA

Above Normal

 

Figure 12-5 Average above normal year (40-30-30 Classification) monthly Total Delta Inflow 
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Figure 12-6 Average below normal year (40-30-30 Classification) Total Outflow Delta Inflow 
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Figure 12-7 Average dry year (40-30-30 Classification) monthly Total Delta Inflow 



CVP and SWP Delta Operations OCAP BA 

12-6  August 2008  

0

2000

4000

6000

8000

10000

12000

14000

16000

18000

20000

Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

F
lo

w
 (

cf
s)

Study 6.0 Today EWA: Revised Model/Study 3a Assumptions Study 7.0 Today EWA
Study 7.1 Near Future Limited EWA Study 8.0 Future Limited EWA

Critical

 

Figure 12-8 Average critical year (40-30-30 Classification) monthly Total Delta Inflow 

Outflow 

The chronology of Delta outflow is shown in Figure 12-9. Table 12-2 shows the difference in 
total outflow for the four studies. When comparing the differences from Studies 7.1 and 8.0 to 
Study 7.0 in Table 12-2 the average annual outflow decreases by 300 to 400 TAF for the long-
term average. Study 8.0 shows a decrease in average Delta outflow of 100 TAF when compared 
to Study 7.1.  

Both the percentile, average monthly, and average monthly by water year type for total Delta 
outflow can be seen in Figure 12-9 to Figure 12-16. The figures show some differences in the 
winter and spring months with the biggest differences in below normal, dry and critical years. 
The differences are generally in the late winter months where outflow increases are seen in 
Studies 6.0 and 7.0 versus the other two, due to Studies 6.0 and 7.0 being “full” EWA runs and 
the winter reductions in exports are occurring and pushing more of the flow out of the Delta.  

Table 12-2 Differences in annual Delta Outflow and Excess Outflow for Long-term average and the 
1929-1934 Drought 

Difference in Thousands of Acre-feet [TAF] 
Study 7.0 - 
Study 6.0 

Study 7.1 - 
Study 7.0 

Study 8.0 - 
Study 7.0 

Study 8.0 - 
Study 7.1 

Longterm Annual Average Total Delta 
Outflow -149 -296 -400 -104 

29 - 34 Annual Average Total Delta Outflow -93 -195 -164 32 
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Figure 12-9 Chronology of Total Delta Outflow
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Figure 12-10 Total Delta Outflow 50th Percentile Monthly Flow with the 5th and 95th as the bars 
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Figure 12-11 Average Monthly Total Delta Outflow 
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Figure 12-12 Average wet year (40-30-30 Classification) monthly Delta Outflow  
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Figure 12-13 Average above normal year (40-30-30 Classification) monthly Delta Outflow 
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Figure 12-14 Average below normal year (40-30-30 Classification) monthly Delta Outflow 
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Figure 12-15 Average dry year (40-30-30 Classification) monthly Delta Outflow 
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Figure 12-16 Average critical year (40-30-30 Classification) monthly Delta Outflow 

 

Exports 

The exports discussed in this section are Jones pumping, Banks pumping, Federal Banks 
pumping, and diversions for Contra Costa Water District (CCWD) and the North Bay Aqueduct 
(NBA). Figure 12-17 shows the total annual pumping of Jones and Banks facilities. Looking at 
Figure 12-17, Study 8.0 tends to be the more aggressive for pumping of the Studies on an annual 
basis because of the higher future demands south of the Delta. Study 8.0 also has lesser 
reductions in exports due to EWA actions relative to Studies 6.0 and 7.0. Study 7.1 also shows 
more aggressive annual pumping regimes due to a lesser amount of EWA actions relative to 
Studies 6.0 and 7.0 as well. 
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Figure 12-17 Total Annual Jones + Banks Pumping 
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Jones Pumping 

The Jones pumping in Studies 6.0 and 7.0 is limited to 4,200 cfs plus the diversions upstream of 
the constriction in the Delta Mendota Canal (DMC). In Studies 7.1 and 8.0 the DMC/California 
Aqueduct Intertie allows pumping to increase to the facility design capacity of 4,600 cfs. Figure 
12-18 shows the percentile values for monthly pumping at Jones. November through January are 
the months when Jones most frequently pumps at 4600 cfs with the 50th percentile at that level 
for most of the months in Studies 7.1 and 8.0. Wet years tend to be when Jones can utilize the 
4,600 cfs pumping in Study 7.1 and Study 8.0 (see Figure 12-20).  

From Figure 12-18 December through February the pumping is decreased during this time frame 
in Studies 6.0 and 7.0 due to the 25 taf/month pumping restriction from the EWA program. 
April, May, and June see reductions from the other months because of the Vernalis Adaptive 
Management Program (VAMP) restrictions and May has further reductions in the EWA studies 
due to EWA spending some assets to supplement the May Shoulder pumping reduction. July 
through September see pumping increasing between the three studies generally for irrigation 
deliveries. July and August have the 5th percentiles down to the 800 cfs minimum pumping 
(assumption of pumping rate with one pump on) and to 600 cfs when Shasta gets below 1,500 taf 
[taf or TAF] in storage. 

Figure 12-19 to Figure 12-24 show similar trends in monthly average exports by year type, with 
pumping being greatest December through February and July through September.  

 

Percentiles 1922 - 2003

0

500

1000

1500

2000

2500

3000

3500

4000

4500

5000

Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

F
lo

w
 (

cf
s)

Study 6.0 Today EWA: Revised Model/Study 3a Assumptions Study 7.0 Today EWA
Study 7.1 Near Future Limited EWA Study 8.0 Future Limited EWA  

Figure 12-18 Jones Pumping 50th Percentile Monthly Export Rate with the 5th and 95th as the bars 
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Figure 12-19 Average Monthly Jones Pumping 
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Figure 12-20 Average wet year (40-30-30 Classification) monthly Jones Pumping  
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Figure 12-21 Average above normal year (40-30-30 Classification) monthly Jones Pumping 
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Figure 12-22 Average below normal year (40-30-30 Classification) monthly Jones Pumping 
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Figure 12-23 Average dry year (40-30-30 Classification) monthly Jones Pumping 
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Figure 12-24 Average critical year (40-30-30 Classification) monthly Jones Pumping 
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Banks Pumping 

Figure 12-25 through Figure 12-31 show total Banks exports for the four studies. Figure 12-25 
shows a reduction in Banks pumping December, January, and February for Studies 6.0 and 7.0 
due to the availability of a full EWA as compared to the limited EWA in Studies 7.1 and 8.0. In 
the limited EWA studies pumping reductions do not occur at Banks in the months of December 
to February. The figure also shows larger reductions in pumping during the April, May and June 
period for Studies 6.0 and 7.0 which is due to a greater amount of assets available in the full 
EWA. In Study 7.1 and 8.0 pumping reductions occur during VAMP up to the amount of assets 
in-hand and anticipated through Yuba Accord. During the summer period, July to September, 
Banks pumping utilizes the additional 500 cfs in order to wheel EWA assets in all of the studies.  

 

Studies 6.0 and 7.0 show lower pumping in the winter and spring months when EWA reductions 
occur and higher pumping in the summer and fall month when wheeling EWA assets through 
Banks at a higher rate versus Studies 7.1 and 8.0 (see Figure 12-26 to Figure 12-31.).  
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Figure 12-25 Banks Pumping 50th Percentile Monthly Export Rate with the 5th and 95th as the bars 
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Figure 12-26 Average Monthly Banks Pumping 
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Figure 12-27 Average wet year (40-30-30 Classification) monthly Banks Pumping  
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Figure 12-28 Average above normal year (40-30-30 Classification) monthly Banks Pumping 
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Figure 12-29 Average below normal year (40-30-30 Classification) monthly Banks Pumping 
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Figure 12-30 Average dry year (40-30-30 Classification) monthly Banks Pumping 
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Figure 12-31 Average critical year (40-30-30 Classification) monthly Banks Pumping 
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Federal Banks Pumping 

The use of Banks Pumping Plant for pumping CVP water is based on many factors including 
available capacity at Banks, available water upstream or in the Delta, and CVP South of Delta 
demand. Figure 12-32 shows the annual average use of Banks pumping for the CVP by study.  
Federal pumping at Banks generally occurs in the late summer months into October (Figure 
12-33 through Figure 12-39). Some Federal pumping occurs during November through March 
for Cross Valley Contractors. For the most part, Federal Banks pumping is similar between the 
studies.  However, Federal Banks pumping is a little higher in Study 7.1 due to the lack of EWA 
wheeling relative to Study 7.0.  The available Banks capacity is reduced in Study 8.0 due to a 
higher SWP South of Delta demand which reduces the ability of Federal use of Banks pumping.  
Study 6.0 shows higher use of Federal Banks pumping primarily due to changes in the model 
logic.  As described in Chapter 9, the intention of Study 6.0 was to mimic the assumptions in the 
OCAP BA 2004 model which included demand patterns.  With the new demand patterns 
(Studies 7.0, 7.1, and 8.0) Article 56 is modeled explicitly, as discussed in the SWP Demand 
Assumptions section of this chapter starting on page 12-36.  With modeling Article 56 is a 
requirement on San Luis storage to match the amount of Article 56 requested.  This additional 
requirement reduces the amount of Federal Banks pumping during the late fall and early winter 
periods as shown in Figure 12-34 and Figure 12-35.  Wet years show the most pumping at 
Banks, with pumping averages decreasing as the years get drier. 
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Figure 12-32 Average use of Banks pumping for the CVP  
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Figure 12-33 Federal Banks Pumping 50th Percentile Monthly Export Rate with the 5th and 95th as the 
bars 
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Figure 12-34 Average Monthly Federal Banks Pumping 
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Figure 12-35 Average wet year (40-30-30 Classification) monthly Federal Banks Pumping  
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Figure 12-36 Average above normal year (40-30-30 Classification) monthly Federal Banks Pumping 
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Figure 12-37 Average below normal year (40-30-30 Classification) monthly Federal Banks Pumping 
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Figure 12-38 Average dry year (40-30-30 Classification) monthly Federal Banks Pumping 
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Figure 12-39 Average critical year (40-30-30 Classification) monthly Federal Banks Pumping 

 

North Bay Aqueduct Diversions 

Diversions from the NBA had no significant differences between the Existing to the Future 
Studies (see Table 12-3). Most of the diversions occur during the late summer months and extend 
into October for the NBA (Figure 12-40). 

Table 12-3 Average Annual and Long-term Drought Differences in North Bay Aqueduct  

Difference in Thousands of Acre-feet [TAF] 
Study 7.0 - 
Study 6.0 

Study 7.1 - 
Study 7.0 

Study 8.0 - 
Study 7.0 

Study 8.0 - 
Study 7.1 

Longterm Annual Average North Bay 
Aqueduct 

43 -3 7 10 

29 - 34 Annual Average North Bay 
Aqueduct 32 0 1 1 
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Figure 12-40 Average Monthly North Bay Aqueduct Diversions from the Delta 

 

Export-to-Inflow Ratio 

Figure 12-41 to Figure 12-46 show the E/I ratio on a monthly long-term average basis and 
averaged monthly by 40-30-30 index. From Figure 12-41 to Figure 12-46 during months where 
EWA actions are taken, the E/I ratio decreases (December, January, February, April, May and 
June) in Studies 6.0 and 7.0 compared to 7.1 and 8.0. The later summer months show increases 
in E/I due to increased pumping with the exception of some dry and critical years in the limited 
EWA runs due to either reduced storage or worsening salinity requirements. While Studies 6.0 
and 7.0 shows increased EI Ratios in the summer months relative to the springtime due to 
wheeling of EWA assets. 

Figure 12-47 to Figure 12-58 show the monthly E/I ratios sorted from wettest to driest by 
40-30-30 Index. The graphs show generally the same trend as Figure 12-41 to Figure 12-46. 
Where Studies 6.0 and 7.0 show lower E/I ratios in the months when the full EWA is taking 
more actions in the winter and springtime relative to the limited EWA runs 7.1 and 8.0 that do 
not take any winter actions and limit EWA actions in the spring.  
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Figure 12-41 Average Monthly export-to-inflow ratio 
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Figure 12-42 Average wet year (40-30-30 Classification) monthly export-to-inflow ratio  
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Figure 12-43 Average above normal year (40-30-30 Classification) monthly export-to-inflow ratio 
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Figure 12-44 Average below normal year (40-30-30 Classification) monthly export-to-inflow ratio 
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Figure 12-45 Average dry year (40-30-30 Classification) monthly export-to-inflow ratio 
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Figure 12-46 Average critical year (40-30-30 Classification) monthly export-to-inflow ratio 
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Figure 12-47 October export-to-inflow ratio sorted by 40-30-30 Index 
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Figure 12-48 November export-to-inflow ratio sorted by 40-30-30 Index 



OCAP BA CVP and SWP Delta Operations 

 August 2008 12-31 

Dec

77

31

24

92

34

91

33

88

90

94

29

76

32

394761
26

01

87

30

4989

55

60

81

02

4425

64

85

50

62
79

59

45

37
35

23

48
66

6872

46

36

57

03

28

54

93

73

78

40

00

22

80

51

75

27

53

63

43

99

86

84

65

67

96

71
70

97

69

42

56

41

58

52

38

82

95

74

98

83

0%

10%

20%

30%

40%

50%

60%

70%

W W W W W W W W W AN AN AN AN BN BN BN BN BN D D D D D D C C C C

Sacramento River 40-30-30 Index

E
I R

at
io

 (
%

)

Study 6.0 Today EWA: Revised Model/Study 3a Assumptions Study 7.0 Today EWA
Study 7.1 Near Future Limited EWA Study 8.0 Future Limited EWA

 

Figure 12-49 December export-to-inflow ratio sorted by 40-30-30 Index 
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Figure 12-50 January export-to-inflow ratio sorted by 40-30-30 Index 
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Figure 12-51 February export-to-inflow ratio sorted by 40-30-30 Index 
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Figure 12-52 March export-to-inflow ratio sorted by 40-30-30 Index 
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Figure 12-53 April export-to-inflow ratio sorted by 40-30-30 Index 
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Figure 12-54 May export-to-inflow ratio sorted by 40-30-30 Index 
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Figure 12-55 June export-to-inflow ratio sorted by 40-30-30 Index 
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Figure 12-56 July export-to-inflow ratio sorted by 40-30-30 Index 
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Figure 12-57 August export-to-inflow ratio sorted by 40-30-30 Index 
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Figure 12-58 September export-to-inflow ratio sorted by 40-30-30 Index 
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Permanent Operable Gates 
In addition to the analyses conducted for this BA, analyses were conducted for Stage 1 of the 
SDIP and the results presented in the SDIP EIR/EIS, Section 5.2. The tidal levels and flows at 
specific locations in the Delta are summarized on pages 5.2-46 through 5.2-50. Stage 1 for 
Alternatives 2A, 2B, and 2C is the proposed 4-gate configuration and operation included in this 
BA. The variable between these alternatives is the proposed method of increasing the SWP 
export limit to 8,500 cfs. Increasing the export limit is deferred to Stage 2 of the implementation 
of the proposed SDIP project and is not included in this BA. 

Appendix Z describes the hydrodynamic effects of the Temporary Barriers Project and the South 
Delta Improvements Program Stage 1. 

SWP Demand Assumptions 
Since its conception, the SWP’s water supply has been highly dependent on unregulated flow 
into the Delta. The delivery of water within the SWP in any given year is a function of 
operational requirements, Project storage conditions, demands (and the pattern of those 
demands), and the availability of unregulated flow into the Delta. To the extent that unregulated 
water has been available in the Delta beyond that necessary to meet scheduled Project purposes 
and obligations, said water has been made available to any contractor who can make use of it. 
The original water supply contracts for SWP contractors included various labels for this Project 
water depending on the intended use—including the prominently used label of “interruptible.”  

In 1994, the contracts were amended in what is commonly referred to as the Monterey 
Amendment. The basic objective of the amendment was to improve the management of SWP 
supplies—it did not affect the Project operations in the Delta or on the Feather River. Article 21 
of the amendment stipulates that any SWP contractor is entitled to water available to the SWP 
when excess water to the Delta exceeds the Project’s need to fulfill scheduled deliveries, meet 
operational requirements, or meet storage goals for the current or following years. This includes 
the water that was before known as “interruptible,” as well as some other lesser-known labels of 
water diverted under the same conditions. Article 21 water is and has always been an important 
source of water for various contractors during the wet winter months and is used to fill 
groundwater storage and off-stream reservoirs in the SWP service areas. It is also used to pre-
irrigate croplands, thereby preserving groundwater and local surface water supplies for later use 
during dry periods.  

The assumptions in CalSim-II for SWP demands has been significantly refined since the 2004 
OCAP to better reflect current delivery classification practices. The three significant changes in 
the delivery modeling are: 1) the incorporation of a three-pattern demand, 2) explicit modeling of 
the previous year’s Table A supplies that are delivered in the current year (“Carryover” or 
Article 56 deliveries), and 3) increased assumption for monthly Article 21 demands from a 
maximum of 134 taf per month in the 2004 OCAP BA to a maximum of up to 314 per month in 
the current analysis.  

The three-pattern demand allows for demand adjustments associated with various levels of Table 
A allocation. Based on the amount of Table A allocation one of the three demand patterns is 
selected to more accurately model the monthly delivery pattern. 
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 In model used for the 2004 assessment a single demand pattern was used with the current year’s 
Article 56 water inappropriately delivered at the beginning of the current year rather than being 
carried over for delivery in the following year. This artificially increased the Table A demand at 
the beginning of each year, and potentially reduced Article 21 deliveries during the early part of 
the year. The new delivery methodology allows for the storage, delivery, and “spilling” of the 
previous year’s Article 56 carryover at the beginning of the current year. Delivery of the 
previous year’s Article 56 is typically within the first three months of the current year. As the 
State share of San Luis Reservoir fills, there is a chance that Article 56 will “spill” which is 
another way of saying that it is converted to the current year’s Table A supply.  

The new model also incorporates an Article 21 demand increase that more accurately represents 
actual Article 21 demand. However, with the incorporation of the three-pattern Table A demand, 
Article 56, and increased Article 21 demand the total delivery remains largely the same. The 
previous version of the model tended to overestimate the delivery of Table A and underestimate 
the delivery of Article 21 by a like amount.  

Figure 12-59 shows the annual exceedence chart for the OCAP runs 6.0, 7.1 and 8.0. The 50th 
percentile of Article 21 deliveries for the Studies 7.0 and 7.1 have a 50th percentile of 350 TAF.  

Study 6.0 which reflects the 2004 OCAP assumption for maximum monthly Article 21 demands 
shows much less delivery of Article 21. In addition, Study 8.0 has a suprisingly lower delivery of 
Article 21 versus Studies 7.0 and 7.1. This is due to higher delivery amounts of Table A and 
other higher priority deliveries through Banks.  

So to truly understand the interaction between all SWP delivery types one must compare model 
output for all SWP deliveries. Figure 12-60 and Figure 12-61 show the exceedence charts for 
Table A and total SWP deliveries, respectively. 
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Figure 12-59 Exceedance Probability of Annual SWP Article 21 Delivery  
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Figure 12-61 Exceedance Probability of Annual SWP Total Delivery 

 

Water Transfers  
Water transfers would increase Delta exports from about 0 to 500,000 acre-feet (af) in the wettest 
80 percent of years and potentially more in the driest 20  percent years, and up to 1,000,000 af in 
the most adverse Critical year water supply conditions.  Most transfers will occur at Banks 
(SWP) because reliable capacity is not likely to be available at Jones (CVP) except in the driest 
20 percent of years. Most of the transfers would occur during July through September. Juvenile 
salmonids are rarely present in the Delta in these months, so no increase in salvage due to water 
transfers during these months is anticipated. Water transfers could be beneficial if they shift the 
time of year that water is pumped from the Delta from the winter and spring period to the 
summer, avoiding periods of higher salmonid abundance in the vicinity of the pumps. Some 
adult salmon and steelhead are immigrating upstream through the Delta during July through 
September. Increased pumping is not likely to affect immigrating adults because they are moving 
in a general upstream direction against the current. For transfers that occur outside of the July 
through September period, all current water quality and pumping restrictions would still be in 
place to limit effects that could occur. 

Post-processing of Model Data for Transfers 

This section shows results from post-processed available pumping capacity at Banks and Tracy 
for the Study 8.0 (Future Conditions - 2030).  These results are used for illustration purposes. 
Results from the Existing Conditions CVP-OCAP study alternatives do not differ greatly from 
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those of Study 8.0, and produce similar characteristics and tendencies regarding the opportunities 
for transfers over the range of study years. The assumptions for the calculations are: 

• Capacities are for the Late-Summer period July through September total.  

• The pumping capacity calculated is up to the allowable E/I ratio and is limited by either the 
total physical or permitted capacity, and does not include restrictions due to ANN salinity 
requirements with consideration of carriage water costs.  

• The quantities displayed on the graph do not include the additional 500 cfs of pumping 
capacity at Banks (up to 7,180 cfs) that is permitted to offset reductions previously taken for 
fish protection. This may provide up to about 90 taf of additional capacity for the July-
September period, although 60 taf is a better estimate of the practical maximum available 
from that 500 cfs of capacity, allowing for some operations contingencies. Under some water 
supply conditions, DWR has proposed to use the additional 500 cfs to divert SWP water, if 
permit conditions are met. Under those conditions, no capacity would be available for 
transfers. 

• Figure 12-62 and Figure 12-63 show the available export capacity from Study 8.0 (Future 
Conditions-2030) at Banks and Jones, respectively, with the 40-30-30 water year type on the 
x-axis and the water year labeled on the bars. The SWP allocation or the CVP south of Delta 
Agriculture allocation is the allocation from CalSim-II output from the water year.  

From Figure 12-62, the most capacity at Banks will be available in Critical and some Dry years 
(driest 20 percent of study years) which generally have the lowest water supply allocations, and 
reflect years when transfers may be higher to augment water supply to export contractors. For the 
other 80 percent of study years (generally the wettest 80 percent) the available capacity at Banks 
for transfer ranges from about 0 up to 500 taf (if the additional 60 taf accruing from the proposed 
permitted increase of 500 cfs at Banks is included). Transfers at Jones (Figure 12-63) are 
probably most likely to occur in the driest 20 percent of years (Critical years and some Dry 
years) when there is available capacity and low allocations. 

Limitations 

The analysis of transfer capacity available derived from the CalSim-II study results shows the 
capacity at the export pumps and does not reflect the amount of water available from willing 
sellers or the ability to move through the Delta. The available capacity for transfer at Banks and 
Jones is a calculated quantity that should be viewed as an indicator, rather than a precise 
estimate. It is calculated by subtracting the respective project pumping each month from that 
project’s maximum pumping capacity. That quantity may be further reduced to ensure 
compliance with the Export/Inflow ratio required. In actual operations, other contingencies may 
further reduce or limit available capacity for transfers: for example, maintenance outages, 
changing Delta outflow requirements, limitations on upstream operations, water level protection 
criteria in the south Delta, and fishery protection criteria. For this reason, the available capacity 
should be treated as an indicator of the maximum available for use in transfers under the 
assumed study conditions.   
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Figure 12-62 July to September Banks Export Capacity from Study 8.0 
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Figure 12-63 July to September Jones Export Capacity from Study 8.0  
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Chapter 13  CVP and SWP Delta Effects on 
Species 

Introduction 
This chapter deals with the effects the Central Valley Project (CVP) and State Water Project 
(SWP) may have on delta smelt, and on steelhead, Chinook salmon, and green sturgeon while the 
latter three species are present in the Delta. The Delta effects on these species are presented in 
detail in this Chapter in two separate sections for the purpose of clarity and because the effects 
are significantly different for the resident pelagic species versus migratory species. The first 
section describes the Delta effects on delta smelt and the second section addresses the effects on 
steelhead, Chinook salmon and the green sturgeon.  

It is important to note that this chapter focuses specifically on the effects of the projects on these 
species. However, these effects are evaluated in context with the broader factors that influence 
abundance and distribution as described in Chapter 4 (steelhead) Chapter 6 (Chinook salmon) 
Chapter 7 (delta smelt) and Chapter 8 (green sturgeon). 

In the section discussing delta smelt and referred material in Chapter 7 some of the likely 
contributing causes of the POD such as toxic effects from agro-chemicals are discussed that may 
be unrelated to water project operations; however others such as entrainment are in fact directly 
related. The discussion in this chapter outlines both the direct and indirect potential effects in 
addition to modeling results related to Delta pumping, in-Delta flows (represented by Old and 
Middle River flows) and X2 for both current and future conditions. 

In the second section, which discusses the Delta effects on steelhead, Chinook salmon, and green 
sturgeon, the impacts seem to be primarily associated with direct entrainment at various project 
pumping facilities and fish passage issues at the Suisun Marsh Salinity Control Gates. In 
addition, this section provides a description of the CVP and SWP monitoring data and modeling 
results estimating the salvage and loss of fish by species and life stage. 

The general approach taken here considers both direct entrainments at the Jones and Banks 
facilities and indirect effects that may occur elsewhere in the Delta. The objective is to evaluate 
effects that current and future water project operations may have on each species. Evaluation of 
the effect of future operations is in each case accomplished by quantitative comparison of 
relevant variables in models representing future cases with the corresponding variables in the 
present-operations case. Evaluation of the effects of present operations varies by species. There 
is substantial uncertainty about the importance of some effects. These uncertainties are usually 
limited to the magnitude of the effect. Whether an effect is likely harmful or beneficial is usually 
more certain. It should also be noted that potential effects might be amplified or muted by 
variation in distribution of fishes in the Delta (which changes from year to year and among 
months within years), unanticipated secondary biological effects, or by unanticipated effects 
emerging from climate change. A summary of conclusions drawn from these analyses is 
presented in Chapter 15. 
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CVP and SWP Delta Effects on Delta Smelt 
Statistical analyses of the long-term delta smelt abundance trends (Manly and Chotkowski 2006) 
confirm that there has been a long-term decline of delta smelt, with substantial interannual 
variation. A period of increase in the late 1990s was followed by a rapid and sustained decline 
beginning about 2000. Current delta smelt numbers are at or near their all-time low since 
monitoring began (Baxter et al. 2008, DFG unpublished 2008 monitoring results). The 2007 
POD Synthesis report posits that delta smelt abundance has been strongly influenced since the 
start of that decline by adult abundance, habitat conditions, and entrainment (Baxter et al. 2008 
and see Chapter 7). Feyrer et al. (2007) found that there has been a significant stock-recruit 
relationship (i.e., adults affect juvenile production) since 1987; this relationship was improved by 
including fall habitat conditions (as defined by salinity and turbidity), indicating that habitat also 
affects abundance. Long-term temperature increases in the Delta (Jassby 2008) may further 
constrain habitat, particularly in summer (Nobriga et al. 2008). Food availability may also have 
been historically important to this planktivorous fish as Kimmerer (in review) noted a 
statistically significant relationship between juvenile smelt survival and zooplankton biomass 
over the long term. The decline in the mean size of adult delta smelt following the introduction 
of the overbite clam Corbula (Sweetnam 1999; Bennett 2005), which caused declines in key 
zooplankton prey, is also consistent with food web effects. Feyrer et al. (2007) also found that 
stock and habitat effects were important when food supply was low following the invasion of 
Corbula. It may also be that the delta smelt population is now at such low levels that large 
increases in a single year are unlikely, but will require multiple years of successful reproduction 
and recruitment. 

While some of the likely causes of the POD, such as the gradual accumulation of ecologically 
disruptive exotic species in the Delta, may have developed independently or partially 
independently of water project operations, other likely contributing causes are clearly related to 
water project operations. The degree of project effects on delta smelt varies considerably among 
years and may also vary substantially from month to month, depending on changing distribution 
of fish, Delta hydrology, and other factors. The POD analysis proposes that changes in water 
project operational regimes have contributed to the recent decline both directly (via entrainment) 
and indirectly (via habitat alteration). During some of the recent POD years, increased water 
project exports during winter resulted in higher losses of adult smelt (Chapter 7), particularly 
early spawning fish (and their offspring) that may be proportionally more important to the 
population. By contrast, reduced exports during spring may have increased survival of later-
spawned larvae in recent years. Reduced spring exports from the Delta have been partially the 
result of the Vernalis Adaptive Management Plan (VAMP), a program designed to improve 
survival of outmigrating juvenile Chinook salmon. VAMP has been operating since 2000.  

With respect to an indirect effect, habitat alteration, a long-term upstream shift of X2 during fall 
has negatively affected delta smelt habitat and has been linked to changes in delta smelt 
abundance (Feyrer et al. 2007). The steady-state location of the low-salinity zone is a function of 
total Delta outflow, which under most non-flood conditions is determined primarily by the 
operations of the CVP and SWP. However, non-CVP and SWP factors such as increased 
diversions from, and accretions to Delta tributaries may have contributed to the upstream shift of 
X2 in the fall months. The relative contributions of all factors contributing to the fall shift has not 
been determined, and probably vary from year to year. 



OCAP BA CVP and SWP Delta Effects 

 August 2008 13-3 

Seasonal Breakdown of Potential Effects 
Evidence of a role for each of the factors developed in the POD investigation in the long-term 
and recent abundance patterns of delta smelt is described in detail below for each season (Baxter 
et al. 2008). Note that this is a general summary of the broad suite of factors that may affect delta 
smelt during different seasons; however, the subsequent effects analysis is focused on a subset of 
these factors known to be related to water project operations.  

It is also important to recognize that the present understanding of the factors affecting smelt has 
many limitations. As described in Baxter et al. (2008), many studies used for the recent POD 
synthesis are works-in-progress that have not reported final results. Preliminary results from 
these studies have been provided whenever possible, but peer-reviewed products from these 
studies may not be available for some time to come. As a consequence, while this review uses 
such results because they represent the best available science, Baxter et al. (2008) encouraged 
users of their POD synthesis report to be cautious when evaluating the relative importance of the 
different factors. Specifically, statements not based on well-developed and peer-reviewed 
literature should be viewed with more skepticism.  

Summer 

Summer is the season that usually has the highest primary and secondary productivity in a 
temperate zone estuary. Given their annual life cycle, summer represents the primary growing 
season for delta smelt. However, the availability of prey species is strongly affected by food web 
changes stemming from changes in grazing pressure from the benthos (particularly Corbula 
amurensis). Moreover, in the decade including the early POD years, there has been a further 
decline in the abundance of calanoid copepods in Suisun Bay and the west Delta (Kimmerer et 
al., in prep, Mueller-Solger et al., in prep.), part of the core summer habitat of delta smelt 
(Nobriga et al. 2008). At the same time, these calanoid copepods are being replaced by the small 
cyclopoid copepod L. tetraspina which is presumed to be a less suitable prey species (Bouley 
and Kimmerer 2006). 

The long-term reduction in preferred prey availability has likely resulted in slower growth rates 
of delta smelt, detectable as a reduction in the mean size of delta smelt in autumn since the early 
1990s (Sweetnam 1999; Bennett 2005). The latest POD report (Baxter et al. 2008) proposes that 
over the long term, reduced summer growth rates have reduced the survival of juvenile delta 
smelt, perhaps from predation, as smaller fish remain more vulnerable for longer periods 
(Bennett et al. 1995; Houde 1987). As evidence that changes in prey availability have had 
survival consequences for this fish species, Kimmerer (in press) found a statistically significant 
relationship between summer-to-fall delta smelt survival and zooplankton biomass in the low 
salinity zone from 1972 to 2005. Recent preliminary analyses suggest that total zooplankton 
biomass may not have changed substantially within the core summer habitat of delta smelt, at 
least when all species including L. tetraspina are included (Mueller-Solger, unpublished data). In 
2006, zooplankton biomass, including the biomass of the important food organism P. forbesi, 
even increased substantially in the delta smelt summer habitat, but this was not followed by a 
recovery of delta smelt. Moreover, summer-to-fall survival since 2000 does not appear to be 
substantially different from survival for all other years since 1972. Survival since 2000 has 
actually been somewhat higher than in 1972—1980 when delta smelt abundance indices were 
much higher than they are now (Mueller-Solger, unpublished data). Finally, summer and fall 
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delta smelt abundance indices have been closely correlated to each other during the POD years. 
However, while the fall abundance indices since 2000 have spanned almost the full range of 
delta smelt abundance indices during the previous three decades, the summer abundance indices 
have remained in the lower portion of the pre-POD summer abundance range. 

These results suggest that impaired recruitment, growth, and survival before the summer period 
may also have been important during the POD years. It is possible that summer food limitation 
was a more important stressor when population densities were higher and that the decline in 
summer food availability has contributed more to the long-term decline in delta smelt abundance 
than to its dramatic deterioration in the POD years (Mueller-Solger, unpublished data). 

Summer habitat may be more restricted than in the past. Nobriga et al. (2008) noted a complete 
absence of delta smelt in the southern Delta that coincided with increased water clarity. 
However, although these changes in turbidity appear to play a role in the longer-term declines in 
delta smelt, they are unlikely to be an important new cause of the post-2000 declines because 
delta smelt have not successfully utilized the southern and central Delta in large numbers since 
the late 1970s. Nobriga et al. also noted that delta smelt distribution is affected by temperature. 
Moreover, Jassby (2008) found regional increases in water temperature, including areas within 
the range of delta smelt. Hence, delta smelt may be affected by long-term increases in water 
temperature in the Estuary. 

Direct entrainment effects at the CVP and SWP export facilities in the south Delta are not 
thought to have been important during most summers because the delta smelt population is north 
and west of the zone affected strongly by water exports and delta smelt salvage is generally very 
near zero from July-November (IEP unpublished data). When the toxic blue-green alga M. 
aeruginosa blooms during summer, it occurs primarily upstream of delta smelt, so it is unlikely 
to have been a major factor in the delta smelt’s historical decline. This may have changed in 
2007, when M. aeruginosa blooms extended into eastern Suisun Bay, well into the historical 
rearing habitat of delta smelt. Other water quality variables such as contaminants could be 
important, but are yet to be identified as seasonal stressors for this species. 

In summary, there is evidence of bottom-up and habitat suitability effects on delta smelt during 
the summer over the long-term, but the evidence suggests that since 2000, delta smelt population 
dynamics have been largely driven by factors occurring in seasons other than summer. Near zero 
salvage suggests SWP/CVP entrainment effects are minimal during this period under historical 
flow conditions. Nonetheless, better habitat and food conditions during the summer might 
improve long-standing effects and increase survival as well as individual fitness of maturing 
delta smelt. 

Fall 

Fall represents the time period when the delta smelt year class matures to adulthood. The 
evidence to date indicates that habitat is a significant issue for delta smelt in fall (Feyrer et al. 
2007). Delta smelt presence is strongly associated with low salinity and water clarity, which can 
be used to index the “environmental quality” of habitat for the species. Feyrer et al. (2007) report 
that fall environmental quality has declined over the long-term in the core range of delta smelt, 
including Suisun Bay and the Delta. This decline was largely due to changes in salinity in Suisun 
Bay and the western Delta, and changes in water clarity within the Delta. There is statistical 
evidence that these changes have had adverse population-level effects (Feyrer et al. 2007). A 
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multiple linear regression of fall environmental quality in combination with adult abundance 
provided statistically significant predictions of juvenile production the following year. Hence, 
both habitat and stock-recruit factors are important issues during fall.  

Reduction of habitat area as defined by environmental quality likely interacts with bottom-up 
and top-down effects. Restricting fish to a smaller geographical area with inadequate food supply 
would likely maintain or even magnify the bottom up and top down effects already occurring 
during the summer, although these factors are poorly-understood during fall. Greater mortality 
due to predation, small adult size by the end of the fall, and the low fecundity of smaller fish 
likely all contribute to the adult abundance effect observed by Feyrer et al. (2007). 

Direct entrainment has not historically been a major stressor during the fall. Delta smelt are 
usually not salvaged in substantial numbers at the CVP and SWP until late December. However, 
distribution of suitable habitat (as indexed by salinity and water clarity) affects the location of 
delta smelt in fall, which may contribute to their subsequent vulnerability to entrainment in 
winter by advancing them into the geographical area influenced by the pumps. In summary, both 
bottom-up effects and habitat restriction appear to be important during the fall. Slow growth 
because of food limitation combined with habitat restriction may also have resulted in higher 
mortality due to predation. Poor growth in the summer and fall likely contribute to reduced size 
and fecundity of maturing fish. 

Winter 

Winter represents the main period of adult delta smelt migration and spawning. Entrainment of 
adults and larvae (top-down effects) are particularly important to the delta smelt population 
during this critical season. The increase in salvage of adult delta smelt during winter since 2000 
suggests that entrainment levels have been higher as a proportion of the population during the 
POD years (Baxter et al. 2008; Grimaldo et al. in review). Although in long-term analyses 
monthly or semi-monthly export volumes explain only 1-3 percent of the variability in same-
water year delta smelt abundance (Manly and Chotkowski 2006), these losses may still be 
important to the population as a component of the total array of pressures on the species. First, 
this was a long-term analysis. There is a clear coincidence between higher entrainment and 
population decline in the short period from 2000 (and especially 2002) onward, a period for 
which there are even now few data with which to fit elaborate statistical models. Moreover, it has 
been proposed that entrainment losses may manifest effects in the following water year. For 
example, Bennett (unpublished) has hypothesized that losses of larger females may have a 
disproportionate effect on the delta smelt population. Specifically, losses of more fecund, early 
spawning large females and their offspring could eliminate a portion of the cohort most likely to 
survive to reproductive age, and possibly most likely to be fecund. Winter exports may also have 
an effect on the number of adults which survive a second year, a possible important factor 
affecting delta smelt population resilience (Bennett 2005). Manly and Chotkowski (unpublished 
workshop presentation) note that export effects may not be large during many years, especially 
very wet years, because exports by the water projects are relatively small compared to Delta 
inflow and outflow. However, they may be larger in a minority of years when various (at present 
mostly undescribed) factors affecting the spawning distribution of delta smelt converge to place 
larger numbers of smelt in areas vulnerable to entrainment. 
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There is presently no evidence of habitat constriction or food limitation during winter (Baxter et 
al. 2008); however, no studies have addressed these questions. Contaminant effects are possible 
during flow pulses, but there is no major evidence yet that these events have caused toxicity to 
delta smelt. One toxics issue that may have winter-spring effects and is under investigation is the 
potential role toxic concentrations of free ammonium ion contained in partially treated 
wastewater discharged into the Sacramento River in the north Delta may have on adult, larvae, 
and juvenile delta smelt in that region (Werner et al. unpublished data). 

Spring 

Bennett (unpublished analysis) proposes that reduced spring exports resulting from VAMP has 
selectively enhanced the survival of delta smelt larvae that emerge during VAMP by reducing 
direct entrainment. Initial otolith studies by Bennett’s lab suggest that these spring-spawned fish 
dominate subsequent recruitment to adult life stages; by contrast, delta smelt spawned prior to 
the VAMP have been poorly-represented in the adult stock in recent years. He further proposes 
that the differential fate of winter and spring cohorts may affect sizes of delta smelt in fall 
because the spring cohorts have a shorter growing season. These results suggest that direct 
entrainment of larvae and juvenile delta smelt during the spring may be a significant issue in 
some years. However, Bennett has not published some of his results, and it remains unclear 
whether his central hypothesis is true. We have therefore not attempted to directly evaluate 
whether water project operations modeled under the various scenarios differentially affect early-
spawning delta smelt. 

Because of natural variability and the CVP’s and SWP’s operations to meet X2 water quality 
standards, there is no long-term trend in spring salinity (Jassby et al. 1995; Kimmerer 2002a). 
This suggests there was unlikely to have been a recent change in spring habitat availability or 
suitability. However, other habitat effects including contaminants or disease could play a role 
during spring.  

 

Summary of Potential Project Effects 
The previous section provided a generalized discussion of the the suite of factors thought to 
seasonally affect delta smelt. The following summarizes project-specific issues considered 
relevant for the effects analysis. Note that the following evaluation does not take into account the 
fact that the climate and geography could be markedly different in the future. A global rise in 
temperatures, rising sea levels, and changes in streamflow could substantially affect the status of 
delta smelt including their distribution, population viability, and vulnerability to project effects. 
There is substantial effort underway to try to model climate conditions 500-100 years away, 
although the “state of the art” in these simulations is changing almost monthly. Moreover, as the 
climate-change review in this Biological Assessment indicates, there is no clear prediction 
whether overall precipitation rates in these watersheds will rise or fall as a result of climate 
change (see Appendix R). Given these uncertainties, our evaluation focuses on what is known 
about the current biology and distribution of delta smelt and water project operations. 

Direct entrainment of geographically vulnerable delta smelt is likely to occur during a period 
extending from mid-December through mid-July. Adults are likely to be entrained during their 
spawning migration from mid-December to April, while juveniles are likely to be entrained from 
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April until environmental conditions, particularly water temperatures, drive surviving juveniles 
into the west Delta in June or July. The onset of winter entrainment often coincides with the 
“first flush” of turbid water through the Delta following early rainstorms in December.  

Direct entrainment risk varies with rate of export pumping, and is also affected by other factors, 
including atmospheric conditions, the tides, and the Delta’s tributary inflows. The rate of export 
pumping and these other factors jointly determine the geographical boundary of the “zone of 
entrainment”, described as the zone within which passive, neutrally buoyant particles are moved 
toward, and eventually entrained into, either Clifton Court Forebay and the Banks Pumping Plant 
in Byron or the Jones Pumping Plant in Tracy (see development of this concept in Kimmerer and 
Nobriga 2007). Because other factors modulate the effect of export pumping, the actual 
boundary of this zone is in constant motion. However, with other factors being held constant, the 
average northward reach of the pumps increases with pumping rate.  

In this analysis, we assume that the net change in direct entrainment risk varies linearly with both 
total export pumping rate and Old and Middle River (OMR) flow. We also assume that actual 
historical entrainment varied in proportion to empirically measured salvage at the Jones and 
Banks facilities. In the following discussion, evidence of a linear or quasi-linear relationship 
between salvage at the Jones and Banks facilities and export pumping or OMR flow is 
interpreted as evidence of qualitatively similar relationships between actual entrainment and 
those hydrodynamic variables. It is important to note that salvage imperfectly indexes actual 
entrainment. The reasons for skepticism include (1) unknown and possibly substantial size-
filtering of the incoming fish by the physical screen system, which does not divert fishes of all 
sizes with equal likelihood; (2) unknown effects of incoming water velocity on the efficiency of 
the screening system; (3) unknown (for delta smelt) prescreen mortality in Clifton Court 
Forebay, which presumably depends on the residence time of fish in the forebay before salvage. 
The assumption of linearity has general support both regressions of salvage against OMR flow 
(Grimaldo et al. in review; P. E. Smith, unpublished but influential analysis cited in Baxter et al. 
2008). We expect the relationship between entrainment and OMR flow to be somewhat cleaner 
than that between salvage and total export pumping rate because of the variable time delay and 
other complications created by Clifton Court Forebay. However, that the known salvage-OMR 
relationship for adult smelt appears to increase faster than linearly at high negative OMR flow 
suggests that our assumption of linearity will not overstate the increase in risk at higher pumping, 
and might understate it. 

We have not attempted to separately evaluate the effects of Jones and Banks pumping here, 
because the hydrodynamic effects of pumping, with which we associate fish transport and 
entrainment, result from the combined effect of pumping at both facilities. Furthermore, 
incidental take restriction on the export facilities is administered as a combined limit. Finally, the 
present analysis does not take into account finer scale factors that may have a substantial effect 
on entrainment risk. As described in Grimaldo et al. (in review), peaks in adult entrainment at the 
water projects coincide closely with turbidity pulses into the Delta. At present, we do not have 
the capability to model how different operational scenarios would change the pattern of winter 
turbidity pulses into the Delta. Future models and monitoring may allow better prediction of 
these events. 

Change in the availability of habitat of the proper low salinity and turbidity and in habitat quality 
can be caused by water project operations through alteration of Delta outflow and in the sources 
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of water permitted to reach the western Delta. As described above, the disposition of the low 
salinity zone may be important to delta smelt during the summer, and is likely to be important 
during the fall. Unlike the fall, the there is no simple linkage between summer Delta salinity and 
delta smelt abundance (Nobriga et al. 2008). During the winter, turbidity associated with flow 
pulses may be an important migratory cue for delta smelt (Grimaldo et al. in review). In this 
analysis, we use the location of the 2 ppt isohaline (hereafter called “X2”) to index the location 
of the low salinity zone, which in part identifies suitable habitat for post-larval delta smelt. The 
definition and measurement of X2 is technically complicated, because isohaline location varies 
with depth and is in constant tidal motion. Regulation of X2 at specific locations between 
February and June is among the criteria controlling water project operations under Water Rights 
Decision D-1641 and other authorities. However, it is allowed to vary at other times, including 
the fall, during which the position of the low salinity zone is useful as an index of environmental 
quality for delta smelt as described in Chapter 7 and above.  

The environmental quality work described above and in Chapter 7 indicates that the historical 
movement of fall X2 upstream from Suisun Bay is associated with declines in environmental 
quality for delta smelt during the same period. In particular, movement of the low salinity zone 
upstream of Collinsville (at River Kilometer Index 81) is associated with a sharp decrease in the 
quality of delta smelt habitat. In this analysis, we present the projected X2 in each month of the 
year under the scenarios described in CalSim-II studies 6.1, 7.0, 7.1, and 8.0. In each case, we 
examine the base X2 in Study 6.1 and departures from that location in the other studies. The data 
are also binned by hydrology. For October through December, we have used the water-year type 
of the previous water year; for January through May we used quintiles of the Eight River Index, 
which represents the unimpaired runoff in the Sacramento and San Joaquin watersheds; for the 
remaining months, we used the water-year type of the current water year. For convenience the 
Eight River Index quintiles are represented by the same five labels as the water-year types. 

Model Results Used 

Most of this analysis of effects on delta smelt is organized around monthly comparisons because 
the CalSim-II model results, which are presented on a monthly timestep, are the only available 
simulations representing all the studies considered in this Biological Assessment. In each model 
case comparison, we have considered (1) changes in total exports at the CVP and SWP export 
facilities for each month of the year with respect to Study 6.1; (2) predicted net OMR flow 
during each month; and (3) X2 and changes in it among the studies for each month. Study 6.1 
comparisons are provided here in the BA because we believe Study 6.1 is most representative to 
the operating regime in the years immediately before the POD than the other model cases. Given 
that changes in water project operations are likely a contributing, or partial, cause of the POD, it 
is important to provide comparisons that give some indication of differences in water project 
operations immediately before and after the POD. However, Study 6.1 is not an especially 
satisfactory representation of pre-POD water project operations. The pre- and post-POD 
comparisons desirable for these analyses could be performed through additional CalSim-II 
simulations or using an alternative approach in which statistical models of water project 
operations during different periods are constructed using actual historical data. The models 
would then be used for direct comparison of water project characteristics during the pre- and 
post-POD eras. While we have not adopted an alternative statistical approach in this biological 
assessment, we believe it would be a useful way to further assess changes in water project 
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operations during the POD era and we recommend that the Service consider such an analysis as 
further refinement to this BA. We have used OMR flow results generated via DSM2 modeling 
for studies 7.0, 7.1, and 8.0 because DSM2-based estimates are regarded as more credible for 
OMR than those derived from the CalSim-II modeling.  

The climate change analysis presented here is adapted from Appendix R, which comprises a 
detailed analysis of the implications of four “bookend” climate change scenarios meant to 
represent plausible combinations of high or low future precipitation and temperature. The 
analyses in Appendix R are departures from CalSim-II model case 8.0, and rely on a base 
assumption of sea level rise. As noted previously, there is great uncertainty how local climate 
will evolve as global climate change proceeds. The authors of Appendix R caution against 
assuming that any one of the scenarios in the Appendix is especially likely relative to the others 
and that key analytical assumptions may have potentially significant uncertainties, and we repeat 
that caution here. 

The CalSim-II output examined here models the base operation of the water projects in each of 
the Studies. It does not incorporate discretionary adjustments to water operations that might be 
implemented by the Water Operations Management Team to avoid adverse impacts on listed 
species, including delta smelt that might be caused by export pumping, Old and Middle River 
flow, or low salinity zone location. Such operational adjustments would be based on actual 
conditions at the time. For this reason, actual impacts, where adverse impacts are predicted to 
occur, might be smaller than the following results indicate. 

 

Analyses and Results 
Direct Entrainment at the CVP and SWP 

Some delta smelt are entrained by the south Delta export facilities, with most dying in the 
process. Because the species is migratory, entrainment is seasonal. Adult delta smelt may be 
present in the south Delta and vulnerable to entrainment from December through April; larvae 
and juveniles are likely to be present and vulnerable during late March through early July.  

Export Pumping 
To evaluate the effects of direct entrainment we reviewed the total CVP + SWP pumping (as 
“Jones” plus “Total Banks”) in the CalSim-II output. Hydrologic data from the years 1921 to 
2003 were used to fit the model. For each comparison presented in Table 13-1 through Table 
13-12, differences among model cases are presented as average percent change from the average 
total pumping in Study 6.1. We have not calculated a numerical estimate of the change in salvage 
of delta smelt, because that is not a necessary step in evaluating the differences in risk among 
studies. The export pumping numbers represent the average pumping (in cfs) reported in the 
CalSim-II simulations for a given month and water year type. 

It is important to note that the base operating regime simulated in Study 6.1 represents high 
levels of winter and spring pumping that have been implicated as a likely contributing cause of 
the Pelagic Organism Decline (see Chapter 7 and introductory discussion of winter pumping 
above). Hence study comparisons principally serve to indicate where this existing risk might be 
redistributed, enhanced, or diminished by the assumptions made in studies 7.0, 7.1, and 8.0. 
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Percentage changes in pumping in studies 7.0, 7.1, and 8.0 represent the average differences 
between corresponding cases, and we interpret them to represent predicted average differences in 
entrainment during the water-year types and months represented in each table.  

The risk of entrainment depends not only on export pumping rates, but also on the discharge of 
delta tributaries and the distribution of fish. The distribution of delta smelt may vary 
substantially from year to year and between months. For example, in years which do not have a 
significant “first flush” event in December or early January, adult smelt might not be in the 
central Delta, and might therefore be at lower risk of entrainment during that period. The 
pumping values and differences reported below should be used to infer an average level or 
average difference in entrainment. 

Results: During October through December, total pumping in studies 7.0, 7.1, and 8.0 is 
generally 2-10 percent lower than in Study 6.1 (Table 13-1 through Table 13-3). These 
reductions would be expected to reduce losses of delta smelt; however, salvage is typically low 
prior to the “first flush” that often occurs late in this period, so the reductions are likely to make 
little difference in terms of direct losses of delta smelt. Exceptions include Below Normal, Dry, 
and Critically Dry years in studies 7.1 and 8.0, which featured 2.8-9.4 percent increases in 
pumping over Study 6.1 in December. 
Table 13-1 Comparison of total export pumping in studies 7.0, 7.1, and 8.0 with Study 6.1 for 
October. 

OCTOBER Study 6.1 Study 7.0  Study 7.1  Study 8.0  
WY Type CFS CFS Change CFS Change CFS Change 
Wet 9360 9054 -3.3% 8915 -4.8% 9083 -3.0% 

Above Normal 8141 7982 -1.9% 7362 -9.6% 7722 -5.2% 

Below Normal 8623 8100 -6.1% 7717 -10.5% 7729 -10.4% 

Dry 7603 8111 6.7% 7325 -3.7% 7567 -0.5% 

Critically Dry 6868 6799 -1.0% 6460 -5.9% 6468 -5.8% 

 
Table 13-2 Comparison of total export pumping in studies 7.0, 7.1, and 8.0 with Study 6.1 for 
November. 

NOVEMBER Study 6.1 Study 7.0  Study 7.1  Study 8.0  
WY Type CFS CFS Change CFS Change CFS Change
Wet 10247 10503 2.5% 10743 4.8% 10699 4.4% 

Above Normal 8198 8414 2.6% 8581 4.7% 8422 2.7% 

Below Normal 9077 8851 -2.5% 8829 -2.7% 8922 -1.7% 

Dry 7628 7416 -2.8% 7717 1.2% 7748 1.6% 

Critically Dry 6424 6278 -2.3% 6391 -0.5% 5801 -9.7% 
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Table 13-3 Comparison of total export pumping in studies 7.0, 7.1, and 8.0 with Study 6.1 for 
December. 

DECEMBER Study 6.1 Study 7.0  Study 7.1  Study 8.0  
WY Type CFS CFS Change CFS Change CFS Change
Wet 11000 10438 -5.1% 11515 4.7% 11585 5.3% 

Above Normal 10085 8870 -12.1% 10012 -0.7% 9662 -4.2% 

Below Normal 9260 8770 -5.3% 9829 6.1% 9876 6.7% 

Dry 9548 8924 -6.5% 9816 2.8% 9817 2.8% 

Critically Dry 7183 7107 -1.1% 7855 9.4% 7522 4.7% 

 

During January and February, most of the differences in pumping are reductions in 7.0, 7.1, and 
8.0 with respect to 6.1 (Table 13-4 through Table 13-6). These reductions make 7.0, 7.1, and 8.0 
more protective of delta smelt than 6.1 in January and February. In March, though, there are 
consistently substantial (3.1 percent to 15.7 percent) increases in 7.0, 7.1, and 8.0 over 6.1 in Wet 
and Above Normal water years. These increases would be expected to increase losses of delta 
smelt. Salvage is often low during these wetter years, although the hydrograph can have a 
substantial effect on the magnitude and timing of losses. Hence, it is difficult to assess the 
relative importance of the higher March export levels. It is important to note that the base 
pumping in Study 6.1 during these months may have contributed to excessive winter and spring 
delta smelt entrainment during the POD years. 

 
Table 13-4 Comparison of total export pumping in studies 7.0, 7.1, and 8.0 with Study 6.1 for 
January. 

JANUARY Study 6.1 Study 7.0  Study 7.1  Study 8.0  

WY Type CFS CFS Change CFS Change CFS Change

Wet 11007 10668 -3.1% 11537 4.8% 11425 3.8% 

Above Normal 11679 10074 -13.7% 11433 -2.1% 11539 -1.2% 

Below Normal 10996 9908 -9.9% 10815 -1.6% 10960 -0.3% 

Dry 10041 8410 -16.2% 9584 -4.5% 9682 -3.6% 

Critically Dry 7899 7224 -8.5% 7646 -3.2% 7986 1.1% 
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Table 13-5 Comparison of total export pumping in studies 7.0, 7.1, and 8.0 with Study 6.1 for 
February. 

FEBRUARY Study 6.1 Study 7.0  Study 7.1  Study 8.0  

WY Type CFS CFS Change CFS Change CFS Change 

Wet 10361 10295 -0.6% 10507 1.4% 10617 2.5% 

Above 
Normal 10951 10143 -7.4% 10728 -2.0% 11062 1.0% 

Below 
Normal 9802 9759 -0.4% 9625 -1.8% 9171 -6.4% 

Dry 
8533 8322 -2.5% 7982 -6.5% 8137 -4.6% 

Critically 
Dry 5620 5154 -8.3% 6061 7.9% 5853 4.2% 

 
Table 13-6 Comparison of total export pumping in studies 7.0, 7.1, and 8.0 with Study 6.1 for 
March. 

MARCH Study 6.1 Study 7.0  Study 7.1  Study 8.0  

WY Type CFS CFS Change CFS Change CFS Change 

Wet 8729 10099 15.7% 9138 4.7% 9524 9.1% 

Above Normal 9374 10386 10.8% 9660 3.1% 10138 8.2% 

Below Normal 8328 8692 4.4% 8387 0.7% 8472 1.7% 

Dry 7235 7367 1.8% 7270 0.5% 7188 -0.6% 

Critically Dry 4449 3798 -14.6% 4316 -3.0% 4241 -4.7% 

 

During April through May most of the differences between 6.1 and the other studies represent 
lower pumping in the other studies, including substantially proportionately lower pumping in 
some cases, particularly in Study 7.0 (Table 13-7 through Table 13-9). However, in June there 
are large increases (up to 134 percent, representing an increase of about 2000 cfs in average 
export pumping) in Dry and Critically Dry years in 7.0, 7.1, and 8.0. The net result of these 
changes is that losses of larvae and early juveniles should be lower in early spring, but with 
increased losses of juveniles in the late spring of drier years.  
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Table 13-7 Comparison of total export pumping in studies 7.0, 7.1, and 8.0 with Study 6.1 for April. 

APRIL Study 6.1 Study 7.0  Study 7.1  Study 8.0  

WY Type CFS CFS Change CFS Change CFS Change 

Wet 7155 6226 -13.0% 6944 -2.9% 6987 -2.3% 

Above 
Normal 6262 5488 -12.4% 6173 -1.4% 6226 -0.6% 

Below 
Normal 5460 4472 -18.1% 4737 -13.2% 4708 -13.8% 

Dry 
3532 2716 -23.1% 3329 -5.7% 3339 -5.5% 

Critically 
Dry 1891 1780 -5.9% 2035 7.6% 1893 0.1% 

 

 
Table 13-8 Comparison of total export pumping in studies 7.0, 7.1, and 8.0 with Study 6.1 for May. 

MAY Study 6.1 Study 7.0  Study 7.1  Study 8.0  

WY Type CFS CFS Change CFS Change CFS Change 

Wet 
7160 6114 -14.6% 6950 -2.9% 6924 -3.3% 

Above 
Normal 5544 4174 -24.7% 5193 -6.3% 5011 -9.6% 

Below 
Normal 4746 3069 -35.3% 4149 -12.6% 4051 -14.7% 

Dry 
3769 2222 -41.0% 3259 -13.5% 3073 -18.5% 

Critically 
Dry 1783 1595 -10.5% 1751 -1.8% 1644 -7.8% 
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Table 13-9 Comparison of total export pumping in studies 7.0, 7.1, and 8.0 with Study 6.1 for June. 

JUNE Study 6.1 Study 7.0  Study 7.1  Study 8.0  

WY Type CFS CFS Change CFS Change CFS Change 

Wet 7930 8414 6.1% 8635 8.9% 8616 8.7% 

Above 
Normal 6937 7344 5.9% 7961 14.8% 7802 12.5% 

Below 
Normal 6296 6480 2.9% 6988 11.0% 6890 9.4% 

Dry 4429 5621 26.9% 6212 40.3% 6118 38.1% 

Critically 
Dry 1513 3540 133.9% 2754 82.0% 2416 59.7% 

 

The trend of higher pumping in June is continued in July, with substantial (14 percent to 179 
percent) increases in pumping in all water year types. These increases would cause 
correspondingly higher juvenile smelt entrainment in some years. In August there is higher (9.4 
percent to 95.9 percent) pumping in all water year types Study 7.0, with corresponding increases 
in Wet, Above Normal, and Below Normal years in studies 7.1 and 8.0. In September most 
changes were small, with only Critically Dry years standing out (+24 percent) in Study 7.0 and 
Dry years in 7.1 and 8.0 (-17 percent and -19 percent, respectively) being substantial different 
from Study 6.1. Since delta smelt entrainment tends to be very low in August and September, 
these changes in late summer are not expected to have significant population effects. 

 
Table 13-10 Comparison of total export pumping in studies 7.0, 7.1, and 8.0 with Study 6.1 for July. 

JULY Study 
6.1 

Study 7.0  Study 7.1  Study 8.0  

WY Type CFS CFS Change CFS Change CFS Change 

Wet 8898 10154 14.1% 10773 21.1% 10875 22.2% 

Above 
Normal 6936 8899 28.3% 10037 44.7% 9736 40.4% 

Below 
Normal 7907 10476 32.5% 11111 40.5% 10641 34.6% 

Dry 6747 10593 57.0% 10539 56.2% 10123 50.0% 

Critically 
Dry 1887 5270 179.3% 3675 94.8% 3359 78.0% 
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Table 13-11 Comparison of total export pumping in studies 7.0, 7.1, and 8.0 with Study 6.1 for 
August. 

AUGUST Study 6.1 Study 7.0  Study 7.1  Study 8.0  

WY Type CFS CFS Change CFS Change CFS Change 

Wet 10010 11549 15.4% 11491 14.8% 11627 16.2% 

Above 
Normal 8969 11474 27.9% 11082 23.6% 11168 24.5% 

Below 
Normal 8676 10514 21.2% 9814 13.1% 9717 12.0% 

Dry 6958 7611 9.4% 5720 -17.8% 5277 -24.2% 

Critically 
Dry 2156 4224 95.9% 2020 -6.3% 1880 -12.8% 

 

 
Table 13-12 Comparison of total export pumping in studies 7.0, 7.1, and 8.0 with Study 6.1 for 
September. 

SEPTEMBER Study 6.1 Study 7.0  Study 7.1  Study 8.0  

WY Type CFS CFS Change CFS Change CFS Change 

Wet 10804 11469 6.2% 11249 4.1% 11315 4.7% 

Above 
Normal 10320 10498 1.7% 10325 0.1% 10710 3.8% 

Below 
Normal 9998 10128 1.3% 9755 -2.4% 9924 -0.7% 

Dry 8475 8571 1.1% 7024 -17.1% 6838 -19.3% 

Critically Dry 4706 5828 23.8% 4922 4.6% 4777 1.5% 

 

Old and Middle River Flow 
Old and Middle River flow provides an alternative approach to estimating entrainment risk. It 
provides a direct measure of the strength of the transport process responsible for the movement 
of delta smelt to the export facilities (Grimaldo et al. in review), and is thus somewhat “cleaner” 
than analyses relying solely on export pumping. As with X2 and the boundary of the zone of 
entrainment, OMR flow is in a constant state of flux because of the tides, wind, river flows, 
operation of the South Delta Temporary Barriers, and export pumping. The relevant quantity for 
analyzing the transport of fish is the tidally averaged net OMR flow. It is not possible to 
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accurately predict OMR flow from CalSim-II output. Here we use DSM2-based OMR flow 
predictions provided by CDWR instead of CalSim-II. Only cases representing studies 7.0, 7.1, 
and 8.0 were provided.  

The net velocity of water in Old and Middle River scales a transport process that can affect delta 
smelt survival, reproduction, and dispersal in two ways. First, upstream flow may directly deliver 
delta smelt larvae, juveniles, and adults to the threshold of the water project export facilities, 
where they become entrained. Second, upstream flow may indirectly affect adult delta smelt by 
creating confusing or adverse migratory conditions at locations remote from the export facilities. 
A discussion of evidence for both direct and indirect effects is presented in Chapter 7.  

Both the direct and indirect effects associated with upstream, or negative OMR flow increase in 
severity or likelihood with the magnitude of the upstream flow, as discussed in Chapter 7. As 
with export pumping, we assume (following P.E. Smith, unpublished analysis; Grimaldo et al. in 
review) that entrainment escalates at least in proportion to the magnitude of average net 
upstream OMR flow, and at high OMR flow escalates faster. As Smith’s analysis showed, 
downstream OMR flow is usually associated with almost nonexistent entrainment risk to delta 
smelt that are north of Old and Middle Rivers. The assumption of a linear relationship between 
entrainment and OMR flow only works for upstream OMR flow less than about 4000 cfs. Plots 
that include historical data for periods of strong upstream flow reveal that the entrainment/OMR 
flow relationship is in reality exponential, and entrainment increases much faster than negative 
OMR flow. However, at low upstream OMR flow rates a line fits the relationship reasonably 
well. Whether the rapid increase in entrainment at higher flow rates is due to changes in the size 
or disposition of the zone of entrainment or to other characteristics of the transport process itself, 
or both, is uncertain. 

In this analysis, we summarized the median OMR flow for each month, binned by water year 
type. Data from the years 1975 to 1991 were used to fit the model. The figures represent medians 
computed over full months. Because there are only 16 years of data, water year types are 
consolidated into Wet + Above Normal, Below Normal + Dry, and Critically Dry. According to 
DWR (Aaron Miller, pers. Comm..), there are strong antecedent effects from the boundary 
conditions used to frame each monthly time period that may skew the results to some extent. 

The Smelt Work Group (SWG, formerly the Delta Smelt Work Group) used DSM2-based 
particle tracking methods to analyze the effects of OMR on the limits of the zone of entrainment 
during the winter and spring of 2008 (See also Kimmerer and Nobriga 2008 for a more general 
exposition). The SWG concluded that under hydrodynamic conditions prevailing during March 
and April 2008 a daily net upstream OMR flow no greater than 2000±500 cfs effectively 
prevented entrainment of simulated particles injected into the San Joaquin River as far southeast 
as the mouth of Potato Slough (a fish monitoring location known as “Station 815”). In this 
analysis, we consider upstream flow of 2000 cfs to be a rough indicator of the limit beyond 
which increasingly negative OMR flow causes the zone of entrainment to expand beyond the 
south Delta into the San Joaquin River at Station 815 and farther downstream under operational 
circumstances similar to those existing in spring 2008. Furthermore, we regard upstream flow of 
4000 cfs to be a rough benchmark value separating the linear domain from the exponential 
domain of the entrainment/flow relationship, and upstream flows exceeding 4000 cfs are likely to 
be associated with substantially larger entrainment, all other things being equal. 
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In the following tables, two blocks of months are presented: December through March, 
representing the period of adult delta smelt vulnerability to entrainment, and April through July, 
representing juvenile vulnerability.  

In Wet + Above Normal years, the results suggest median OMR flows are usually downstream 
during the winter months (Table 13-13). However, they become negative in June (-3506 to -3869 
cfs) and strongly so in July (-6652 to -7996 cfs) (Table 13-14). This suggests that losses of adult 
delta smelt and early juveniles would result in very low levels of losses. Negative flows during 
later months would result in more substantial losses of juvenile delta smelt from the central Delta 
and north of it, including higher losses in years when fish are still within reach of the pumps in 
July.  

 
Table 13-13 Projected monthly net OMR flow for Wet + Above Normal years during months of 
adult delta smelt entrainment vulnerability 

WYTS: W/AN 
Study December January February March Average 

OCAP 7.0 1437 206 2759 5819 2555 

OCAP 7.1 -127 -713 5719 8029 3227 

OCAP 8.0 -152 -506 5860 7713 3229 

 
Table 13-14 Projected monthly net OMR flow for Wet + Above Normal years during months of 
juvenile delta smelt entrainment vulnerability 

WYTS:W/AN 
Study April May June July Average 

OCAP 7.0 3666 931 -3869 -6652 -1481 

OCAP 7.1 3469 75 -3666 -7647 -1942 

OCAP 8.0 3444 42 -3506 -7996 -2004 

 

In Below Normal + Dry years, the results indicate strong negative OMR flows (-4645 cfs to -
6793 cfs) for the months of December through March (Table 13-15). Moderately negative flows 
in April and May (-897 cfs to -2845 cfs) are followed by strong negative flows in June (-5551 cfs 
to -6644 cfs) and even stronger negative flows in July (-9028 cfs to -11014 cfs) (Table 13-16). 
Analyses of particle tracking (see above) and salvage data (Grimaldo et al., in review) indicate 
that winter losses of adults would likely occur in these drier years, but losses of early larvae and 
juveniles would likely be relatively low in spring. Strong negative flows in June and July would 
be expected to result in substantial losses of juveniles from the central Delta and probably the 
lower Sacramento River in these drier years. 
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Table 13-15 Projected monthly net OMR flow for Below Normal + Dry years during months of adult 
delta smelt entrainment vulnerability 

WYTS: BN/D 
Study December January February March Average 

OCAP 7.0 -5203 -4645 -6763 -6146 -5689 

OCAP 7.1 -6212 -6104 -5660 -4692 -5667 

OCAP 8.0 -6793 -5759 -6207 -4756 -5879 

 
Table 13-16 Projected monthly net OMR flow for Below Normal + Dry years during months of 
juvenile delta smelt entrainment vulnerability 

WYTS: BN/D 
Study April May June July Average 

OCAP 7.0 -897 -1258 -5551 -9028 -4183 

OCAP 7.1 -2199 -2845 -6644 -11014 -5676 

OCAP 8.0 -2181 -2676 -6654 -10908 -5605 

 

In Critically Dry years, strong negative OMR flows in December (-4637 cfs to -6419 cfs) are 
followed by moderately to weakly negative flows (-837 cfs to -1594 cfs) in January through 
March (Table 13-17). April and May (-1335 cfs to -1698 cfs) feature moderately negative OMR 
flows, while June and July (-3195 cfs to -5490 cfs) feature moderate to strong flows (Table 
13-18). Analyses of particle tracking (see above) and salvage data (Grimaldo et al., in review) 
indicate that losses of adults would occur December of Critically Dry years, with much lower 
losses in the later winter months. Losses of early larvae and juveniles would be expected to be 
relatively low in spring. Strong negative flows in June and July would be expected to result in 
substantial losses of juveniles in these very dry years. 

 
Table 13-17 Projected monthly net OMR flow for Critically Dry years during months of adult delta 
smelt entrainment vulnerability 

WYTS: C  
Study December January February March Average 

OCAP 7.0 -5829 -1000 -1040 -825 -2173 

OCAP 7.1 -6419 -1031 -2022 -976 -2612 

OCAP 8.0 -4637 -1525 -1594 -1087 -2211 
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Table 13-18 Projected monthly net OMR flow for Critically Dry years during months of juvenile 
delta smelt entrainment vulnerability 

WYTS: C 
Study April May June July Average 

OCAP 7.0 -1335 -1574 -4493 -5490 -3223 

OCAP 7.1 -1642 -1698 -3195 -3573 -2527 

OCAP 8.0 -1655 -1509 -2354 -3350 -2217 

 

X2 

We used projected monthly X2 from the CalSim-II simulations to estimate X2 in each model 
case for each of the 12 months. These are presented as Figure 13-1 through Figure 13-36. Each 
figure consists of five panels representing hydrologic classification as described above. Months 
using an Eight Rivers Index classification use the same bin names for consistency. In all panels 
the “x” axis represents X2 in kilometers in Study 6.1, while the “y” axis represents the departure 
from that X2 in another study. The dashed lines in each figure are smooth. A full set of monthly 
figures for studies 7.0, 7.1, and 8.0 is presented, but the months of greatest potential significance 
for delta smelt are, as discussed above, those falling in the summer and fall seasons.  

The general disposition of X2 in Study 6.1 varies by month and hydrology. Early and late in the 
water year, X2 tends to be compressed into a narrow range between approximately 83 and 90 km 
in drier years, while in wet years values range from the low 70s to the high 80s. In the middle of 
the water year, X2 varies considerably in all hydrologic categories, depending on the weather. 
This means that in drier years, especially during the summer and fall months, X2 in Study 6.1 is 
usually above Collinsville (RKI 81), often by as much as 5 km. Analyses of historical data 
indicates that habitat conditions are relatively poor and contribute to delta smelt producing fewer 
offspring in years when X2 is located above Collinsville during autumn (Feyrer et al. 2007). The 
effects in summer are less clear, with no simple correlation between Delta salinity (a surrogate 
for X2) and delta smelt abundance during summer (Nobriga et al. 2008). 

 

Summer X2 Deviation in Studies 7.0, 7.1, and 8.0  
In Wet and Above Normal years, July X2 is usually similar to Study 6.1, though there is some 
scatter both below and above parity (Figures 13-10, 22, 34). Below Normal, Dry, and Critically 
Dry years show progressively greater upstream deviation from Study 6.1, though it is usually of 
less than 5 km. This pattern is repeated in August, with a small positive offset in all hydrologic 
categories (Figures 13-11, 23, 35). The upstream X2 deviation in a Dry or Critically Dry August 
is usually 3-5 km. These results suggest little consistent pattern in the amount of habitat (based 
on salinity) available to delta smelt during summer for the different studies, except in very dry 
years. Note that this result is congruent with the finding that there is no long-term trend in 
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summer X2 (Kimmerer 2002). Moreover, there is no simple linkage between summer Delta 
salinity and delta smelt abundance (Nobriga et al. 2008).  

 

Fall X2 Deviation in Studies 7.0, 7.1, and 8.0 
Although Most of September properly belongs to the summer, it is included here for consistency 
with Feyrer’s habitat analysis. In September, studies 7.0, 7.1, and 8.0 all feature substantial 
upstream shifts of X2 in all five hydrologic categories, with most differences being 
approximately 5 km (Figures 13-12, 24, 36). In October and November, studies 7.0, 7.1, and 8.0 
all feature substantial (5+ km) upstream shifts of X2 in the the four driest year categories 
(Figures 13-1, 2, 13, 14, 25 & 26). In December, there is a general tendency for X2 in studies 
7.0, 7.1, and 8.0 to deviate farther upstream than Study 6.1 in years where Study 6.1 X2 was 70 
km or greater (Figures 13-3, 15 & 27). Below that, deviations were generally negative except for 
very low Study 6.1 X2 (less than approx. 55 km). Hence, the effects changes in X2 on delta 
smelt habitat and juvenile production would be mixed, depending on Delta outflow.  

Based on analyses for the entire autumn (Feyrer et al. 2007), the consistent upstream shift in X2 
during September through November (and December in years with high X2) relative to Study 6.1 
and high absolute X2 would be expected to reduce the amount of habitat for delta smelt and 
subsequent production of juveniles. The movement of X2 upstream by several km during drier 
years might also shift the distribution of delta smelt far enough east that adult entrainment might 
begin to occur in Fall under circumstances of high export pumping, or at least to occur earlier 
than it would otherwise. Similarly, it may also position delta smelt geographically closer to the 
export pumps at the time of “first flush” and make them more vulnerable to entrainment. 
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Figure 13-1 Variation in X2 in Study 7.0 with respect to Study 6.1 in October 
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Figure 13-2 Variation in X2 in Study 7.0 with respect to Study 6.1 in November 
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Figure 13-3 Variation in X2 in Study 7.0 with respect to Study 6.1 in December 
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Figure 13-4 Variation in X2 in Study 7.0 with respect to Study 6.1 in January 
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Figure 13-5 Variation in X2 in Study 7.0 with respect to Study 6.1 in February 
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Figure 13-6 Variation in X2 in Study 7.0 with respect to Study 6.1 in March 
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Figure 13-7 Variation in X2 in Study 7.0 with respect to Study 6.1 in April 
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Figure 13-8 Variation in X2 in Study 7.0 with respect to Study 6.1 in May 
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Figure 13-9 Variation in X2 in Study 7.0 with respect to Study 6.1 in June 
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Figure 13-10 Variation in X2 in Study 7.0 with respect to Study 6.1 in July 
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Figure 13-11 Variation in X2 in Study 7.0 with respect to Study 6.1 in August 
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Figure 13-12 Variation in X2 in Study 7.0 with respect to Study 6.1 in September 
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Figure 13-13 Variation in X2 in Study 7.1 with respect to Study 6.1 in October 
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Figure 13-14 Variation in X2 in Study 7.1 with respect to Study 6.1 in November 
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Figure 13-15 Variation in X2 in Study 7.1 with respect to Study 6.1 in December 



CVP and SWP Delta Effects OCAP BA 

13-28 August 2008 

 

42 54 66 78

42 54 66 78
January X2 in Study 6.0 (km)

-10

-5

0

5

10

-10

-5

0

5

10

-10

-5

0

5

10

X2
 D

iff
er

en
ce

, S
tu

dy
 7

.1
 m

in
us

 S
tu

dy
 6

.0
 (k

m
)

1 - Wet 2 - Above Normal

3 - Below Normal 4 - Dry

5 - Critically Dry

 
Figure 13-16 Variation in X2 in Study 7.1 with respect to Study 6.1 in January 
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Figure 13-17 Variation in X2 in Study 7.1 with respect to Study 6.1 in February 
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Figure 13-18 Variation in X2 in Study 7.1 with respect to Study 6.1 in March 
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Figure 13-19 Variation in X2 in Study 7.1 with respect to Study 6.1 in April 
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Figure 13-20 Variation in X2 in Study 7.1 with respect to Study 6.1 in May 
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Figure 13-21 Variation in X2 in Study 7.1 with respect to Study 6.1 in June 
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Figure 13-22 Variation in X2 in Study 7.1 with respect to Study 6.1 in July 
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Figure 13-23 Variation in X2 in Study 7.1 with respect to Study 6.1 in August 
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Figure 13-24 Variation in X2 in Study 7.1 with respect to Study 6.1 in September 
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Figure 13-25 Variation in X2 in Study 8.0 with respect to Study 6.1 in October 
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Figure 13-26 Variation in X2 in Study 8.0 with respect to Study 6.1 in November 
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Figure 13-27 Variation in X2 in Study 8.0 with respect to Study 6.1 in December 
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Figure 13-28 Variation in X2 in Study 8.0 with respect to Study 6.1 in January 
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Figure 13-29 Variation in X2 in Study 8.0 with respect to Study 6.1 in February 

 



OCAP BA CVP and SWP Delta Effects 

 August 2008 13-35 

41 52 63 74

41 52 63 74
March X2 in Study 6.0 (km)

-10

-5

0

5

10

-10

-5

0

5

10

-10

-5

0

5

10

X2
 D

iff
er

en
ce

, S
tu

dy
 8

.0
 m

in
us

 S
tu

dy
 6

.0
 (k

m
)

1 - Wet 2 - Above Normal

3 - Below Normal 4 - Dry

5 - Critically Dry

   
Figure 13-30 Variation in X2 in Study 8.0 with respect to Study 6.1 in March 
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Figure 13-31 Variation in X2 in Study 8.0 with respect to Study 6.1 in April 
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Figure 13-32 Variation in X2 in Study 8.0 with respect to Study 6.1 in May 
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Figure 13-33 Variation in X2 in Study 8.0 with respect to Study 6.1 in June 
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Figure 13-34 Variation in X2 in Study 8.0 with respect to Study 6.1 in July 
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Figure 13-35 Variation in X2 in Study 8.0 with respect to Study 6.1 in August 
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Figure 13-36 Variation in X2 in Study 8.0 with respect to Study 6.1 in September 

 

Climate Change 
The evaluation of climate change effects presented here is adapted from Appendix R sections 
4.2.2 through 4.3.2. Appendix R reports an analysis of the potential implications of climate 
change for the CVP and SWP that is intended to examine the sensitivity of of CVP/SWP 
operations and system conditions to a range of future climate conditions that may evolve over the 
consultation horizon (2030) of the BA. It develops four climate change scenarios intended to 
bookend the range of possibilities arising from available climate projection information. The 
bookends span the range of outcomes developed under the assumptions of CalSim-II Study 8 
with respect to two variables: precipitation and temperature. All four scenarios are based on the 
assumptions, derived from published sources, that sea level will rise approximately 30 cm by 
2030, and that the tidal range will increase by 10 percent.  

We have considered the possible consequences to delta smelt that arise out of the four scenarios. 
For delta smelt, the impacts likely to be associated with climate change would be caused by (a) 
changes in the availability and distribution of habitat, as indexed by X2, and (b) changes in 
entrainment at the CVP and SWP export facilities in the south delta. To address the possibility 
that changes in habitat and entrainment rates might affect delta smelt under the four climate 
change scenarios, this evaluation consists of the following elements: 

(1) Consideration of the effects of a 1 ft (30 cm) sea level rise in a comparison with the base 
case (no change in temperature or precipitation) 

(2) Consideration of X2 for each of the four climate change scenarios 
(3) Consideration of the DSM2 OMR flows results for each of the four climate change 

scenarios [with adapted tables 17,18,19] 
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(4) Consideration of uncertainties associated with the climate change analyses 
 

Effects of Sea Level Rise Alone 

This review is limited to the months of February through June, which are the months addressed 
in Appendix R. However, because sea level is likely to proportionately rise in all seasons, we 
expect results for the summer and fall to be similar to the modeled months in which the least 
precipitation occurs (May and June). The assumed 1 ft rise in sea level is likely to move X2 
upstream by 1 km to 3 km in the base study, Study 9.1 (Figure 13-37 blue and red-hashed white 
columns). For the months of February through approximately April, X2 and its variability are 
similar (Figure 13-37). However, for the months of May and June, the median X2 moves 
upstream in the presence of sea level rise relative to the base case (loc cit). Moreover, the 95th 
percentile X2 in those months is much farther upstream (approx. 15 km in May and 20 km in 
June) than in the base case, indicating circumstances that would be expected to very substantially 
alter delta smelt habitat availability and location. 

These results suggest that sea level rise alone is likely to result in upstream movement of delta 
smelt habitat during months not modeled and also not subject to X2 control, particularly the fall 
months. We would expect a 1-3 km upstream movement of X2 during the fall on top of 
movement expected under Study 8.0 to reduce the availability of high quality habitat available to 
maturing delta smelt (see X2 section below). Furthermore, increased late spring/summer 
entrainment risk arising from movement of smelt habitat closer to the export pumps is a 
possibility that should be considered, at least in the more extreme cases predicted by the model. 

 
Figure 13-37  X2 in climate change studies. The bars represent 50th percentile with 5th and 95th as 
the whisker. 
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Changes in X2 in Climate Change Scenarios 

This review is limited to the months of February through June, which are addressed in Appendix 
R. However, because sea level is likely to proportionately rise in all seasons, we expect expect 
results for the summer and fall to be similar to the modeled months in which the least 
precipitation occurs (May and June). The wetter scenarios (wetter/less warming and wetter/more 
warming) produced similar outcomes (Figure 13-37). In the wetter scenarios, X2 is similar to or 
lower than the base case for February through May, but both high precipitation scenarios result 
in a 1-2 km upstream movement of X2 in June. Both wetter scenarios also predict a higher 
incidence of X2 movement upstream of the median than the base case. 

The drier scenarios (drier/less warming and drier/more warming) were also similar to one 
another (loc cit). Both drier scenarios produced upstream movements of 2-3 km in all months 
during February through June. As with the wetter scenarios, both produced a higher frequency of 
substantial upstream X2 movement exceeding 20 km in June. 

These results suggest that the drier scenarios would produce more substantial movement of X2 
upstream than sea level rise alone, but that the wetter scenarios either conform to the sea level-
based prediction or (in February and March) may result in downstream X2 movement. Upstream 
movement of 1-3 km in several scenarios would likely result in a loss of habitat quality for delta 
smelt in the fall months (see X2 section below). Extreme upstream movement occurring in a 
small percentage of years could also substantially increase the risk of entrainment during these 
months. 

 

Changes in OMR Flow in Climate Change Scenarios  

We examined OMR flow rather than export pumping predictions because of the tighter 
relationship between OMR flow and entrainment. The changes in OMR flow under the various 
scenarios were more mixed than changes in X2. Fall and winter flows were the most sensitive to 
climate change, with the polarity of changes depending on precipitation:  

(a) Negative winter flows become more extreme during drier years in all scenarios and 
during wetter years for the drier climate change scenarios 

(b) Negative winter flows increase during wetter years for the wetter, less warming scenario 
(c) Winter flows changed from negative to positive during wetter years for the wetter, more 

warming scenario 
OMR flow in the base case, changes in OMR flow, and percent change in OMR flow are 
presented in Appendix R Tables 15, 17, and 19 (pp. 99-103) for “more warming” scenarios and 
Tables 16, 18, and 20 (pp. 100-104) for “less warming” scenarios.. In these tables, negative 
values indicate an upstream shift in OMR flow. Increases in upstream OMR flow are likely to 
cause proportionately higher levels of delta smelt entrainment during the months of December 
through March (adults) and March through July (larvae and juveniles). 

Overall, the pattern of results suggests that OMR flow during January through June becomes 
more negative during dry years in the drier/less warming and drier/more warming scenarios, but 
with some substantial changes that are mostly either increases in negative flow or decreases in 
positive flow in the other scenarios. In other words, in the drier climate change scenarios we 
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would generally expect to see higher entrainment of delta smelt during January through June 
under the operational assumptions of Study 8 than in the absence of climate change. 

 

Uncertainty about Climate Change 

Appendix R cautions that there are several sources of uncertainty in this modeling, and, in fact, 
has been structured to reflect the absence of a “most likely” or consensus climate trajectory 
arising from available projections. The uncertainties enumerated in Section 5 of Appendix R 
include: 

(a) uncertainties about climate forcing, including greenhouse gas emission pathways, the role 
of biogeochemical cycles, and atmospheric contributions to climate forcing 

(b) climate simulation, including the physical paradigms underlying climate models and 
computational methodologies 

(c) climate projection bias-correction 
(d) climate projection downscaling to local scales 
(e) watershed response to changing climatic conditions 
(f) social response to changing climate 
(g) discretionary operational response to changing climatic conditions and evolving pressures 

associated with the change 
Given these qualifications, the evaluation here should be viewed as conditional upon both the 
assumptions made in Appendix R and those made here and in Chapter 7, with potentially 
significant uncertainties neither quantified nor represented. 

 

500 CFS Increased Diversion to Provide Reduced Exports Taken to 
Benefit Fish Resources 

Delta Smelt 
Clifton Court Forebay (CCF) is typically operated at or near the rates defined in the USACE 
Public Notice 5820A, Amended, unless otherwise restricted. Public Notice 5820A, Amended, 
requires that daily summer diversions into CCF not exceed 13,870 AF and a three-day average 
not to exceed 13,250 AF. Banks Pumping Plant is operated to the available physical capacity, as 
constrained by CCF operations. Banks Pumping Plant is also adjusted to assist in maintaining 
velocity criteria at Skinner Fish facility as exports allow. Maximum average monthly SWP 
summer exports from Banks Pumping Plant are 6,680 cfs. 

Under the 500 cfs increased diversion, the maximum allowable daily diversion rate into CCF 
during the months of July, August, and September would increase from 13,870 AF up to 14,860 
AF and three-day average diversions would increase from 13,250 AF up to 14,240 AF. This 
increased diversion over the three-month period would result in an amount not to exceed 90,000 
AF each year. Maximum average monthly SWP exports during the three-month period from 
Banks Pumping Plant would increase to 7,180 cfs. Variations to hydrologic conditions coupled 
with regulatory requirements may limit the ability of the SWP to fully utilize the proposed 



CVP and SWP Delta Effects OCAP BA 

13-42 August 2008 

increased diversion rate. Also, facility capabilities may limit the ability of the SWP to fully 
utilize the proposed increased diversion rate 

Water exported under the 500 cfs increased export limit would first be used to recover export 
reductions taken during the VAMP period (assumed mid-April to mid-May) or applied to the 
“shoulder” periods preceding or following the VAMP period. Any remaining water could be 
applied to other export reductions for fish protection during that calendar year or be stored in San 
Luis Reservoir to be applied to export reductions for the subsequent calendar year. As the SWP 
share of San Luis Reservoir is filled, there is a risk that this water would be “spilled” from the 
reservoir. “Spilling” the stored water would result in lower exports from the Delta during the 
time the reservoir is filling. Normally, this would occur during December – March. The fishery 
agencies would decide whether to implement an export reduction in the fall or winter time period 
equivalent to the water stored in the reservoir or assume the risk that the water would be spilled 
later on. Additional details regarding the implementation of the 500 cfs increased diversion are 
contained in Chapter 2. 

Analyses Contained in the Initial Study 
Much of the information in this discussion is taken from the Initial Study for the 2005 – 2008 
State Water Project Delta Facility Increased Diversion to Recover Reduced Exports Taken to 
Benefit Fish Resources (DWR 2004). The operation analyzed in the Initial Study and 
implemented in 2005 – 2008 is slightly different than the operation contained in this project 
description. The difference is the ability to carry over water exported under the 500 cfs increased 
diversion limit into the subsequent calendar year. The operation analyzed in the Initial Study and 
implemented through 2008 does not allow carry over of the exported water. The operation to 
begin in 2009 allows carry over of the exported water as long as it does not affect the ability to 
fill the SWP share of San Luis Reservoir. Water exported under the 500 cfs export limit is to be 
used only for export reductions to benefit fish resources. 

The Initial Study uses a comparative analysis to quantify the impacts of the 500 cfs increased 
diversion (Project) compared to a no-project (Base) condition. The range of potential impacts is 
defined by modeling two hydrologies: a year of low delta inflow, and a year of high delta inflow. 
The hydrologies are used as input for the DWRDSM2 HYDRO and QUAL studies, which 
evaluate changes in flow, stage, velocity, and salinity. Tidally averaged comparisons of water 
quality, flow, stage, and velocities for all the locations studied are in Appendix II of the Initial 
Study (DWR 2004). The modeling assumptions for the Project include the following: 

• Two 30-day periods to reduce diversions to benefit fish resources are chosen: May 15-June 
15, and November 15–December 15. The total reduction in diversions cannot exceed 90 
TAF.  

• The operations of the SWP and CVP must comply with existing Bay-Delta requirements of 
the SWRCB Decision 1641. Operations are assumed to comply with the ESA, and other 
regulatory and contractual requirements related to the Sacramento-San Joaquin River Delta. 

• Current SWP operations allow a maximum three-day average diversion rate of 6,680 cfs 
during July, August, and September. Project diversions during that period must exceed the 
maximum three-day average diversion rate of 6,680 cfs to constitute a with-Project condition 
since diversions less than that amount are already permitted in the base condition. 
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• The increased diversions during July, August, and September of any calendar year equals the 
amount of reduced diversions during that calendar year. 

 

The historic hydrologies were examined to find a representative period and a high and low 
inflow year. The representative period is from1987 to 1999 and the low and high inflow years 
are 1992 and 1997. The reasons for selecting 1992 and 1997 are discussed below. 

1992, Low Delta Inflow Year 
Two difficulties in selecting a year of low delta inflow occurred. Exports in years of low delta 
inflow during each of the two 30-day periods, (May 15-June 15, and  

November 15–December 15) typically did not exceed 90 TAF. Current constraints on 
export/inflow ratios were instituted in 1995 under the Bay-Delta Accord. All years since 1995 
have been classified as wet years (up to the year 2000). Therefore, historic operations during a 
year of low delta inflow with current regulatory constraints did not exist at the time of the study.  

Three years of low delta inflow were considered: 1987, 1988, and 1992. In 1987 and 1988, 
exports during the two 30-day periods, (May 15-June 15, and November 15-December 15) could 
be reduced by 90 TAF. However, operations prior to 1995 were not subject to existing regulatory 
requirements, and thus the export/inflow ratios during 1987 and 1988 exceeded existing 
export/inflow requirements of the SWRCB. In 1987, daily exports exceeded present 
requirements by an average of 2744 cfs, and a maximum of 6146 cfs. Therefore, 1987 and 1988 
were eliminated from consideration.  

In 1992, exports during the two 30-day periods, May 15-June 15, and November 15-December 
15, were approximately 46 TAF and 66 TAF, respectively. Therefore, exports could not be 
reduced by the full proposed amount of 90 TAF. Although export/inflow ratios exceeded existing 
requirements, the existing requirements could be met with minor adjustments to the historic 
inflow. In 1992, present export/inflow ratio requirements could be met by increasing Sacramento 
River inflow by an average of 11 cfs. For these reasons, 1992 was selected as the year to 
represent conditions of low Delta inflow. 

1997, High Delta Inflow Year 
Current constraints on export/inflow ratios were instituted in 1995 and delta inflow during the 
subsequent years was high. Therefore, several years of historic operations with high delta inflow 
and current regulatory constraints exist. Thus, 1995-1999 were considered. SWP exports during 
May 15-June 15 exceeded 90 TAF in 1995, 1996, and 1997. In 1998 and 1999, SWP exports 
during May 15-June 15 were only 78 TAF and 71 TAF, respectively, which would not allow a 
reduction for the full proposed amount of 90 TAF. 1995 was not chosen because SWP exports 
during the November 15 to December 15 period were only 6,210 AF. 1996 was not chosen 
because SWP exports during May 15-June 15 were 294 TAF, and this was not considered a 
representative year. In 1997, SWP exports during May 15-June 15 and November 15 to 
December 15 period were 100 TAF and 644 TAF, respectively. 
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Historic vs. Base Hydrologies 
The historic hydrologies were modified so the base hydrologies would comply with the initial 
assumptions explained above and repeated below: 

• The operations of the SWP and CVP must comply with existing requirements of SWRCB 
Decision 1641, with the ESA, and other regulatory and contractual requirements related to 
the Sacramento-San Joaquin River Delta. 

• Current SWP operations allow a maximum three-day average diversion rate of 6,680 cfs 
during July, August, and September. Project diversions during that period must exceed the 
maximum three-day average diversion rate of 6,680 cfs because diversions less than this base 
condition are already permitted. 

Sacramento River flows were also modified from historic conditions. When export/inflow ratios 
exceeded existing requirements, Sacramento River flows were increased until existing 
constraints were met. When exports were modified, Sacramento River flows were modified to 
maintain the net delta outflow. Thus, the SWP was simply changing the time when storage in 
Oroville was being moved to San Luis Reservoir.  

The potential changes in diversion rate into CCF will affect fish salvage at the SWP. To 
determine the impact of such export changes, historic salvage data from 1992 and 1997 
(representative low and high Delta inflow years used in the modeling) were used to estimate the 
impact of the Project on fish salvage. Historic salvage density was used to estimate salvage under 
the different export scenarios through extrapolation as shown in the table below.  

Potential Impacts of Water Quality and Flow on Fish 
Potential impacts to 10 species, including delta smelt, salmon, steelhead and sturgeon, were 
examined by two methods. First, the water quality and flow modeling results were examined to 
determine if they posed potential impacts to fish. Second, historic salvage data was examined to 
determine if the Project posed potential impacts to delta smelt, salmon, steelhead and sturgeon 
salvage. 

The modeling results predicted minor changes in water quality, which would result in no impacts 
to delta smelt.  

The changes in flow predicted by the modeling suggest that there will be no significant negative 
impacts to delta smelt distribution. The largest changes in flow occurred during the spring 
pumping reduction. Flows towards CCF decreased by as much as 2,250 cfs. Decreased flows 
towards CCF may decrease the potential vulnerability of delta smelt to SWP salvage. The 
modeling results predicted that flows only slightly increased towards CCF during the increased 
pumping period, suggesting there will be no impact on delta smelt distribution and subsequent 
vulnerability to SWP salvage. There are no anticipated changes in total outflow that could impact 
delta smelt. 
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Potential Impacts to Fish Salvage 
Historic salvage data for ten sensitive fish species or runs, including delta smelt, were analyzed 
to determine the impact of the proposed project. The fish species may occur in the project area 
during the project period. 

The potential changes in diversion rate into CCF will affect fish salvage at the SWP. To 
determine the impact of such export changes, historic salvage data from 1992 and 1997 
(representative low and high Delta inflow years used in the modeling) were used to estimate the 
impact of the Project on fish salvage. Historic salvage density was used to estimate salvage under 
the different export scenarios through extrapolation.  

The difference in fish salvage between the base and Project conditions was used as the effect of 
the Project on fish salvage. Base (No-Project) salvage was calculated as the product of historic 
salvage density (number of fish salvaged per AF diverted) and modeled base exports. Project 
salvage was calculated as the product of historic salvage density and modeled Project exports. 
The effect of the Project on fish salvage was the difference between the Project and base salvage 
estimates. For example: 

historic salvage / historic AF diverted = historic salvage density (HSD)  

HSD x base exports = estimated base salvage (BS) 

HSD x Project exports = estimated Project salvage (PS) 

PS – BS = estimated difference in salvage from the base caused by the Project. 

The results of this analysis (Table 13-19) suggest that salvage of delta smelt is likely to 
substantially decrease under the spring scenarios and not substantially change under the fall 
scenarios; reduced exports in the months of May and June in the spring scenario are likely to 
reduce the salvage of delta smelt for the year. The studies can be used to draw conclusions about 
other potential operations. For example, if the export reduction were taken only in May 1997 (48 
taf), 90 taf were exported in July-September, and the remaining 42 taf applied as reduced exports 
in December, the net reduction in delta smelt salvage for the May-December period would be 
10,286 (with a reduction of 10,282 occurring in May).  

 

Table 13-19 Delta smelt 
Spring 1992 May Jun Jul Aug Sep Total 

Historic exports 42,376 57,220 25,689 90,836 161,905 378,026 

Historic salvage 1,903 2,367 24 0 0 4,294 

Historic salvage density 0.0449 0.0414 0.0009 0.0000 0.0000 - 

Base exports 15,099 56,040 410,018 410,018 396,792 1,287,968 

Base salvage 678 2,318 383 0 0 3379 

Project exports 0 25,469 425,732 425,732 411,036 1,287,969 

Project salvage 0 1,054 398 0 0 1,451 

Percent change -100% -55% 4% 0 0 --57% 
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Fall 1992 Jul Aug Sep Nov Dec Total 

Historic exports 25,689 90,836 161,905 62,303 168,276 509,009 

Historic salvage 24 0 0 0 0 24 

Historic salvage density 0.0009 0.0000 0.0000 0.0000 0.0000 - 

Base exports 410,018 410,018 396,792 66,651 35,531 1,319,011 

Base salvage 383 0 0 0 0 383 

Project exports 432,852 432,852 417,390 35,917 0 1,319,011 

Project salvage 404 0 0 0 0 404 

Percent change 5% 0 0 0 0 5% 

       

Spring 1997 May Jun Jul Aug Sep Total 

Historic exports 78,236 153,854 321,231 269,918 341,334 1,164,573 

Historic salvage 16,760 6,140 216 0 0 23,116 

Historic salvage density 0.2142 0.0399 0.0007 0.0000 0.0000 - 

Base exports 47,995 153,058 410,018 410,018 396,792 1,417,882 

Base salvage 10,282 6,108 276 0 0 16,666 

Project exports 0 111,953 440,708 440,708 424,512 1,417,882 

Project salvage 0 4,468 296 0 0 4,764 

Percent change -100% -27% 7% 0 0 -71% 

       
Fall 1997 Jul Aug Sep Nov Dec Total 

Historic exports 321,231 269,918 341,334 292,036 419,732 1,644,251 

Historic salvage 216 0 0 0 257 473 

Historic salvage density 0.0007 0.0000 0.0000 0.0000 0.0006 - 

Base exports 410,018 410,018 396,792 292,923 196,804 1,706,556 

Base salvage 276 0 0 0 121 396 

Project exports 440,708 440,708 424,512 245,403 155,224 1,706,556 

Project salvage 296 0 0 0 95 391 

Percent change 7% 0 0 0 -21% -1% 

       
 

Note: Row headers for the above table are as follows: 
Historic exports = Actual SWP exports for given month (AF). 
Historic salvage = Actual SWP salvage for given month. 
Historic salvage density =  Historic salvage ÷ historic exports (number of fish/AF). 
Base exports = Modeled base exports for given month. 
Base salvage = Historic salvage density x modeled base exports. 
Project exports = Modeled project exports for given month. 
Project salvage = Historic salvage density x modeled project exports. 
Percent change  = (Project salvage – Base salvage) x 100%/Base salvage 
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Clifton Court Forebay Aquatic Weed Control Program 
Effects on Delta Smelt 

The Department of Boating and Waterways (DBW) prepared an Environmental Impact Report 
(2001) for a two-year Komeen research trial in the Delta. They determined there were potential 
impacts to fish from Komeen treatment despite uncertainty as to the likelihood of occurrence. 
Uncertainties exist as to the direct impact that Komeen and Komeen residues may have on fish 
species. “The target concentration of Komeen is lower than that expected to result in mortality to 
most fish species, including delta smelt” (Huang and Guy 1998). However, there is evidence 
that, at target concentrations, Komeen could adversely impact some fish species. The possibility 
exists that Komeen concentrations could be lethal to some fish species, especially during the first 
nine hours following application. Although no tests have examined the toxicity of Komeen to 
Chinook salmon or steelhead, LC50 data for rainbow trout suggest that salmonids would not be 
affected by use of Komeen at the concentrations proposed for the research trials. No tests have 
been conducted to determine the effect of Komeen on splittail, green sturgeon, pacific lamprey or 
river lamprey.” (DBW, 2001) or delta smelt. 

In 2005, no fish mortality or stressed fish were reported during or after the treatment. The 
contractor, Clean Lakes, Inc was looking for dead fish during the Komeen application. In 
addition, no fish mortality was reported in any of the previous Komeen or Nautique applications. 
In 2005, catfish were observed feeding in the treatment zone at about 3 pm on the day of the 
application (Scott Schuler, SePro). No dead fish were observed. DWR complied with the NPDES 
permit that requires visual monitoring assessment. 

Due to the uncertainty of the impact of Komeen on fish that may be in the Forebay, we will 
assume that all delta smelt in the Forebay at the time of application are taken. The daily loss 
values vary greatly within treatments, between months and between years. Figure 13-38 
illustrates the presence of delta smelt in the Forebay during treatments. There are no loss 
estimates for delta smelt, so the relationship between salvage and true loss of delta smelt in the 
Forebay in unknown. 
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Figure 13-38  May-September delta smelt salvage at the SWP Banks Pumping Plant, 1996-2005, 
with the start and end dates of Komeen or Nautique aquatic weed treatment indicated by the red 
diamonds.   
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North Bay Aqueduct 
Summer (Jun-Aug) 

The summer pumping rates of NBA diversions were not different between studies 7.0 and 7.1 
(average 42 cfs) but both were 12 percent lower than study 8.0 (average 48 cfs) (Chapter 12). 
Hydrodynamic modeling results from the Solano County Water Agency (SCWA) indicate that at 
a 42 cfs pumping rate, the major water source pumped by the NBA during normal water years 
origins from Cambell Lake, a small non-tidal lake north of Barker Slough. Thus under most 
summer-time conditions the entrainment effects are likely to be low, especially since delta smelt 
move downstream by July (Nobriga et al. 2008). In dry seasons, the NBA entrains water from 
Barker and Lindsay sloughs (SCWA), indicating a potential entrainment risk for delta smelt. 
Historically, delta smelt densities have been low in Barker and Lindsay sloughs but the modeling 
data suggest that delta smelt could exhibit some level of entrainment vulnerability during dry 
years. But it should be noted, that these effects are likely to be small since most delta smelt reach 
20 mm SL by June (http://www.delta.dfg.ca.gov/data/NBA/) and are therefore protected by the 
fish screens on the NBA intakes designed to protect smelt this size.  

Fall (Sept-Nov) 

North Bay aqueduct diversions are lowest in the fall (Chapter 12) only averaging 18 cfs in study 
7.0, 17.6 cfs in study 7.1, and 23 in study 8.0. Overall, there was no difference in fall diversions 
rates among the studies. As discussed previously, delta smelt reside in the Suisun Bay to 
Sherman Island region during the fall months and are not at sizes vulnerable to NBA entrainment 
at this time. Thus, there are no expected direct effects of the NBA on delta during this period. 
Because pumping rates are low and the hydrodynamic models indicate only a small percentage 
of water entrained enters from Barker Slough, it is unlikely the NBA has any measurable indirect 
effects during this period.  

Winter (Dec-Feb) 

North Bay Aqueduct diversions are highest during the winter months. There were no differences 
between studies 7.0 and 7.1 during the winter but diversion rates rate for study 8 in December 
(64 cfs) was higher than diversion rates for studies 7.0 (43 cfs) and 7.1 (41 cfs). The 
hydrodynamic modeling of NBA diversions indicates that the majority of water diverted origins 
from Cambell Lake and Calhoun Cut during the winter. As previously mentioned, delta smelt 
migrate up into the Delta during the winter months. However, since the screens on the intakes 
meet criteria for protecting 20 mm SL delta smelt, adult entrainment is not a concern.  

In some years, delta smelt will begin spawning in February when temperatures reach about 12 oC 
(Bennett 2005). Thus in some years, delta smelt larvae may be entrained at the NBA diversions. 
However since the majority of water diverted origins from Cambell Lake during the winter, these 
effects are likely to be minimized to the areas of Barker Slough near the NBA intakes. During 
years when the Yolo Bypass floods, the entrainment risk of larvae into the NBA is also probably 
extremely localized because of a hydrodynamic “plug” that forms between Barker and Lindsay 
sloughs with Cache Slough. When this happens, hydrodynamic mixing between Cache Slough 
and Lindsay/Barker sloughs decreases, causing spikes in turbidity and organic carbon in Barker 
and Lindsay Sloughs (DWR, North Bay Aqueduct Water Quality Report). Entrainment 
vulnerability would be greatest during dry years when the NBA diversions entrain a large portion 



CVP and SWP Delta Effects OCAP BA 

13-50 August 2008 

of water from Barker and Lindsay Sloughs and are often years when delta smelt will spawn in 
the North Delta (Sweetnam 1999).  

Spring (Mar-May) 

The only difference in NBA diversions during the spring were for April, where study 8.0 had an 
approximately 20 percent higher diversion rate than studies 7.0 and 7.1 (Chapter 12). NBA 
diversions ranged between 30 and 54 cfs during the spring, indicating that the majority of water 
diverted origins from Campbell Lake at these diversions rates. Thus a 20 percent increase in 
study 8 from studies 7.0 and 7.1 is negligible when you account for the source of water diverted. 
Overall, spring represents the period of greatest entrainment risk for delta smelt larvae at the 
NBA, especially in dry years when delta smelt spawn in the North Delta 
(http://www.delta.dfg.ca.gov/data/NBA/).  

Rock Slough Intake 
CCWD diverts water from Old River via Rock Slough into the Contra Costa Canal at the Rock 
Slough Intake. The diversion is presently unscreened. Reclamation, in collaboration with 
CCWD, is responsible for constructing a fish screen at the Rock Slough Headworks under the 
Central Valley Project Improvement Act and under the 1993 USFWS Biological Opinion for the 
Los Vaqueros Project. Reclamation has received an extension on fish screen construction until 
December 2008, and is preparing to request a further extension until at least 2013 because the 
requirements for screen design will change as CCWD proceeds with its project to replace the 
earth-lined portion of the canal with a pipeline.  

Before 1998, the Rock Slough Intake was CCWD’s primary diversion point. It has been used 
less since 1998 when Los Vaqueros Reservoir and the Old River Pumping Plant began operating. 
The diversion at the headworks structure is currently sampled with a sieve net three times per 
week from January through June and twice per week from July through December. A plankton 
net is fished at the headworks structure twice per week during times larval delta smelt could be 
present in the area (generally March through June). A sieve net is fished at Pumping Plant #1 two 
times per week from the time the first Sacramento River winter-run Chinook salmon is collected 
at the CVP and SWP (generally January or February) through June. Numbers of listed fish 
species captured during monitoring are shown in Table 13-20.  

The numbers of delta smelt entrained by the facility since 1998 have been extremely low, with 
only a single fish taken in February 2005 (Table 13-20).  

The Contra Costa Canal Replacement Project will replace the 4-mile unlined section of canal 
from Rock Slough to Pumping Plant #1 with a pipeline. The project is fully permitted (NMFS 
issued its concurrence letter on June 11, 2007 and USFWS issued a BO on June 21, 2007) and 
the first phase of the project is scheduled to begin in the Fall of 2008. When completed, the 
Canal Replacement project will eliminate tidal flows into the Canal intake section and should 
significantly reduce entrainment impacts and improve the feasibility of screening Rock Slough.  

Because most diversions at the Rock Slough intake now occur during the summer months when 
delta smelt and salmonids are not present in the vicinity of the diversion and because very few 
listed fish species (one winter–run Chinook, 14 spring-run sized Chinook, 6 unclipped steelhead, 
and one delta smelt) have been captured during monitoring from 1998 to 2008, the Rock Slough 
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diversion is not believed to be a significant source of mortality for any of the listed species. No 
green sturgeon have been captured at the site.  

It is expected that entrainment in the future will be reduced with the addition of CCWD’s 
Alternative Intake Project because CCWD diversions in general during the migration period will 
be reduced, with most of that reduction taking place at the Rock Slough intake. (See the July 3, 
2007 NMFS biological opinion on the Alternative Intake Project). Few listed runs have been 
captured in sampling since 1996 so take of listed runs is expected to be very low, probably fewer 
than 50 spring–run, 50 winter–run, and 20 steelhead. Estimates of future losses of spring-run 
Chinook salmon and winter-run Chinook salmon at the Rock Slough Intake with the Alternative 
Intake Project in service have been made assuming future CCWD demands of 188,000 af/year. 
Based on average densities of the salmon in channels (from monitoring programs over the past 
10 years), losses were estimated at about 5 winter-run and 16 spring-run juveniles per year.  
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Table 13-20 Summary of listed fish captured at the Rock Slough Headworks and Pumping Plant 1 
and amount of water diverted each year, 1998 – 2008. 

Summary of Sieve Net and Plankton Net Monitoring Conducted at the Rock Slough Headworks
 and Pumping Plant 1 (PP1) from August 1998 through March 2008.

Year 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 Totals
Months 
Monitoring 
Occurred

Aug-Dec Mar-Dec Mar-Dec Jan-Aug Jan-Dec Jan-Dec Jan-Dec Jan-Dec Jan-Dec Jan-Dec Jan-Mar

Amount of 
Water 
Diverted at 
Rock  Slough 
Acre Feet

68,683 43,037 51,421 26,749 35,904 27,302 31,283 35,686 43,273 39,366 5,848 408,552

Number of 
Headworks 
&PP1 Sieve 
Net Surveys

Unknown Unknown Unknown Unknown Unknown 35 102 131 133 107 54 562

Number of 
Headworks 
Plankton Net 
Surveys

Unknown Unknown Unknown Unknown 10 0 34 26 15 23 10 118

Mar=1
Apr=5

Mar=2 Jan=1

Feb=6

Mar=2 Apr=2
Apr=3 May=6

Green 
sturgeon

0 0 0 0 0 0 0 0 0 0 0 0

Central 
Valley 
steelhead 
(clipped)
Central 
Valley 
steelhead 
(unknown)

0 1Longfin 
smelt

0 0 0 0 0 0 0 0 0

10 0 Feb=1* 0 00 0 0 0Delta smelt 0

0 May=1Fall run/late 
fall run 
Chinook 
(unclipped)

0 0 May=3 0 0 19

0 May=1 6

0

0

0

Central 
Valley 
steelhead 
(unclipped)

0 0

May=4

0 0 0 0

Spring-run 
Chinook

0 0 0

0 0

14

0 10

0May=4 0

00

0 0

0 0 0

0 0 0 0Winter-run 
Chinook

Dec=1

8

10 0

0000

Apr=1 Mar=1

May=1 Jun=1

0 0

0Fall run/late 
fall run 
Chinook 
(clipped)

0 0 0 0 0

0

0
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00

0

0 0 0 0
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0
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South Delta Temporary Barriers (TBP) 
The following evaluation is limited to the operational effects of these projects on delta smelt. 
Section 7 consultation for the construction and operation of the TBP through 2010 has been 
completed with NMFS. The operation effects of the TBP are being consulted upon with FWS 
through this OCAP BA. The construction effects requiring ESA consultation with FWS will be 
evaluated in a separate consultation process. 

Simulation modeling completed for this OCAP BA incorporates the effects of the South Delta 
Temporary Barriers Project and 500 cfs increased export in Studies 6.1 and 7.0. The SDIP Stage 
1, the 500 cfs increased export, and the CVP aqueduct intertie are incorporated into Studies 7.1 
and 8.0. The Temporary Barriers are not included in Studies 7.1 and 8.0. A full evaluation of the 
combined effects of these elements on Chinook salmon, steelhead and green sturgeon are 
presented in Chapter 13. Because the simulation models examined the combination of these 
elements, it is not possible to separate and examine the effects of any single project element by 
itself. Therefore, the effects analysis for these individual projects is taken largely from prior 
Biological Assessments and other related consultations. The specific documents from which 
material was obtained include: DWR 2000 Proposed Mitigated Negative Declaration and Initial 
Study Temporary Barriers Project 2001-2007 and 2007 Supplemental Biological Assessment 
South Delta Temporary Barriers Project. Because the modeling for these documents was 
conducted a few years ago, it naturally differs to some degree from what was conducted for the 
OCAP Biological Assessment. However, the differences are not such that they would alter any 
interpretation of the likely general effects of these projects individually. For clarity, provided 
below are brief descriptions of the projects, details of the modeling approaches for the former 
documents, and an assessment of likely effects. Additional discussion of the flows in Old and 
Middle Rivers during the spring and early summer with and without the temporary barriers is 
included in Appendix Z. 
The following information is from the 2007 Supplemental Biological Assessment. This 
supplement to the 2000 TBP Biological Assessment presents information and results of analyses 
to assess the impacts of the TBP on special status species in light of recent ESA listings by the 
NMFS and their subsequent request for re-initiation of consultation. This supplemental 
biological assessment serves to update permits prior to the installation of the temporary barriers 
in 2007, as required by NMFS. New permits, permit extensions, and project approval were 
needed to continue the TBP for a fourth operation interval that began in 2008. DWR has already 
obtained a DFG Streambed Alteration Agreement and Incidental Take permit extending the TBP 
through 2010. NMFS has issued a Biological Opinion and Incidental Take permit covering the 
TBP from 2008 through 2010. The FWS has issued a statement extending their previous 
Biological Opinion and Incidental Take permit for the TBP through 2008 and will apply the 
OCAP BA as their basis for extending operations of the TBP beyond 2008. However the FWS 
will require separate consultation on the installation and removal impacts of the TBP to cover 
ESA beyond 2008. The US Army Corps of Engineers have issued permits based upon the NFMS 
and FWS responses extending the TBP through 2010.  
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Hydrodynamic Effects 

The TBP causes changes in the hydraulics of the Delta, which may pose impacts to fish. The 
TBP does not alter total Delta outflow, thus the position of X2, the linear position where bottom 
salinity measures two parts per million in the estuary, is not affected by the project. However, the 
TBP does cause hydrodynamic changes within the interior of the Delta. When the barrier at the 
head of Old River is in place, most water flow is effectively blocked from entering Old River. 
This in turn increases the flow in Turner and Columbia Cuts, two major central Delta channels 
that flow towards the south Delta. The underlying result of this hydrodynamic change is that 
there is an increase in reverse flow in these and other interior Delta channels. In most instances, 
net flow is directed towards the CVP and SWP pumps and local agricultural diversions. The 
directional flow towards the pumping facilities may increase the vulnerability of fish to 
entrainment by the pumps. Larval and small fishes are especially susceptible to these flows.  

Unfortunately, the varying operational configurations of the TBP, natural variations in fish 
distribution, and a number of other physical and environmental variables prohibit statistical 
confidence in assessing fish salvage when the TBP is operational versus when it is not. The most 
effective direct method for examining the effect of the hydrodynamic consequences of the TBP 
on fish is by examining real-time fish salvage, however statistical results are lacking. Nobriga 
and others (2000) and Grimaldo (unpublished data) found that under certain conditions, salvage 
of delta smelt could increase dramatically when the TBP is operational. In 1996, the installation 
of the spring barrier at the head of Old River caused a sharp reversal of net flow in the south 
Delta to the upstream direction. Coincident with this change was a strong peak in delta smelt 
salvage. This data indicates that short-term salvage, especially that of delta smelt and other small 
species and juveniles can significantly increase when the TBP is installed in such a manner that 
causes a sharp change or reversal of positive net daily flow in the interior south and central 
Delta. Tidally averaged daily flow data for the south Delta was obtained from the U.S. 
Geological Survey to look for similar phenomena in previous years for a variety of fish species, 
however nothing was found to be as dramatic as that which occurred in 1996.  

The Vernalis Adaptive Management Plan (VAMP), initiated in 2000 as part of the State Water 
Resources Control Board’s Decision 1641, is a large-scale, 12-year, interdisciplinary 
experimental program designed to protect juvenile Chinook salmon migrating from the San 
Joaquin River through the Delta. VAMP is studying how salmon survival rates change in 
response to alterations in San Joaquin River flows and SWP/CVP exports with the installation of 
the barrier at the head of Old River. VAMP employs an adaptive management strategy to use 
current knowledge of hydrology and environmental conditions to protect Chinook salmon 
smolts, while gathering information to allow more efficient protection in the future. In each year, 
VAMP schedules and maintains pulse San Joaquin River flows and reduced project exports for a 
one month period, typically from April 15 - May 15 (May 1-31 in 2006). Tagged salmon smolts 
released in the San Joaquin River are monitored as they move through the Delta in order to 
determine their fate. While VAMP studies attempt to limit project impacts to salmonids, the 
associated reduction in exports reduces the upstream flows that occur in the south and central 
Delta. This reduction limits the southward draw of water from the central Delta, and thus 
shortens the Projects’ zone of influence with regard to the passive entrainment of fishes.  
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Temporary Barriers Fish Monitoring 

In 1992, DFG initiated the TBP Fish Monitoring Program in order to examine the impacts of the 
TBP on resident fish communities in the south Delta. Ten permanent sites within the south Delta 
were sampled with electrofishing and gill nets to study resident fish community composition and 
distribution (DWR 1998). Unfortunately, a lack of pre-project monitoring data and gear type 
made an analysis of overall project impacts impossible. This data could only be used to provide 
simple descriptive species presence/absence information. Similarly, a number of other fish 
monitoring and special study program data sets were used to assess potential impacts of the TBP. 
Because these other programs were not designed to specifically test TBP impacts, analysis from 
these data are also largely descriptive. 

Predation Impacts to Fish 

The physical presence of the TBP may attract piscivorous fishes and influence predation on 
special status fish species. However, past studies by the DFG TBP Fish Monitoring Program has 
indicated that predation on special status fish species near the Temporary Barriers is negligible 
(DWR 2000a). The top predatory fish in the Delta, the striped bass, primarily feed on threadfin 
shad and smaller striped bass, as adults. Having highly opportunistic diets, striped bass are 
known to consume about anything that is in high abundance (Moyle 2002). Rearing-age green 
sturgeon and other fish much larger than 10 cm escape predation by most adult striped bass 
(Nelson et. al. 2006).  

Water Quality Impacts to Fish 

Monitoring of water quality parameters has been conducted during the DFG TBP Fish 
Monitoring of the study area and also by DWR as part of the DWR annual TBP Monitoring 
Reports. These studies have found that water quality is not significantly impacted by the TBP 
(DWR 2000a). In general, electrical conductivity (EC) is slightly higher upstream of the TBP 
facilities than downstream. This is mostly due to the fact that Sacramento River water is drawn 
to the south Delta when the TBP is operational. Sacramento River water has generally lower EC 
than the San Joaquin River and thus improves water quality within the south Delta, downstream 
of the TBP facilities. Hydrodynamic and water quality modeling has shown that EC in the south 
Delta increases when SWP pumping decreases (DWR 2000b). The decreased pumping reduced 
the draw of Sacramento River water in the south Delta and thus water quality “degraded” in the 
form of increased EC. 

Dissolved oxygen (DO) sags have occurred in the project area during years when the TBP was 
both operational and when it was not, over the same time period. The DO sags appear to be 
related to increased water temperatures in the summer and have even occurred in high outflow 
years such as 1998 (DWR 1999). Data from the 1997 fish monitoring water quality element 
suggest that the TBP does not promote low DO upstream of the facilities (DWR 1998). At the 
Old River at Tracy (ORT) barrier from March through August, DO levels above the barrier were 
lower on the flood tide than they were on the ebb tide. This can occur above the ORT barrier 
whenever flood tides are not strong enough to push enough water over and through the ORT 
barrier weir and culverts to increase circulation toward the head of the Grant Line Canal. The 
ORT barrier height is 2.0 feet MSL, while the other two agricultural barriers are at 1.0 feet MSL, 
a design meant to force circulation up Old River and down the Grant Line Canal. When flood 
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tides are not strong enough, null zones can occur upstream of the ORT barrier due to a 
combination of weak tides and agricultural diversions. These null zones are areas of low 
circulation where EC can increase and DO levels can be lower than on the downstream side of 
the barrier. 

Water impounded upstream of the three agricultural barriers is seasonally warmed into the 70-
80+ °F range, depending on location, from May – October. There is a concern that fishes that 
become trapped upstream of the agricultural barriers and are therefore susceptible to high water 
temperatures. 

Vulnerability to Local Agricultural Diversions 

Fish that may become trapped upstream of the TBP agricultural barriers may suffer increased 
vulnerability to local agricultural diversions. There are numerous local diversions within the 
southern Delta that are generally most active from April through October (Cook and Buffaloe 
1998), the same time period of TBP operation. However, there are many agricultural diversions 
on the downstream side of the barriers in the central and northern delta as well, consequently, 
whether there is a difference in vulnerability upstream versus downstream of the TBP 
agricultural barriers is unknown. 

The Interagency Ecological Program (IEP) conducted a Delta Agricultural Diversion Study from 
1993 through 1995 in attempt to determine the impacts of in-Delta diversions on resident and 
anadromous fish (Cook and Buffaloe 1998). No delta smelt were captured in the fyke net. 
Overall, threadfin shad, catfish and sunfish were the dominant species captured, comprising over 
99 percent of the total catch.  

Similar sampling of diversions in other regions of the Delta (Cook and Buffaloe 1998) has 
captured small numbers of delta smelt, Chinook salmon, splittail. These data suggest that fish 
vulnerability, especially delta smelt, to in-Delta diversions increases when fish density is high in 
the immediate vicinity of the diversion. The fact that presumably no species considered under 
this supplemental B.A. were entrained in the diversion within the TBP area is probably due to the 
fact that their densities were extremely low in this area during the study period. It can be 
expected that a few of these fishes will be entrained into local diversions however; the overall 
impact is expected to be minimal based upon the results of the IEP study.  

Impacts to Potential Fish Prey Items 

The conditions posed by the TBP may not influence the abundance and distribution of food items 
used by delta smelt. 

The extent to which the distribution and abundance of these organisms will be influenced by the 
conditions posed by the TBP is difficult to determine. Because the TBP does not influence the 
position of X2, organisms that exhibit a strong abundance-X2 relationship (i.e. mysid shrimp) 
(Jassby and others 1995), will not be impacted. These data suggest that the TBP probably will 
not influence prey populations within the Delta. 
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Past Measures  

Under Terms and Conditions 1 (e) of the USFWS Biological Opinion (4/26/96), DWR was 
required to install at least three fish screens on agricultural diversions per year in the Delta. To 
date, DWR has installed a total of 14 screens on agricultural diversions and has capped another 
diversion at Sherman Island, for a total of 15 screens (3 screens per year for the permit period). 
DWR also contributed to funding a study that examined the entrainment patterns of two side-by-
side screened and unscreened diversions at Sherman Island. DWR will continue the operation 
and maintenance of all 14 fish screens that have been installed at Sherman Island. The previously 
mentioned DWR study on the entrainment patterns of two side-by-side screened and unscreened 
diversions at Sherman Island provided evidence that screens can protect fish from entrainment 
into agricultural diversions (Nobriga and others 2000).  

Under Terms and Conditions 3 of the USFWS Biological Opinion (4/26/96), DWR was required 
to mitigate for the footprint of the Grant Line Canal barrier. DWR fulfilled this requirement by 
acquiring a 1:1 ratio of 0.064 acres of riparian scrub, 0.011 acres of shaded mudflat, 0.411 acres 
of shallow water, and 0.250 acres of intertidal vegetation at Kimball Island. 

Under Condition 11 of the DFG 1601 Agreement (5/2/96), DWR was required to mitigate for the 
impact to shallow water habitat. DFG agreed to credit the Kimball Island mentioned above 
habitat purchase to satisfy this mitigation requirement. 

Under Condition 16 of the DFG 1601 Agreement (5/2/96), DWR was required to screen two 
agricultural diversions in the Bay-Delta Estuary. The fish screen project at Sherman Island 
fulfilled this requirement. 

An additional conservation measure will be to notch each of the agricultural barriers similar to 
the HORB fall barrier to provide passage for migrating adult salmon that have strayed into Old 
and Middle Rivers and Grant Line Canal. 

South Delta Improvement Program Operable Gates 
The following assessment identifies potential effects of operating the gates with the implementation 
of Stage 1 of the South Delta Improvements Program (SDIP) on delta smelt in the Delta. SDIP 
Stage 1 consists of the installation and operation of gates at four locations in the south Delta. There 
is no increase in the export diversion rate in Stage 1. Stage 2 includes the operable gates with the 
increase in exports up to 8,500 cfs.  

ESA consultation for the operation of the SDIP gates in Stage 1 is being done within this OCAP 
BA. ESA consultation for the potential construction-related, predation and passage effects will be 
done separately. The operational effects are discussed and the other effects summarized in the 
subsequent text.  

Simulation modeling completed for this OCAP BA incorporates the effects of the South Delta 
Temporary Barriers Project and 500 cfs increased export in Studies 6.1 and 7.0. The SDIP Stage 1, 
the 500 cfs increased export, and the CVP aqueduct intertie are incorporated into Studies 7.1 and 
8.0. A full evaluation of the combined effects of these elements is presented in Chapter 13. Because 
the simulation models examined the combination of these elements, it is not possible to separate 
and examine the effects of any single project element by itself. Therefore, the effects analysis for 
the SDIP Stage 1 is taken largely from South Delta Improvements Program Action Specific 
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Implementation Plan (DWR and USBR 2006), and the South Delta Improvements Program 
EIS/EIR (DWR and USBR 2006), 
http://baydeltaoffice.water.ca.gov/sdb/sdip/documents/final_eis_eir.cfm. The effects of operation of 
the gates are discussed in the following text. Details on the hydrodynamics of the SDIP operable 
gates are in Appendix Z. 

 

Effects of Gate Operation on Delta Smelt Spawning and Rearing 
Habitat, and Entrainment 

Head of Old River Operations Effects 
Operation (closing) of the head of Old River fish control gate is proposed to begin on April 15. 
Spring operation is generally expected to continue through May 15, to protect outmigrating 
salmon and steelhead. During this time, the head of Old River gate would be fully closed, unless 
the San Joaquin River is flowing above 10,000 cfs or the Gate Operations Review Team (GORT) 
recommends a partial opening for other purposes. 

Under constant SWP and CVP pumping, Head of Old River gate closure causes additional net 
flow to be drawn from the San Joaquin River and south through Old River, Middle River, and 
Turner Cut. The increased net flow toward the south may increase entrainment of larval and 
juvenile delta smelt. The effects of the Head of Old River closure are similar for Alternatives 1 
(No Action) and 2A (SDIP Stage 1), however the fish control gate constructed under Alternative 
2A is fully closed compared to the temporary barrier at the head of Old River which has culverts 
that allow a portion of the San Joaquin River flow through the south Delta. Use of the permanent 
operable fish control gate at the Head of Old River is not limited to fully open or fully closed 
settings. The operable gate can be set at any height within its operable range, thus allowing a 
variety of flows into the south Delta via Old River.  

The most notable effect seen in implementation of the permanent operable gates is in years when 
the San Joaquin River flow is between 5,000 cfs and 10,000 cfs. In these years, under the 
temporary barriers project, the Head of Old River barrier would not be constructed because the 
flows in the San Joaquin River are greater than 5,000 cfs. But the permanent gate is operated 
because it can be operated when the San Joaquin River is flowing up to 10,000 cfs. Whereas 
under the temporary barriers project there is little to no additional net flow being drawn from the 
San Joaquin River through Turner and Columbia Cuts, now, through the operation of the Head of 
Old River gate there is significant flows being drawn in. Delta smelt presence in the lower 
reaches of the San Joaquin River, especially in the central Delta, would be affected by this 
scenario. This hydrodynamic effect is discussed further in Appendix Z. 

Operations during the months of October and November (fall operations) to improve flow and 
water quality conditions (i.e., low dissolved oxygen) in the San Joaquin River for adult migrating 
Chinook salmon is expected to provide a benefit similar to that achieved with the temporary 
barrier. Operations would not occur if the San Joaquin River flow at Vernalis is greater than 
5,000 cfs because it is expected that this flow would maintain sufficient DO in the San Joaquin 
River. 
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Head of Old River gate operations in the fall are confined to the months of October and 
November. This operation is the same as the existing operation of the temporary Head of Old 
River barrier use. There is no additional impact associated with the fall operation because Delta 
smelt are not in the Delta during this period and the operations are the same as existing 
conditions. 

Flow Control Gate Operations Effects 
The flow control gates in Middle River, Grant Line Canal, and Old River near the DMC, would 
be operated (closed during some portion of the tidal cycle) throughout the agricultural season of 
April 15 through November 30. As with the head of Old River fish control gate, when the gates 
are not operated, they are fully lowered in the channel.  

Spring Operations 
During April 15 through May 15 (or until the Spring operation of the head of Old River gate is 
completed), in most years, water quality in the south Delta is acceptable for the beneficial uses 
but closure of the head of Old River fish control gate has negative impacts on water levels in the 
south Delta. Therefore, the flow control gates would be operated to maintain minimum water 
levels of 0.0 feet msl. In the less frequent year types, dry or critically dry, when water quality in 
the south Delta is threatened by this static use of the gates, circulation may be induced to 
improve water quality in the south Delta channels.  

Summer and Fall Operations 
When the Spring operation of the head of Old River fish control gate is completed and through 
November 30, the gates would be operated to control minimum water levels and increase water 
circulation to improve water quality in the south Delta channels. Reclamation and DWR have 
committed to maintaining water levels during these times at 0.0 foot msl in Old River near the 
CVP Tracy facility, 0.0 foot msl at the west end of Grant Line Canal, and 0.5 foot msl in Middle 
River at Mowry Bridge. It is anticipated that the target level in Middle River would be lowered 
to 0.0 foot msl following extension of some agricultural diversions.  

The proposed gate operations will increase the tidal circulation in the south Delta channels. This 
is accomplished by tidal flushing upstream of the flow-control gates with relatively low-salinity 
water from Old River and Middle River downstream of the gates (i.e., high fraction of 
Sacramento River water). The flow-control gates would remain fully open during periods of 
flood tide (i.e., upstream flow) and then two of the gates would be fully closed (i.e., top elevation 
of gates above upstream water surface) during periods of ebb tide (i.e., downstream flow). The 
remaining gate (i.e., Grant Line) would be maintained at a lower elevation (i.e., 0.0 feet msl) to 
allow the ebb tide flow to exit from the south Delta channels so that the flood-tide flow over the 
gates can be maximized during each tidal cycle. This is the same operation described as Purpose 
5 earlier in the description of the SDIP gates. 

Flow control gates in Middle River, Grant Line Canal, and Old River at DMC could affect access to 
spawning and rearing habitat for delta smelt in the south Delta channels. These gates would be open 
at tide elevations between 0.0 feet msl and about 3 feet msl, an increase in the tidal range currently 
allowed by the temporary barriers. Total tidal volume would approach 80 percent of the tidal 
volume that would occur without gates in place. The flow control gates could have a beneficial 
effect on movement of delta smelt by enhancing access to Middle River, Grant Line Canal, and Old 
River. Measurable benefits to delta smelt, however, are likely small considering the assumed high 
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probability that larval and juvenile delta smelt spawned in the south Delta would be entrained in 
agricultural diversions and operation of these gates is not started until later in the spring. 

Operations of the flow control gates to preserve water stage in the south Delta has lower impacts 
than construction of the existing temporary agricultural flow control barriers. The temporary 
barriers are constructed at a higher elevation than what is required to maintain water stage. Because 
of the difference in height, the temporary barriers block more San Joaquin River flow from entering 
the south Delta, thus directing more water through Turner and Columbia Cuts. Similar in effect to 
the Head of Old River gate, the increased net flow from the central Delta toward the export 
facilities may increase entrainment of larval and juvenile delta smelt. 

Operations of the flow control gates to induce circulation in south Delta channels will have similar 
impacts as those experienced with the existing temporary barriers. Flows from the central Delta to 
the south Delta are not significantly different between the two project scenarios. The fate of larval 
and juvenile Delta smelt will be very similar once in the south Delta channels. Particle tracking 
simulations in the south Delta have shown that the fate of particles released in the south Delta is 
either in agricultural intakes or the export facilities. Other particle tracking analysis is offered in 
Appendix Z. 

Construction-related, Predation and Passage Effects  
The potential construction-related, predation and passage effects are summarized below. All the 
details of the effects of the SDIP actions, including construction, predation and passage effects, are 
addressed in detail in the South Delta Improvements Program Action Specific Implementation Plan 
(DWR and USBR 2006), and the South Delta Improvements Program EIS/EIR (DWR and USBR 
2006), http://baydeltaoffice.water.ca.gov/sdb/sdip/documents/final_eis_eir.cfm.  

Permanent gates would be constructed at the head of Old River and in Middle River, Grant Line 
Canal, and Old River at the Delta Mendota Canal (DMC). Construction of the gates includes 
grading the channel bank, dredging the channel bottom, constructing sheet-pile cofferdams or an 
in–the-wet construction method, driving foundation piles and placing riprap, concrete, and other 
materials on the channel bank and bottom. 

Dredging for all of the permanent gates would occur between August and November. 
Cofferdams would also be placed in the channel during the August through November 
timeframe. Work outside of the channel and within the cofferdams, if used, is assumed to occur 
during any month. 

Dredging of Middle River and portions of Old River would increase the tidal conveyance 
capacity of the channels. Tidal flow velocity may be slightly reduced in West Canal and, 
depending on existing channel constrictions, circulation may be increased in Middle River, Old 
River, and Grant Line Canal. 

The operation of the permanent flow control gates on Middle River, Grant Line Canal, and Old 
River would maintain water surface elevation above 0.0 feet msl during April 15 through 
November. Under current conditions, tides range from about 1.0 foot below mean sea level to 3.0 
feet msl two times each day. The maximum change in SWP pumping (and CCF operations) 
could reduce the daily higher high tide from about 2.6 to 2.4 feet msl near the CCF gates. The 
reduction in higher high tide attributable to change in SWP pumping is less with distance from 
the CCF gates. When closed during tide levels below 0.0 feet msl, the flow control gates block 
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fish passage. When opened during tide levels greater than 0.0 feet msl, fish passage is restored. 
The volume of water exchanged during each tidal cycle is reduced by about 20 percent for the 
channels upstream of the gates on Middle River, Grant Line Canal, and Old River. 

During the spring, the head of Old River fish control gate would be operated to block flow and 
movement of juvenile fall-run Chinook salmon and other fishes from the San Joaquin River into 
Old River from about April 15 through May 15, or other periods as recommended by USFWS, 
NOAA Fisheries, and DFG. Juvenile Chinook salmon move down the San Joaquin River past 
Stockton, a pathway believed to enhance survival relative to movement into Old River (Brandes 
and McLain 2001). 

During fall, the head of Old River fish control gate would be operated to increase flow in the San 
Joaquin River past Stockton from about September 15 through November 30. The increased flow 
in the San Joaquin River potentially improves water quality, including increased DO, in the San 
Joaquin River channel near Stockton (Giulianotti et al. 2003). Improved water quality could 
benefit upstream migrating adult Chinook salmon. 

Construction-Related Loss of Spawning Habitat Area for Delta Smelt 
Delta smelt spawn in the Delta. As indicated in the methods description, existing information 
does not indicate that spawning habitat is limiting population abundance and production (U.S. 
Fish and Wildlife Service 1996). 

Shallow areas that may provide spawning habitat for delta smelt could be permanently modified 
by construction of the gates in the south Delta and subsequent maintenance activities. The area of 
shallow habitat affected by the gate footprints, riprapped levee, and dredging may total several 
acres. The permanent gates constructed under Alternative 2A would have minimal effect on 
habitat within the construction footprint at the head of Old River, Middle River, and Old River at 
DMC. Construction of the temporary barriers has previously modified shallow water habitat. 
Three of the four permanent gates would be constructed in the same location as the temporary 
barriers and would result in little change in habitat quality and quantity relative. 

Construction of a new gate on Grant Line Canal and the proposed dredging in West Canal, 
Middle River, and Old River potentially would remove and modify existing shallow habitat. The 
loss of spawning habitat in the Delta has not been explicitly identified as a factor contributing to 
the decline of delta smelt, and the south Delta channels have not been identified as important 
spawning habitat (U.S. Fish and Wildlife Service 1996). The relative importance of spawning 
habitat in the south Delta in contributing to population abundance is likely low. Nonnative 
species currently dominate the fish community in shallow areas of the south Delta (Feyrer 2001), 
and many of the species prey on delta smelt and their eggs. In addition, entrainment of larvae in 
diversions, especially CVP and SWP pumping, would minimize the importance of spawning 
habitat in the south Delta. 

Construction-Related Loss of Rearing Habitat Area for Delta Smelt 
Delta smelt larvae, juveniles, and adults rear in the Delta and Suisun Bay. The importance of 
rearing habitat in the south Delta, however, appears to be relatively low. Nonnative species 
currently dominate the fish community in the south Delta (Feyrer 2001), and many of the species 
prey on delta smelt larvae and juveniles. In addition, entrainment of larvae and juveniles in 
diversions, especially CVP and SWP pumping, would minimize the importance of rearing habitat 
in the south Delta. Rearing habitat loss associated with gate construction, maintenance activities, 
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and dredging is determined to be minimal.  

Construction-Related Reduction in Food Availability for Delta Smelt 
Many of the same factors affecting rearing habitat area would be expected to affect food 
production and availability for delta smelt. Construction of the gates in the south Delta and 
maintenance activities have the potential to permanently modify channel form and remove 
bottom substrates. Delta smelt, however, feed on zooplankton and effects on benthic invertebrate 
habitat may not affect food for delta smelt. This potential effect is minimal for the same reasons 
discussed for effects on rearing habitat.  

Construction-Related Loss of Delta Smelt to Accidental Spill of Contaminants 
Contaminants associated with construction activities, including gate construction, placement of 
riprap, dredging, and maintenance dredging, could be introduced into the south Delta channels 
and could adversely affect delta smelt and their habitat. Environmental commitments, including 
an erosion and sediment control plan, hazardous materials management plan, spoils disposal 
plan, and environmental training, will be developed and implemented before and during 
construction activities. The environmental commitments would substantially reduce the 
likelihood of any considerable contaminant input. Contaminants would have a minimal effect on 
delta smelt and their habitat in the south Delta because the potential for increased contaminant 
input following implementation of environmental commitments is small.  

Construction-Related Loss of Delta Smelt to Direct Injury  
Construction of the gates would include placement of sheetpiles and riprap and could directly 
injure fish present during the time of construction. Dredging could entrain and injure delta smelt. 
Cofferdams, if used, would be installed to isolate gate construction areas from the channel. 
Placement of cofferdams in the channels could trap larval, juvenile, and adult delta smelt. Fish 
that become trapped inside the cofferdams could be killed during desiccation of the construction 
area and construction activities. Direct injury associated with construction and maintenance 
activities, including dredging, would have a minimal effect on delta smelt because the number of 
fish injured is likely small given that: 

• in-water construction, including the construction of a cofferdam, would occur between 
August and November; 

• the area of construction activity is small relative to the channel area providing similar 
habitat quality in the south Delta; and 

• most juvenile and adult delta smelt would move away from construction activities and 
into adjacent habitat of similar quality. 

Construction-Related Loss of Delta Smelt to Predation.  
Construction of gates and extension of agricultural intakes would add permanent structure and 
cover to the south Delta channels. The addition of structure has the potential to increase the 
density of predator species and predation on fish moving around and past the structure. 
Concentrations of disoriented fish increase prey availability and create predator habitat. 

Predation associated with the addition of the operable gates and the agricultural intake extensions 
to the south Delta channels could cause a small and likely negligible (i.e., minimal effect) 
increase in mortality of the delta smelt moving past the structures. The determination is based on 
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several factors. Design elements will minimize turbulence that could disorient fish and increase 
vulnerability to predation. The structures would not create conditions that could concentrate delta 
smelt. Flow velocity would be similar to velocities within the channel upstream and downstream 
of the gates and the agricultural intake extensions. 

The transition zones between various elements of the gates (e.g., sheetpiles and riprap) could 
provide low-velocity holding areas for predatory fish. Predatory fish holding near the gates and 
agricultural intakes could prey on vulnerable species. The additional predator habitat created by 
the gates and intake extensions would have a minimal effect on delta smelt because the increase 
in potential predator habitat is small relative to habitat in adjacent areas, including the habitat 
currently created by the temporary barriers and habitat at the existing agricultural intakes. 
Disorientation and concentration of juvenile and adult fish would be minimal given the size and 
design of the gates.  

Suisun Marsh Salinity Control Gates 
The SMSCG is generally operated as needed September through May to meet State salinity 
standards in the marsh (Table 13-21). The number of days the SMSCG are operated in any given 
years varies. Historically, the SMSCG were operated between 60-120 days between October and 
December (1988-2004). With increased understanding of the effectiveness of SMSCG in 
lowering salinity in Montezuma Slough, salinity standards have been met with less frequent gate 
operation. In 2006 and 2007, the gates were operated periodically between 10-20 days annually. 
This level of operational frequency (10-20 days per year) can generally be expected to continue 
in the future except perhaps during the most critical hydrologic conditions. 
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Table 13-21  Suisun Marsh Channel Water Standards 1/ 

 
The SMSCG does not directly affect delta smelt in any measurable way. It is possible, however, 
for delta smelt and other fishes to be entrained into Montezuma Slough and Suisun Marsh when 
the SMSCG is fully operational. Fish may enter Montezuma Slough from the Sacramento River 
when the gates are open to draw freshwater into the marsh and then may not be able to move 
back out when the gates are closed. However, the degree to which movement of delta smelt is 
constrained is unknown. It is also unknown if there are differences in habitat conditions that may 
affect delta smelt that are temporarily forced to remain in Suisun Marsh. It is possible that if 
delta smelt are indeed entrained into Montezuma slough and Suisun Marsh that they may be 
more vulnerable to water diversion such as those of the MIDS. Entrainment into MIDS from the 
Sacramento River may be unlikely though because particle tracking studies have demonstrated 
low entrainment vulnerability for particles released at random locations throughout Suisun 
Marsh (3.7%), and almost no vulnerability (<0.1%) to particles released at Rio Vista (Culberson 
et al. 2004). Moreover, DWR staff monitored fish entrainment from September 2004 to June 
2006 at MIDS to evaluate entrainment losses at the facility.  
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Monitoring took place over several months under various operational configurations to provide 
data on the site-specific impact of the MIDS diversion with a focus on delta smelt and salmonids. 
Over 20 different species were identified during the sampling, yet only two fall-run sized 
Chinook salmon (south intake, 2006) and no delta smelt from entrained water were caught. 
Indirectly, operations of the SMSCG may influence delta smelt habitat suitability and 
entrainment vulnerability. When the SMSCG are opened, the draw of freshwater into the marsh 
effectively moves the Suisun Bay salinity field upstream. In some years, the salinity field 
indexed by X2 may be shifted as far as 3 km upstream. Thus, depending on the tidal conditions 
during and after gate operations, X2 may be transported upstream nominally about 20 days per 
year. The consequence of this shift decreases smelt habitat and moves the distribution of smelt 
upstream (Feyrer et al. 2007; see smelt habitat effects section). Because juvenile smelt 
production decreases when X2 moves upstream during the fall (Feyrer et al. 2007), any 
attributable shift in X2 between September to November (December during low outflow years) 
caused by operations of SMSCG can be a concern.  

During January through March, most delta smelt move into spawning areas in the Delta. 
Grimaldo et al (in review) found that prior to spawning entrainment vulnerability of adult delta 
smelt increased at the SWP and CVP when X2 was upstream of 80 km. Thus, any upstream shift 
in X2 from SMSCG operations may influence entrainment of delta smelt at the CVP and SWP, 
especially during years of low outflow or periods of high CVP/SWP exports. However, between 
January and June the SWP and CVP operate to meet the X2 standards, thus the impacts of the 
SMSCG on X2 during this period are mostly negligible. Therefore, SMSCG operations from 
January to May are not likely to impact entrainment vulnerability. In addition, because delta 
smelt move upstream between January and March, operations of the SMSCG are unlikely to 
adversely affect delta smelt habitat suitability during this period. 

Morrow Island Distribution System 

The 1997 FWS BO issued for dredging of the facility included a requirement for screening the 
diversion to protect delta smelt. Due to the high cost of fish screens and the lack of certainty 
surrounding their effectiveness at MIDS, DWR and Reclamation proposed to investigate fish 
entrainment at the MIDS intake with regard to fishery populations in Goodyear Slough and to 
evaluate whether screening the diversion would provide substantial benefits to local populations 
of listed fish species. DWR staff monitored fish entrainment from September 2004 to June 2006 
at the MIDS in Suisun Marsh (Figure 1) to evaluate entrainment losses at the facility. Monitoring 
took place over several months under various operational configurations to provide data on the 
site-specific impact of the MIDS diversion with a focus on delta smelt and salmonids. Over 20 
different species were identified during the sampling, yet only two fall-run sized chinook salmon 
(south intake, 2006) and no delta smelt from entrained water were caught. Two species that 
associate with instream structures, threespine stickleback and prickly sculpin, comprised most of 
the entrained fish. DWR and Reclamation staff will continue coordination with the fishery 
agencies to address the screening requirement.  

Reclamation and DWR continue to coordinate with the FWS, NMFS, and DFG regarding fish 
entrainment at this facility. The objective remains to provide the greatest benefit for aquatic 
species in Suisun Marsh. Studies suggest that GYS is a marginal, rarely used habitat for special-
status fishes. Therefore, implementation and/or monitoring of a tidal restoration project 
elsewhere is emerging as the most beneficial and pratical approach (in lieu of installing and 
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maintaining fish screens). Restoration of tidal wetland ecosystems is expected to aid in the 
recovery of several listed and special status species within the marsh and improve food 
availability for delta smelt and other pelagic organisms. 

Effects on Critical Habitat 
The USFWS designated delta smelt critical habitat to include “areas of all water and all 
submerged lands below ordinary high water and the entire water column bounded by and 
constrained in Suisun Bay (including the continguous Grizzly and Honker Bays); the length of 
Goodyear, Suisun, Cutoff, First Mallard (Spring Branch), and Montezuma sloughs; and the 
existing contiguous waters contained within the Delta.” (U.S. Fish and Wildlife Service. 1994. 
Endangered and threatened wildlife and plants: Critical habitat determination for the delta smelt. 
December 19, 1994. Federal Register 59(242): 65256-65279 [Rule] ). Both direct and indirect 
effects described here for the CVP and SWP upon delta smelt take place within these 
geographical boundaries. Present and future operations described in studies 6.1, 7.0, and 7.1 are 
likely to affect the primary constituent elements of delta smelt critical habitat as follows. 

Habitat  

As described by the Rule, delta smelt require “shallow, fresh or slightly brackish backwater 
sloughs and edgewaters for spawning. To ensure egg hatching and larval viability, spawning 
areas also must provide suitable water quality (i.e., low concentrations of pollutants) and 
substrates for egg attachment (e.g., submerged tree roots and branches and emergent 
vegetation).” In recent years the densest spawning aggregations of adult delta smelt have been 
found in the Cache Slough/Sacramento Deepwater Ship Channel complex in the north Delta, 
with delta smelt also distributed at lower densities in the central and occasionally the south Delta. 
Current and future CVP and SWP operations described in studies 7.0, 7.1, and 8.0 are unlikely to 
affect spawning habitat in the interior and north Delta because the projects do not contribute 
pollutants or otherwise physically or chemically disturb this habitat. During the spawning 
months, delta outflow is typically high enough that salinity intrusion into areas where delta smelt 
spawn is unlikely to occur. Moreover, the need to protect the quality of exported water would 
likely prevent the water projects from causing salinity intrusion into areas where delta smelt are 
spawning regardless of hydrologic conditions. Water project operations might adversely affect 
spawning habitat in the west Delta and Suisun Marsh if persistently elevated salinities in those 
regions resulted in changes in the quality of edgewater habitat and spawning substrate through 
changes in the plant and animal assemblages that occur there. The extent to which such changes 
might reduce the overall availability of good-quality spawning habitat is unknown, but given 
historical geographical patterns of delta smelt is likely to be small.  

River Flow 

As described in the Rule, to ensure transport of delta smelt larvae from the areas where they 
hatch to productive rearing or nursery habitat, “the Sacramento and San Joaquin Rivers and their 
tributary channels must be protected from physical disturbance…and flow disruption (eg. water 
diversions that result in entrainment and in-channel barriers or tidal gates). Adequate river flow 
is necessary to transport larvae from upstream spawning areas to rearing habitat in Suisun Bay. 
Additionally, river flow must be adequate to prevent interception of larval transport by the State 
and Federal water projects…” Both current and future CVP and SWP operations described in 
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this Biological Assessment are likely to adversely affect larval and juvenile transport by flow 
disruption and interception (and subsequent entrainment) of fish. The zone of entrainment, in 
which interception of larval transport occurs, is affected by export rates and especially the degree 
of upstream flow in Old and Middle Rivers (OMR flow, PE Smith, unpublished analysis, 
Grimaldo et al. in press, Kimmerer and Nobriga 2008). Disruptive effects associated with 
negative OMR flow often extend north and east to the San Joaquin River, and sometimes extend 
far enough north to affect the Sacramento River. While the evidence from the POD investigation 
principally implicates direct entrainment of adults, larvae, and early juveniles as possible 
contributing causes of the recent decline of delta smelt, late emerging juvenile delta smelt have 
historically also been entrained in relatively large numbers during May—July of some years. 
Increases in the strength of negative OMR flow in June and especially July that are predicted 
under all model scenarios may have a significant effect in years when the spawning distribution 
of delta smelt intrudes farther than usual southeast. 

The Rule also states that “[a]dult delta smelt must be provided unrestricted access to suitable 
spawning habitat in a period that may extend from December to July. Adequate flow and suitable 
water quality may need to be maintained to attract migrating adults in the Sacramento and San 
Joaquin River channels and their associated tributaries, including Cache and Montezuma sloughs 
and their tributaries. These areas also should be protected from physical disturbance and flow 
disruption during migratory periods.” As described above and in Chapter 7, water project 
operations affect delta hydrodynamics during this period by creating a zone of upstream flows 
north of the facilities, causing water to move south in OMR under most circumstances. Export 
pumping levels described in Study 6.1 during the winter and spring may have contributed to the 
Pelagic Organism Decline. Alterations of those levels in studies 7.0, 7.1, and 8.0 provide more 
protective flow conditions in general during winter and early spring (with exceptions in March, 
and June), but OMR flow modeling predicts conditions in most of the winter and spring to cause 
some entrainment of adults, larvae, and juveniles present in the central Delta and areas north of it 
in June and July. 

Water and Salinity 

According to the Rule, “[m]aintenance of the 2 ppt isohaline according to the historical salinity 
conditions…and suitable water quality (low concentrations of pollutants) within the Estuary is 
necessary to provide delta smelt larvae and juveniles a shallow, protective, food-rich 
environment in which to mature to adulthood. This placement of the 2 ppt isohaline also serves 
to protect larval, juvenile, and adult delta smelt from entrainment in the State and Federal water 
projects.” As discussed above and in Chapter 7, changes in X2 alter the distribution and 
availability of pelagic habitat suitable for delta smelt. Upstream X2 movements of several 
kilometers predicted for the fall months in studies 7.0, 7.1, and 8.0, relative to Study 6.1, are 
expected to be associated with a reduction in the quality and availability of rearing habitat. 

Cumulative Effects 
Cumulative effects include the effects of future State, Tribal, local, or private actions affecting 
listed species that are reasonably certain to occur in the area considered in this biological 
assessment. Future Federal actions not related to this proposed action are not considered in 
determining the cumulative effects, because they are subject to separate consultation 
requirements pursuant to section 7 of the Act. Any continuing or future non-Federal diversions 
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of water that may entrain adult or larval fish are not subject to ESA Section 7 and might 
contribute to cumulative effects to the smelt. Water diversions might include municipal and 
industrial uses, as well as diversions through intakes serving numerous small, private agricultural 
lands contribute to these cumulative effects. However, a recent study by Nobriga et al. (2005) 
suggested that these diversions entrain few delta smelt. Nobriga et al. reasoned that the littoral 
location and low-flow operational characteristics of these diversions reduced their risks. A study 
of the Morrow Island Distribution System by DWR produced similar results, with one demersal 
species and one species that associates with structural environmental features together 
accounting for 97-98 percent of entrainment, and only one delta smelt observed during the two 
years of the study (DWR 2007).  

State or local levee maintenance may also destroy or adversely modify spawning or rearing 
habitat and interfere with natural long term habitat-maintaining processes. Operation of flow-
through cooling systems on electrical power generating plants that draw water from and 
discharge into the area considered in this biological assessment may also contribute to 
cumulative effects to the smelt. 

Additional cumulative effects result from the impacts of point and non-point source chemical 

contaminant discharges. These contaminants include but are not limited to free ammonium ion, 
selenium, and numerous pesticides and herbicides, as well as oil and gasoline products associated 
with discharges related to agricultural and urban activities. Implicated as potential sources of 
mortality for smelt, these contaminants may adversely affect fish reproductive success and 
survival rates.  

Two wastewater treatment plants, one located on the Sacramento River near Freeport and the 
other on the San Joaquin River near Stockton have received special attention because of their 
discharge of ammonia. The Sacramento Regional County Sanitation District wastewater 
treatment facility near Freeport discharges more than 500,000 cubic meters of treated wastewater 
containing more than 10 tonnes of ammonia into the Sacramento River each day 
(http://www.sacbee.com/378/story/979721.html). Preliminary studies commissioned by the IEP 
POD investigation and the Central Valley Regional Water Quality Control Board are evaluating 
the potential for elevated levels of Sacramento River ammonia associated with the discharge to 
adversely affect delta smelt and their trophic support. The Freeport location of the SRCSD 
discharge places it upstream of the confluence of Cache Slough and the mainstem Sacramento 
River, a location where delta smelt have been observed to congregate in recent years during the 
spawning season. The potential for exposure of a substantial fraction of delta smelt spawners to 
elevated ammonia levels has heightened the importance of this investigation. Ammonia 
discharge concerns have also been expressed with respect to the City of Stockton Regional Water 
Quality Control Plant, but its remoteness from the parts of the estuary frequented by delta smelt 
suggest that it is more a potential issue for migrating salmonids than for delta smelt. 

Other cumulative effects could include: the dumping of domestic and industrial garbage may 
present hazards to the fish because they could become trapped in the debris, injure themselves, or 
ingest the debris; golf courses reduce habitat and introduce pesticides and herbicides into the 
environment; oil and gas development and production may affect habitat and may introduce 
pollutants into the water; agricultural activities including burning or removal of vegetation on 
levees reduce riparian and wetland habitats; and grazing activities may degrade or reduce 
suitable habitat, which could reduce vegetation in or near waterways. 
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The effects of the proposed action are not expected to alter the magnitude of cumulative effects 
of the above described actions upon the critical habitat's conservation function for the smelt. 

 

CVP and SWP Delta Effects on Steelhead, Chinook 
Salmon, and Green Sturgeon  
This section addresses the effects associated with Delta pumping on winter-run Chinook, 
yearling and young-of-the-year (yoy) spring-run Chinook, steelhead and green sturgeon. Fish 
monitoring programs for CVP and SWP facilities are described, and salvage and loss estimates 
provided by species and life stage. Instream temperature effects on salmonids resulting from 
CVP and SWP operations were discussed in Chapter 11, and addressed separately in the effects 
determination.  

CVP and SWP South Delta Pumping Facilities 

Winter-run and spring run Chinook losses are seasonal; primarily December through May. The 
majority of winter-run losses occur December through April (Figure 13-39), yearling spring run 
surrogate losses December through March, and yoy spring run losses January through May. 
Distinguishing the four runs of Chinook is difficult; therefore we use a couple of different 
methods to estimate run losses. Winter run loss is based on length/date criteria (or growth rate 
criteria) developed by FWS in the upper Sacramento River. Yearling spring run loss is based on 
using Coleman Hatchery late-fall juveniles as surrogates for yearling spring run. Young-of-the-
year spring loss is based on using the entire yoy loss as a relative index of yoy spring run loss. 
Yoy loss includes both fall-run and spring-run Chinook salmon. 

 

Historical Juvenile Non-Clipped Winter-Run Chinook Loss, WY 1992-
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Figure 13-39 Historical juvenile non-clipped winter-run Chinook loss, WY 1992-2007. 

 

Regressions of monthly older juvenile Chinook salmon against exports resulted in significant 
relationships; more so at the SWP than CVP (Figure 13-40). The months of December through 
April resulted in most informative relationship based on the historical number of older juvenile 
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Chinook salvaged each month and the relationship of each month between salvage and exports. 
Regressions of monthly young-of-the-year (YOY) Chinook salmon against exports did not result 
in significant relationships at either SWP or CVP (Figure 13-40). Export reductions for VAMP 
occur during the peak emigration of YOY Chinook which may skew the regression. In all of the 
graphs, the slope is so small it would necessitate reducing pumping altogether to affect a change 
in Chinook loss. 

 

 
Figure 13-40  Monthly juvenile Chinook loss versus average exports, December through June, 
1993 through 2006, at each facility; SWP and CVP. 

 

Regressions of monthly older juvenile Chinook loss against Export/Inflow ratio (EI) between 
December and April however did not result in significant relationships at the SWP and CVP 
(Figure 13-40). Regressions of monthly YOY Chinook loss against EI between January and June 
resulted in a significant relationship for CVP but not SWP (Figure 13-40). In all of the graphs, 
the slope is so small it would necessitate reducing pumping altogether to affect a change in 
Chinook loss. There are two regression lines and equations in Figure 13-40, the black lines and 
equations represent the months of December through April for older juvenile Chinook and 
January through June for YOY Chinook (similar to the salvage and export graphs in Figure 
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r-squared = 0.358802
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13-41, and the red lines and equations represent the month of January alone. The regressions of 
monthly loss against January alone did not result in any significant relationships. Since most of 
the loss occurs in months other than it would take a large amount of change in EI ratio to affect a 
small reduction in Chinook loss. 

 

 

 

 
Figure 13-41  Monthly juvenile Chinook loss versus average Export/Inflow ratio, December 
through June, and January alone, 1993 through 2006, at each facility; SWP and CVP. 

 

Figure 13-42 is an illustration of winter-run Chinook juvenile loss at the SWP and CVP Delta 
export facilities effect on a winter-run population growth rate parameter, cohort replacement rate 
(CRR). The CRR is simply the adult escapement one year divided by the adult escapement three 
years earlier. In Figure 13-42, the regression is a positive relationship between juvenile winter 
run loss and winter run CRR; meaning as juvenile loss increases, the CRR, or population growth 
rate, increases. This was not the intuitively expected results. But the regression is driven by one 
data point, 2003, when the loss and CCR were very high. With just one data point at the high 
values, there is no way to estimate variation at the high values. For this reason, if we exclude the 
2003 data point. Without the 2003 data point, juvenile winter-run loss doesn’t explain the 
variation in the CCR and the regression is not significant. Based on this analysis, winter-run 
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Chinook juvenile loss at the SWP and CVP Delta export facilities isn’t driving the winter-run 
Chinook population growth rate. 
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Figure 13-42  Regression of winter-run Chinook cohort replacement rate (population growth rate) 
to winter-run Chinook juvenile loss at the SWP and CVP Delta exports, 1993-2007. 

 

Similarly, Figure 13-43 is an illustration of spring-run Chinook surrogate loss at the SWP and 
CVP Delta export facilities effect on a spring-run Chinook population growth rate parameter, 
cohort replacement rate (CCR). In Figure 13-43, the regression is not significant and spring-run 
Chinook surrogate loss doesn’t explain the variation in the CCR. Based in this analysis, spring-
run Chinook surrogate loss at the SWP and CVP Delta export facilities isn’t driving the spring-
run Chinook population growth rate.  

 

 

 

 

 



OCAP BA CVP and SWP Delta Effects 

 August 2008 13-73 

 

0.00 0.01 0.02 0.03 0.04
Fraction Spring Surrogate Loss During Emigration Season Two Years Earlier (1993-2005)

0.5

1.0

1.5

2.0

2.5

S
ac

ra
m

en
to

 S
ys

te
m

 S
p

ri
n

g
 R

u
n

 C
h

in
o

o
k 

C
o

h
o

rt
 R

ep
la

ce
m

en
t 

R
at

e 
(1

99
5-

20
07

)
C

o
rr

es
p

o
n

d
in

g
 t

o
 H

at
ch

er
y 

S
u

rr
o

g
at

e 
E

m
ig

ra
ti

o
n

 L
o

ss
 T

w
o

 Y
ea

rs
 E

ar
lie

r

Y = -16.3 * X + 1.34
r-squared = 0.05

p = 0.14

19941994 1994

199519951995

19961996 19961996

19971997199719971997

1998 199819981998

199919991999

2000 20002000 2000

2001200120012001

2002 200220022002

2003 2003 20032003

2004 20042004

20052005 20052005

 
Figure 13-43  Regression of spring-run Chinook cohort replacement rate (population growth rate) 
to spring-run Chinook surrogate loss at the SWP and CVP Delta exports, 1993-2007. 
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Figure 13-44  Historical Juvenile Non-Clipped Steelhead Salvage, WY 1998-2007. 
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Regressions of monthly steelhead salvage against exports resulted in significant relationships; 
more so at the SWP than CVP (Figure 13-45). The months of January through May resulted in 
most informative relationship based on the historical number of steelhead salvaged each month 
and the relationship of each month between salvage and exports; December and June both had a 
very small proportion of the steelhead salvage and very poor and insignificant relationships to 
exports. Of the four graphs in Figure 13-45, only the SWP clipped steelhead salvage relationship 
to exports is of interest; the slope actually changes noticeably over the export range; at the high 
end. In the other three graphs, the slope is so small it would necessitate reducing pumping 
altogether to affect a change in steelhead salvage. 
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Figure 13-45  Monthly steelhead salvage versus average exports, January through May, 1998 
through 2006, at each facility; SWP and CVP. 

 

Regressions of monthly steelhead salvage against Export/Inflow ratio (EI), again, resulted in 
significant relationships at the SWP and CVP (Figure 13-46). The equations were very similar; 
not surprising since exports and EI ratio are related. The r-squared values were consistently 
smaller; therefore salvage, not EI ratio, is the better parameter. Of the four graphs in Figure 
13-45, only the SWP clipped steelhead salvage relationship to EI ratio is of interest; the slope 
actually changes noticeably over the EI ratio range; at the high end. In the other three graphs, the 
slope is so small it would necessitate reducing pumping altogether to affect a change in steelhead 



OCAP BA CVP and SWP Delta Effects 

 August 2008 13-75 

salvage. There are two regression lines and equations in Figure 13-46, the black lines and 
equations represent the months of January through May (similar to the salvage and export graphs 
in Figure 13-45), and the red lines and equations represent the month of January alone. In three 
of the graphs in Figure 13-46, the January alone equations had smaller r-squared values and the 
equations were not significant, which is typical since there were fewer data points. In the 
remaining graph, SWP clipped steelhead salvage versus EI ratio, the r-squared value and was 
higher for the month of January alone compared to the months of January through May, and the 
equation was significant. But the slope of the equation is smaller because the most of the higher 
SWP clipped salvage occurred in months other than January, therefore for the month of January; 
it would take a large amount of change in EI ratio to affect a small reduction in SWP clipped 
steelhead salvage. 
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Figure 13-46  Monthly steelhead salvage versus average Export/Inflow ratio in taf, January 
through May, and January alone, 1998 through 2006, at each facility; SWP and CVP. 
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Green sturgeon salvage is low; therefore seasonal trends are difficult to determine (Figure 
13-47). 
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Figure 13-47  Historical juvenile green sturgeon salvage, WY 1992 – 2007. 

 

Figure 13-48 and Figure 13-49 are the green sturgeon salvage grouped by water year type and 
month at each facility. At Banks, there is a slight trend of higher salvage in wet and critical 
years, and earlier salvage in wet years than critical years. This trend doesn’t occur at Jones. 

 

 
Figure 13-48  Green sturgeon salvage at Banks grouped by water year type and month 
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Figure 13-49  Green sturgeon salvage at Jones grouped by water year type and month 

 

Direct Losses to Entrainment by CVP and SWP Export 
Facilities  
Table 13-22 is the average loss of winter-run Chinook, yearling spring-run Chinook, and average 
salvage of steelhead and green sturgeon used in the effects analysis grouped by water-year type 
and month. We used Chinook loss data starting from 1993 through 2007 because 1993 was the 
first year for which adipose fin clip was recorded in the salvage database. Prior to that year, we 
can not distinguish clipped Chinook from non-clipped Chinook. We used steelhead salvage data 
starting from1998 because 1998 was the first year for which all hatchery steelhead were clipped. 
Prior to that year, we can not distinguish clipped from non-clipped steelhead. Loss for winter-run 
and spring-run was calculated using the Four Pumps Mitigation Agreement method. We used 
green sturgeon salvage data starting from 1981 because prior to that year green sturgeon were 
not separated from white sturgeon at Jones. For all species the below normal water year type did 
not fall into the period of record and was not included in Table 13-22. 
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Table 13-22 Average loss of winter-run, yearling-spring-run and young-of-the-year spring-run 
Chinook, and steelhead and green sturgeon salvage by export facility, water-year type and month.  

NOTE: Winter run loss was based on non-clipped juveniles in the winter run length range using 
the Delta Model length criterion from 1993 - 2007. Clipped winter-run loss was based on 
Livingston Stone Hatchery winter-run from 1999-2007. Yearling spring run loss was based on 
Coleman Hatchery late-fall hatchery surrogates as described in the Salmon Protection Plan 1995-
2007. Young-of-the-year spring run loss was based on total, non-clipped young-of-the-year 
juvenile loss as a surrogate 1993-2007. Steelhead salvage was based on non-clipped and clipped 
salvage from 1998 – 2007. Green sturgeon average salvage was calculated from , 1981 – 2007, and 
categorized into water year types. 

 

BANKS                           

YEARTYPE SPECIES OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP 

Critical NC Winter 0 0 1630 168 145 482 16 4 4 0 0 0 

Dry NC Winter 0 0 370 366 1810 4895 140 8 0 0 0 0 

Below  NC Winter * * * * * * * * * * * * 

Above NC Winter 0 0 584 1653 1866 1155 125 0 0 0 0 0 

Wet NC Winter 0 0 258 826 247 539 264 4 0 0 0 0 

Critical CL Winter * * * * * * * * * * * * 

Dry CL Winter * * * * 0.01% 0.07% 0.00% 0 0 0 0 0 

Below  CL Winter * * * * * * * * * * * * 

Above CL Winter * * * * 0.05% 0.09% 0.01% 0 0 0 0 0 

Wet CL Winter * * * * 0 0.02% 0.02% 0 0 0 0 0 

Critical SR Yearlings * * * * * * * * * * * * 

Dry SR Yearlings 0 0 0.13% 0.09% 0.13% 0.04% 0.00% 0 0 0 0 0 

Below  SR Yearlings * * * * * * * * * * * * 

Above SR Yearlings 0 0.01% 0.20% 0.24% 0.12% 0.03% 0 0 0 0 0 0 

Wet SR Yearlings 0 0 0.04% 0.10% 0.03% 0.00% 0 0 0 0 0 0 

Critical F/SR YOY 0 0 0 0 0 0.01 0.12 0.86 0.01 0 0 0 

Dry F/SR YOY 0 0 0 0 0 0.17 0.54 0.28 0.01 0 0 0 

Below  F/SR YOY * * * * * * * * * * * * 

Above F/SR YOY 0 0 0 0 0.06 0.11 0.44 0.29 0.10 0 0 0 

Wet F/SR YOY 0 0 0 0.03 0.03 0.05 0.32 0.37 0.20 0.01 0 0 

Critical NC Steelhead * * * * * * * * * * * * 

Dry NC Steelhead 0 0 8 133 400 691 153 27 5 3 0 0 

Below  NC Steelhead * * * * * * * * * * * * 

Above NC Steelhead 0 18 57 438 695 342 184 42 41 0 0 0 

Wet NC Steelhead 10 0 0 80 67 151 113 66 49 2 1 0 

Critical CL Steelhead * * * * * * * * * * * * 

Dry CL Steelhead 0 0 0 186 1220 1159 79 3 0 0 0 0 

Below  CL Steelhead * * * * * * * * * * * * 

Above CL Steelhead 0 0 28 1753 2079 349 60 2 5 0 0 0 

Wet CL Steelhead 0 0 0 63 156 101 38 3 0 0 0 0 

Critical Grn Sturgeon 0 0 0 6 10 37 0 0 0 0 0 0 

Dry Grn Sturgeon 3 0 20 0 0 7 6 0 0 0 45 0 

Below  Grn Sturgeon * * * * * * * * * * * * 

Above Grn Sturgeon 1 1 2 4 9 0 0 0 0 2 0 0 

Wet Grn Sturgeon 0 2 23 2 3 13 35 0 1 7 19 7 
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JONES                           

YEARTYPE SPECIES OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP 

Critical NC Winter 0 0 59 14 85 341 114 0 0 0 0 0 

Dry NC Winter 0 0 39 77 351 486 59 0 0 0 0 0 

Below  NC Winter * * * * * * * * * * * * 

Above NC Winter 0 0 23 38 118 159 39 8 3 0 0 0 

Wet NC Winter 0 0 22 43 47 138 39 1 0 0 0 0 

Critical CL Winter * * * * * * * * * * * * 

Dry CL Winter * * * * 0.003% 0.005% 0.001% 0 0 0 0 0 

Below  CL Winter * * * * * * * * * * * * 

Above CL Winter * * * * 0.003% 0.008% 0 0 0 0 0 0 

Wet CL Winter * * * * 0.004% 0.006% 0 0 0 0 0 0 

Critical SR Yearlings * * * * * * * * * * * * 

Dry SR Yearlings 0 0 0.01% 0.01% 0.01% 0.00% 0.00% 0 0 0 0 0 

Below  SR Yearlings * * * * * * * * * * * * 

Above SR Yearlings 0 0 0.026% 0.022% 0.010% 0.00% 0 0 0 0 0 0 

Wet SR Yearlings 0 0.001% 0.006% 0.007% 0.002% 0 0 0 0 0 0 0 

Critical F/SR YOY 0 0 0 0 0 0.05 0.82 0.12 0.01 0 0 0 

Dry F/SR YOY 0 0 0 0 0.01 0.24 0.60 0.13 0.02 0 0 0 

Below  F/SR YOY * * * * * * * * * * * * 

Above F/SR YOY 0 0 0 0 0.15 0.11 0.37 0.33 0.04 0 0 0 

Wet F/SR YOY 0 0 0 0.06 0.09 0.10 0.26 0.37 0.11 0 0 0 

Critical NC Steelhead * * * * * * * * * * * * 

Dry NC Steelhead 0 0 3 41 345 531 349 19 12 0 0 0 

Below  NC Steelhead * * * * * * * * * * * * 

Above NC Steelhead 0 12 12 194 484 386 151 60 0 0 0 0 

Wet NC Steelhead 0 3 0 60 138 208 17 52 73 48 0 0 

Critical CL Steelhead * * * * * * * * * * * * 

Dry CL Steelhead 0 0 0 55 1440 914 128 9 0 0 0 0 

Below  CL Steelhead * * * * * * * * * * * * 

Above CL Steelhead 0 0 42 2309 1021 220 71 0 0 0 0 0 

Wet CL Steelhead 0 0 0 66 198 505 19 2 0 0 0 0 

Critical Grn Sturgeon 0 7 0 0 0 0 23 0 0 0 0 0 

Dry Grn Sturgeon 9 31 17 2 22 0 9 0 0 108 61 0 

Below  Grn Sturgeon * * * * * * * * * * * * 

Above Grn Sturgeon 0 0 0 0 4 0 0 0 0 0 0 0 

Wet Grn Sturgeon 8 1 4 0 12 8 1 12 3 27 147 31 
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Table 13-23 is the average change in Banks and Jones Pumping grouped by water year type 
comparing Study 7.1 to Study 7.0, and Study 8.0 to Study 7.0. The relative change in fish loss 
and salvage will be based on the relative change in pumping. 
Table 13-23  Average change in Banks and Jones pumping grouped by water year type. 

Facility WaterYearType OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP 

Study 7.1 compared to 7.0                       

                            
Banks Critical 7.7% -8.2% -6.1% 15.5% 18.2% 8.7% 6.4% 8.8% 25.1% -7.0% -11.9% -13.1% 

Banks Dry 0.2% -5.3% 7.2% 10.5% 0.0% 4.7% 10.3% 12.4% 3.5% -8.4% 1.1% -12.8% 

Banks Bl Normal 11.4% -4.1% 6.6% 6.1% -2.4% 7.2% 14.0% 34.3% 6.9% 14.4% 0.9% -8.3% 

Banks Ab Normal 14.5% -5.5% 8.3% -0.3% 7.3% 4.3% 13.1% 42.2% 13.4% 32.5% -8.5% -10.2% 

Banks Wet 6.1% -3.1% 6.6% 5.3% 4.9% -0.2% 19.2% 20.9% 1.2% 4.2% -7.8% -2.9% 

                            

Jones Critical 8.5% 6.2% 15.1% 1.0% 7.9% 16.4% 8.2% 28.6% -1.0% -16.6% -1.7% -4.3% 

Jones Dry 3.8% 4.5% 11.9% 17.2% 5.1% -4.2% 6.3% 32.3% 3.9% 7.8% -13.5% -7.7% 

Jones Bl Normal 7.5% 6.1% 19.7% 15.0% -3.4% -15.7% -4.3% 5.3% -2.3% 24.3% 6.6% -7.5% 

Jones Ab Normal -0.5% 8.3% 20.6% 15.5% -1.5% -13.6% -9.0% 6.9% 1.2% 9.3% 13.6% 3.3% 

Jones Wet 6.2% 9.0% 18.4% 15.1% -0.1% -25.9% -2.3% -1.1% -2.5% 4.5% 5.7% 3.3% 

                            

Study 8.0 compared to 7.0                       

                            

Banks Critical 4.8% -17.5% -8.7% -2.9% 20.3% 7.4% 6.7% 13.8% -11.9% -22.0% -17.1% -2.9% 

Banks Dry 0.3% -7.8% 8.1% 12.4% -1.8% 5.3% 8.2% 18.5% -8.3% -8.8% -2.4% -7.0% 

Banks Bl Normal 7.0% -5.6% 3.4% 9.9% -3.1% 1.5% 13.9% 31.3% 9.3% 22.3% 12.9% -0.2% 

Banks Ab Normal 4.8% -10.1% 4.4% 4.6% 8.1% 4.8% 12.2% 43.1% 16.9% 51.9% 17.3% -5.3% 

Banks Wet 2.5% -4.7% 6.8% 6.1% 5.1% 2.7% 19.2% 20.9% 4.0% 16.1% -3.8% -2.7% 

                            

Jones Critical 11.6% -4.6% 17.5% 9.9% 4.8% 23.4% 5.9% 22.0% -10.1% -31.4% -19.8% -16.5% 

Jones Dry 8.1% 6.1% 11.9% 17.1% 5.9% -6.6% 4.2% 29.1% -3.8% -0.4% -29.3% -8.3% 

Jones Bl Normal 13.8% 7.7% 20.2% 15.6% -1.6% -12.9% -7.2% -2.6% -4.2% 19.8% 3.8% -5.1% 

Jones Ab Normal -1.6% 4.9% 24.2% 11.2% 11.0% -7.9% -8.4% 5.3% 1.2% 7.4% -0.7% 13.4% 

Jones Wet 8.6% 11.5% 17.9% 13.1% -1.4% -20.3% -1.5% -0.1% -1.0% -8.1% 5.5% 5.1% 

                            

Study 6.1 compared to 7.0                       

                            

Banks Critical 3.2% -9.0% -18.1% 8.0% 5.5% -1.5% -13.4% -5.5% -17.8% -13.5% -16.6% 20.0% 

Banks Dry -0.7% -6.2% -6.1% 4.1% -8.1% -5.0% -20.9% 25.2% -10.4% -1.8% 18.5% 5.3% 

Banks Bl Normal 9.5% -1.0% -2.6% -2.8% -6.6% -7.7% 1.0% 4.0% -8.6% 17.6% 11.8% 13.3% 

Banks Ab Normal 3.8% -3.6% -6.7% 2.7% -6.8% -6.4% 0.3% 1.5% 4.8% 45.6% 12.1% 6.1% 

Banks Wet 1.4% -5.6% -6.9% -10.2% -9.1% -15.5% -2.2% -2.6% 1.9% 20.2% 2.5% 2.4% 

                            

Jones Critical 7.3% 1.5% 4.1% -4.1% -18.5% -3.5% -15.3% 0.0% 19.5% 5.8% 27.9% -8.3% 

Jones Dry 1.8% -0.4% 0.2% 4.2% 2.7% 4.7% -13.4% 16.8% -2.8% -7.1% -11.3% 1.5% 

Jones Bl Normal 5.4% 2.9% 1.4% -0.6% 7.3% 1.0% 1.1% -3.1% -4.1% -2.1% -0.1% -2.1% 

Jones Ab Normal -1.6% 3.0% 5.3% -0.9% 4.4% 4.3% -3.8% 10.9% 2.7% 9.7% -1.1% 4.3% 

Jones Wet 8.3% 4.0% 3.8% -0.1% -6.8% -2.6% -3.3% 14.5% -0.5% -12.4% 1.1% 2.6% 
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Table 13-24 represents potential loss and salvage changes for both non-clipped and clipped 
winter-run, yearling and yoy spring run, non-clipped and clipped steelhead and green sturgeon 
comparing operations today to future operations (Model 7.1 vs 7.0, model 8.0 vs 7.0) if we 
assumed that salvage is directly proportional to the amount of water exported (i.e. doubling the 
amount of water exported doubles the number of fish salvaged). Because there is not a direct 
method to estimate yoy spring run loss, we used the combination of yoy fall- and spring-run 
losses as a surrogate for you spring run loss and reported just the percentage change for yoy 
spring run loss. The highlight cells represent just a visual inspection of the months and water 
year types with the relatively largest changes in loss or salvage. The values in each table are 
different because they are in terms of the take statement in the current Biological Opinion (BO). 
Take for non-clipped winter-run is in terms of loss, for hatchery winter-run (clipped) and 
yearling spring run are in terms of the percentage of released hatchery juveniles subsequently 
lost at the Delta pumping facilities, steelhead and green sturgeon are in terms of salvage. Take 
for young of the year spring run isn’t defined in the current BO because there is no method to 
identify spring run available for management use. Since the values or metrics are different for 
each species, the values from one table (or species) aren’t relative to another table or species. 

 
Table 13-24  Average change in winter run, yearling spring run and young-of-the-year spring run 
loss, and steelhead and green sturgeon salvage by species, model, facility, water-year type and 
month assuming a direct relationship between monthly exports and monthly salvage.  

NOTE: Winter run loss was based on non-clipped juveniles in the winter run length range 1993 - 2007. 
Clipped winter-run loss was based on Livingston Stone Hatchery winter-run from 1999-2007.  Yearling 
spring run loss was based on Coleman Hatchery late-fall hatchery surrogates as described in the Salmon 
Protection Plan 1995-2007. Young-of-the-year spring run loss was based on total, non-clipped young-of-
the-year juvenile loss as a surrogate 1993-2007. Steelhead salvage was based on water years 1998 – 
2007. Green sturgeon average salvage was based on salvage from 1981 -2007, and categorized into all 
5 water year types. 

Species Fac WYType OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP 

Model 7.1 
compared to 7.0                             
Winter Loss Banks Critical 0 0 -100 26 26 42 1 0 1 0 0 0 
Winter Loss Banks Dry 0 0 27 39 0 230 14 1 0 0 0 0 
Winter Loss Banks Bl Normal * * * * * * * * * * * * 
Winter Loss Banks AbNormal 0 0 49 -5 135 50 16 0 0 0 0 0 
Winter Loss Banks Wet 0 0 17 44 12 -1 51 1 0 0 0 0 
                              
Winter Loss Jones Critical 0 0 9 0 7 56 9 0 0 0 0 0 
Winter Loss Jones Dry 0 0 5 13 18 -20 4 0 0 0 0 0 
Winter Loss Jones Bl Normal * * * * * * * * * * * * 
Winter Loss Jones AbNormal 0 0 5 6 -2 -22 -4 1 0 0 0 0 
Winter Loss Jones Wet 0 0 4 7 0 -36 -1 0 0 0 0 0 
                              
Model 8.0 
compared to 7.0                             
Winter Loss Banks Critical 0 0 -142 -5 29 36 1 1 -1 0 0 0 
Winter Loss Banks Dry 0 0 30 45 -33 261 11 1 0 0 0 0 
Winter Loss Banks Bl Normal * * * * * * * * * * * * 
Winter Loss Banks AbNormal 0 0 26 76 151 55 15 0 0 0 0 0 
Winter Loss Banks Wet 0 0 18 50 13 15 51 1 0 0 0 0 
                              
Winter Loss Jones Critical 0 0 10 1 4 80 7 0 0 0 0 0 
Winter Loss Jones Dry 0 0 5 13 21 -32 2 0 0 0 0 0 
Winter Loss Jones Bl Normal * * * * * * * * * * * * 
Winter Loss Jones AbNormal 0 0 6 4 13 -13 -3 0 0 0 0 0 
Winter Loss Jones Wet 0 0 4 6 -1 -28 -1 0 0 0 0 0 
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Species Fac WYType OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP 

Model 6.1 
compared to 7.0                             
Winter Loss Banks Critical 0 0 -295 13 8 -7 -2 0 -1 0 0 0 
Winter Loss Banks Dry 0 0 -22 15 -146 -245 -29 2 0 0 0 0 
Winter Loss Banks Bl Normal * * * * * * * * * * * * 
Winter Loss Banks AbNormal 0 0 -39 45 -126 -74 0 0 0 0 0 0 
Winter Loss Banks Wet 0 0 -18 -84 -22 -84 -6 0 0 0 0 0 
                              
Winter Loss Jones Critical 0 0 2 -1 -16 -12 -17 0 0 0 0 0 
Winter Loss Jones Dry 0 0 0 3 9 23 -8 0 0 0 0 0 
Winter Loss Jones Bl Normal * * * * * * * * * * * * 
Winter Loss Jones AbNormal 0 0 1 0 5 7 -1 1 0 0 0 0 
Winter Loss Jones Wet 0 0 1 0 -3 -4 -1 0 0 0 0 0 
                              
Model 7.1 
compared to 7.0                             
CL Winter Loss Banks Critical * * * * * * * * * * * * 
CL Winter Loss Banks Dry * * * * 0.000% 0.003% 0.001% 0 0 0 0 0 
CL Winter Loss Banks Bl Normal * * * * * * * * * * * * 
CL Winter Loss Banks AbNormal * * * * 0.002% 0.007% 0.003% 0 0 0 0 0 
CL Winter Loss Banks Wet * * * * 0.000% 0.000% 0.003% 0 0 0 0 0 
                              
CL Winter Loss Jones Critical * * * * * * * * * * * * 
CL Winter Loss Jones Dry * * * * 0.00% 0.00% 0.00% 0 0 0 0 0 
CL Winter Loss Jones Bl Normal * * * * * * * * * * * * 

CL Winter Loss Jones AbNormal * * * * 0.000% 
-

0.002% 0.000% 0 0 0 0 0 

CL Winter Loss Jones Wet * * * * 0.000% 
-

0.002% 0.000% 0 0 0 0 0 
                              
Model 8.0 
compared to 7.0                             
CL Winter Loss Banks Critical * * * * * * * * * * * * 
CL Winter Loss Banks Dry * * * * 0.000% 0.004% 0.000% 0 0 0 0 0 
CL Winter Loss Banks Bl Normal * * * * * * * * * * * * 
CL Winter Loss Banks AbNormal * * * * 0.002% 0.008% 0.003% 0 0 0 0 0 
CL Winter Loss Banks Wet * * * * 0.000% 0.001% 0.003% 0 0 0 0 0 
                              
CL Winter Loss Jones Critical * * * * * * * * * * * * 
CL Winter Loss Jones Dry * * * * 0.000% 0.000% 0.000% 0 0 0 0 0 
CL Winter Loss Jones Bl Normal * * * * * * * * * * * * 

CL Winter Loss Jones AbNormal * * * * 0.001% 
-

0.001% 0.000% 0 0 0 0 0 

CL Winter Loss Jones Wet * * * * 0.000% 
-

0.001% 0.000% 0 0 0 0 0 
                              
Model 6.1 
compared to 7.0                             
CL Winter Loss Banks Critical * * * * * * * * * * * * 
CL Winter Loss Banks Dry * * * * 0.00% 0.003% 0.00% 0 0 0 0 0 
CL Winter Loss Banks Bl Normal * * * * * * * * * * * * 

CL Winter Loss Banks AbNormal * * * * 
-

0.002% -0.02% 0.00% 0 0 0 0 0 

CL Winter Loss Banks Wet * * * * 0.00% 
-

0.001% 0.00% 0 0 0 0 0 
                              
CL Winter Loss Jones Critical * * * * * * * * * * * * 
CL Winter Loss Jones Dry * * * * 0.00% 0.00% 0.00% 0 0 0 0 0 
CL Winter Loss Jones Bl Normal * * * * * * * * * * * * 

CL Winter Loss Jones AbNormal * * * * 0.00% 
-

0.001% 0.00% 0 0 0 0 0 

CL Winter Loss Jones Wet * * * * 
-

0.001% 
-

0.001% 0.00% 0 0 0 0 0 
               
Model 7.1 
compared to 7.0                             
YRL Spring Loss Banks Critical * * * * * * * * * * * * 
YRL Spring Loss Banks Dry 0 0.00% 0.01% 0.01% 0.00% 0.00% 0.00% 0 0 0 0 0 
YRL Spring Loss Banks Bl Normal * * * * * * * * * * * * 
YRL Spring Loss Banks AbNormal 0 0.00% 0.02% 0.00% 0.00% 0.00% 0.00% 0 0 0 0 0 
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Species Fac WYType OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP 
YRL Spring Loss Banks Wet 0 0.00% 0.00% 0.01% 0.00% 0.00% 0.00% 0 0 0 0 0 
                              
YRL Spring Loss Jones Critical * * * * * * * * * * * * 
YRL Spring Loss Jones Dry 0 0.00% 0.002% 0.002% 0.00% 0.00% 0.00% 0 0 0 0 0 
YRL Spring Loss Jones Bl Normal * * * * * * * * * * * * 
YRL Spring Loss Jones AbNormal 0 0.00% 0.01% 0.00% 0.00% 0.00% 0.00% 0 0 0 0 0 
YRL Spring Loss Jones Wet 0 0.00% 0.00% 0.00% 0.00% 0.00% 0.00% 0 0 0 0 0 
                              
Study 8.0 
compared to 7.0                             
YRL Spring Loss Banks Critical * * * * * * * * * * * * 
YRL Spring Loss Banks Dry 0 0.00% 0.01% 0.01% 0.00% 0.00% 0.00% 0 0 0 0 0 
YRL Spring Loss Banks Bl Normal * * * * * * * * * * * * 
YRL Spring Loss Banks AbNormal 0 0.00% 0.01% 0.01% 0.00% 0.00% 0.00% 0 0 0 0 0 
YRL Spring Loss Banks Wet 0 0.003% 0.01% 0.001% 0.00% 0.00% 0.00% 0 0 0 0 0 
                              
YRL Spring Loss Jones Critical * * * * * * * * * * * * 
YRL Spring Loss Jones Dry 0 0.00% 0.002% 0.002% 0.00% 0.00% 0.00% 0 0 0 0 0 
YRL Spring Loss Jones Bl Normal * * * * * * * * * * * * 
YRL Spring Loss Jones AbNormal 0 0.00% 0.001% 0.00% 0.00% 0.00% 0.00% 0 0 0 0 0 
YRL Spring Loss Jones Wet 0 0.00% 0.001% 0.00% 0.00% 0.00% 0.00% 0 0 0 0 0 
                              
Study 6.1 
compared to 7.0                             
YRL Spring Loss Banks Critical * * * * * * * * * * * * 
YRL Spring Loss Banks Dry 0 0 -0.01% 0.003% -0.01% 0.00% 0.00% 0 0 0 0 0 
YRL Spring Loss Banks Bl Normal * * * * * * * * * * * * 

YRL Spring Loss Banks AbNormal 0 0 -0.01% 0.01% -0.01% 
-

0.003% 0.00% 0 0 0 0 0 

YRL Spring Loss Banks Wet 0 0 
-

0.003% -0.01% 
-

0.002% 
-

0.001% 0.00% 0 0 0 0 0 
                              
YRL Spring Loss Jones Critical * * * * * * * * * * * * 
YRL Spring Loss Jones Dry 0 0 0.00% 0.00% 0.00% 0.00% 0.00% 0 0 0 0 0 
YRL Spring Loss Jones Bl Normal * * * * * * * * * * * * 
YRL Spring Loss Jones AbNormal 0 0 0.001% 0.00% 0.00% 0.00% 0.00% 0 0 0 0 0 
YRL Spring Loss Jones Wet 0 0 0.00% 0.00% 0.00% 0.00% 0.00% 0 0 0 0 0 
                              
Model 7.1 
compared to 7.0                             
F/S YOY Loss Banks Critical 0 0 0 15.5% 18.2% 8.7% 6.4% 8.8% 25.1% 0 0 0 
F/S YOY Loss Banks Dry 0 0 0 10.5% 0.0% 4.7% 10.3% 12.4% 3.5% 0 0 0 
F/S YOY Loss Banks Bl Normal * * * * * * * * * * * * 
F/S YOY Loss Banks AbNormal 0 0 0 -0.3% 7.3% 4.3% 13.1% 42.2% 13.4% 0 0 0 
F/S YOY Loss Banks Wet 0 0 0 5.3% 4.9% -0.2% 19.2% 20.9% 1.2% 0 0 0 
                              
F/S YOY Loss Jones Critical 0 0 0 1.0% 7.9% 16.4% 8.2% 28.6% -1.0% 0 0 0 
F/S YOY Loss Jones Dry 0 0 0 17.2% 5.1% -4.2% 6.3% 32.3% 3.9% 0 0 0 
F/S YOY Loss Jones Bl Normal * * * * * * * * * * * * 
F/S YOY Loss Jones AbNormal 0 0 0 15.5% -1.5% -13.6% -9.0% 6.9% 1.2% 0 0 0 
F/S YOY Loss Jones Wet 0 0 0 15.1% -0.1% -25.9% -2.3% -1.1% -2.5% 0 0 0 
                              
Study 8.0 
compared to 7.0                             

F/S YOY Loss Banks Critical 0 0 0 -2.9% 20.3% 7.4% 6.7% 13.8% 
-

11.9% 0 0 0 
F/S YOY Loss Banks Dry 0 0 0 12.4% -1.8% 5.3% 8.2% 18.5% -8.3% 0 0 0 
F/S YOY Loss Banks Bl Normal * * * * * * * * * * * * 
F/S YOY Loss Banks AbNormal 0 0 0 4.6% 8.1% 4.8% 12.2% 43.1% 16.9% 0 0 0 
F/S YOY Loss Banks Wet 0 0 0 6.1% 5.1% 2.7% 19.2% 20.9% 4.0% 0 0 0 
                              

F/S YOY Loss Jones Critical 0 0 0 9.9% 4.8% 23.4% 5.9% 22.0% 
-

10.1% 0 0 0 
F/S YOY Loss Jones Dry 0 0 0 17.1% 5.9% -6.6% 4.2% 29.1% -3.8% 0 0 0 
F/S YOY Loss Jones Bl Normal * * * * * * * * * * * * 
F/S YOY Loss Jones AbNormal 0 0 0 11.2% 11.0% -7.9% -8.4% 5.3% 1.2% 0 0 0 
F/S YOY Loss Jones Wet 0 0 0 13.1% -1.4% -20.3% -1.5% -0.1% -1.0% 0 0 0 
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Species Fac WYType OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP 

Study 6.1 
compared to 7.0                             

F/S YOY Loss Banks Critical 0 0 0 8.0% 5.5% -1.5% -13.4% -5.5% 
-

17.8% 0 0 0 

F/S YOY Loss Banks Dry 0 0 0 4.1% -8.1% -5.0% -20.9% 25.2% 
-

10.4% 0 0 0 
F/S YOY Loss Banks Bl Normal * * * -2.8% -6.6% -7.7% 1.0% 4.0% -8.6% * * * 
F/S YOY Loss Banks AbNormal 0 0 0 2.7% -6.8% -6.4% 0.3% 1.5% 4.8% 0 0 0 
F/S YOY Loss Banks Wet 0 0 0 -10.2% -9.1% -15.5% -2.2% -2.6% 1.9% 0 0 0 
                              
F/S YOY Loss Jones Critical 0 0 0 -4.1% -18.5% -3.5% -15.3% 0.0% 19.5% 0 0 0 
F/S YOY Loss Jones Dry 0 0 0 4.2% 2.7% 4.7% -13.4% 16.8% -2.8% 0 0 0 
F/S YOY Loss Jones Bl Normal * * * -0.6% 7.3% 1.0% 1.1% -3.1% -4.1% * * * 
F/S YOY Loss Jones AbNormal 0 0 0 -0.9% 4.4% 4.3% -3.8% 10.9% 2.7% 0 0 0 
F/S YOY Loss Jones Wet 0 0 0 -0.1% -6.8% -2.6% -3.3% 14.5% -0.5% 0 0 0 
                              
Model 7.1 
compared to 7.0                             
Steelhead Slvg Banks Critical * * * * * * * * * * * * 
Steelhead Slvg Banks Dry 0 0 1 14 0 32 16 3 0 0 0 0 
Steelhead Slvg Banks Bl Normal * * * * * * * * * * * * 
Steelhead Slvg Banks AbNormal 0 -1 5 -1 50 15 24 18 6 0 0 0 
Steelhead Slvg Banks Wet 1 0 0 4 3 0 22 14 1 0 0 0 
                              
Steelhead Slvg Jones Critical * * * * * * * * * * * * 
Steelhead Slvg Jones Dry 0 0 0 7 17 -22 22 6 0 0 0 0 
Steelhead Slvg Jones Bl Normal * * * * * * * * * * * * 
Steelhead Slvg Jones AbNormal 0 1 2 30 -7 -52 -14 4 0 0 0 0 
Steelhead Slvg Jones Wet 0 0 0 9 0 -54 0 -1 -2 2 0 0 
                              
Model 8.0 
compared to 7.0                             
Steelhead Slvg Banks Critical * * * * * * * * * * * * 
Steelhead Slvg Banks Dry 0 0 1 17 -7 37 13 5 0 0 0 0 
Steelhead Slvg Banks Bl Normal * * * * * * * * * * * * 
Steelhead Slvg Banks AbNormal 0 -2 2 20 56 16 22 18 7 0 0 0 
Steelhead Slvg Banks Wet 0 0 0 5 3 4 22 14 2 0 0 0 
                              
Steelhead Slvg Jones Critical * * * * * * * * * * * * 
Steelhead Slvg Jones Dry 0 0 0 7 21 -35 15 5 0 0 0 0 
Steelhead Slvg Jones Bl Normal * * * * * * * * * * * * 
Steelhead Slvg Jones AbNormal 0 1 3 22 53 -30 -13 3 0 0 0 0 
Steelhead Slvg Jones Wet 0 0 0 8 -2 -42 0 0 -1 -4 0 0 
                              
Model 6.1 
compared to 7.0                             
Steelhead Slvg Banks Critical * * * * * * * * * * * * 
Steelhead Slvg Banks Dry 0 0 0 6 -32 -35 -32 7 0 0 0 0 
Steelhead Slvg Banks Bl Normal * * * * * * * * * * * * 
Steelhead Slvg Banks AbNormal 0 -1 -4 12 -47 -22 1 1 2 0 0 0 
Steelhead Slvg Banks Wet 0 0 0 -8 -6 -23 -2 -2 1 0 0 0 
                              
Steelhead Slvg Jones Critical * * * * * * * * * * * * 
Steelhead Slvg Jones Dry 0 0 0 2 9 25 -47 3 0 0 0 0 
Steelhead Slvg Jones Bl Normal * * * * * * * * * * * * 
Steelhead Slvg Jones AbNormal 0 0 1 -2 22 17 -6 7 0 0 0 0 
Steelhead Slvg Jones Wet 0 0 0 0 -9 -5 -1 8 0 -6 0 0 
                              
Model 7.1 
compared to 7.0                             
CL Steelhead 
Slvg Banks Critical * * * * * * * * * * * * 
CL Steelhead 
Slvg Banks Dry 0 0 0 20 0 54 8 0 0 0 0 0 
CL Steelhead 
Slvg Banks Bl Normal * * * * * * * * * * * * 
CL Steelhead 
Slvg Banks AbNormal 0 0 2 -5 151 15 8 1 1 0 0 0 
CL Steelhead 
Slvg Banks Wet 0 0 0 3 8 0 7 1 0 0 0 0 



OCAP BA CVP and SWP Delta Effects 

 August 2008 13-85 

Species Fac WYType OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP 

                              
CL Steelhead 
Slvg Jones Critical * * * * * * * * * * * * 
CL Steelhead 
Slvg Jones Dry 0 0 0 9 73 -38 8 3 0 0 0 0 
CL Steelhead 
Slvg Jones Bl Normal * * * * * * * * * * * * 
CL Steelhead 
Slvg Jones AbNormal 0 0 9 358 -16 -30 -6 0 0 0 0 0 
CL Steelhead 
Slvg Jones Wet 0 0 0 10 0 -131 0 0 0 0 0 0 
                              
Model 8.0 
compared to 7.0                             
CL Steelhead 
Slvg Banks Critical * * * * * * * * * * * * 
CL Steelhead 
Slvg Banks Dry 0 0 0 23 -22 62 6 1 0 0 0 0 
CL Steelhead 
Slvg Banks Bl Normal * * * * * * * * * * * * 
CL Steelhead 
Slvg Banks AbNormal 0 0 1 81 169 17 7 1 1 0 0 0 
CL Steelhead 
Slvg Banks Wet 0 0 0 4 8 3 7 1 0 0 0 0 
                              
CL Steelhead 
Slvg Jones Critical * * * * * * * * * * * * 
CL Steelhead 
Slvg Jones Dry 0 0 0 9 86 -60 5 2 0 0 0 0 
CL Steelhead 
Slvg Jones Bl Normal * * * * * * * * * * * * 
CL Steelhead 
Slvg Jones AbNormal 0 0 10 259 112 -17 -6 0 0 0 0 0 
CL Steelhead 
Slvg Jones Wet 0 0 0 9 -3 -102 0 0 0 0 0 0 
                              
Model 6.1 
compared to 7.0                             
CL Steelhead 
Slvg Banks Critical * * * * * * * * * * * * 
CL Steelhead 
Slvg Banks Dry 0 0 0 8 -99 -58 -16 1 0 0 0 0 
CL Steelhead 
Slvg Banks Bl Normal * * * * * * * * * * * * 
CL Steelhead 
Slvg Banks AbNormal 0 0 -2 48 -141 -22 0 0 0 0 0 0 
CL Steelhead 
Slvg Banks Wet 0 0 0 -6 -14 -16 -1 0 0 0 0 0 
                              
CL Steelhead 
Slvg Jones Critical * * * * * * * * * * * * 
CL Steelhead 
Slvg Jones Dry 0 0 0 2 39 43 -17 1 0 0 0 0 
CL Steelhead 
Slvg Jones Bl Normal * * * * * * * * * * * * 
CL Steelhead 
Slvg Jones AbNormal 0 0 2 -21 45 9 -3 0 0 0 0 0 
CL Steelhead 
Slvg Jones Wet 0 0 0 0 -13 -13 -1 0 0 0 0 0 
                              
Model 7.1 
compared to 7.0                             
Grn Sturgeon 
Slvg Banks Critical 0 0 0 1 2 3 0 0 0 0 0 0 
Grn Sturgeon 
Slvg Banks Dry 0 0 1 0 0 0 1 0 0 0 0 0 
Grn Sturgeon 
Slvg Banks Bl Normal * * * * * * * * * * * * 
Grn Sturgeon 
Slvg Banks AbNormal 0 0 0 0 1 0 0 0 0 1 0 0 
Grn Sturgeon 
Slvg Banks Wet 0 0 2 0 0 0 7 0 0 0 -1 0 
                              
Grn Sturgeon Jones Critical 0 0 0 0 0 0 2 0 0 0 0 0 
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Species Fac WYType OCT NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP 
Slvg 
Grn Sturgeon 
Slvg Jones Dry 0 1 2 0 1 0 1 0 0 8 -8 0 
Grn Sturgeon 
Slvg Jones Bl Normal * * * * * * * * * * * * 
Grn Sturgeon 
Slvg Jones AbNormal 0 0 0 0 0 0 0 0 0 0 0 0 
Grn Sturgeon 
Slvg Jones Wet 0 0 1 0 0 -2 0 0 0 1 8 1 
                              
Model 8.0 
compared to 7.0                             
Grn Sturgeon 
Slvg Banks Critical 0 0 0 0 2 3 0 0 0 0 0 0 
Grn Sturgeon 
Slvg Banks Dry 0 0 2 0 0 0 1 0 0 0 -1 0 
Grn Sturgeon 
Slvg Banks Bl Normal * * * * * * * * * * * * 
Grn Sturgeon 
Slvg Banks AbNormal 0 0 0 0 1 0 0 0 0 1 0 0 
Grn Sturgeon 
Slvg Banks Wet 0 0 2 0 0 0 7 0 0 1 -1 0 
                              
Grn Sturgeon 
Slvg Jones Critical 0 0 0 0 0 0 1 0 0 0 0 0 
Grn Sturgeon 
Slvg Jones Dry 1 2 2 0 1 0 0 0 0 0 -18 0 
Grn Sturgeon 
Slvg Jones Bl Normal * * * * * * * * * * * * 
Grn Sturgeon 
Slvg Jones AbNormal 0 0 0 0 0 0 0 0 0 0 0 0 
Grn Sturgeon 
Slvg Jones Wet 1 0 1 0 0 -2 0 0 0 -2 8 2 
                              
Model 6.1 
compared to 7.0                             
Grn Sturgeon 
Slvg Banks Critical 0 0 0 0 1 -1 0 0 0 0 0 0 
Grn Sturgeon 
Slvg Banks Dry 0 0 -1 0 0 0 -1 0 0 0 8 0 
Grn Sturgeon 
Slvg Banks Bl Normal * * * * * * * * * * * * 
Grn Sturgeon 
Slvg Banks AbNormal 0 0 0 0 -1 0 0 0 0 1 0 0 
Grn Sturgeon 
Slvg Banks Wet 0 0 -2 0 0 -2 -1 0 0 2 0 0 
                              
Grn Sturgeon 
Slvg Jones Critical 0 0 0 0 0 0 -3 0 0 0 0 0 
Grn Sturgeon 
Slvg Jones Dry 0 0 0 0 1 0 -1 0 0 -8 -7 0 
Grn Sturgeon 
Slvg Jones Bl Normal * * * * * * * * * * * * 
Grn Sturgeon 
Slvg Jones AbNormal 0 0 0 0 0 0 0 0 0 0 0 0 
Grn Sturgeon 
Slvg Jones Wet 1 0 0 0 -1 0 0 2 0 -3 2 1 
                              

 

 

The months of greatest changes in loss or salvage between the base case (Study 7.0) and the 
future (Studies 7.1 and 8.0) are December through June for salmonids. Green sturgeon change is 
too irregular to summarize. 
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Indirect Losses to Entrainment by CVP and SWP 
Export Facilities 
The FWS Service has conducted juvenile Chinook survival experiments in the Delta for many 
years. They have conducted yoy fall-run survival experiments in the spring months on the 
Sacramento and San Joaquin rivers, and late-fall run survival experiments in the fall and winter 
months on the Sacramento River using hatchery reared juvenile Chinook. One of the purposes of 
these experiments has been to try to determine the “indirect” effects of Delta exports on juvenile 
Chinook survival as they emigrate through the Delta. Ken Newman (2008) published analyses of 
all these data sets. The results as quoted from the executive summary are: 

Results 

For the most part, the substantive conclusions from the Bayesian Hierarchical 
Model (BHM) analyses, summarized below, were consistent with previous 
USFWS analyses. 

Delta Cross Channel: There was modest evidence, 64 to 70% probability, 
that survival of Courtland [above DCC] releases, relative to the survival 
of Ryde [below DCC] releases, increased when the gate was closed. 

Interior: Survival for the interior Delta releases was estimated to be about 
44% of the survival for the Sacramento River releases. 

Delta Action 8: There was a negative association between export volume 
and relative [interior Delta] survival, i.e., a 98% chance that as exports 
increased, relative [interior Delta] survival decreased. Environmental 
variation in the relative survival was very large, however; e.g., for one 
paired release the actual relative survival at a low export level could with 
high probability be lower than relative survival at a high export level for 
another paired release. 

VAMP: (a) The expected probability of surviving to Jersey Point was 
consistently larger for fish straying I the San Joaquin River (say passing 
Dos Reis) than fish entering Old River, but the magnitude of the 
difference varied between models somewhat; (b) thus if the HORB 
effectively keeps fish from entering Old River, survival of out-migrants 
should increase; (c) there was a positive association between flow at 
Dos Reis and subsequent survival from Dos Reis and Jersey Point, and 
if data from 2003 and later were eliminated from analysis the strength of 
the association increased and a positive association between flow in Old 
River and survival in Old River appeared; (d) associations between water 
export levels and survival probabilities were weak to negligible. Given 
complexity and number of potential models for the VAMP data, however, 
a more thorough model selection procedure using Reversible Jump 
MCM is recommended. 
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From Newman’s results, we conclude fish emigrating from the Sacramento River through the 
interior Delta survive about half as well as fish emigrating down the mainstem Sacramento 
River, but exports affect the change in relative interior survival by about -5 percent per 1,000 cfs 
increase in exports between 2,000 cfs and 4,000 cfs, and by about -2.75 percent per 1000 cfs 
increase in exports between 8,000 cfs and 10,000 cfs (Figure 13-50). For fish emigrating from 
the San Joaquin River through the south Delta, the effect of exports on survival was weak to 
negligible. 

 
Figure 13-50  Posterior means and medians 
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Steelhead Predation Study 
Steelhead entrained in the Forebay are subject to predation, synonymous with pre-screen loss, as 
they traverse the Forebay toward the John E. Skinner Fish Protective Facility (SFPF). DWR 
conducted a study in 2005, 2006, and 2007 to assess and quantify steelhead pre-screen losses 
within Clifton Court Forebay. The investigation was developed to provide useful information 
that could serve to reduce the potential vulnerability of steelhead to predation mortality within 
Clifton Court Forebay. A final report will be available in the fall of 2008.  

Preliminary results suggest that the pre-screen loss rate was 82 ±3% (mean ± 95% confidence 
interval) in 2007. This result is similar to previous pre-screen loss studies of other fish species 
including Chinook salmon and juvenile striped bass (Schaffter, 1978; Hall, 1980; and Kano, 
1985). In contrast, the SFPF loss rate was 26 ±7% (mean ± 95% confidence interval). Statistical 
analysis showed that pre-screen loss rate did not differ by month of release. However, the time to 
salvage was greater for PIT tagged steelhead released at the radial gates in February than those 
released in January or April. Data analysis concluded that there was no correlation between 
steelhead movement rates and water temperature, export rate, turbidity, radial gate water 
velocities, or light intensity. However, steelhead movement rates were correlated to the length of 
time spent within Clifton Court Forebay. The longer steelhead remained within the Forebay the 
less they moved. 

500 CFS Increased Diversion to Provide Reduced Exports Taken to 
Benefit Fish Resources Effects on Salmonids and Green Sturgeon 

Clifton Court Forebay (CCF) is typically operated at or near the rates defined in the USACE 
Public Notice 5820A, Amended, unless otherwise restricted. Public Notice 5820A, Amended, 
requires that daily summer diversions into CCF not exceed 13,870 AF and a three-day average 
not to exceed 13,250 AF. Banks Pumping Plant is operated to the available physical capacity, as 
constrained by CCF operations. Banks Pumping Plant is also adjusted to assist in maintaining 
velocity criteria at Skinner Fish facility as exports allow. Maximum average monthly SWP 
summer exports from Banks Pumping Plant are 6,680 cfs. 

Under the 500 cfs increased diversion, the maximum allowable daily diversion rate into CCF 
during the months of July, August, and September would increase from 13,870 AF up to 14,860 
AF and three-day average diversions would increase from 13,250 AF up to 14,240 AF. This 
increased diversion over the three-month period would result in an amount not to exceed 90,000 
AF each year. Maximum average monthly SWP exports during the three-month period from 
Banks Pumping Plant would increase to 7,180 cfs. Variations to hydrologic conditions coupled 
with regulatory requirements may limit the ability of the SWP to fully utilize the proposed 
increased diversion rate. Also, facility capabilities may limit the ability of the SWP to fully 
utilize the proposed increased diversion rate. 

Water exported under the 500 cfs increased export limit would first be used to recover export 
reductions taken during the VAMP period (assumed mid-April to mid-May) or applied to the 
“shoulder” periods preceding or following the VAMP period. Any remaining water could be 
applied to other export reductions for fish protection during that calendar year or be stored in San 
Luis Reservoir to be applied to export reductions for the subsequent calendar year. As the SWP 
share of San Luis Reservoir is filled, there is a risk that this water would be “spilled” from the 
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reservoir. “Spilling” the stored water would result in lower exports from the Delta during the 
time the reservoir is filling. Normally, this would occur during December – March. The fishery 
agencies would decide whether to implement an export reduction in the fall or winter time period 
equivalent to the water stored in the reservoir or assume the risk that the water would be spilled 
later on. Additional details regarding the implementation of the 500 cfs increased diversion are 
contained in Chapter 2. 

Analyses Contained in the Initial Study 
Much of the information in this discussion is taken from the Initial Study for the 2005 – 2008 
State Water Project Delta Facility Increased Diversion to Recover Reduced Exports Taken to 
Benefit Fish Resources (DWR 2004). The operation analyzed in the Initial Study and 
implemented in 2005 – 2008 is slightly different than the operation contained in this project 
description. The difference is the ability to carry over water exported under the 500 cfs increased 
diversion limit into the subsequent calendar year. The operation analyzed in the Initial Study and 
implemented through 2008 does not allow carry over of the exported water. The operation to 
begin in 2009 allows carry over of the exported water as long as it does not affect the ability to 
fill the SWP share of San Luis Reservoir. Water exported under the 500 cfs export limit is to be 
used only for export reductions to benefit fish resources. 

The Initial Study uses a comparative analysis to quantify the impacts of the 500 cfs increased 
diversion (Project) compared to a no-project (Base) condition. The range of potential impacts is 
defined by modeling two hydrologies: a year of low delta inflow, and a year of high delta inflow. 
The hydrologies are used as input for the DWRDSM2 HYDRO and QUAL studies, which 
evaluate changes in flow, stage, velocity, and salinity. Tidally averaged comparisons of water 
quality, flow, stage, and velocities for all the locations studied are in Appendix II of the Initial 
Study (DWR 2004). The modeling assumptions for the Project include the following: 

• Two 30-day periods to reduce diversions to benefit fish resources are chosen: May 15-June 
15, and November 15–December 15. The total reduction in diversions cannot exceed 90 
TAF.  

• The operations of the SWP and CVP must comply with existing Bay-Delta requirements of 
the SWRCB Decision 1641. Operations are assumed to comply with the ESA, and other 
regulatory and contractual requirements related to the Sacramento-San Joaquin River Delta. 

• Current SWP operations allow a maximum three-day average diversion rate of 6,680 cfs 
during July, August, and September. Project diversions during that period must exceed the 
maximum three-day average diversion rate of 6,680 cfs to constitute a with-Project condition 
since diversions less than that amount are already permitted in the base condition. 

• The increased diversions during July, August, and September of any calendar year equals the 
amount of reduced diversions during that calendar year. 

The historic hydrologies were examined to find a representative period and a high and low 
inflow year. The representative period is from1987 to 1999 and the low and high inflow years 
are 1992 and 1997. The reasons for selecting 1992 and 1997 are discussed below. 

 

 

 



OCAP BA CVP and SWP Delta Effects 

 August 2008 13-91 

1992, Low Delta Inflow Year 
Two difficulties in selecting a year of low delta inflow occurred. Exports in years of low delta 
inflow during each of the two 30-day periods, (May 15-June 15, and November 15-December 
15) typically did not exceed 90 TAF. Current constraints on export/inflow ratios were instituted 
in 1995 under the Bay-Delta Accord. All years since 1995 have been classified as wet years (up 
to the year 2000). Therefore, historic operations during a year of low delta inflow with current 
regulatory constraints did not exist at the time of the study.  

Three years of low delta inflow were considered: 1987, 1988, and 1992. In 1987 and 1988, 
exports during the two 30-day periods, (May 15-June 15, and November 15-December 15) could 
be reduced by 90 TAF. However, operations prior to 1995 were not subject to existing regulatory 
requirements, and thus the export/inflow ratios during 1987 and 1988 exceeded existing 
export/inflow requirements of the SWRCB. In 1987, daily exports exceeded present 
requirements by an average of 2744 cfs, and a maximum of 6146 cfs. Therefore, 1987 and 1988 
were eliminated from consideration.  

In 1992, exports during the two 30-day periods, May 15-June 15, and November 15-December 
15, were approximately 46 TAF and 66 TAF, respectively. Therefore, exports could not be 
reduced by the full proposed amount of 90 TAF. Although export/inflow ratios exceeded existing 
requirements, the existing requirements could be met with minor adjustments to the historic 
inflow. In 1992, present export/inflow ratio requirements could be met by increasing Sacramento 
River inflow by an average of 11 cfs. For these reasons, 1992 was selected as the year to 
represent conditions of low Delta inflow. 

1997, High Delta Inflow Year 
Current constraints on export/inflow ratios were instituted in 1995 and delta inflow during the 
subsequent years was high. Therefore, several years of historic operations with high delta inflow 
and current regulatory constraints exist. Thus, 1995-1999 were considered. SWP exports during 
May 15-June 15 exceeded 90 TAF in 1995, 1996, and 1997. In 1998 and 1999, SWP exports 
during May 15-June 15 were only 78 TAF and 71 TAF, respectively, which would not allow a 
reduction for the full proposed amount of 90 TAF. 1995 was not chosen because SWP exports 
during the November 15 to December 15 period were only 6,210 AF. 1996 was not chosen 
because SWP exports during May 15-June 15 were 294 TAF, and this was not considered a 
representative year. In 1997, SWP exports during May 15-June 15 and November 15 to 
December 15 period were 100 TAF and 644 TAF, respectively. 

Historic vs. Base Hydrologies 
The historic hydrologies were modified so the base hydrologies would comply with the initial 
assumptions explained above and repeated below: 

• The operations of the SWP and CVP must comply with existing requirements of SWRCB 
Decision 1641, with the ESA, and other regulatory and contractual requirements related to 
the Sacramento-San Joaquin River Delta. 

• Current SWP operations allow a maximum three-day average diversion rate of 6,680 cfs 
during July, August, and September. Project diversions during that period must exceed the 
maximum three-day average diversion rate of 6,680 cfs because diversions less than this base 
condition are already permitted. 
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Sacramento River flows were also modified from historic conditions. When export/inflow ratios 
exceeded existing requirements, Sacramento River flows were increased until existing 
constraints were met. When exports were modified, Sacramento River flows were modified to 
maintain the net delta outflow. Thus, the SWP was simply changing the time when storage in 
Oroville was being moved to San Luis Reservoir.  

The potential changes in diversion rate into CCF will affect fish salvage at the SWP. To 
determine the impact of such export changes, historic salvage data from 1992 and 1997 
(representative low and high Delta inflow years used in the modeling) were used to estimate the 
impact of the Project on fish salvage. Historic salvage density was used to estimate salvage under 
the different export scenarios through extrapolation as shown in the tables below.  

Potential Impacts of Water Quality and Flow on Fish 
Potential impacts to 10 species, including delta smelt, salmon, steelhead and sturgeon, were 
examined by two methods. First, the water quality and flow modeling results were examined to 
determine if they posed potential impacts to fish. Second, historic salvage data was examined to 
determine if the Project posed potential impacts to delta smelt, salmon, steelhead and sturgeon 
salvage. 

The modeling results predicted minor changes in water quality, which would result in no impacts 
to salmon, steelhead and sturgeon.  

The changes in flow predicted by the modeling suggest that there will be no significant negative 
impacts to salmon, steelhead and sturgeon distribution. The largest changes in flow occurred 
during the spring pumping reduction. Flows towards CCF decreased by as much as 2,250 cfs. 
Decreased flows towards CCF may decrease the potential vulnerability of salmon, steelhead and 
sturgeon to SWP salvage. The modeling results predicted that flows only slightly increased 
towards CCF during the increased pumping period, suggesting there will be no impact on 
salmon, steelhead and sturgeon distribution and subsequent vulnerability to SWP salvage.  

Potential Impacts to Fish Salvage 
Historic salvage data for ten sensitive fish species or runs, including salmon, steelhead and 
sturgeon, were analyzed to determine the impact of the proposed project. The fish species may 
occur in the project area during the project period. 

The potential changes in diversion rate into CCF will affect fish salvage at the SWP. To 
determine the impact of such export changes, historic salvage data from 1992 and 1997 
(representative low and high Delta inflow years used in the modeling) were used to estimate the 
impact of the Project on fish salvage. Historic salvage density was used to estimate salvage under 
the different export scenarios through extrapolation.  

The difference in fish salvage between the base and Project conditions was used as the effect of 
the Project on fish salvage. Base (No-Project) salvage was calculated as the product of historic 
salvage density (number of fish salvaged per AF diverted) and modeled base exports. Project 
salvage was calculated as the product of historic salvage density and modeled Project exports. 
The effect of the Project on fish salvage was the difference between the Project and base salvage 
estimates.  
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For example: 

historic salvage / historic AF diverted = historic salvage density (HSD)  

HSD x base exports = estimated base salvage (BS) 

HSD x Project exports = estimated Project salvage (PS) 

PS – BS = estimated difference in salvage from the base caused by the Project. 

  

The results of this analysis (see following tables) suggest that salvage of Chinook salmon and 
steelhead is likely to be reduced while there will be no substantial change in salvage of green 
sturgeon. The studies can be used to draw conclusions about other potential operations. Consider 
a scenario in which the export reduction is taken only in May 1997 (48 taf), 90 taf were exported 
in July-September, and the remaining 42 taf applied as reduced exports in December. This 
scenario results in the following estimates of changes in salvage: 

 

   May         Jul-Sept    Dec  Total 

Chinook Salmon -1817  +4  -46  -1859 

Steelhead    -14    0  -3  -17 

Sturgeon    0  +1    0  +1       

 

The results of this scenario supports the conclusion above, that salvage of Chinook salmon and 
steelhead is likely to be reduced while there will be no substantial change in salvage of green 
sturgeon.  

 
NOTE: Row headers for the following tables are as follows: 

 
Historic exports = Actual SWP exports for given month (AF). 
Historic salvage = Actual SWP salvage for given month. 
Historic salvage density = Historic salvage ÷ historic exports (number of fish per AF). 
Base exports = Modeled SWP base exports for given month. 
Base salvage = Historic salvage density x modeled base exports. 
Project exports = Modeled SWP exports for given month which includes the 500 cfs 
  increased export limit. 
Project salvage = Historic salvage density x modeled project exports. 
Percent change = Estimated percent change in salvage caused by the project.   
 = (Project salvage – Base salvage)x100%/Base salvage 
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Table 13-25  Chinook Salmon 

Spring 1992 May Jun Jul Aug Sep Total 

Historic exports 42,376 57,220 25,689 90,836 161,905 378,026 

Historic salvage 2,365 0 0 0 6 2,371 

Historic salvage density 0.0558 0.0000 0.0000 0.0000 0.0000 - 

Base exports 15,099 56,040 410,018 410,018 396,792 1,287,968 

Base salvage 843 0 0 0 15 857 

Project exports 0 25,469 425,732 425,732 411,036 1,287,969 

Project salvage 0 0 0 0 15 15 

Percent change -100% 0 0 0 0 -98% 

       

Fall 1992 Jul Aug Sep Nov Dec Total 

Historic exports 25,689 90,836 161,905 62,303 168,276 509,009 

Historic salvage 0 0 6 0 160 166 

Historic salvage density 0.0000 0.0000 0.0000 0.0000 0.0010 - 

Base exports 410,018 410,018 396,792 66,651 35,531 1,319,011 

Base salvage 0 0 15 0 34 48 

Project exports 432,852 432,852 417,390 35,917 0 1,319,011 

Project salvage 0 0 15 0 0 15 

Percent change 0 0 0 0 -100% -69% 

       

Spring 1997 May Jun Jul Aug Sep Total 

Historic exports 78,236 153,854 321,231 269,918 341,334 1,164,573 

Historic salvage 2,962 635 30 0 9 3,636 

Historic salvage density 0.0379 0.0041 0.0001 0.0000 0.0000 - 

Base exports 47,995 153,058 410,018 410,018 396,792 1,417,882 

Base salvage 1,817 632 38 0 10 2,498 

Project exports 0 111,953 440,708 440,708 424,512 1,417,882 

Project salvage 0 462 41 0 11 514 

Percent change -100% -27% 8% 0 10% -79% 

       

Fall 1997 Jul Aug Sep Nov Dec Total 

Historic exports 321,231 269,918 341,334 292,036 419,732 1,644,251 

Historic salvage 30 0 9 4 463 506 

Historic salvage density 0.0001 0.0000 0.0000 0.0000 0.0011 - 

Base exports 410,018 410,018 396,792 292,923 196,804 1,706,556 

Base salvage 38 0 10 4 217 270 

Project exports 440,708 440,708 424,512 245,403 155,224 1,706,556 

Project salvage 41 0 11 3 171 227 

Percent change 8% 0 10% -25% -21% -16% 
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Table 13-26  Steelhead 

Spring 1992 May Jun Jul Aug Sep Total 

Historic exports 42,376 57,220 25,689 90,836 161,905 378,026 

Historic salvage 33 0 0 0 0 33 

Historic salvage density 0.0008 0.0000 0.0000 0.0000 0.0000 - 

Base exports 15,099 56,040 410,018 410,018 396,792 1,287,968 

Base salvage 12 0 0 0 0 12 

Project exports 0 25,469 425,732 425,732 411,036 1,287,969 

Project salvage 0 0 0 0 0 0 

Percent change -100% 0 0 0 0 -100% 

       

Fall 1992 Jul Aug Sep Nov Dec Total 

Historic exports 25,689 90,836 161,905 62,303 168,276 509,009 

Historic salvage 0 0 0 0 16 16 

Historic salvage density 0.0000 0.0000 0.0000 0.0000 0.0001 - 

Base exports 410,018 410,018 396,792 66,651 35,531 1,319,011 

Base salvage 0 0 0 0 3 3 

Project exports 432,852 432,852 417,390 35,917 0 1,319,011 

Project salvage 0 0 0 0 0 0 

Percent change 0 0 0 0 -100% -100% 

       

Spring 1997 May Jun Jul Aug Sep Total 

Historic exports 78,236 153,854 321,231 269,918 341,334 1,164,573 

Historic salvage 23 0 0 0 0 23 

Historic salvage density 0.0003 0.0000 0.0000 0.0000 0.0000 - 

Base exports 47,995 153,058 410,018 410,018 396,792 1,417,882 

Base salvage 14 0 0 0 0 14 

Project exports 0 111,953 440,708 440,708 424,512 1,417,882 

Project salvage 0 0 0 0 0 0 

Percent change -100% 0 0 0 0 -100% 

       

Fall 1997 Jul Aug Sep Nov Dec Total 

Historic exports 321,231 269,918 341,334 292,036 419,732 1,644,251 

Historic salvage 0 0 0 0 30 30 

Historic salvage density 0.0000 0.0000 0.0000 0.0000 0.0001 - 

Base exports 410,018 410,018 396,792 292,923 196,804 1,706,556 

Base salvage 0 0 0 0 14 14 

Project exports 440,708 440,708 424,512 245,403 155,224 1,706,556 

Project salvage 0 0 0 0 11 11 

Percent change 0 0 0 0 -21% -21% 
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Table 13-27  Green Sturgeon 

Spring 1992 May Jun Jul Aug Sep Total 

Historic exports 42,376 57,220 25,689 90,836 161,905 378,026 

Historic salvage 0 0 0 0 0 0 

Historic salvage density 0.0000 0.0000 0.0000 0.0000 0.0000 - 

Base exports 15,099 56,040 410,018 410,018 396,792 1,287,968 

Base salvage 0 0 0 0 0 0 

Project exports 0 25,469 425,732 425,732 411,036 1,287,969 

Project salvage 0 0 0 0 0 0 

Percent change 0 0 0 0 0 0 

       

Fall 1992 Jul Aug Sep Nov Dec Total 

Historic exports 25,689 90,836 161,905 62,303 168,276 509,009 

Historic salvage 0 0 0 0 1 1 

Historic salvage density 0.0000 0.0000 0.0000 0.0000 0.0000 - 

Base exports 410,018 410,018 396,792 66,651 35,531 1,319,011 

Base salvage 0 0 0 0 0 0 

Project exports 432,852 432,852 417,390 35,917 0 1,319,011 

Project salvage 0 0 0 0 0 0 

Percent change 0 0 0 0 0 0 

       

Spring 1997 May Jun Jul Aug Sep Total 

Historic exports 78,236 153,854 321,231 269,918 341,334 1,164,573 

Historic salvage 0 0 0 0 18 18 

Historic salvage density 0.0000 0.0000 0.0000 0.0000 0.0001 - 

Base exports 47,995 153,058 410,018 410,018 396,792 1,417,882 

Base salvage 0 0 0 0 21 21 

Project exports 0 111,953 440,708 440,708 424,512 1,417,882 

Project salvage 0 0 0 0 22 22 

Percent change 0 0 0 0 1% 1% 

       

Fall 1997 Jul Aug Sep Nov Dec Total 

Historic exports 321,231 269,918 341,334 292,036 419,732 1,644,251 

Historic salvage 0 0 18 0 0 18 

Historic salvage density 0.0000 0.0000 0.0001 0.0000 0.0000 - 

Base exports 410,018 410,018 396,792 292,923 196,804 1,706,556 

Base salvage 0 0 21 0 0 21 

Project exports 440,708 440,708 424,512 245,403 155,224 1,706,556 

Project salvage 0 0 22 0 0 22 

Percent change 0 0 5% 0 0 5% 
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Clifton Court Forebay Aquatic Weed Control Program 
The Department of Boating and Waterways (DBW) prepared an Environmental Impact Report 
(2001) for a two-year Komeen research trial in the Delta. They determined there were potential 
impacts to fish from Komeen treatment despite uncertainty as to the likelihood of occurrence. 
Uncertainties exist as to the direct impact that Komeen and Komeen residues may have on fish 
species. “The target concentration of Komeen is lower than that expected to result in mortality to 
most fish species, including delta smelt (Huang and Guy 1998). However, there is evidence that, 
at target concentrations, Komeen could adversely impact some fish species. The possibility exists 
that Komeen concentrations could be lethal to some fish species, especially during the first nine 
hours following application. Although no tests have examined the toxicity of Komeen to 
Chinook salmon or steelhead, LC50 data for rainbow trout suggest that salmonids would not be 
affected by use of Komeen at the concentrations proposed for the research trials. No tests have 
been conducted to determine the effect of Komeen on splittail, green sturgeon, pacific lamprey or 
river lamprey.” (DBW, 2001). 

In 2005, no fish mortality or stressed fish were reported during or after the treatment. The 
contractor, Clean Lakes, Inc was looking for dead fish during the Komeen application. In 
addition, no fish mortality was reported in any of the previous Komeen or Nautique applications. 
In 2005, catfish were observed feeding in the treatment zone at about 3 pm on the day of the 
application (Scott Schuler, SePro). No dead fish were observed. DWR complied with the NPDES 
permit that requires visual monitoring assessment. 

Due to the uncertainty of the impact of Komeen on fish that may be in the Forebay, we will 
assume that all winter- and spring-run Chinook salmon, steelhead, and delta smelt in the Forebay 
at the time of application are taken. There has been only one green sturgeon at the SWP, 
6/26/1996, in the salvage record during the April through June period. Figure 13-51 and Figure 
13-52 are illustrations of the total (all runs) Chinook salmon loss at the SWP BPP during the 
period two weeks before and after Komeen or Nautique treatments from 1995 to 2006. The daily 
loss values vary greatly within treatments, between months and between years.  
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Figure 13-51 Total (all four runs) Chinook loss at the SWP Banks Pumping Plant two weeks before 
and after Komeen or Nautique aquatic weed treatment, 1995 – 1999. 



OCAP BA CVP and SWP Delta Effects 

 August 2008 13-99 

0

2000

0

2000

0

2000

0

2000

0

2000

T
O

T
A

L
 (

al
l r

u
n

s)
 C

H
IN

O
O

K
 L

O
S

S
 A

T
 S

W
P

 T
W

O
 W

E
E

K
S

B
E

F
O

R
E

 A
N

D
 A

F
T

E
R

 K
O

M
E

E
N

 O
R

 N
A

U
T

IQ
U

E
 T

R
E

A
T

M
E

N
T

0

2000

0

2000

0

2000

0

2000

2000

2001

2002

2003

2004

2005-1

2005-2

2006-1

2006-2

APR    MAY         JUN          JUL          AUG        SEP  
 
Figure 13-52 Total (all four runs) Chinook loss at the SWP Banks Pumping Plant two weeks before 
and after Komeen or Nautique aquatic weed treatment, 2000 - 2006. 
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Figure 13-53 and Figure 13-54 are illustrations of the steelhead salvage at the SWP BPP during 
the period two weeks before and after Komeen or Nautique treatments from 1995 to 2006. The 
salvage values vary greatly within treatments, between months and between years. 
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Figure 13-53 Steelhead salvage at the SWP Banks Pumping Plant two weeks before and after 
Komeen or Nautique aquatic weed treatment, 1995 – 1999. 
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Figure 13-54 Steelhead salvage at the SWP Banks Pumping Plant two weeks before and after 
Komeen or Nautique aquatic weed treatment, 2000 – 2006. 

 
To estimate the loss of listed Chinook salmon, winter and spring run, at the salvage facilities 
during Komeen or Nautique treatments, we used genetic characterization. The four Chinook runs 
look alike at the juvenile lifestage; therefore we used the average fraction of genetically 
identified winter- and spring-run Chinook lost at the SWP Salvage Facilities, during the 
historical treatment periods to extrapolate to the actual treatment times. The averages for winter 
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run were 0 percent from the last half of April through July, and for spring run: last half of April – 
1 percent, May – 5 percent, June – 1 percent, and July 0 percent. Table 13-28 is the fraction of 
genetically identified winter and spring-run Chinook lost at the SWP salvage facilities during the 
historical Komeen or Nautique treatment periods. 
Table 13-28  Fraction of salvage sampled, fraction winter run of total Chinook loss based on 
genetic characterization, and fraction spring run of total Chinook loss based on genetic 
characterization. Time intervals are two weeks starting Mid-April and ending July. 

  later April

Year Facility 
Fraction 
Sampled 

Fraction 
WinterRun 

Fraction 
SpringRun    

    
1997 SWP 0.21 0.00 *
1999 SWP 0.04 0.00 *
2000 SWP 0.05 0.00 *
2006 SWP 0.99 0.00 0.00
2007 SWP 0.99 0.00 0.02
Average  0.00 0.01

    
  earlier May later May

Year Facility 
Fraction 
Sampled 

Fraction 
WinterRun 

Fraction 
SpringRun

Fraction
Sampled

Fraction 
WinterRun 

Fraction 
SpringRun 

        

1997 SWP 0.19 0.00 * 0.21 0.00 * 
1999 SWP 0.08 0.00 * 0.10 0.00 * 
2000 SWP 0.07 0.00 * 0.05 0.00 * 
2006 SWP 0.98 0.00 0.00 1.00 0.00 0.06 
2007 SWP 0.97 0.00 0.06 0.87 0.00 0.00 
Average  0.00 0.03 0.00 0.03 

    
  earlier June later June

Year Facility 
Fraction 
Sampled 

Fraction 
WinterRun 

Fraction 
SpringRun

Fraction
Sampled

Fraction 
WinterRun 

Fraction 
SpringRun 

     
1997 SWP 0.33 0.00 * 0.30 0.00 * 
1999 SWP 0.17 0.00 * 0.37 0.00 * 
2000 SWP 0.00 * * 0.00 * * 
2006 SWP 1.00 0.00 0.01 0.97 0.00 0.01 
2007 SWP 1.00 0.00 0.00 * * * 
Average  0.00 0.01 0.00 0.01 

    
  earlier July later July

Year Facility 
Fraction 
Sampled 

Fraction 
WinterRun 

Fraction 
SpringRun

Fraction
Sampled

Fraction 
WinterRun 

Fraction 
SpringRun 

     
1997 SWP 0.00 * * 0.00 * * 
1999 SWP 0.00 * * * * * 
2000 SWP 0.00 * * 0.00 * * 
2006 SWP 0.91 0.00 0.00 * * * 
2007 SWP * * * * * * 
Average  0.00 0.00 * * 
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To estimate the take of listed Chinook salmon and steelhead associated with Komeen or 
Nautique treatments, we estimated the total (all runs) Chinook salmon and steelhead in the 
Forebay from 1995 to 2006 during treatment times. We averaged the loss and salvage densities 
over the week prior to treatment, adjusted the total Chinook loss by the fractions of winter and 
spring run based on genetic identification, and extrapolated the loss and salvage densities to the 
approximate volume of water in the Forebay at treatment time. Table 13-29 is the estimated take 
of listed Chinook salmon and steelhead in the Forebay during Komeen or Nautique treatments. 
 
Table 13-29 Estimated take of listed Chinook (winter and spring run), and steelhead in the Forebay 
during Komeen or Nautique aquatic weed treatments, 1995 – 2006. 

Date 

Total Chinook 
Take In 
Forebay 

Winter 
Chinook 
Take In 
Forebay 

Spring 
Chinook 
Take In 
Forebay 

Steelhead 
Take In 
Forebay 

5/15/1995 2084.46 0.00 0.00 12.54

8/21/1995 0.00 0.00 0.00 0.00

6/11/1996 264.43 0.00 0.00 0.00

9/10/1996 1.59 0.00 0.00 0.00

5/23/1997 2010.80 0.00 0.00 0.00

7/14/1997 0.00 0.00 0.00 0.00

7/13/1998 0.00 0.00 0.00 0.00

6/11/1999 520.77 0.00 0.01 32.39

7/31/2000 5.88 0.00 0.00 1.24

6/29/2001 0.00 0.00 0.00 0.00

6/24/2002 0.00 0.00 0.10 0.00

5/12/2003 2923.82 0.00 0.00 9.59

6/3/2004 24.63 0.00 0.53 0.00

5/3/2005 846.09 0.00 0.00 17.64

6/20/2005 71.94 0.00 0.53 0.00

6/1/2006 554.64 0.00 0.40 53.44

6/28/2006 1089.62 0.00 0.00 13.21
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 Delta Cross Channel 
Juvenile salmon survival is higher when the fish remain in the Sacramento River, than when they 
migrate through the interior (Newman 2008), but the effect of the Delta Cross Channel (DCC) 
gate position is only modest. Newman’s results are quoted below: 

Results. 

For the most part, the substantive conclusions from the Bayesian Hierarchical 
Model (BHM) analyses, summarized below, were consistent with previous 
USFWS analyses. 

Delta Cross Channel: There was modest evidence, 64 to 70% probability, 
that survival of Courtland releases, relative to the survival of Ryde 
releases, increased when the gate was closed. 

Interior: Survival for the interior Delta releases was estimated to be about 
44% of the survival for the Sacramento River releases. 

 
This has not been studied for steelhead, but they are likely affected in a similar manner, although 
to a lesser extent because steelhead emigrants are larger than Chinook. SWRCB D-1641 provides 
for closure of the DCC gates from February 1 through May 20. During November through 
January, the gates may be closed for up to 45 days for the protection of fish. The gates may also 
be closed for 14 days during the period May 21 through June 15. Reclamation shall determine 
the timing and duration of the closures after consultation with FWS, DFG, and NMFS. 
Consultation with the CALFED Operations Group will also satisfy the consultation requirement. 
The CALFED Ops Group has developed and implemented the Salmon Protection Decision 
Process. The Salmon Protection Decision Process depends on identifying the time when young 
salmon are likely entering the Delta and taking actions to avoid or minimize the effects of DCC 
and other Project operations on their survival in the Delta. The decision process identifies 
“Indicators of sensitive periods for salmon” such as hydrologic changes, detection of spring–run 
or spring–run surrogates at monitoring sites or the salvage facilities, and turbidity increases at 
monitoring sites. These actions should provide protection to both steelhead and Chinook salmon 
for much of their peak emigration period. Figure 13-55 and Figure 13-56 show the percent of the 
Sacramento River flow passing through the DCC and through Georgiana Slough during critically 
dry years. Figure 13-57 shows the percent continuing on down the main Sacramento River 
channel. During the other water year types a lower percentage of flow passes through the DCC 
with the lowest percentage occurring in wet years. The percentage passing through the DCC 
increases in the future in July through December. The increased flow through the DCC occurs 
when few juvenile salmon or steelhead are present in the Delta. The cross channel gate closure in 
February through May and low percentage passing through the channel in December and January 
avoids the majority of salmon and steelhead emigrating from the Sacramento system. 
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Figure 13-55 Percent of Sacramento River flow passing through the DCC during critically dry years under 
the three scenarios. 
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Figure 13-56 Percent of Sacramento River flow passing through Georgiana Slough during critically dry 
years under the three scenarios. 
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Figure 13-57 Percent of Sacramento River flow continuing down the main Sacramento River channel 
past the DCC and Georgiana Slough during critically dry years under the three scenarios. 

 

North Bay Aqueduct 
The maximum pumping capacity of the NBA facility is 175 cfs, but the mean is typically lower. 
The NBA facility has positive barrier fish screens built to DFG specifications to exclude juvenile 
salmon. The screens have approach velocities ranging between 0.2 and 0.4 feet per second. DFG 
has determined this is sufficient to prevent entrainment of juvenile salmonids. The facility is 
located at the end of Barker Slough, more than 10 miles from the mainstem Sacramento River. 
There is no information on salmonids migrating up Barker Slough. 

Sommer et al. (2001b) reported the 1998 and 1999 Chipps Island survival indices were 
comparable to or higher for CWT Chinook released into Yolo Bypass than for fish released 
simultaneously in the Sacramento River. Similarly, Brandes and McLain (2001) found survival 
indices were higher for CWT Chinook that passed through the Steamboat-Sutter slough complex 
than for fish that traveled down the mainstem Sacramento River. Both Yolo Bypass and 
Steamboat Slough empty into Cache Slough placing fish closer to the NBA pumping plant than 
they would have been had they remained in the main river channel. This suggests the NBA 
facility does not significantly adversely impact juvenile salmonids traveling in the river or Cache 
Slough. The higher survival of Steamboat-Sutter smolts does not affect the conclusions of the 
Newman and Rice analyses. 
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Rock Slough Intake 
CCWD diverts water from Old River via Rock Slough into the Contra Costa Canal at the Rock 
Slough Intake. The diversion is presently unscreened. Reclamation, in collaboration with 
CCWD, is responsible for constructing a fish screen at the Rock Slough Headworks under the 
Central Valley Project Improvement Act and under the 1993 USFWS Biological Opinion for the 
Los Vaqueros Project. Reclamation has received an extension on fish screen construction until 
December 2008, and is preparing to request a further extension until at least 2013 because the 
requirements for screen design will change as CCWD proceeds with its project to replace the 
earth-lined portion of the canal with a pipeline.  

Before 1998, the Rock Slough Intake was CCWD’s primary diversion point. It has been used 
less since 1998 when Los Vaqueros Reservoir and the Old River Pumping Plant began operating. 
The diversion at the headworks structure is currently sampled with a sieve net three times per 
week from January through June and twice per week from July through December. A plankton 
net is fished at the headworks structure twice per week during times larval delta smelt could be 
present in the area (generally March through June). A sieve net is fished at Pumping Plant #1 two 
times per week from the time the first Sacramento River winter-run Chinook salmon is collected 
at the CVP and SWP (generally January or February) through June. Numbers of listed fish 
species captured during monitoring are shown in Table 13-30.  

The extrapolated numbers of steelhead entrained by the facility between 1994 and 1996 were 
low, ranging from 52 to 96 per year (Morinaka 1998). The extrapolated numbers of juvenile 
Chinook salmon (all races) entrained by the facility between 1994 and 1996 ranged from 262 to 
642 per year (Morinaka 1998). Entrainment has decreased since Los Vaqueros Reservoir and the 
Old River Intake came on line in 1998 and Rock Slough Intake diversion decreased significantly. 
CCWD estimated entrainment levels based on salvaged fish numbers per amount of water 
pumped at the CVP and SWP from 1998 to 2008. They estimated entrainment within the Contra 
Costa Canal assuming diversions within Rock Slough of 37,700 acre feet per year for juvenile 
winter-run salmon are 8 per year and for juvenile spring-run salmon are 25 per year.  

The Contra Costa Canal Replacement Project will replace the 4-mile unlined section of canal 
from Rock Slough to Pumping Plant #1 with a pipeline. ESA consultations have been completed 
for construction (NMFS issued its concurrence letter on June 11, 2007 and USFWS issued a BO 
on June 21, 2007) and the first phase of the project is scheduled to begin in the Fall of 2008. 
When completed, the Canal Replacement project will eliminate tidal flows into the Canal intake 
section and should significantly reduce entrainment impacts and improve the feasibility of 
screening Rock Slough.  

Because most diversions at the Rock Slough intake now occur during the summer months when 
salmon and steelhead are not present in the vicinity of the diversion and because very few listed 
fish species (one winter–run Chinook, 14 spring-run sized Chinook, 6 unclipped steelhead, and 
one delta smelt) have been captured during monitoring from 1998 to 2008, the Rock Slough 
diversion is not believed to be a significant source of mortality for any of the listed species. No 
green sturgeon have been captured at the site.  

It is expected that entrainment in the future will be reduced with the addition of CCWD’s 
Alternative Intake Project because CCWD diversions in general during the migration period will 
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be reduced, with most of that reduction taking place at the Rock Slough intake. (See the July 3, 
2007 NMFS biological opinion on the Alternative Intake Project). Few listed runs have been 
captured in sampling since 1996 so take of listed runs is expected to be very low, probably fewer 
than 50 spring–run, 50 winter–run, and 20 steelhead. Estimates of future losses of spring-run 
Chinook salmon and winter-run Chinook salmon at the Rock Slough Intake with the Alternative 
Intake Project in service have been made assuming future CCWD demands of 188,000 af/year. 
Based on average densities of the salmon in channels (from monitoring programs over the past 
10 years), losses were estimated at about 5 winter-run and 16 spring-run juveniles per year.  

 
Table 13-30  Sumary of listed fish captured at the Rock Slough Headworks and Pumping Plant 1 
and amount of water diverted each year, 1998 – 2008. 

Summary of Sieve Net and Plankton Net Monitoring Conducted at the Rock Slough Headworks
 and Pumping Plant 1 (PP1) from August 1998 through March 2008.

Year 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 Totals
Months 
Monitoring 
Occurred

Aug-Dec Mar-Dec Mar-Dec Jan-Aug Jan-Dec Jan-Dec Jan-Dec Jan-Dec Jan-Dec Jan-Dec Jan-Mar

Amount of 
Water 
Diverted at 
Rock  Slough 
Acre Feet

68,683 43,037 51,421 26,749 35,904 27,302 31,283 35,686 43,273 39,366 5,848 408,552

Number of 
Headworks 
&PP1 Sieve 
Net Surveys

Unknown Unknown Unknown Unknown Unknown 35 102 131 133 107 54 562

Number of 
Headworks 
Plankton Net 
Surveys

Unknown Unknown Unknown Unknown 10 0 34 26 15 23 10 118

Mar=1
Apr=5

Mar=2 Jan=1

Feb=6

Mar=2 Apr=2
Apr=3 May=6

Green 
sturgeon

0 0 0 0 0 0 0 0 0 0 0 0

Central 
Valley 
steelhead 
(clipped)
Central 
Valley 
steelhead 
(unknown)

0 1Longfin 
smelt

0 0 0 0 0 0 0 0 0

10 0 Feb=1* 0 00 0 0 0Delta smelt 0

0 May=1Fall run/late 
fall run 
Chinook 
(unclipped)

0 0 May=3 0 0 19

0 May=1 6

0

0

0

Central 
Valley 
steelhead 
(unclipped)

0 0

May=4

0 0 0 0

Spring-run 
Chinook

0 0 0

0 0

14

0 10

0May=4 0

00

0 0

0 0 0

0 0 0 0Winter-run 
Chinook

Dec=1

8

10 0

0000

Apr=1 Mar=1

May=1 Jun=1

0 0

0Fall run/late 
fall run 
Chinook 
(clipped)

0 0 0 0 0

0

0

Mar=2
00

0

0 0 0 0

2

0

Mar=1**

0

0 Feb=1 0

0 May=1 May=1
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South Delta Temporary Barriers Project (TBP) 
The following evaluation is limited to the operational effects of these projects on Chinook 
salmon, steelhead and green sturgeon. Section 7 consultation for the construction and operation 
of the TBP through 2010 has been completed with NMFS. The operation effects of the TBP are 
being consulted upon with FWS through this OCAP BA. The construction effects requiring ESA 
consultation with FWS will be evaluated in a separate consultation process. 

Simulation modeling completed for this OCAP Biological Assessment incorporates the effects of 
the South Delta Temporary Barriers Project and the 500 cfs increased export in Studies 6.1 and 
7.0. The SDIP Stage 1, the 500 cfs increased export, and the CVP aqueduct intertie are 
incorporated into Studies 7.1 and 8.0. The Temporary Barriers are not included in Studies 7.1 
and 8.0. Full evaluation of the combined effects of these elements on Chinook salmon, steelhead 
and green sturgeon are presented in Chapter 13. Because the simulation models examined the 
combination of these elements, it is not possible to separate and examine the effects of any single 
project element by itself. Therefore, the effects analysis for these individual projects is taken 
largely from prior Biological Assessments and other related consultations. These documents 
include: DWR 2000 Proposed Mitigated Negative Declaration and Initial Study Temporary 
Barriers Project 2001-2007 and 2007 Supplemental Biological Assessment South Delta 
Temporary Barriers Project. Because the modeling for these documents was conducted a few 
years ago, it naturally differs to some degree from what was conducted for the current OCAP 
Biological Assessment. However, the differences are not such that would alter any interpretation 
of the likely general effects of these projects individually. For clarity, provided below are brief 
descriptions of the projects, details of the modeling approaches for the former documents, and an 
assessment of likely effects. 
The following information is from the 2007 Supplemental Biological Assessment. This 
supplement to the 2000 TBP Biological Assessment presents information and results of analyses 
to assess the impacts of the TBP on special status species in light of recent ESA listings by the 
NMFS and their subsequent request for re-initiation of consultation. This supplemental 
biological assessment serves to update permits prior to the installation of the temporary barriers 
in 2007, as required by NMFS. New permits, permit extensions and project approval were 
needed to continue the TBP for a fourth operation interval that began in 2008. DWR has already 
obtained a DFG Streambed Alteration Agreement and Incidental Take permit extending the TBP 
through 2010. NMFS has issued a Biological Opinion and Incidental Take permit covering the 
TBP from 2008 through 2010. The FWS has issued a statement extending their previous 
Biological Opinion and Incidental Take permit for the TBP through 2008 and will apply the 
OCAP BA as their basis for extending operations of the TBP beyond 2008. However the FWS 
will require separate consultation on the installation and removal impacts of the TBP to cover 
ESA beyond 2008. The US Army Corps of Engineers have issued permits based upon the NFMS 
and FWS responses extending the TBP through 2010. 

Hydrodynamic Effects 

The TBP causes changes in the hydraulics of the Delta, which may pose impacts to fish. The 
TBP does not alter total Delta outflow, thus the position of X2, the linear position where bottom 
salinity measures two parts per million in the estuary, is not affected by the project. However, the 
TBP does cause hydrodynamic changes within the interior of the Delta. When the barrier at the 
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head of Old River is in place, most water flow is effectively blocked from entering Old River. 
This in turn increases the flow in Turner and Columbia Cuts, two major central Delta channels 
that flow towards the south Delta. The underlying result of this hydrodynamic change is that 
there is an increase in reverse flow in these and other interior Delta channels. In most instances, 
net flow is directed towards the CVP and SWP pumps. The directional flow towards the 
pumping facilities may increase the vulnerability of fish to entrainment by the pumps and local 
agricultural diversions. Larval and small fishes are especially susceptible to these flows. 

Unfortunately, the varying operational configurations of the TBP, natural variations in fish 
distribution, and a number of other physical and environmental variables prohibit statistical 
confidence in assessing fish salvage when the TBP is operational versus when it is not. The most 
effective direct method for examining the effect of the hydrodynamic consequences of the TBP 
on fish is by examining real-time fish salvage, however statistical results are lacking. 

Nobriga and others (2000) and Grimaldo (unpublished data) found that under certain conditions, 
salvage of delta smelt could increase dramatically when the TBP is operational. In 1996, the 
installation of the spring barrier at the head of Old River caused a sharp reversal of net flow in 
the south Delta to the upstream direction. Coincident with this change was a strong peak in delta 
smelt salvage. This data indicates that short-term salvage, especially that of delta smelt and other 
small species and juveniles can significantly increase when the TBP is installed in such a manner 
that causes a sharp change or reversal of positive net daily flow in the interior south and central 
Delta. Tidally averaged daily flow data for the south Delta was obtained from the U.S. 
Geological Survey to look for similar phenomena in previous years for a variety of fish species, 
however nothing was found to be as dramatic as that which occurred in 1996.  

The Vernalis Adaptive Management Plan (VAMP), initiated in 2000 as part of the State Water 
Resources Control Board’s Decision 1641, is a large-scale, 12-year, interdisciplinary 
experimental program designed to protect juvenile Chinook salmon migrating from the San 
Joaquin River through the Delta. VAMP is studying how salmon survival rates change in 
response to alterations in San Joaquin River flows and SWP/CVP exports with the installation of 
the barrier at the head of Old River. VAMP employs an adaptive management strategy to use 
current knowledge of hydrology and environmental conditions to protect Chinook salmon 
smolts, while gathering information to allow more efficient protection in the future (USFWS 
2007). In each year, VAMP schedules and maintains pulse San Joaquin River flows and reduced 
project exports for a one month period, typically from April 15 - May 15 (May 1-31 in 2005/06). 
Tagged salmon smolts released in the San Joaquin River are monitored as they move through the 
Delta in order to determine their fate. While VAMP studies attempt to limit project impacts to 
salmonids, the associated reduction in exports reduces the upstream flows that occur in the south 
and central Delta. This reduction limits the southward draw of water from the central Delta, and 
thus shortens the Projects’ zone of influence with regard to the passive entrainment of fishes.  

Impacts to Fish 

The assessment of potential impacts to fishes is based upon the current understanding of the 
biology of those species that may be affected. However, as will become apparent, there are gaps 
in this knowledge that raise the level of uncertainty when attempting to determine project 
impacts. In some instances, the degree of a potential impact can not be positively determined 
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because quantification is impossible due to the lack of critical data. The potential impacts to 
green sturgeon, steelhead and spring-run Chinook salmon are discussed below.  

Temporary Barriers Fish Monitoring 

In 1992, DFG initiated the TBP Fish Monitoring Program in order to examine the impacts of the 
TBP on resident fish communities in the south Delta. Ten permanent sites within the south Delta 
have been sampled with electrofishing and gill nets to study resident fish community 
composition and distribution (DWR 1998). Unfortunately, a lack of pre-project monitoring data 
and gear type makes an analysis of overall project impacts impossible. In addition, the gear types 
used are very inefficient for sampling juvenile salmonids, two of the three species of concern for 
this BA. This data can only be used to provide simple descriptive species presence/absence 
information. Similarly, a number of other fish monitoring and special study program data sets 
were used to assess potential impacts of the TBP. Because these other programs were not 
designed to specifically test TBP impacts, analysis from these data are also largely descriptive. 

Since data concerning the occurrence of green sturgeon in the south Delta is greatly lacking, 
DWR will add a monitoring section to the annual report beginning in 2009 that would serve to 
help quantify the presence of salmonids and green sturgeon in the immediate vicinity of the TBP 
barriers. More specifically, the degree to which juvenile salmonids and green sturgeon are 
entrapped between the spring HOR BARRIER and the three agricultural barriers would serve to 
better examine potential project impacts to these fishes. The NMFS has also required a study be 
developed and implemented to collect this information as part of their Biological Opinion. DWR 
is working with NMFS on a study plan to be implemented in 2009. 

Passage Impacts to Fish 

Green Sturgeon. There are no data indicating which areas are used by adult and juvenile green 
sturgeon but salvage data does indicate they are found in the South Delta year-round and are 
therefore expected to be exposed to the effects of the temporary barriers over their entire eight-
month installation period. Although the effects of the TBP operations on green sturgeon are not 
understood or predictable, it is likely that green sturgeon may become redirected by these 
operations, though the effect of this on their behavior, success at foraging, and susceptibility to 
predation is unknown. Operation of the TBP could impact on green sturgeon by restricting or 
altering flows which may be used as cues for spawning adults and emigrating or rearing 
juveniles. While the barriers could constrain movement, they do not preclude juvenile and adult 
green sturgeon migration into the Sacramento River and out to the Pacific Ocean. Assessing the 
impacts of flows resulting from the barriers requires a better understanding of sturgeon responses 
to flows. However, any green sturgeon caught in the interior of the south Delta during the 
installation of the barriers has the potential to be exposed to lowered water quality until they 
found their way out of the south Delta or the barriers are removed in the fall. No estimates of the 
number of individuals rearing in the South Delta are available so the population level impact is 
unknown. 

Spring-run Chinook Salmon. Adult spring-run Chinook salmon migrate through the estuary and 
into the Sacramento River Basin to spawn from March-September (Moyle 2002). Although their 
timing overlaps the TBP operating period of April-November, they are unlikely to use the 
interior Delta as a migration corridor, and therefore are not expected to be impacted by the 
project. In 2001 and 2003 the DFG tracked tagged fall-run Chinook salmon as they migrated out 
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of the estuary. While most stayed within the Sacramento River, a few were observed to stray into 
the central and north Delta before continuing up the Sacramento River. Eight tagged individuals 
were observed exiting the Delta via the San Joaquin River (DFG 2007). It appears that even San 
Joaquin River basin fall-run Chinook salmon migrate upstream mainly through the mainstem of 
the San Joaquin River rather than through Delta sloughs. This may be a result of reverse flow 
conditions in south Delta channels, including Old River, Middle River, and others that occurs 
during the TBP operating season (DFG 2007). Hallock and others (1970) found that the majority 
of San Joaquin River basin Chinook salmon migrated through the mainstem river and not 
through other Delta channels. Additionally, DFG Fish Monitoring data suggests that adult 
salmon are rare in the south Delta. Large mesh drift nets were used to monitor the presence of 
fall- and late fall-run adult Chinook salmon during September 1997 and 1998 at Grant Line 
Canal, Middle River, and Old River at Tracy. In over 74 hours of sampling, only a single adult 
Chinook salmon was captured.  

Juvenile spring-run Chinook salmon are also unlikely to experience a migration impact caused 
by the TBP. Although some show up in annual salvage at the south Delta fish facilities, juvenile 
spring-run originate in the Sacramento River basin and are not likely to occur in the south Delta 
in numbers significant to their population size. The Delta Cross Channel Gates are currently 
operated in a manner to greatly minimize the potential for spring-run smolts to enter the central 
Delta. Thus, direct passage impacts are unlikely for juvenile spring-run Chinook salmon. The 
section on hydraulic impacts below will further discuss potential impacts to juvenile salmonids 
out-migrating from the Sacramento River. 

Steelhead. The TBP may pose a significant passage problem for steelhead. Several monitoring 
programs indicate that both adult and juveniles might be present in the south Delta during times 
when the TBP is operational. However, the degree of impact is difficult to quantify. As 
aforementioned, San Joaquin basin Chinook salmon are known to migrate predominately through 
the San Joaquin River rather than other peripheral Delta channels. Although similar information 
is not available for steelhead, it is likely that they also travel primarily through the San Joaquin 
River because the DFG TBP Fish Monitoring Program never observed a single steelhead outside 
of the San Joaquin River in over eight years of sampling. A potential passage problem cannot be 
ruled out, due to the lack of information on adult steelhead migration routes and timing. 
However, notches constructed into the barriers for fall-run Chinook salmon passage provide an 
equal benefit to any adult steelhead that might occur downstream of the barriers during TBP 
operations in the fall. 

The best indicator of juvenile steelhead presence in the south Delta is SWP salvage. Annual 
steelhead salvage increases slightly in the fall, peaks in January through May, and then declines 
significantly into the summer (DWR 2000a). Some juvenile steelhead migrating downstream in 
the San Joaquin River may become temporarily trapped upstream of the agricultural barriers 
following removal of the spring HOR barrier by June 1 of each year, and in years when the 
spring HOR barrier is not installed. This blockage is temporal in nature, since the three 
agricultural barriers are regularly overtopped by higher tide stages, during which time 
downstream passage is possible. In addition to maintaining adequate upstream water levels, 
overtopping of the agricultural barriers will also benefit fishes temporarily held upstream by 
slightly lowering water temperatures and replenishing dissolved oxygen levels until passage is 
achieved. An inherent risk exists for any outmigrating juvenile salmonids that pass from the San 
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Joaquin River into Old River and the south Delta due to Delta pumping, regardless of TBP 
operations. Although the number of juveniles that become temporarily trapped in this area is 
expected to be insignificant to their numbers in the San Joaquin River, those that pass 
downstream of the agricultural barriers face additional risks of entrainment by the Projects. 

Predation Impacts to Fish 

The physical presence of the TBP may attract piscivorous fishes and influence predation on 
special status fish species. However, past studies by the DFG TBP Fish Monitoring Program has 
indicated that predation on special status fish species near the Temporary Barriers is negligible 
(DWR 2000a). The top predatory fish in the Delta, the striped bass, primarily feed on threadfin 
shad and smaller striped bass, as adults. Having highly opportunistic diets, striped bass are 
known to consume about anything that is in high abundance (Moyle 2002). Rearing-age green 
sturgeon and other fish much larger than 10 cm escape predation by most adult striped bass 
(Nelson et. al. 2006).  

Water Quality Impacts to Fish 

Monitoring of water quality parameters have been conducted during the DFG TBP Fish 
Monitoring of the study area and also by DWR as part of the DWR annual TBP Monitoring 
Reports. These studies have found that water quality is not significantly impacted by the TBP 
(DWR 2000a). In general, electrical conductivity (EC) is slightly higher upstream of the TBP 
facilities than downstream. This is mostly due to the fact that Sacramento River water is drawn 
to the south Delta when the TBP is operational. Sacramento River water has generally lower EC 
than the San Joaquin River and thus improves water quality within the south Delta, downstream 
of the TBP facilities. Hydrodynamic and water quality modeling has shown that EC in the south 
Delta increases when SWP pumping decreases (DWR 2000b). The decreased pumping reduced 
the draw of Sacramento River water in the south Delta and thus water quality “degraded” in the 
form of increased EC. 

Dissolved oxygen (DO) sags have occurred in the project area during years when the TBP was 
both operational and when it was not, over the same time period. The DO sags appear to be 
related to increased water temperatures in the summer and have even occurred in high outflow 
years such as 1998 (DWR 1999). Data from the 1997 fish monitoring water quality element 
suggest that the TBP does not promote low DO upstream of the facilities (DWR 1998). At the 
Old River at Tracy (ORT) barrier from March through August, DO levels above the barrier were 
lower on the flood tide than they were on the ebb tide. This can occur above the ORT barrier 
whenever flood tides are not strong enough to push enough water over and through the ORT 
barrier weir and culverts to increase circulation toward the head of the Grant Line Canal. The 
ORT barrier height is 2.0 feet MSL, while the other two agricultural barriers are at 1.0 feet MSL, 
a design meant to force circulation up Old River and down the Grant Line Canal. When flood 
tides are not strong enough, null zones can occur upstream of the ORT barrier due to a 
combination of weak tides and agricultural diversions. These null zones are areas of low 
circulation where EC can increase and DO levels can be lower than on the downstream side of 
the barrier. 

Water impounded upstream of the three agricultural barriers is seasonally warmed into the 70-
80+ °F range, depending on location, from May – October. There is a concern that fishes that 
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become trapped upstream of the agricultural barriers and are therefore susceptible to high water 
temperatures.  

According to Mayfield and Cech (2004) 1-3 year old rearing juvenile green sturgeon prefer water 
at 59-61 ºF, tolerate temperatures up to 65 ºF, and likely perish in water that is 72 ºF or higher. 
Since green sturgeon occurrence is expected to be rare in the south Delta, they are not expected 
to be greatly impacted by increased temperatures. Although the HOR BARRIER installation is 
timed to prevent salmonid smolts from emigrating from the San Joaquin River into the south 
Delta at Old River, a small limited number are expected to be impacted.  

Vulnerability to Local Agricultural Diversions 

Fish that may become trapped upstream of the TBP agricultural barriers may suffer increased 
vulnerability to local agricultural diversions. There are numerous local diversions within the 
southern Delta that are generally most active from April through October (Cook and Buffaloe 
1998), the same time period of TBP operation. However, there are many agricultural diversions 
on the downstream side of the barriers in the central and northern delta as well, consequently, 
whether there is a difference in vulnerability upstream versus downstream of the TBP 
agricultural barriers is unknown. 

The Interagency Ecological Program (IEP) conducted a Delta Agricultural Diversion Study from 
1993 through 1995 in attempt to determine the impacts of in-Delta diversions on resident and 
anadromous fish (Cook and Buffaloe 1998). No delta smelt, green sturgeon, or salmonids were 
captured in the fyke net. Overall, threadfin shad, catfish and sunfish were the dominant species 
captured, comprising over 99 percent of the total catch.  

Similar sampling of diversions in other regions of the Delta (Cook and Buffaloe 1998) has 
captured small numbers of delta smelt, Chinook salmon, splittail. These data suggest that fish 
vulnerability, especially delta smelt, to in-Delta diversions increases when fish density is high in 
the immediate vicinity of the diversion. The fact that presumably no species considered under 
this supplemental B.A. were entrained in the diversion within the TBP area is probably due to the 
fact that their densities were extremely low in this area during the study period. It can be 
expected that a few of these fishes will be entrained into local diversions however; the overall 
impact is expected to be minimal based upon the results of the IEP study. 

Impacts to Potential Fish Prey Items 

The conditions posed by the TBP may influence the abundance and distribution of food items 
used by green sturgeon, steelhead, and juvenile spring- and winter-run Chinook salmon. 
Although their diet in the Delta has not been extensively studied (Sasaki 1966), steelhead and 
juvenile Chinook salmon likely feed on a variety of aquatic insects and crustaceans as well as 
small fish. Green sturgeon feed primarily on benthic crustaceans (i.e. amphipods), shrimp, clams, 
annelid worms and miscellaneous crabs and fishes (Moyle 2002, Kelly et. al. 2006). 

The extent to which the distribution and abundance of these organisms will be influenced by the 
conditions posed by the TBP is difficult to determine. Orsi and Mecum (1986) found that 
copepod and cladoceran abundance was correlated with chlorophyll a concentration and 
temperature, but not with net flow or velocity. Such impacts are expected upstream of operating 
barriers, where occurrence of green sturgeon and salmonids is not expected. Mysid shrimp 
abundance is strongly related to temperature, salinity, and food supply (Orsi and Mecum 1986, 
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Obrebski and others 1992, Kimmerer and Orsi 1996). Because the TBP does not influence the 
position of X2, organisms that exhibit a strong abundance-X2 relationship (i.e. mysid shrimp) 
(Jassby and others 1995), will not be impacted. These data suggest that the TBP probably will 
not influence prey populations within the Delta. 

Past Measures  

Under Terms and Conditions 1 (e) of the USFWS Biological Opinion (4/26/96), DWR was 
required to install at least three fish screens on agricultural diversions per year in the Delta. To 
date, DWR has installed a total of 14 screens on agricultural diversions and has capped another 
diversion at Sherman Island, for a total of 15 screens (3 screens per year for the permit period). 
DWR also contributed to funding a study that examined the entrainment patterns of two side-by-
side screened and unscreened diversions at Sherman Island. DWR will continue the operation 
and maintenance of all 14 fish screens that have been installed at Sherman Island. The previously 
mentioned DWR study on the entrainment patterns of two side-by-side screened and unscreened 
diversions at Sherman Island provided evidence that screens can protect fish from entrainment 
into agricultural diversions (Nobriga and others 2000).  

Under Terms and Conditions 3 of the USFWS Biological Opinion (4/26/96), DWR was required 
to mitigate for the footprint of the Grant Line Canal barrier. DWR fulfilled this requirement by 
acquiring a 1:1 ratio of 0.064 acres of riparian scrub, 0.011 acres of shaded mudflat, 0.411 acres 
of shallow water, and 0.250 acres of intertidal vegetation at Kimball Island. 

Under Condition 11 of the DFG 1601 Agreement (5/2/96), DWR was required to mitigate for the 
impact to shallow water habitat. DFG agreed to credit the Kimball Island mentioned above 
habitat purchase to satisfy this mitigation requirement. 

Under Condition 16 of the DFG 1601 Agreement (5/2/96), DWR was required to screen two 
agricultural diversions in the Bay-Delta Estuary. The fish screen project at Sherman Island 
fulfilled this requirement. 

An additional conservation measure will be to notch each of the agricultural barriers similar to 
the HORB fall barrier to provide passage for migrating adult salmon that have strayed into Old 
and Middle Rivers and Grant Line Canal. 

South Delta Improvement Program Operable  
The following assessment identifies potential effects of operating the gates with the 
implementation of Stage 1 of the South Delta Improvements Program (SDIP) on Chinook 
Salmon, Steelhead and Sturgeon in the Delta. SDIP Stage 1 consists of the installation and 
operation of gates at four locations in the south Delta. There is no increase in the export 
diversion rate in Stage 1. Stage 2 includes the operable gates with the increase in exports up to 
8,500 cfs.  

ESA consultation for the operation of the SDIP gates in Stage 1 is being done within this OCAP 
BA. ESA consultation for the potential construction-related, predation and passage effects will 
be done separately. The operational effects are discussed and the other effects summarized in the 
subsequent text.  

Simulation modeling completed for this OCAP BA incorporates the effects of the South Delta 
Temporary Barriers Project and 500 cfs increased export in Studies 6.1 and 7.0. The SDIP Stage 



CVP and SWP Delta Effects OCAP BA 

13-116 August 2008 

1, the 500 cfs increased export, and the CVP aqueduct intertie are incorporated into Studies 7.1 
and 8.0. A full evaluation of the combined effects of these elements on Chinook salmon, 
steelhead and green sturgeon are presented in Chapter 13. Because the simulation models 
examined the combination of these elements, it is not possible to separate and examine the 
effects of any single project element by itself. Therefore, the effects analysis for the SDIP Stage 
1 is taken largely from South Delta Improvements Program Action Specific Implementation Plan 
(DWR and USBR 2006), and the South Delta Improvements Program EIS/EIR (DWR and USBR 
2006), http://baydeltaoffice.water.ca.gov/sdb/sdip/documents/final_eis_eir.cfm. The effects of 
operation of the gates are discussed in the following text. Details on the hydrodynamics of the 
SDIP operable gates are in Appendix Z. 

South Delta Improvements Project (SDIP) – Stage 1 
Permanent gates would be constructed at the head of Old River and in Middle River, Grant Line 
Canal, and Old River at the Delta Mendota Canal (DMC). Construction of the gates includes 
grading the channel bank, dredging the channel bottom, constructing sheet-pile cofferdams or an 
in–the-wet construction method, driving foundation piles, and placing riprap, concrete, and other 
materials on the channel bank and bottom. 

Dredging for all of the permanent gates would occur between August and November. 
Cofferdams would also be placed in the channel during the August through November 
timeframe. Work outside of the channel and within the cofferdams, if used, is assumed to occur 
during any month. 

Dredging of Middle River and portions of Old River would increase the tidal conveyance 
capacity of the channels. Tidal flow velocity may be slightly reduced in West Canal and, 
depending on existing channel constrictions, circulation may be increased in Middle River, Old 
River, and Grant Line Canal. 

The operation of the permanent flow control gates on Middle River, Grant Line Canal, and Old 
River would maintain water surface elevation above 0.0 feet msl during April 15 through 
November. Under current conditions, tides range from about 1.0 foot below mean sea level to 3.0 
feet msl two times each day. The maximum change in SWP pumping (and CCF operations) 
could reduce the daily higher high tide from about 2.6 to 2.4 feet msl near the CCF gates. The 
reduction in higher high tide attributable to change in SWP pumping is less with distance from 
the CCF gates. When closed during tide levels below 0.0 feet msl, the flow control gates block 
fish passage. When opened during tide levels greater than 0.0 feet msl, fish passage is restored. 
The volume of water exchanged during each tidal cycle is reduced by about 20% for the channels 
upstream of the gates on Middle River, Grant Line Canal, and Old River. 

During the spring, the head of Old River fish control gate would be operated to block flow and 
movement of juvenile fall-run Chinook salmon and other fishes from the San Joaquin River into 
Old River from April 15 through May 15, or other periods as recommended by USFWS, NOAA 
Fisheries, and DFG. Juvenile Chinook salmon move down the San Joaquin River past Stockton, 
a pathway believed to enhance survival relative to movement into Old River (Brandes and 
McLain 2001). 

During fall, the head of Old River fish control gate would be operated to increase flow in the San 
Joaquin River past Stockton from about September 15 through November 30. The increased flow 
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in the San Joaquin River potentially improves water quality, including increased dissolved 
oxygen (DO), in the San Joaquin River channel near Stockton (Giulianotti et al. 2003). Improved 
water quality could benefit upstream migrating adult Chinook salmon. 

Central Valley Chinook Salmon - Operational and Passage Effects 

Effects of Gate Operation on Juvenile and Adult Chinook Salmon Migration  

The head of Old River fish control gate would be closed from April 15 to May 15 under both 
Alternative 1 (No Action) when flow in the San Joaquin River is less than 5,000 cfs and in SDIP 
Stage 1 (Alternative 2A within the SDIP EIR/EIS) when San Joaquin River flow is less than 
10,000 cfs. Under Alternative 1, a temporary fixed barrier is constructed and removed each year. 
Under SDIP Stage 1, a gate structure would be constructed with operable gates that would allow 
a range of operations. Gate closure would minimize the movement of juvenile Chinook salmon 
into Old River. Although the effects of gate closure are similar for both Alternative 1 and SDIP 
Stage 1, the operable gate constructed under SDIP Stage 1 would provide increased opportunities 
(i.e., longer closure) for fish protection. The increased flexibility to operate the fish control gate 
is also considered a beneficial effect. 

The head of Old River fish control gate may also provide benefits to adult Chinook salmon 
during upstream migration in September, October, and November. Hallock (1970) observed that 
adult Chinook salmon avoided water temperatures greater than 66°F if DO was less than 5 mg/l. 
Low DO in the San Joaquin River channel near Stockton may delay migration of fall-run 
Chinook salmon. High San Joaquin River flows past Stockton maintain higher DO levels (Hayes 
and Lee 2000). Closure of the head of Old River fish control gate increases the San Joaquin 
River flow past Stockton, but the increase in flow during years with low-to-average flow (less 
than 1,000 cfs) appears to have minimal effect on DO levels. Available data indicate that the 
operation of flow control gates could reduce DO in the San Joaquin River near Stockton during 
the summer, but closure of the head of Old River fish control gate September 15 through 
November 30 would result in DO levels that are the same for Alternative 1 and SDIP Stage 1. 
Migration of adult Chinook salmon would be protected. Although the benefit of closing the head 
of Old River fish control gate to upstream movement of adult fall-run Chinook salmon is 
uncertain for all flow conditions, an operable gate constructed under SDIP Stage 1 would 
provide increased opportunities to evaluate the potential effects of increased flow under a wide 
range of San Joaquin River flow conditions. The increased flexibility of an operable gate is a 
beneficial effect. 

Gates in Middle River, Grant Line Canal, and Old River at the DMC could affect access to 
rearing habitat in the south Delta channels and passage through the channels by adult and 
juvenile Chinook salmon during operation from April 15 through November. Operation of the 
gates, however, generally avoids the period of adult and juvenile Chinook salmon movement 
through the Delta, except during May and June when juvenile Chinook salmon could be affected. 
During May, the proposed closure of the head of Old River Gate would transcend the effects of 
the gates on Middle River, Grant Line Canal, and Old River at the DMC. In addition, the gate 
operations would have a beneficial effect relative to the existing temporary barriers. The existing 
temporary barriers are in place from mid-May through September and may also be in place in 
April to mid-May and in October and November, although the culverts on the Grant Line Canal 
barrier are tied open. Tidal flow overtops the barriers twice each day during the portion of tide 
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that exceeds 1 foot msl. High tide approaches 3 feet msl, and total tidal volume in the channels 
upstream of the barriers is reduced by about 50 percent. The gates constructed under SDIP Stage 
1 would operate from May through September. The gates would be open at tide elevations 
between 0.0 feet msl and about 3 feet msl, an increase in the tidal period currently allowed by the 
temporary barriers. Total tidal volume would approach 80% of the tidal volume without gates in 
place. Operable gates would have a beneficial effect on movement of adult and juvenile Chinook 
salmon because of the potential management flexibility and increased period of access to Middle 
River, Grant Line Canal, and Old River (i.e., passage conditions are provided at water surface 
elevations exceeding 0 feet msl under SDIP Stage 1 versus passage provided at elevations 
exceeding 1 foot msl under Alternative 1). The increased flexibility of an operable gate is a 
beneficial effect. 

Effects of Head of Old River Gate Operation on Juvenile Chinook 
Salmon Entrainment 

Closure of the head of Old River fish control gate during April 15th – May15th under SDIP Stage 
1 would direct juvenile Chinook salmon down the San Joaquin River during most of the peak 
out-migration period. Installation of the temporary barrier reduces the number of juvenile 
Chinook salmon salvaged compared to years when the temporary barrier was not installed (San 
Joaquin River Group Authority 2003). Although the difference in the estimated survival with and 
without the gate is not statistically significant, relative survival for juvenile Chinook salmon 
migrating down the San Joaquin River has been about twice the survival for Chinook salmon 
migrating down Old River (Brandes and McLain 2001; Baker and Morhardt 2001). 

Whether or not the gate alone would substantially minimize entrainment-related losses of 
juvenile fall-run Chinook salmon from the San Joaquin River, however, is currently not well 
supported. The gate closure results in additional flow from the San Joaquin River channel into 
Turner Cut, Middle River, and Old River channels to supply the CVP and SWP pumps. There is 
currently no clear correlation between SWP and CVP pumping and survival of juvenile Chinook 
salmon moving through the Delta in the lower San Joaquin River (Baker and Morhardt 2001). 

Construction-Related Effects on Chinook Salmon 

Chinook salmon rear in the Delta. Construction of the gates in the south Delta and maintenance 
activities have the potential to permanently modify shallow vegetated areas that may provide 
rearing habitat for Chinook salmon. The permanent gates constructed under SDIP Stage 1 would 
have minimal effect on habitat within the construction footprint at the head of Old River, Middle 
River, and Old River at DMC. Construction of the temporary barriers has previously modified 
shallow water habitat. Three of the four permanent gates would be constructed in the same 
location as the temporary barriers and would result in little change in habitat quality and quantity 
relative to Alternative 1. 

Construction of a new gate on Grant Line Canal, which would be located in a different location 
than the temporary barrier, and the proposed dredging in West Canal, Middle River, and Old 
River potentially would remove and modify existing shallow vegetated habitat. Relative to 
historical extent, existing availability of shallow vegetated areas is limited. Therefore loss of 
additional shallow vegetated area that may represent rearing habitat for Chinook salmon could 
contribute to the historical loss and to an ongoing adverse effect. The site currently used for the 
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temporary Grant Line Canal barrier will be abandoned which would eventually offset some of 
the shallow vegetated habitat losses associated with the placement of the permanent operable 
gate. 

Predation Effects on Chinook Salmon 

Predation associated with the addition of the operable gates and the agricultural intake extensions 
to the south Delta channels could cause a small and likely negligible increase in mortality of the 
juvenile Chinook salmon moving past the structures. The determination is based on several 
factors. Design elements will minimize turbulence that could disorient fish and increase 
vulnerability to predation. The structures would not create conditions that could concentrate 
juvenile Chinook salmon. Flow velocity would be similar to velocities within the channel 
upstream and downstream of the gates and agricultural intake extensions. 

The transition zones between various elements of the gates (e.g., sheetpiles and riprap) could 
provide low-velocity holding areas for predatory fish. Predatory fish holding near the gates and 
agricultural intakes could prey on vulnerable species. The additional predator habitat created by 
the gates and intake extensions would have a minimal effect on juvenile Chinook salmon 
because the increase in potential predator habitat is small relative to habitat in adjacent areas, 
including the habitat currently created by the temporary barriers and habitat at the existing 
agricultural intakes. Disorientation and concentration of juvenile fish would be minimal given 
the size and design of the gates. 

Effects of Head of Old River Gate Operation on Juvenile Central Valley 
Steelhead Migration 

Closure of the head of Old River fish control gate would minimize the movement of juvenile 
steelhead into Old River. Although the effects of gate closure are similar for both Alternatives 1 
and 2A, an operable gate constructed under SDIP Stage 1 would provide increased opportunities 
for fish protection in response to new information on fish survival for variable flows and 
migration pathways. The increased flexibility is a beneficial effect. 

The head of Old River fish control gate may also provide benefits to adult steelhead during 
upstream migration in September through November. The head of Old River gate structure is 
designed with vertical-slot fishway. The fishway would be approximately 40 feet long and 10 
feet wide and constructed with reinforced concrete. The ladder would be closed during the spring 
and opened during the fall, through November. Stoplogs would be used to close the fishway. 

The benefits would be similar to those described above for adult Chinook salmon relative to 
movement in the San Joaquin River past Stockton. An operable gate constructed under SDIP 
Stage 1 would provide increased opportunities to evaluate the potential effects of increased flow 
and effects on DO levels under a wide range of San Joaquin River flow conditions. The 
increased flexibility of an operable gate is a beneficial effect. 

 

Construction Effects on Steelhead 

Steelhead rear primarily in natal reaches upstream of the Delta and are not expected to rear for 
substantial periods in the Delta. Therefore, construction activities in the Delta would not affect 
steelhead rearing or food resources for steelhead. Contaminants associated with construction 
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activities, including gate construction, placement of riprap, dredging, and maintenance dredging, 
could be introduced into the south Delta channels and could adversely affect steelhead during 
migration. However, environmental commitments, including an erosion and sediment control 
plan, Stormwater Pollution Prevention Plan, hazardous materials management plan, spoils 
disposal plan, and environmental training, will be developed and implemented before and during 
construction activities. These environmental commitments would substantially reduce the 
likelihood of any considerable contaminant input. Construction of the gates would also include 
placement of sheetpiles and riprap and could directly injure fish present during the time of 
construction. Dredging could entrain and injure juvenile steelhead. Cofferdams, if used, could 
trap juvenile steelhead. Steelhead that become trapped inside the cofferdams could be killed 
during desiccation of the construction area and other construction activities. Direct injury 
associated with construction and maintenance activities, including dredging, would have a 
minimal effect on steelhead. This determination is based on the fact that 1) in-water construction, 
including the construction of a cofferdam, would occur between August and November, 2) the 
area of construction activity is small relative to the channel area providing passage through the 
south Delta, 3) in-water construction and dredging would occur over a relatively short period 
(i.e., about 3 years), and 4) most juvenile and adult steelhead would move away from 
construction activities and into adjacent habitat of similar quality. 

Predation Effects on Steelhead 

Construction of gates and extension of agricultural intakes would add permanent structure and 
cover to the south Delta channels. The addition of structure has the potential to increase the 
density of predator species and predation on steelhead moving around and past the structure. 
Predation associated with the addition of the operable gates and the agricultural intake extensions 
to the south Delta channels could cause a small and likely negligible increase in mortality of the 
juvenile steelhead moving past the structures. The determination is based on the fact that 1) 
design elements will minimize turbulence that could disorient fish and increase vulnerability to 
predation, 2) the structures would not create conditions that could concentrate juvenile steelhead, 
and 3) flow velocity would be similar to velocities within the channel upstream and downstream 
of the gates and agricultural intake extensions. The increase in potential predator habitat is small 
relative to habitat in adjacent areas, including the habitat currently created by the temporary 
barriers and habitat at the existing agricultural diversion intakes. 

Passage Effects on Steelhead 

Closure of the head of Old River fish control gate would minimize the movement of juvenile 
steelhead into Old River. In comparison to the existing temporary barriers, an operable gate 
would provide increased opportunities for fish protection in response to new information on fish 
survival for variable flows and migration pathways. The increased flexibility is a beneficial 
effect. The head of Old River fish control gate may also be available to provide benefits to adult 
steelhead during upstream migration in September through November. The benefits would be 
similar to those described for adult Chinook salmon relative to movement in the San Joaquin 
River past Stockton. Hallock (1970) observed that adult Chinook salmon avoided water 
temperatures greater than 66°F if DO was less than 5 mg/l. Low DO in the San Joaquin River 
channel near Stockton may delay migration of fall-run Chinook salmon. High San Joaquin River 
flows past Stockton maintain higher DO levels (Hayes and Lee 2000). Closure of the head of Old 
River fish control gate increases the San Joaquin River flow past Stockton, but the increase in 
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flow during years with low-to-average flow (less than 1,000 cfs) appears to have minimal effect 
on DO levels. The operation of flow control gates could reduce DO in the San Joaquin River 
near Stockton during the summer, but closure of the head of Old River fish control gate 
September 15 through November 30 would result in DO levels that are the same for the existing 
temporary barriers and for the operable gates. Migration of adult Chinook salmon and steelhead 
would be protected. An operable gate would provide increased opportunities to evaluate the 
potential effects of increased flow and effects on DO levels under a wide range of San Joaquin 
River flow conditions. The increased flexibility of an operable gate is a beneficial effect. 

Operational Effects on Green Sturgeon 

Operational effects on adults that migrate in February or March would be avoided because gate 
closure would not occur until April 15th. Furthermore, adults that use the San Joaquin River 
channel as a migration corridor would be unaffected by gate operation during all months because 
the gates would not affect fish passage in the San Joaquin River. The following assessment, 
therefore, focuses on the potential effects of the design and operation of the gates on adult and 
juvenile movement. 

The flexible operation of the permanent flow control gates in Middle River, Grant Line Canal, 
and Old River at DMC will have a beneficial effect on green sturgeon movement relative to the 
existing temporary barriers. The existing temporary agricultural barriers are in place from mid-
May, mid-April if the barrier at the head of Old River is in place, possibly through November. 
They must be removed by November 30th. They are constructed of rock and include culverts 
with flap-gates that are pushed open and close under tidal influences. The barriers operate as 
raised weirs at a fixed elevation that likely block the movement of green sturgeon. Under current 
operations of the temporary barriers, green sturgeon entrainment upstream of the barriers would 
only be possible when tidal flows overtop the barriers or if they pass through the culverts. 
Currently there is no information as to whether or not green sturgeon are capable of migrating 
over or through the temporary barriers during flood tides. 

The permanent gates constructed under the SDIP would be open at tide elevations between 0.0 
foot msl and about +3 foot msl, an increase in the tidal period currently allowed by the temporary 
barriers. Operable gates would have beneficial effects on the movement of adult and juvenile 
green sturgeon because the period of access to Middle River, Grant Line Canal, and Old River 
would increase relative to the period of access provided by the existing temporary barriers. 
Passage of green sturgeon would be expected when the Obermeyer gates are down because the 
gate panels would sit flat on the channel bottom and sturgeon would have access via articulated 
concrete mats over the riprap on the upstream and downstream sides of the gate. 

The head of Old River gate will be operated from mid-April to mid-May and during June 
through November. The HOR gate would be operated in the spring as a fish barrier to keep 
juvenile San Joaquin River fish from entering Old River where they presumably are more 
vulnerable to entrainment by diversions, including the SWP and CVP pumps. Operation during 
June through November would be to improve flow in the San Joaquin River to avoid time of low 
DO. Under baseline conditions, a temporary fixed barrier is constructed each spring and/or fall. 
Under the SDIP, a gate would be constructed with operable bottom-hinged gates that would 
allow a range of operations. 
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Construction Effects on Green Sturgeon 

The area of green sturgeon habitat affected by the gate footprints, rip-rapped levee, and dredging 
may total several acres. However, construction of the permanent gates would have minimal 
effect on green sturgeon habitat and prey availability within the construction footprint at the head 
of Old River, Middle River, and Old River near the DMC because construction of the temporary 
barriers has previously modified channel habitat. Three of the four permanent gates would be 
constructed in the same location as the temporary barriers and would result in little change in 
habitat and prey quality and quantity relative to existing conditions. Construction of a new gate 
on Grant Line Canal and the proposed dredging in West Canal, Middle River, and Old River 
potentially would remove and modify existing shallow vegetated areas and channel bottom 
substrate, however the area affected by gate construction and riprap placement is small relative 
to availability of similar vegetated areas and bottom substrates in adjacent channel reaches. 
Contaminants associated with construction activities, including gate construction, placement of 
riprap, dredging, and maintenance dredging, could be introduced into the south Delta channels 
and could adversely affect adult green sturgeon during migration and juveniles rearing in the 
Delta. However, Environmental commitments, including an erosion and sediment control plan, 
Stormwater Pollution Prevention Plan, hazardous materials management plan, spoils disposal 
plan, and environmental training, will be developed and implemented before and during 
construction activities. These environmental commitments would substantially reduce the 
likelihood of any considerable contaminant input. Construction of the gates would also include 
placement of sheet-piles and riprap and could directly injure fish present during the time of 
construction. Dredging could entrain and injure green sturgeon. Cofferdams, if used, could trap 
juvenile and adult green sturgeon. Direct injury associated with construction and maintenance 
activities, including dredging, would have a minimal effect on green sturgeon. This 
determination is based on the fact that 1) the area of construction activity is small relative to the 
channel area in-water construction, 2) dredging would occur over a relatively short period (i.e., 
about 3 years) and be limited to the August to November timeframe, and 3) most juvenile and 
adult green sturgeon would move away from construction activities and into adjacent habitat of 
similar quality.  

Predation Effects on Green Sturgeon 

Increased predation could be associated with the addition of the operable gates and the 
agricultural intake extensions to the south Delta channels. Design elements, however, will 
minimize turbulence that could disorient fish and increase vulnerability to predation. The 
structures would not create conditions that could concentrate green sturgeon. The increase in 
potential predator habitat is small relative to habitat in adjacent areas, including the habitat 
currently created by the temporary barriers and habitat at the existing agricultural diversion 
intakes. Disorientation and concentration of juvenile fish would be minimal given the size and 
design of the gates.  

Passage Effects on Green Sturgeon 

The Sacramento River provides a migration pathway between freshwater and estuarine habitats 
for green sturgeon, however; there is currently no available data about the migratory paths of 
adult or juvenile green sturgeon through the Sacramento-San Joaquin Delta. If green sturgeon 
migrate through the South Delta, the gate closures could restrict the movement of green sturgeon 
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into the Sacramento River and out to the Pacific Ocean. However, closure of the Old River fish 
control gate would not preclude juvenile and adult sturgeon movement between the San Joaquin 
River upstream and downstream of Old River and the Sacramento River or Pacific Ocean. Boat 
locks that are regularly opened at the Head of Old River gate may also provide some passage for 
sturgeon. 

Suisun Marsh Salinity Control Gates 
The Suisun Marsh Salinity Control Gates could potentially be operated September through May, 
overlapping with an expected November through May spring–run Chinook salmon emigration. 
However, juvenile Chinook salmon of all races are rare in Suisun Marsh and are therefore 
unlikely to be substantially affected by gate operations. Examination of the UC Davis Suisun 
Marsh Monitoring databases showed only 257 juvenile Chinook salmon were captured from 
1979 through 1997. 

The infrequent occurrence of young Chinook in the marsh suggests that predation associated 
with migration delays is unlikely to significantly affect the spring–run or winter–run population. 
As support for this hypothesis, only three Chinook salmon were found in the stomachs of striped 
bass and pikeminnow captured near this facility between 1987 and 1993 (DWR 1997). 

Although young Chinook salmon will probably not be significantly affected by gate operations, 
it is possible upstream passage of adults could be influenced. Adult winter–run and spring–run 
may pass through the marsh channels from December through May when their migration could 
potentially be delayed. The SMSCG Steering Group decided based on preliminary results from 
the modified SMSCG tests that the slots resulted in less adult passage than the original 
flashboards. The modification made for the 2001-02 control season was to leave the boat lock at 
the SMSCG open at all times. 

SMSCG Fish Passage Study  

The SMSCG were constructed and operate under Permit 16223E58 issued by the US Army 
Corps of Engineers which includes a special condition to evaluate the nature of delays to 
migrating fish. Ultrasonic telemetry studies in 1993 and 1994 showed that the physical 
configuration and operation of the gates during the Control Season have a negative effect on 
adult salmonid passage (Tillman et al 1996: Edwards et al 1996).  

The Department coordinated additional studies in 1998 - 1999, and 2001- 2004 to assess 
potential measures to increase the salmon passage rate and decrease salmon passage time 
through the gates. Monitoring results from the 1998 and 1999 studies indicate that the 
flashboards modified with horizontal slots did not improve salmon passage at the SMSCG 
(Vincik et al., 2003). Results in 2001, 2003, and 2004 indicated that leaving the boat-lock open 
during the Control Season when the flashboards are in place at the SMSCG and the radial gates 
are tidally operated provided nearly equivalent fish passage to the Non-Control Season 
configuration when the flashboards are out and the radial gates are open (Vincik et al., 2005). 
This approach minimized delay and blockage of adult Sacramento River winter-run Chinook 
salmon, Central Valley spring-run Chinook salmon, and Central Valley steelhead migrating 
upstream during the Control Season while the SMSCG is operating. However, the boat-lock 
gates would be closed temporarily to stabilize flows to facilitate safe passage of watercraft 
through the facility.  
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USBR and DWR are continuing to coordinate with the SMSCG Steering Committee in 
identifying water quality criteria, operational rules, and potential measures to facilitate removal 
of the flashboards during the Control Season that would provide the most benefit to migrating 
fish. However, the flashboards would not be removed during the Control Season unless it was 
certain that standards would be met for the remainder of the Control Season without the 
flashboards installed. 

The SMSCG could be operated as needed to meet State salinity standards in the marsh 
September through May, overlapping with an expected January through May peak emigration of 
steelhead through the Delta. However, young steelhead are rare in Suisun Marsh and are 
therefore unlikely to be substantially affected by gate operations. Examination of the UC Davis 
Suisun Marsh Monitoring databases revealed six steelhead were captured from 1979 through 
1997. Only two of the six were sub-adult sized fish. The very low number of steelhead in the 
samples is partly due to poor capture efficiencies of the beach seines and otter trawl used in the 
UC Davis survey. However, 1,505 splittail greater than 200 mm, were collected by UC Davis 
sampling during the same period. Both adult splittail and yearling steelhead are excellent 
swimmers and are inefficiently sampled by the gear types used in this program. The much higher 
incidence of adult splittail in the samples suggests steelhead are relatively rare in the marsh. 
Furthermore, the marsh sampling collected more adult steelhead (4) than yearlings (2). The 
adults are larger and faster and therefore sampled less efficiently, providing additional evidence 
that yearling steelhead seldom occur in Suisun Marsh. The very infrequent occurrence of 
steelhead in the marsh suggests predation associated with migration delays is unlikely to 
significantly affect the steelhead population. As support for this hypothesis, steelhead were not 
listed as a prey item of striped bass or Sacramento pikeminnow captured near this facility 
between 1987 and 1993 (DWR 1997). 

Morrow Island Distribution System 

The 1997 FWS BO issued for dredging of the facility included a requirement for screening the 
diversion to protect delta smelt. Due to the high cost of fish screens and the lack of certainty 
surrounding their effectiveness at MIDS, DWR and Reclamation proposed to investigate fish 
entrainment at the MIDS intake with regard to fishery populations in Goodyear Slough and to 
evaluate whether screening the diversion would provide substantial benefits to local populations 
of listed fish species. DWR staff monitored fish entrainment from September 2004 to June 2006 
at the MIDS in Suisun Marsh to evaluate entrainment losses at the facility.  

Monitoring took place over several months under various operational configurations to provide 
data on the site-specific impact of the MIDS diversion with a focus on delta smelt and salmonids. 
Over 20 different species were identified during the sampling, yet only two fall-run sized 
Chinook salmon (south intake, 2006) from entrained water were caught. Two species that are 
associated with instream structures, threespine stickleback and prickly sculpin, comprised most 
of the entrained fish. DWR and Reclamation staff will continue coordination with the fishery 
agencies to address the screening requirement.  

Reclamation and DWR continue to coordinate with the FWS, NMFS, and DFG regarding fish 
entrainment at this facility. The objective remains to provide the greatest benefit for aquatic 
species in Suisun Marsh. 



OCAP BA CVP and SWP Delta Effects 

 August 2008 13-125 

Goodyear Slough 

Studies suggest that Goodyear Slough is a marginal, rarely used habitat for special-status fishes. 
Therefore, implementation and/or monitoring of a tidal restoration project elsewhere is emerging 
as the most beneficial and pratical approach (in lieu of installing and maintaining fish screens). 
Restoration of tidal wetland ecosystems is expected to aid in the recovery of several listed and 
special status species within the marsh and improve food availability for other pelagic organisms. 

Water Transfers  
Water transfers would increase Delta exports by 0 to 360,000 acre-feet (af) in most years (the 
wettest 80 percent of years) and by up to 600,000 af in Critical and some Dry years 
(approximately the driest 20 percent years). Most transfers will occur at Banks (SWP) because 
reliable capacity is not likely to be available at Jones (CVP) except in the driest 20 percent of 
years. Although transfers can occur at any time of year, the exports for transfers described in this 
assessment would occur only in the months July-September.  Juvenile salmonids are rarely 
present in the Delta in these months, so no increase in salvage due to water transfers during these 
months is anticipated. Water transfers could be beneficial if they shift the time of year that water 
is pumped from the Delta from the winter and spring period to the summer, avoiding periods of 
higher salmonid abundance in the vicinity of the pumps. Some adult salmon and steelhead are 
immigrating upstream through the Delta during July through September. Increased pumping is 
not likely to affect immigrating adults because they are moving in a general upstream direction 
against the current. For transfers that occur outside of the July through September period, all 
current water quality and pumping restrictions would still be in place to limit effects that could 
occur. 

Post-processing of Model Data for Transfers 

This section shows results from post-processed available pumping capacity at Banks and Jones 
for the Study 8.0 (Future Conditions - 2030). These results are used for illustration purposes. 
Results from the Existing Conditions CVP-OCAP study alternatives do not differ greatly from 
those of Study 8.0, and produce similar characteristics and tendencies regarding the opportunities 
for transfers over the range of study years. The assumptions for the calculations are: 

• Capacities are for the Late-Summer period July through September total.  

• The pumping capacity calculated is up to the allowable E/I ratio and is limited by either 
the total physical or permitted capacity, and does not include restrictions due to ANN 
salinity requirements with consideration of carriage water costs.  

• The quantities displayed on the graph do not include the additional 500 cfs of pumping 
capacity at Banks (up to 7,180 cfs) that is proposed to offset reductions previously taken 
for fish protection. This could provide up to a maximum about 90 taf of additional 
capacity for the July-September period, although 60 taf is a better estimate of the 
practical maximum available from that 500 cfs of capacity, allowing for some operations 
contingencies.  

• Figure 13-58 and Figure 13-59 show the available export capacity from Study 8.0 (Future 
Conditions-2030) at Banks and Jones, respectively, with the 40-30-30 water year type on 
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the x-axis and the water year labeled on the bars. The SWP allocation or the CVP south 
of Delta Agriculture allocation is the allocation from CalSim-II output from the water 
year.  
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Figure 13-58 Available Export Capacity at Banks Pumping Plant 

 

From Figure 13-58, the most capacity at Banks will be available in Critical and certain Dry years 
(driest 20 percent of study years) which generally have the lowest water supply allocations, and 
reflect years when transfers may be higher to augment water supply to export contractors. For all 
other study years (generally the wettest 80 percent) the available capacity at Banks for transfer 
ranges from about 0 to 500 taf (not including the additional 60 taf accruing from the proposed 
permitted increase of 500 cfs at Banks. But, over the course of the three months July-September 
other operations constraints on pumping and occasional contingencies would tend to reduce 
capacity for transfers. In consideration of those factors, proposed transfers would be up to 360 taf 
in most years when capacity is limiting. In Critical and some Dry years, when capacity would not 
be a limiting factor, exports for transfers could be up to 600 taf (at Banks and Jones combined). 
Transfers at Jones (Figure 13-59) are probably most likely to occur only in the driest of years 
(Critical years and some Dry years) when there is available capacity and low allocations. 
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Figure 13-59 Available Export Capacity at Jones Pumping Plant  

 

Limitations 

The analysis of transfer capacity available derived from the CalSim-II study results shows the 
capacity at the export pumps and does not reflect the amount of water available from willing 
sellers or the ability to move through the Delta. The available capacity for transfer at Banks and 
Jones is a calculated quantity that should be viewed as an indicator, rather than a precise 
estimate. It is calculated by subtracting the respective project pumping each month from that 
project’s maximum pumping capacity. That quantity may be further reduced to ensure 
compliance with the Export/Inflow ratio required. In actual operations, other contingencies may 
further reduce or limit available capacity for transfers: for example, maintenance outages, 
changing Delta outflow requirements, limitations on upstream operations, water level protection 
criteria in the south Delta, and fishery protection criteria. For this reason, the available capacity 
should be treated as an indicator of the maximum available for use in transfers under the 
assumed study conditions.  

 

Proposed Exports for Transfers 

In consideration of theestimated available capacity for transfers, and in recognition of the many 
other operations contingencies and constraints that might limit actual use of available capacity, 
for this assessment proposed exports for transfers (months July-September only) are as follows: 
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   Water Year class  Maximum Amount of Transfer 

   Critical   up to 600 taf 

   Consecutive Dry  up to 600 taf 

   Dry after Critical  up to 600 taf 

   All other Years  up to 360 taf 
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Chapter 14  Basic Biology and Life History of 
Southern Resident Killer Whales, Distribution 
and Abundance, and Effects of the Proposed 
Action 

Introduction 
Three distinct forms of killer whales, termed residents, transients, and off shores, are recognized 
in the northeastern Pacific Ocean. Resident killer whales in U.S. waters are distributed from 
Alaska to California, with four distinct communities recognized: Southern, Northern, Southern 
Alaska, and Western Alaska (Krahn et al., 2002; 2004). Resident killer whales are fish eaters and 
live in stable matrilineal pods. Of these, only the Southern Resident Distinct Population Segment 
(DPS) is listed as endangered under the ESA.  

Legal Status 
The Southern Resident DPS of killer whales was listed as endangered under the Endangered 
Species Act on November 18, 2005 (NMFS 2005). Killer whales are the world’s largest dolphins 
and the listed Southern Resident DPS overlaps in range in the Northeastern Pacific Ocean with 
other whale populations classified as transient, resident, and offshore populations. The Southern 
Resident population consists of three pods designated J, K and L, each containing 24, 22 and 44 
members respectively (Ford et al. 2000; Center for Whale Research 2006, unpublished data). 
These pods generally spend late spring, summer and fall in inland waterways of Washington 
State and British Columbia. They are also known to travel as far south as central California and 
as far north as the Queen Charlotte Islands. Winter and early spring movements are largely 
unknown for this DPS.  

Critical habitat for the Southern Resident DPS was designated under the Endangered Species Act 
on November 29, 2006 (NMFS 2006a). The critical habitat designation encompasses parts of 
Haro Strait and the waters around the San Juan Islands, the Strait of Juan de Fuca and all of 
Puget Sound.   

General Biology 
Wild female Southern Resident killer whales give birth to their first surviving calf between the 
ages of 12 and 16 years (mean = about 14.9 years) (Olesiuk et al. 1990, Matkin et al. 2003). 
Females produce an average of 5.4 surviving calves during a reproductive life span lasting about 
25 years (Olesiuk et al. 1990). Males become sexually mature at body lengths ranging from 5.2-
6.4 meters, which corresponds to between the ages of 10 to 17.5 years (mean = about 15 years) 
(Christensen 1984, Perrin and Reilly 1984, Duffield and Miller 1988, Olesiuk et al. 1990), and 
are presumed to remain sexually active throughout their adult lives (Olesiuk et al. 1990). 
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Most mating of Southern Resident killer whales in the North Pacific is believed to occur from 
May to October (Nishiwaki 1972, Olesiuk et al. 1990, Matkin et al. 1997); however, conceptions 
apparently happen year-round because births of calves are reported in all months. Mean interval 
between viable calves is four years (Bain 1990). Newborns measure 2.2-2.7 m long and weigh 
about 200 kg (Nishiwaki and Handa 1958, Olesiuk et al. 1990, Clark et al. 2000, Ford 2002). 
Mothers and offspring maintain highly stable social bonds throughout their lives and this natal 
relationship is the basis for the matrilineal social structure in the Southern Resident population 
(Bigg et al. 1990, Baird 2000, Ford et al. 2000). 

Most published information on resident killer whale prey originates from a single study (Ford et 
al. 1998, Ford and Ellis 2005) in British Columbia, including southeastern Vancouver Island. 
This study focused primarily on Northern Residents and included a relatively small number of 
observations for Southern Residents. Of the 487 records of apparent fish predation events from 
1974-2004, only 68 (14 percent) observations came from Southern Residents. The study 
recorded surface observations from predation events and also analyzed the stomach contents 
from stranded killer whales. Southern Resident killer whales are known to consume 22 species of 
fish and one species of squid (Scheffer and Slipp 1948, Ford et al. 1998, 2000, Ford and Ellis 
2005, Saulitis et al. 2000). In recent years additional data has been collected on Southern 
Residents in parts of Puget Sound (Hanson, et al. 2005, NWFSC unpubl. data). In addition to 
collections of scales from observed predation events, fecal samples have also been collected for 
analysis.  

Ford and Ellis (2005) found that salmon represent over 96 percent of the prey consumed during 
the spring, summer, and fall. Chinook salmon were selected over other species, comprising over 
70 percent of the identified salmonids taken. This preference occurred despite the much lower 
abundance of Chinook in the study area in comparison to other salmonids and is probably related 
to the species’ large size, high fat and energy content and year-round occurrence in the area. 
Other salmonids eaten in smaller amounts include chum (22 percent of the diet), pink (3 
percent), coho (2 percent), sockeye (less than 1 percent), and steelhead (less than 1 percent) 
(Ford and Ellis 2005). This work suggested an overall preference of these whales for Chinook 
during the summer and fall, but also revealed extensive feeding on chum salmon in the fall. 

Rockfish (Sebastes spp.), Pacific halibut (Hippoglossus stenolepis), and Pacific herring (Clupea 
pallasi) were also observed during predation events (Ford and Ellis 2005). Although it is unclear 
how important salmon, and southern U.S. salmon in particular, may be as prey while the 
Southern Resident DPS is offshore, the observed preference for salmon in other areas makes it 
likely that when available, salmon are taken as prey in ocean waters. A number of smaller 
flatfish, lingcod (Ophiodon elongates), greenling (Hexagrammos spp.) and squid have been 
identified in stomach content analyses of resident killer whales (Ford et al. 1998). Other 
information raises questions about the preference of Chinook over other prey species, including 
the abundance of other salmon (particularly sockeye and pink) when Southern Residents are 
present, the consistency in migratory patterns between Southern Residents and other salmon 
species, and the greater amount of time whales spend at depths commonly used by species other 
than Chinook (i.e., less than 30 m) (Baird et al. 2003, 2005; Hoelzel 1993; Ishida et al. 2001; 
Quinn and terHart 1987; Quinn et al. 1989; Ruggerone et al. 1990), which are usually found at 
greater depths (25-80 m) (Candy and Quinn 1999). Baird et al. (2005) recently reported a shift to 
shallower daytime depths among Southern Residents between 1993 and 2002, which possibly 
reflects a long-term change in prey behavior or selection of prey. Little is known about the 
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winter and early spring diet of Southern Residents or whether individual pods have specific 
dietary preferences. 

NMFS (2008) estimated biological requirements of Southern Resident killer whales including 
the diet composition and number of salmon the population requires in their coastal range.  NMFS 
estimated the current population of Southern Residents (87) would be required to consume 
between 392,555 and 470,288 salmon based on diet compositions and bioenergentic needs in 
their coastal range.  These estimated were based on Chinook comprising 70 to 88 percent of their 
diet.  

Based on observations of captive killer whales, studies have extrapolated the energy 
requirements of wild killer whales and estimate an average size value for the five salmon species 
combined. Osborne (1999) estimated that adult killer whales would consume 28-34 adult salmon 
per day, and that younger killer whales (less than 13 years of age) would consume about 15-17 
salmon per day to meet their daily energy requirements. By extrapolating these results, we 
estimate that the Southern Resident population (approximately 90 individuals) would consume 
about 750,000 to 850,000 adult salmon per year. These estimates are based on two assumptions 
that could affect the applicability of the results to Southern Resident killer whales in the wild. 
First, the wild killer whales probably have greater energy requirements than those held in 
captivity. Second, since salmon differ significantly in size across species and runs, any prey 
preference among salmon would affect the annual consumption rates, so fewer salmon per day 
would be required from a larger preferred prey species, such as Chinook salmon while larger 
numbers of salmon per day would be required for smaller fish, such as chum. 

Population Status and Trends 

In general, there is little information available regarding the historical abundance of Southern 
Resident killer whales. Some evidence suggests that, until the mid- to late-1800s, the Southern 
Resident killer whale population may have numbered more that 200 animals (Krahn et al. 2002). 
This estimate was based, in part, on a recent genetic analysis of microsatellite DNA, which found 
that the genetic diversity of the Southern Resident population resembles that of the Northern 
Residents (Barrett-Lennard 2000, Barrett- Lennard and Ellis 2001), and concluded that the two 
populations were possibly once similar in size. Recent efforts to assess the killer whale 
population during the past century have been hindered by an absence of empirical information 
prior to 1974 (NMFS 2006b). For example, a report by Scheffer and Slipp (1948) is the only pre-
1974 account of Southern Resident abundance in the area, and it merely noted that the species 
was “frequently seen” during the 1940s in the Strait of Juan de Fuca, northern Puget Sound, and 
off the coast of the Olympic Peninsula, with smaller numbers along Washington’s outer coast. 
Olesiuk et al. (1990) estimated the Southern Resident population size in 1967 to be 96 animals. 
At about this time, marine mammals became popular attractions in zoos and marine parks, which 
increased the demand for interesting and exotic display animals. Between 1967 and 1973, it is 
estimated that 47 killer whales, mostly immature, were taken from the Southern Resident 
population for public display. The rapid removal of individual whales caused an immediate 
decline in numbers (Ford et al. 2000). By 1971, the level of removal decreased the population by 
about 30 percent, to approximately 67 whales (Olesiuk et al. 1990). In 1993, two decades after 
the live capture of killer whales ended, the three Southern Resident pods – J, K, and L – totaled 
96 animals (Ford et al. 2000). 
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Over the past decade, the Southern Resident population has fluctuated in numbers. For example, 
the population appeared to experience a period of recovery by increasing to 99 whales in 1995, 
but then declined by 20 percent to 79 whales in 2001 (- 3.3 percent per year) before another 
slight increase to 83 whales in 2003 (Ford et al. 2000; Carretta et al. 2004). NMFS (2008) 
estimated the 2007 population to be 87 whales.  The population estimate in 2006 was 
approximately 90 animals (+ 3.5 percent per year since 2001) (Center for Whale Research 2006), 
the decline in the 1990’s, unstable population status, and population structure (e.g., few 
reproductive age males and non-calving adult females) continue to be causes for concern. 
Moreover, it is unclear whether the recent increasing trend will continue because these 
observations may represent an anomaly in the general pattern of survival or a longer-term shift in 
the survival pattern. Several individuals disappeared in the fall of 2006 and one new calf has 
been identified since the 2006 population estimate. 

Range and Distribution 
Southern Resident killer whales spend a significant portion of the year in the inland waterways 
of the Strait of Georgia, Strait of Juan de Fuca, and Puget Sound, particularly during the spring, 
summer, and fall, when all three pods are regularly present in the Georgia Basin (defined as the 
Georgia Strait, San Juan Islands, and Strait of Juan de Fuca) (Heimlich-Boran 1988, Felleman et 
al. 1991, Olson 1998, Osborne 1999). The Southern Resident population consists of three pods, 
identified as J, K, and L pods. Typically, K and L pods arrive in May or June and spend most of 
their time in this core area until departing in October or November. During this time, both pods 
also make frequent trips lasting a few days to the outer coasts of Washington and southern 
Vancouver Island (Ford et al. 2000). J pod continues to spend intermittent periods of time in the 
Georgia Basin and Puget Sound during late fall, winter and early spring.  

While the Southern Residents are in inland waters during the warmer months, all of the pods 
concentrate their activities in Haro Strait, Boundary Passage, the southern Gulf Islands, the 
eastern end of the Strait of Juan de Fuca, and several localities in the southern Georgia Strait 
(Heimlich-Boran 1988, Felleman et al. 1991, Olson 1998, Ford et al. 2000). In general, they 
spend less time elsewhere, including other sections of the Georgia Strait, Strait of Juan de Fuca, 
and San Juan Islands, Admiralty Inlet west of Whidbey Island, and Puget Sound. Individual pods 
are similar in their preferred areas of use (Olson 1998), although there are some seasonal and 
temporal differences in certain areas visited by each pod (Hauser 2006). For example, J pod 
visits Rosario Strait more frequently than K or L pods (Hauser 2006). 

The movements of Southern Resident killer whales relate to those of their preferred prey – 
salmon. Pods commonly seek out and forage in areas where salmon occur, especially those 
associated with migrating salmon (Heimlich-Boran 1986, 1988; Nichol and Shackleton 1996). 
Notable locations of particularly high use include Haro Strait and Boundary Passage, the 
southern tip of Vancouver Island, Swanson Channel off North Pender Island, and the mouth of 
the Fraser River delta, which is visited by all three pods in September and October (Felleman et 
al. 1991, Ford et al. 2000, K.C. Balcomb, unpubl. data). These sites are major corridors for 
migrating salmon. 

Late spring and early fall movements of Southern Residents in the Georgia Basin have remained 
fairly consistent since the early 1970s, with strong site fidelity shown to the region as a whole 
(NMFS 2006b). However, some areas of use have changed over time. Visits to Puget Sound have 
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diminished since the mid-1980s, while Swanson Channel has become an area of higher use (K.C. 
Balcomb, unpubl. data). One possible explanation for these alterations in habitat use may be the 
long-term differences in the availability of salmon at particular sites (NMFS 2006b). Another 
possible cause may be the loss of information regarding alternative sites due to the mortality of 
older, more experienced whales that knew of other good feeding sites, but who can no longer 
guide their pods to these sites or along favored travel routes (NMFS 2006b). 

During late fall, winter, and early spring, the ranges and movements of the Southern Residents 
are less well known. Throughout this time period, J pod continues to occur intermittently in the 
Georgia Basin and Puget Sound, but its location during apparent absences is uncertain (Osborne 
1999). One sighting of this pod was made off Cape Flattery, Washington, in March 2004 (Krahn 
et al. 2004). Prior to 1999, K and L pods followed a general pattern in which they spent 
progressively less time in inland waters during October and November and departed the area 
entirely by December of most years (Osborne 1999). Sightings of both groups passing through 
the Strait of Juan de Fuca in late fall suggested that activity shifted to the outer coasts of 
Vancouver Island and Washington, although it was unclear if the whales spent a substantial 
portion of their time in this area or were simply in transit to other locations (Krahn et al. 2002). 
Since the winter of 1999-2000, K and L pods have extended their use of inland waters until 
January or February each year. Since 1999, both pods are completely absent from the Georgia 
Basin and Puget Sound only from about early or mid-February to May or June. In recent years 
between January and March K and L pods have been sighted as far south as Monterey, 
California. Table 14-1 summarizes the known and potential sightings of Southern Resident killer 
whales along the California coast. 

Table 14-1. Summary of known and potential sightings of Southern Resident killer whales along 
the California coast. 

 

Date Location Pods Source 

Jan. 29, 2000 Monterey Bay K and L pods Nancy Black Seen and photographed 
feeding on fish 

Mar. 13, 2002 Monterey Bay L pod Nancy Black 

Feb. 16, 2005 Farallon Islands L and K pods Balcomb, CWR 

Jan. 26, 2006 Point Reyes L pod S. Allen 

Jan. 24, 2007 San Francisco Bay K pod Nancy Black 

Mar. 18, 2007 Fort Bragg L pod Reported on CWR web page 

Mar. 24-25, 2007 Monterey K and L pods Reported on CWR web page 

Jan. 24, 2008 Monterey L pod Reported on CWR web page 
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Effects of the Proposed Action 
Project operations have the potential to affect the prey base of Southern Resident killer whales. 
Chapters 11, 13, and 16 discuss the effects of project operations upon Central Valley steelhead, 
Sacramento River winter-run Chinook salmon, Central Valley sprint-run Chinook salmon, 
Southern Oregon/Northern California Coast coho salmon, Central California Coast steelhead, 
Central Valley fall-run Chinook salmon, and Central Valley late-fall run Chinook salmon. 
Project operations would only affect Southern Resident killer whales to the extent that the effects 
of the project operations alter salmonids populations which could indirectly lead to a reduction in 
prey availability to the Southern Resident killer whales. Reductions in prey availability may 
force the whales to spend more time foraging, and could lead to reduced reproductive rates and 
higher mortality.   

It is important to note that salmon from streams affected by project operations constitute only a 
portion of the Southern Resident killer whale prey base; other prey (even assuming all prey are 
salmon, which is not the case) originate from Puget Sound streams, coastal streams in 
Washington, Oregon, and California. It is not known what portion of the prey base is composed 
of salmonids from streams affected by project operations. The spring, summer and fall range of 
the Southern Resident killer whales includes the inland waterways of Puget Sound, the Strait of 
Juan de Fuca, and the Southern Georgia Strait, (NMFS 2005). Their wide-ranging migratory 
patterns put them in the proximity of numerous other stocks of salmon.  

The portion of the killer whale prey base that comes from the streams affected by project 
operations includes both wild and hatchery produced salmon, both ESA-listed and non ESA-
listed groups. Salmon distribution and population are also affected by many factors in addition to 
the proposed actions which include ocean conditions and pollution.  

As discussed earlier, little is known about the winter and early spring prey preference of 
Southern Residents when they are in offshore waters. Studies of resident killer whales indicate 
that fish, and particularly salmon, are the major prey of resident whales with a reported 
preference for Chinook salmon (Ford et al. 1998; Ford et al. 2000, Ford et al. 2005). While these 
studies are predominantly based on observations of Northern Resident whales from May to 
October in coastal regions of British Columbia, more recent data on Southern Residents in Haro 
Strait and Puget Sound from May to September also support preference for Chinook (Hanson et 
al. 2005, NWFSC unpubl. data). Ford et al. (2005) looked at correlations between survival of 
Northern and Southern Resident killer whales and Chinook stocks from Alaska to Oregon, and 
reported a strong correlation between changes in overall coast wide Chinook abundance and 
combined mortalities of both resident communities. There are, however, limitations to applying 
the analysis and questions regarding the interpretation of the results. 

On a local scale, Ford et al. (2005) found a weak correlation between Southern Resident survival 
and Chinook abundance in Washington and Oregon (R2 = .115). According to the study, the 
strongest correlations with Southern Resident killer whale survival were with Chinook in North 
Coast B.C. (R2 = .54) and SE Alaska (R2 = .698). In addition, this study did not analyze the 
importance of additional Chinook stocks that do appear to be in the range of the Southern 
Residents, such as those in California. Moreover, the limited information on offshore distribution 
of Southern Resident killer whales limits our ability to interpret the extent of overlap of the 
whales and specific Chinook stocks, particularly during winter months. There may also be a 
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correlation with environmental factors common to both Southern Resident killer whales and 
Chinook salmon, but not necessarily an actual connection between the two species. 

Although the importance of salmon to the offshore diet of Southern Residents is not clearly 
defined, particularly for southern U.S. salmon, the observed preference for salmon in other areas 
makes it likely that, when available, killer whales take salmon as prey in ocean waters. Chemical 
analyses of killer whale fatty acids and contaminant ratios are also consistent with a salmon diet 
(NWFSC unpubl. data). 

According to National Marine Fisheries Service (NMFS), “… it appears that the abundance of 
Washington, Oregon, and California Chinook and coho salmon increased significantly during the 
period of decline for Southern Resident killer whales between 1996 and 2001. Some studies have 
evaluated a potential time lag of one or two years between changes in salmon abundance and 
changes in Southern Resident survival (McClusky 2006). Even accounting for this potential lag 
time, the available information does not support a strong link between the trends in abundance of 
these particular salmon stocks and the abundance of Southern Resident killer whales.” (NMFS 
2007). Generally, there is only a weak correlation between Southern Resident killer whale 
survival and Chinook salmon abundance in Washington and Oregon (Ford et al. 2005, NMFS 
2007). 

Salmon originating in California streams are estimated to contribute 3 percent of salmon 
population off the Washington coast based on Genetic Stock Identification (GSI) of Washington 
troll catch in May of 1981 and 1982 (Utter et al. 1983). Research in the mid-1970s estimated 
California’s contribution at 5 percent (Wright 1976). More recent data from the Collaborative 
Research on Oregon Ocean Salmon using GSI estimate 59 percent of salmon analyzed from the 
Oregon commercial harvest (June – October 2006) were Central Valley fall-run or spring-run 
Chinook salmon (Project CROOS 2006). It is important to note that these percentages could vary 
during different years or seasons. 

Reclamation funds the operation and maintenance of the Coleman, Livingstone, and Nimbus 
hatcheries.  These hatcheries have a combined yearly production goal of 17,200,000 Chinook 
salmon smolts.  DWR funds the operation of the Feather River Hatcheries for production of 
approximately 8 million Chinook salmon smolts annually (yearly production goal).   

Analysis of Chinook salmon otoliths in 1999 and 2002 found that the contribution of hatchery 
produced fish (from the Sacramento and San Joaquin River System) made up approximately 90 
percent of the ocean fishery off the central California coast from Bodega Bay to Monterey Bay 
(Barnett-Johnson et al. 2007).  Similar studies have not been completed to assess the percentage 
Central Valley hatcheries contribute to the salmon originating from California off the Oregon 
and Washington coasts but it suggests that hatchery fish would likely be the majority.   

Effects of project operations on juvenile salmon are removed both in time and in place from 
when and where these salmon potentially become prey for Southern Resident killer whales.  
Based on data showing that hatchery produced fish make up 90 percent of the ocean fishery off 
the central California coast it is expected that this trend would carry throughout the range of 
salmon originating from the Central Valley.  Project operations affect juvenile salmon in 
California Central Valley streams and the Trinity River. Thus any potential effects of the project 
operations on listed killer whale prey are indirect; are removed in both time and place from the 
action; represent an unknown portion of the killer whale prey base; are masked by the 
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contribution of hatchery fish; and are intermingled with a host of other factors. Based on this 
information we have determined that project operations may affect but are not likely to adversely 
Southern Resident killer whales since the effects are discountable due to the high percentages of 
hatchery produced fish overshadowing the potential effects of project operations. 

Critical Habitat 
Critical habitat was designed for Southern Resident Killer Whales on November 29, 2006 
(NMFS 2006a). Approximately 2,560 square miles of marine habitat in Washington were 
designated as critical habitat including portions of Puget Sound, the Strait of Juan de Fuca, Haro 
Strait, and the waters surrounding the San Juan Islands. Based on the natural history of the 
Southern Residents and their habitat needs, NMFS determined the following are the physical or 
biological features essential to conservation (Primary Constituent Elements): (1) Water quality to 
support growth and development; (2) Prey species of sufficient quantity, quality and availability 
to support individual growth, reproduction and development, as well as overall population 
growth; and (3) Passage conditions to allow for migration, resting, and foraging. 

The designated critical habitat does not overlap with the Action Area for this consultation, nor 
are there any discernible changes to the physical environment that occur within designated 
critical that could be correlated to project operations. The only potential affect of project 
operations on the identified physical or biological features essential to conservation would to 
prey quantity, quality, and availability. Project operations have the potential to affect only a 
portion of juvenile salmon originating in California Central Valley streams. As discussed earlier, 
Salmon originating in California streams are estimated to contribute between 3 and 5 percent of 
salmon population off the Washington coast based on analysis of troll catches. These estimates 
were made based on data collected during the time of year when the Southern Residents are 
present.  As discussed above, the majority of the fish attributed to California streams that are 
affected by project operations are expected to be hatchery fish.  The effects of the project 
operations on salmon populations are not likely to adversely affect designated critical habitat 
since the effects are discountable due to the small percentage of California salmon potentially 
present in Washington waters identified as critical habitat.  

Cumulative Effects 
As discussed in the Federal Register listing notice (NMFS 2005), three main human-caused 
factors that may continue to impede the recovery of this species and have affected the Southern 
Resident killer whale population, including contaminants, vessel traffic, and reductions in prey 
availability.  

Exposure to contaminants may result in harm to the species. The presence of high levels of 
persistent organic pollutants (POPs), such as PCBs and DDT, have been documented in Southern 
Resident killer whales (Ross et al. 2000, Ylitalo et al. 2001, and Herman et al. 2005). These and 
other chemical compounds have the ability to induce immune suppression, impair reproduction, 
and produce other adverse physiological effects, as observed in studies of other marine 
mammals. High levels of “newly emerging” contaminants that may have similar negative effects, 
such as flame retardants, have been documented in killer whales, and are also becoming more 
prevalent in the marine environment (Rayne et al. 2004). Although contaminants enter marine 
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waters and sediments from numerous sources, these chemical compounds enter killer whales 
through their prey. Because of their long life span, position at the top of the food chain, and their 
blubber stores, killer whales are capable of accumulating high concentrations of contaminants. In 
addition to reductions in prey abundance, the amount of contaminants in prey may exceed levels 
that cause mortality or reproductive failure. 

Commercial shipping, whale watching, ferry operations, and recreational boat traffic have 
increased in recent decades. Several studies have linked vessels with short-term behavioral 
changes in Northern and Southern Resident killer whales (Kruse 1991; Williams et al. 2002a; 
2002b; Foote et al. 2004). Although the potential impacts from vessels and the sounds they 
generate are poorly understood, these activities may affect foraging efficiency, communication, 
and/or energy expenditure through their physical presence, increased underwater sound level, or 
both. Collisions with vessels are another potential source of serious injury and mortality and 
have been recorded for both Southern and Northern Resident whales. 

Potential effects of project operations on salmon prey species, in particular, Chinook, could be 
compounded by ongoing and future effects of other activities including declines due to habitat 
degradation from development (e.g., agriculture, timber harvest, dam construction, and urban 
construction), harvest practices, and past hatchery operations. Some historically productive 
salmon populations are no longer large, whereas other runs may have increased in abundance 
through hatchery production. Limited evidence indicates that hatcheries do not greatly change 
the ocean distribution of coho salmon (Weikamp et al.1995), but they can strongly influence the 
nearshore presence of salmon and thus the overall availability of salmon for predators (Krahn et 
al. 2002). Historical sources of the Pacific salmon prey base include Alaskan, Canadian, Puget 
Sound, Columbia Basin and Central California water systems. Specifically, declines in food 
availability from the Columbia and the California Central Valley are identified by NMFS as 
major sources for the decline in the Pacific salmon prey base of Southern Resident killer whales. 
Reductions in prey availability may force the whales to spend more time foraging, and could lead 
to reduced reproductive rates and higher mortality.  
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Chapter 15  Summary of Effects Analysis and 
Effects Determination 

The potential effects of CVP and SWP operations were evaluated into the future by examining 
and comparing modeled river flows and temperatures to the environmental baseline and how the 
changes effect the following protected species and their critical habitat (where designated): 
Central Valley steelhead Distinct Population Segment (DPS), Sacramento River winter-run 
Chinook salmon Evoluationarily Signficant Unit (ESU),Central Valley spring-run Chinook 
salmon ESU, Southern Oregon/Northern California Coast coho salmon ESU, Central California 
Coast steelhead DPS, Southern DPS of North American green sturgeon, delta smelt, and 
Southern Resident DPS of killer whales. Operation of diversions and facilities affecting 
migrations were included in the analysis. 

The determination of effects for the listed species and their designated critical habitat considers 
direct and indirect effects of the proposed action on the listed species together with the effect of 
other activities that are interrelated or interdependent with the action. These effects are 
considered along with the environmental baseline and the predicted cumulative effects. 

Central Valley Steelhead DPS 

Upper Sacramento River 

Keswick Reservoir releases are expected to provide suitable flows for adult steelhead passage 
and spawning. The minimum release of 3,250 cubic feet per second (cfs) will sustain the 
population through dry years. Red Bluff Diversion Dam (RBDD) operations allow most 
steelhead to pass unimpeded. Those arriving prior to gate opening will use one of the fish ladders 
or be temporarily delayed. Operations agreements already in place will help to ameliorate effects 
due to flood control releases should they occur. Water temperatures provided through operation 
of the Shasta temperature control device (TCD) in the upper Sacramento River will be 
appropriate for all steelhead life history stages present in the upper river year-round. We project 
that steelhead populations in the upper Sacramento River will be maintained through continued 
operation of the project. The steelhead life history includes anadromous and resident forms of the 
species, allowing populations to persist during periods of poor ocean conditions and periods of 
low freshwater in streams. The nature of straying allows steelhead to repopulate areas of local 
disturbance, although no such disturbances requiring straying to repopulate areas are likely to 
occur as a result of project operations.  

Clear Creek 

Whiskeytown Reservoir releases will provide adequate flows for passage and spawning in most 
years. During some years additional Central Valley Project Improvement Act (CVPIA) 
3406 (b)(2) water may be used for better attraction and upstream migration conditions for 
steelhead. Water temperatures should generally be adequate for all steelhead and Chinook life 
stages throughout the year in the upper river where Whiskeytown releases have the most effect 
on water temperature. Whiskeytown project releases will not result in scour of redds. Some 
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minor stranding of juveniles could potentially occur, similar to that which occurs in unregulated 
rivers. We project that steelhead populations in Clear Creek will be maintained through 
continued operation of the project.  CVPIA habitat improvement projects are improving 
conditions for steelhead.  The steelhead life history includes anadromous and resident forms of 
the species, allowing populations to persist both during periods of poor ocean conditions and 
periods of low freshwater in streams. The nature of straying allows steelhead to repopulate areas 
of local disturbance, although no such disturbances requiring straying to repopulate areas are 
likely to occur as a result of project operations.  

Feather River 

Flow, habitat, and water temperature conditions should be generally suitable for all steelhead life 
history stages all year in the low flow channel. The reach below the Thermalito outlet will be less 
suitable. Water temperatures generally begin exceeding the spawning and emergence 
recommendations during March; however, this is the latter part of the spawning/emergence 
season in the Feather River and most spawning occurs upstream. Summer temperatures will 
generally exceed 65° F below the Thermalito outlet by June, and will remain too warm for 
steelhead rearing throughout the summer months. Most steelhead rearing occurs in the low flow 
channel where temperatures are projected to be generally suitable year round and to be slightly 
improved in the future. We project that steelhead populations in the Feather River will be 
maintained through continued operation of the project. The steelhead life history includes 
anadromous and resident forms of the species, allowing populations to persist both during 
periods of poor ocean conditions and periods of low freshwater in streams. The nature of straying 
allows steelhead to repopulate areas of local disturbance, although no such disturbances 
requiring straying to repopulate areas are likely to occur as a result of project operations. 

American River 

Nimbus Reservoir releases are expected to provide suitable flows for adult steelhead passage and 
spawning. Operations agreements already in place should ameliorate effects due to flood control 
releases should they occur. Water temperatures should be generally appropriate for steelhead 
spawning and emergence from December through March. However, temperatures may be 
marginal for spawning and emergence during March through May of some years. May through 
mid-October water temperatures will be marginal for steelhead rearing at times and will be 
higher in the future. The survival of some juveniles through summer under similar conditions 
during previous years indicates the conditions are tolerable for some fish. Water temperatures 
should be appropriate for yearling emigration between December and March. Temperatures will 
be higher in June through November under the future operations scenario. The steelhead run in 
the American River will likely continue to be supported primarily by the hatchery, with limited 
successful in-river smolt production in dry water years. 

Stanislaus River 

Conditions for steelhead in the Stanislaus River should generally be favorable for completion of 
the life cycle. Goodwin Dam releases will provide suitable flows for adult steelhead passage and 
spawning. Water temperatures are suitable for adult migration and spawning and juvenile 
rearing. Water temperatures between Goodwin Dam and Orange Blossom Bridge should be 
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suitable for all steelhead life history stages present most of the year. Temperatures at and below 
Oakdale may exceed the preferred range for rearing at times during the summer months, but the 
presence of a large resident trout population in the river indicates suitable in-river conditions. 
This resident population will be maintained and provides a source of the anadromous form of the 
species for those times when San Joaquin River migratory conditions are poor. The steelhead life 
history includes anadromous and resident forms of the species, allowing populations to persist 
both during periods of poor ocean conditions and periods of low freshwater in streams. The 
nature of straying allows steelhead to repopulate areas of local disturbance, although no such 
disturbances requiring straying to repopulate areas are likely to occur as a result of project 
operations. 

Sacramento-San Joaquin Delta 

Previous plans in place to protect spring- and winter-run Chinook salmon and Delta smelt have 
helped reduce steelhead salvage, and help to minimize CVP and SWP Delta effects on steelhead. 
The data assessment team (DAT) will continue to monitor conditions in the Delta so that actions 
can be taken when higher numbers of steelhead are more vulnerable to being taken at the pumps. 
Projected operation of other Delta facilities (for example, the North Bay Aqueduct, the Delta 
Cross Channel (DCC), Rock Slough Diversion, and the Suisun Marsh Salinity Control Gates 
(SMSCG)) are not expected to substantially impact steelhead. Steelhead take at these facilities 
has historically been low relative to the Central Valley Steelhead population as a whole. 

Steelhead Summary 

CVP and SWP operations will result in take of some steelhead. The magnitude of effects on 
population trends are unknown but the effects on the Central Valley steelhead population should 
be small relative to the population as a whole. Water operations during dry years will reduce 
steelhead habitat when cold water supplies are not large enough to maintain suitable rearing 
conditions throughout the habitat generally used by steelhead. However, wild steelhead are 
consistently captured in smolt outmigration monitoring programs and observed in snorkel 
surveys, and wild steelhead habitat enhancements have increased since they were listed in 1998, 
suggesting that protections and enhancements in freshwater habitats and the Delta are sufficient 
to maintain populations of Central Valley Steelhead at a level similar to the current population. 
Climate change scenarios include some scenarios where water temperatures in the rivers would 
be degraded.  This would reduce the area of the rivers suitable for steelhead rearing during the 
summer, potentially decreasing carrying capacity, should these scenarios occur in the future.  
The steelhead life history includes anadromous and resident forms of the species (O. mykiss), 
allowing populations to persist both during periods of poor ocean conditions and periods of low 
freshwater in streams. The nature of straying allows steelhead to repopulate areas of local 
disturbance, although no such disturbances requiring straying to repopulate areas are likely to 
occur as a result of project operations.  

Determination of Effects to Central Valley Steelhead DPS and their 
Designated Critical Habitat 

Based on the effects analysis we have determined that CVP and SWP project operations are 
likely to adversely affect the Central Valley steelhead DPS. 
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Based on the effects analysis we have determined that CVP and SWP project operations are 
likely to adversely affect Central Valley steelhead designated critical habitat.  

 

Sacramento River Winter–run Chinook ESU, Central 
Valley Spring–run Chinook Salmon ESU 

Upper Sacramento River 

Keswick Reservoir releases are expected to provide suitable flows for adult Chinook salmon 
passage and spawning. The minimum release of 3,250 cfs can sustain the population through dry 
years if suitable temperatures are maintained in the upper river. Operations agreements already in 
place will ameliorate effects due to flood control releases when they occur. Water temperatures 
will be appropriate for most Chinook salmon life history stages year-round during most years in 
the upper river, but during dry years temperatures during late summer and fall will be above 
preferred ranges for spawning and rearing so will likely result in lower production than during 
wet years. Winter–run spawning has shifted upstream with passage enhancements so that 
although water temperature will be higher, upper river temperatures will maintain incubation 
conditions down to Balls Ferry in most years.  This covers the area where 99 percent of winter–
run spawn (based on 2001 – 2005 spawning distribution). The few spring–run that spawn in the 
Sacramento River spawn further downstream than winter–run, so effects will be greater on them. 
In addition, winter-run are the primary focus of temperature management so temperatures 
sometimes warm in the fall during spring-run incubation.  During critically dry years most 
spring–run eggs could suffer mortality due to high water temperature during incubation. A small 
proportion of the Central Valley spring-run population spawns in the Sacramento River, so 
overall population effects of low spring run production in the mainstem river will be minor. The 
entire winter-run population spawns in the upper Sacramento River.  

Clear Creek 

Whiskeytown Reservoir releases should provide adequate flows for passage and spawning most 
years. During some years additional CVPIA 3406 (b)(2) water may be needed for better 
attraction and upstream migration conditions for spring–run and fall–run fish. Summer water 
temperatures are expected to be suitable for adult holding in the upper river. Water temperatures 
will be suitable for most life history stages above Igo, but spawning and rearing temperatures 
near the mouth of the creek will be slightly above the preferred range during the summer. Spring 
run spawning and rearing habitat is upstream of Igo.  A very small proportion of the Central 
Valley spring-run population enters Clear Creek, but habitat and flow improvements have 
increased spring run escapements in recent years.  These conditions will be maintained with 
project operations. 

Feather River 

Flow and water temperature conditions should generally be suitable for all spring–run Chinook 
salmon life history stages all year in the low flow channel, particularly in the upper low flow 
channel. However, superimposition on spring–run Chinook salmon redds by fall–run Chinook 
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may continue to be a problem until the Segregation Weir is constructed. The reach below the 
Thermalito outlet will be less suitable, until a Facility Modification(s) for temperature control is 
constructed, as water temperatures below Thermalito will be too warm for adult holding and 
spawning, but will be appropriate for juvenile rearing and emigration during winter and early 
spring. 

Sacramento-San Joaquin Delta 

Actions taken in the past to protect winter–run and spring–run Chinook and Delta smelt provide 
protection during the winter and spring, thereby reducing the impact of CVP and SWP Delta 
operations. Emigrating yearling Chinook salmon will receive protection from actions triggered 
through the Salmon Protection Decision Process during the emigration period. The DAT team 
will continue to watch fish monitoring data throughout the system so that operational 
adjustments can be made to minimize salvage. 

Winter-run and Spring-run Chinook Summary 

Chinook losses due to CVP and SWP operations may be substantial. However, the cohort 
replacement rate methodology discussed in Chapter 4 indicates Chinook salmon populations are 
generally increasing through 2007. The cohort replacement rate (CRR) data from the Sacramento 
River, Deer, Mill, and Butte creeks suggest existing protections and enhancements in the upper 
watershed and the Delta are sufficient to maintain populations of Central Valley winter–run, and 
Central Valley spring–run Chinook salmon during the continued operations of the CVP and SWP 
considered in this consultation. The spring-run population uses primarily non-Project tributaries 
for spawning and rearing, and uses the Sacramento River and Delta as a migratory corridor. 
Migratory conditions will be adequate to maintain the spring-run and winter-run populations. 
Climate change scenarios include scenarios with warmer temperatures and decreased 
precipitation leading to increased water temperatures in the rivers.  These scenarios would 
decrease carrying capacity for winter-run and spring-run Chinook in the future. Ocean conditions 
will likely continue to produce population fluctuations, and the effects of climate change 
scenarios on ocean conditions for salmon are still uncertain. 

Determination of Effects to Sacramento River Winter-run Chinook 
Salmon ESU and their Designated Critical Habitat 

Based on the effects analysis we have determined that CVP and SWP project operations are 
likely to adversely affect the Sacramento River winter-run Chinook salmon ESU. 

Based on the effects analysis we have determined that CVP and SWP project operations are 
likely to adversely affect Sacramento River winter-run Chinook salmon designated critical 
habitat.  

Determination of Effects to Central Valley Spring-run Chinook Salmon 
ESU and their Designated Critical Habitat 

Based on the effects analysis we have determined that CVP and SWP project operations are 
likely to adversely affect the Central Valley spring-run Chinook salmon ESU. 
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Based on the effects analysis we have determined that CVP and SWP project operations are 
likely to adversely affect Central Valley spring-run Chinook salmon designated critical habitat.  

 

Southern Oregon/Northern California Coast Coho 
Salmon ESU 
The Southern Oregon/Northern California Coast coho salmon ESU occurs in the Trinity River. 
Reclamation is implementing higher flows and physical habitat improvements for the Trinity 
River Restoration Program in the Trinity River. The net effect of future CVP operations on coho 
salmon in the Trinity River should be a benefit to the population through the habitat values 
provided as outlined in the Trinity River Restoration Program. 

Based on the effects analysis we have determined that CVP and SWP project operations may 
affect, but are not likely to adversely affect the Southern Oregon/Northern California Coast coho 
salmon ESU. 

Based on the effects analysis we have determined that CVP and SWP project operations may 
affect, but are not likely to adversely affect Southern Oregon/Northern California Coast coho 
salmon designated critical habitat.  

 

Central California Coast Steelhead DPS 
No adverse effects of the project on Central California Coast steelhead have been identified.  The 
portion of the project area intersecting the CCC steelhead DPS is in the north-western Delta 
leading to Suisun Creek.  Suisun Creek was excluded from the Critical Habitat designation.  
Effects on this migratory corridor for CCC steelhead are expected to be minimal to water quality 
and of no measurable effect on VSP parameters for CCC steelhead.   

Based on the effects analysis we have determined that CVP and SWP project operations are not 
likely to adversely affect the Central California Coast steelhead DPS. 

Based on the effects analysis we have determined that CVP and SWP project operations are not 
likely to adversely affect Central California Coast steelhead designated critical habitat.  

 

Delta Smelt 
We have considered direct entrainment effects and indirect effects on delta smelt in terms of (1) 
changes in expected flows at the CVP and SWP export facilities, (2) changes in Old and Middle 
River flow, and (3) changes in X2 position. These exports, flow and X2 are expected to increase, 
increasing potential risks for delta smelt.  However, the past population effects have been 
difficult to determine, and DSRAM and EWA-based actions are expected to curtail the exports 
and flows. 
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(1) Since exports flows increase under the future scenarios considered, entrainment of unspent 
adults at the SWP and CVP export facilities may increase in some months, depending on the 
application of the DSRAM and EWA curtailments.   Substantial increases in pumping in some 
scenarios in one or more months during March to July are likely to increase the entrainment of 
juvenile delta smelt during drier years.  It is important to note here that the beneficial effects of 
flow and operational restrictions imposed by a federal judge to protect delta smelt from 
entrainment are not considered in the scenarios. 

(2) More negative Old and Middle River flow are predicted in studies 7.0, 7.1, and 8.0 especially 
for months during drier years when adult, larval and juvenile delta smelt are vulnerable to 
entrainment.  However, other flows and tactical curtailments in exports, and application of 
DSRAM and EWA curtailments will reduce potential effects of increases in Old and Middle 
River reversed flows. 

 (3) Upstream movements of X2 are predicted in studies 7.0, 7.1, and 8.0 with respect to Study 
6.0 for the months when delta smelt live in the low salinity zone.  Upstream movements of 5 km 
or more, as projected for some months in late summer and fall, are expected to reduce the 
availability and quality of delta smelt habitat as defined by salinity, transparency and volume.  
Such changes may have other effects on the pelagic food web that supports delta smelt.  
However, the extent of population effects of X2 and entrainment changes are unknown. 

Determination of Effects to Delta Smelt and their Designated Critical 
Habitat 

Based on the effects analysis we have determined that CVP and SWP project operations  will 
adversely affect delta smelt. 

Based on the effects analysis we have determined that CVP and SWP project operations are 
likely to advesely affect delta smelt deignated critical habitat.  

 

Southern DPS of North American Green Sturgeon 
We have considered (1) Sacramento River flows and water temperature, (2) Red Bluff Diversion 
Dam Operation, (3) entrainment loss at the CVP and SWP export facilities. 

(1) Sacramento River flows provide conditions suitable for adult and juvenile green sturgeon 
migration. Water temperatures provided for Chinook salmon and steelhead are are suitable for all 
green sturgeon lifestages in the Sacramento River.   

(2) Red Bluff Diversion Dam gate operations have been modified to make downstream passage 
for green sturgeon safer. Gates under current and near future operations block some late 
migrating green sturgeon. Future operations will allow unimpeded passage for upstream 
migrating green sturgeon. 

(3) A small number of green sturgeon become entrained in the SWP and CVP Delta export 
facilities. 

At this time, critical habitat for the green sturgeon has not been designated.   
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Determination of Effects to Southern DPS of North American Green 
Sturgeon 

Based on the effects analysis we have determined that CVP and SWP project operations are 
likely to adversely affect  the Southern DPS of North American green sturgeon. 

 

Southern Resident DPS of Killer Whales 
Project operations have the potential to affect the prey base of Southern Resident killer whales. 
Project operations would only affect Southern Resident killer whales to the extent that the effects 
of the project operations alter salmonid populations which could indirectly lead to a reduction in 
prey availability to the Southern Resident killer whales. Reductions in prey availability may 
force the whales to spend more time foraging, and could lead to reduced reproductive rates and 
higher mortality. 

Determination of Effects to Southern Resident DPS of Killer Whales 
and their Designated Critical Habitat 

Based on the effects analysis we have determined that CVP and SWP project operations may 
effect but are not likely to adversely affect the Southern Resident DPS of killer whales.  

Based on the effects analysis we have determined that the effects of the CVP and SWP project 
operations on salmon populations are not likely to adversely affect designated critical habitat 
since the effects are discountable due to the small percentage of California salmon potentially 
present in Washington waters identified as critical habitat. 

 

Summary of Beneficial Effects 
A summary of the CVPIA, Four Pumps Agreement, and CALFED Bay-Delta Program 
(CALFED) actions is in Chapter 18. CVPIA Section 3406 (b)(2) and Yuba Accord Purchase 
assist the projects with the VAMP actions. Adaptive Management is summarized in Chapter 2.  
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Chapter 16  Essential Fish Habitat Assessment  

Essential Fish Habitat Background 
The Magnuson-Stevens Fishery Conservation and Management Act (Magnuson-Stevens Act) 
mandates Federal action agencies which fund, permit, or carry out activities that may adversely 
impact the essential fish habitat (EFH) of Federally managed fish species to consult with the 
NMFS regarding the potential adverse effects of their actions on EFH (Section 305 (b)(2). 
Section 600.920(a)(1) of the EFH final regulations state that consultations are required of Federal 
action agencies for renewals, reviews, or substantial revisions of actions if the renewal, review, 
or revision may adversely affect EFH. The EFH regulations require that Federal action agencies 
obligated to consult on EFH also provide NMFS with a written assessment of the effects of their 
action on EFH (50 CFR Section 600.920). The statute also requires Federal action agencies 
receiving NMFS EFH Conservation Recommendations to provide a detailed written response to 
NMFS within 30 days upon receipt detailing how they intend to avoid, mitigate or offset the 
impact of the activity on EFH (Section 305(b)(4)(B). 

The objective of this EFH assessment is to describe potential adverse effects to designated EFH 
for Federally-managed fisheries species within the proposed action area. It also describes 
conservation measures proposed to avoid, minimize, or otherwise offset potential adverse effects 
to designated EFH resulting from the proposed action. 

The northern anchovy and starry flounder are managed as “monitored species” by the Coastal 
Pelagic Species Fishery Management Plan and the Pacific Coast Groundfish Fishery 
Management Plan of the Pacific Fishery Management Council (PFMC), respectively, and are 
subject to Essential Fish Habitat consultation as a result (PFMC 1998a, 1998c). 

The fall/late fall-run Chinook salmon Oncorhynchus tschawytscha is a species of concern and 
information can be found in the salmon Chapters 5 and 6 of this document for EFH. 

Effects on Central Valley spring-run Chinook salmon, Sacramento River winter-run Chinook 
salmon, Southern Oregon/Northern California Coast coho salmon, Central Valley steelhead, and 
Central California Coast steelhead habitat are described in this biological assessment in Chapters 
11 and 13 and are summarized in Chapter 15.  

 

Identification of Essential Fish Habitat 
Essential fish habitat is defined as those waters and substrate necessary to fish for spawning, 
breeding, feeding, or growth to maturity. For the purpose of interpreting the definition of EFH, 
“waters” include aquatic areas and their associated physical, chemical, and biological properties 
that are used by fish, and may include areas historically used by fish where appropriate; 
“substrate” includes sediment, hard bottom, structures underlying the waters, and associated 
biological communities; “necessary” means habitat required to support a sustainable fishery and 
a healthy ecosystem; and “spawning, breeding, feeding, or growth to maturity” covers a species 
full life cycle. The following important components of EFH must be adequate for spawning, 
rearing, and migration: 
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• Substrate composition 

• Water quality 

• Water quantity, depth, and velocity 

• Channel gradient and stability 

• Food 

• Cover and habitat complexity 

• Space 

• Access and passage 

• Habitat connectivity 

The Coastal Pelagic Species Fishery Management Plan has designated EFH for all coastal 
pelagic species, including the central subpopulation of the northern anchovy (PFMC 1998a). 
Essential fish habitat is defined to be all marine and estuarine waters along the Pacific coast from 
Washington to California. The specific limits of this area are defined by temperature-based 
thermoclines and isotherms, which vary seasonally and annually (PFMC 1998a). The level of 
EFH information is 1 (Presence/absence distribution data are available) for this species (PFMC 
1998a). 

Reclamation and DWR’s proposed operation is described in Chapter 2 of the BA for the CVP 
and SWP. The Bay/Delta provides habitat for northern anchovy Engraulis mordax and starry 
flounder Platichthys stellatus, which are covered under the EFH provisions of Magnuson-
Stevens Act, but are not listed under the ESA.  

 

Description of the Federally-managed Fisheries 
Species   
Northern Anchovy 

Description and Life History 

Northern anchovies are small, short-lived, fish typically found in schools near the water surface. 
They are short-lived, rarely exceeding 4 years of age and 7 inches (17.78 cm) in length, although 
individuals 7 years old and 9 inches (22.86 cm) long have been recorded (Messersmith 1969). 
Some anchovies reach sexual maturity at the end of their first year of life when 3.5 to 3.9 inches 
(90 to 100 mm) SL; about 50 percent are mature at 5.1 inches (130 mm) SL when between 2 and 
3 years old; all are mature when 5.9 inches (150 mm) SL or 4 years old (Clark and Phillips, 
1952). MacGregor (1968) reports that female anchovies, 3.8 to 5.4 inches (97- 138 mm) SL 
contained 4,023 to 21,297 eggs in an advanced stage of development. This equals 574 per gram 
of fish or 520 million eggs per short ton of female biomass. He was unable to determine the 
number of times a female spawns in a season. However, Baxter (1966) reported that although 
little has been published on the fecundity of the northern anchovy, each large female spawns an 
estimated 20 to 30 thousand eggs annually and spawns two or three times each year. There is 
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always a reservoir of maturing eggs in the ovary of an adult female in spawning condition. The 
fraction of one-year-olds that is sexually mature in a given year depends on water temperature 
and has been observed to range from 47 to 100 percent. They spawn during every month of the 
year, but spawning increases during late winter and early spring and peaks during February to 
April. Richardson (1981) reports that peak spawning occurs from January through April when 
southward current flow is minimal, water temperatures are reaching minimal levels for the year, 
upwelling is minimal, and day length is at minimum duration. Spawning has been observed over 
a temperature range of 54 o to 71 o F. Individual females spawn batches of eggs throughout the 
spawning season at intervals as short as seven to 10 days. This species is a broadcast spawner 
and females can produce up to 30,000 eggs a year in batches of about 6,000. Most spawning 
takes place in channels or within 60 miles of the coast in the upper mixed layers at night, in 
water temperatures of 54º F to 59º F. The San Francisco Bay is thought to provide favorable 
reproductive habitat for the anchovy because abundant food exists for both adults and larvae and 
coastal upwelling keeps eggs and larvae in productive areas. Spawning in the bay occurs at 
higher temperatures and lower salinities than spawning in coastal areas (McCrae 1994, Bergen 
and Jacobson 2001). In a single year study by McGowen (1986), either eggs or larvae were 
caught by net in San Francisco Bay every month. Both were most abundant when water 
temperature was high. Mean egg abundance did not differ among stations but larvae were more 
abundant within the San Francisco Bay at high and low salinity than near the ocean entrance to 
the Bay. Larvae longer than 15 mm were collected over the shoals in spring and autumn but were 
in the channel during winter. Zooplankton and microzooplankton were abundant relative to mean 
California Current densities. Adult spawning biomass in the Bay was 767 tons in July 1978, 
based on egg abundance and fecundity parameters of oceanic animals. San Francisco Bay was a 
good spawning area for northern anchovy because food for adults and larvae was abundant and 
because advective losses of larvae would have been lower in the Bay than in coastal waters at the 
same latitude. 

Northern anchovy eggs are oval, pelagic, and approximately 1.5 by 0.75 millimeters (mm) in 
size. Eggs are found near the water surface and require two to four days to hatch, depending on 
water temperatures. Larvae are also found near the water surface (CDFG 2001). Larvae range in 
size from 2.5 to 25 mm in length and begin schooling at 11 to 12 mm in length. Juveniles range 
in size from 25 to 140 mm in length. Some fish mature at less than one year of age (71 to 100 
mm) and all are nature at two to three years. Maximum age is seven years, but most live for four 
years. Maximum size is about 230 mm, although most are not over 158 mm in length (McCrae 
1994, Bergen and Jacobson 2001). Ahlstrom (1959) reports that approximately 93 percent of the 
larvae are taken in water between 14.0 o and 17.4 o C (57.2 o and 67.3 o F) while most eggs are 
taken between 13.0 o and 17.5 o C (35.4 o and 63.5 o F). Fish-of-the-year apparently tolerate 
somewhat higher water temperatures than do adults. 

Anchovies feed diurnally either by filter feeding or biting, depending on the size of the food 
(Berkeley Elibrary 2002). Juvenile and adult northern anchovies are considered secondary and 
higher consumers, selectively eating larger zooplankton, fish eggs, and fish larvae. Baxter (1966) 
noted that they have been observed to be predatory on small fish at times, even their own kind. 
He also noted l+-inch fish in the stomachs of 5+-inch anchovies. First-feeding larvae eat 
phytoplankton and dinoflagellates, while larger larvae pick up copepods and other zooplankton. 
Female anchovies need to eat approximately 4 to 5 percent of their wet weight per day for 
growth and reproduction (Goals Project 2000). 
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All life stages of the northern anchovy are important prey for virtually every predatory fish, bird, 
and mammal in the California current (Baxter 1967), including California halibut, Chinook and 
Coho salmon, rockfishes, yellowtail, tunas, sharks, squid, harbor seal, northern fur seal, sea lions, 
common murre, brown pelican, sooty shearwater, and cormorants. Baxter (1966) reported that 
anchovies constituted 12.8 percent by volume of the diet of California yellowtail (SerioZa 
dorsalis) (Craig, 1960) and 29.1 percent by volume of the diet of Chinook salmon 
(Oncorhynchus tshawytscha) off San Francisco (Merkel, 1957). Qualitative studies have shown 
anchovies to be an important constituent in the diets of all of the large predatory game fish off 
California. Baxter (1966) noted that the Pacific bonito (Xarda chiliensis) populations have 
historically correlated well with Northern anchovy numbers. The breeding success of California 
brown pelicans and elegant tern production is correlated with anchovy abundance (Bergen and 
Jacobson 2001; Schaffner 1986). Competitors with the anchovy include sardines and other 
schooling planktivores, such as jacksmelt and topsmelt. These species are also potential 
predators on young anchovy life stages (Goals Project 2000).  

Distribution 

Northern anchovies are pelagic schooling fishes generally found in coastal waters with surface 
temperatures between 14.5o and 20.0 o C (58.1 o and 68.O o F) but appear to prefer water 
temperatures between 14.5 and 18.5ºC (Hart 1973). Anchovies occur from the Queen Charlotte 
Islands, British Columbia to Cape San Lucas, Baja California. California Cooperative Oceanic 
Fisheries Investigations (CalCOFI) surveys show they are most abundant from San Francisco to 
Magdalena Bay. North of San Francisco, occasional surveys by the Department of Fish and 
Game have not found anchovies in abundance (Messersmith et al. 1969). The northern anchovy 
is one of the most abundant and productive fishes in the San Francisco Bay area (Berkeley 
Elibrary 2002). The northern anchovy occurs from Suisun Bay to South San Francisco Bay and 
occasionally in the lower Delta. This species is most abundant downstream of the Carquinez 
Strait and outside the Bay in the California Current (Herbold et al. 1992, Goals Project 2000).  

The east-west geographic boundary of EFH for the northern anchovy is defined to be all marine 
and estuarine waters from the shoreline along the coasts of California, Oregon, and Washington 
offshore to the limits of the exclusive economic zone and above the thermocline where sea 
surface temperatures range between 10o C to 26o C (50 o F to 78.8 o F). The southern extent of 
EFH for the anchovy is the United States-Mexico maritime boundary. The northern boundary of 
the anchovy’s EFH is the position of the 10o C (50 o F) isotherm which varies both seasonally and 
annually (PFMC 1998b). McHugh (1951) concluded that the anchovy population is divided into 
three subpopulations which do not intermingle completely: (i) British Columbia to northern 
(California (Monterey Ray), (ii) off southern California and northern Baja California, and (iii) 
off central and southern Baja California. His conclusions were based on an analysis of meristic 
data (dorsal, anal, and pectoral fin rays, vertebrae and gill rakers). Hubbs (1925) (as reported in 
Baxter 1966) described a separate subspecies (E. nz. nanzis) which inhabits San Francisco Bay 
and tolerates much-reduced salinities. In both mean and modal number of vertebrae the bay 
subspecies has two fewer than the ocean subspecies. It is a much smaller fish, the largest found 
by Hubbs measured 99 mm TL. Its head averages longer, the body deeper and more compressed. 
The early development is also apparently more accelerated and transformation from postlarval to 
juvenile stages occurs at a much smaller size. Similar brackish-water forms also are known for 
the European anchovy (E. encrasicholus) and Australian anchovy (E. australis) (Blackburn, 
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1950). However, no further work has been detected in the literature. Miller (1956), working with 
age and size compositions of commercial and live-bait catches from central and southern 
California, aerial surveys, and sea surveys, suggested the possible existence of "local" stocks and 
the complete separation of central and southern California populations. However, not enough 
information has been collected to support or refute this (Messersmith 1969). 

There is a great deal of regional variation in age composition (number of fish in each age group) 
and size at age with older fish and larger fish found at relatively offshore and northerly locations. 
In warm years, relatively old and large fish are found farther north than during cooler years. 
These patterns are probably due to northern and offshore migration of large fish, regional 
differences in growth rate, and water temperatures. The adults and juveniles of the northern 
anchovy are pelagic and form tightly packed schools that range from the water surface to 164 
fathoms deep (McCrae 1994). This species is found from seawater to mesohaline (moderately 
brackish water with salinity range of 5 to 18 ppt) and occasionally found in oligohaline (brackish 
water with low salinity range of 0.5 to 5 ppt) areas. Adults are found in estuaries, near-shore 
areas, and out to 300 miles offshore, although most are found within 100 miles of shore (Airame 
2000). Juveniles are abundant in shallow near-shore areas and estuaries.  

The northern anchovy does not migrate extensively but does have inshore-offshore, along-shore, 
and daily movements (McCrae 1994). Some exchange of anchovies between major fishing areas 
does occur. Tagging studies between 1966 and 1968 (Messersmith et al. 1969) indicated that fish 
from as far away as San Diego and San Francisco do contribute to the Monterey Bay fishery and 
that fish from Monterey Bay reach southern California. However, to what extent it is unclear.  

Habitat Requirements 

River 
The Northern Anchovy is common in surveys of the lower tidal portions of Sacramento and San 
Joaquin rivers (Herrgesell 1994). However, because of their salinity requirements, northern 
anchovy have not been recorded above brackish water within these systems. 

Delta 
Between 1979 and 1999, northern anchovy made up less than 1% of the total fish captured by 
otter trawl and beach seine in Suisun Marsh (Matern et al. 2002). However, they were the 4th –
most common fish larvae species in the Suisun Bay in a 1991 survey and adults are also common 
in San Pablo Bay (Herrgesell 1994).  

Bay  
Although northern anchovy are found in the San Francisco Bay area throughout the year, they 
tend to peak there from April to October (Goals Project 2000). Larvae numbers are typically 
found in high density in mid and upper level trawl surveys; so much so, that in a 1992 survey, 
samples for other species was difficult (Herrgesell 1994). However, by April, larval anchovy 
numbers appear to diminish. The spring influx to the bay areas may result from higher 
temperatures and increasing plankton production in the bay and coastal upwelling; the autumn 
exodus may be linked to cooler temperatures in the bay. Larvae and juveniles that were spawned 
in late summer tend to overwinter in the bay. In the summer and fall months, anchovy larvae 
follow the salt wedge into warm, productive shallows of Suisun Bay and the lower Delta 
(Berkeley Elibrary 2002). Schooling juveniles are found in sea- and freshwater in the 
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Sacramento-San Joaquin estuary, especially in July and August. During the summer, adults and 
juveniles have daily movements from 60 to 100 fathoms deep in the day to surface waters at 
night (Bergen and Jacobson 2001). 

The primary fresh water inputs to the San Francisco Estuary are derived from regional 
precipitation (quantity and form {ie rain or snow]) and to a greater extent, the Sacramento and 
San Joaquin Rivers (Kimmerer 2002). River inflow is largely regulated by upstream reservoir 
releases. A significant fraction of this inflow is exported out of the Delta by the CVP and the 
SWP affecting variation in through-estuary outflow, creating lower winter and higher summer 
outflow than what occurred historically. This can have a strong influence on the mixing zone 
(X2), where fresh and salt water collide and overall Estuary salinity (Uncles and Peterson 1996). 
This mixing zone is a highly productive environment (Kimmerer 2002). 

Movement of the mixing zone is complex and dependent upon a number of factors, including 
tidal cycles (Cloern et al. 1989) and fresh water inflow. Wind wave action can also be important 
for mixing. Over the course of a year, X2 can range from San Pablo Bay during high flow 
periods, to well into the Delta during the summer drought. The position of X2 is monitored and 
maintained by releasing water from upstream reservoirs and operation of manmade barriers (ie 
Suisun Marsh gates) in anticipation of export demand. This is mandated by in the Vernalis 
Salinity Standard, which was legally established to maintain habitat quality in the Estuary for 
wildlife and to prevent salinity from encroaching upstream to the export pumps (Trott 2006). 
Gravitational circulation causes stratified high salinity water at depth to flow landward while low 
salinity water on top flows seaward (Monismith 1996). The effect of gravitational circulation 
may be most pronounced during periods of high fresh water flow, providing a negative feedback 
for maintaining the salt field and the distribution of pelagic organisms in the Estuary. 

Mixing is important at the landward edge of gravitational circulation, often around X2, where the 
water column becomes less stratified (Burau 1998). A fixed mixing zone occurs at the east end 
of the Carquinez Strait, where the deep channel becomes dramatically shallower as it enters 
Suisun Bay (Schoellhamer 2001). Mixing is critical in maintaining salinity such that extremely 
large inputs of fresh water are required to move X2 a short distance to the west. Mixing also 
assists pelagic organisms in maintaining position in the Estuary (Kimmerer 2004) and slowing 
the advection of primary and secondary production out of the system. These relationships appear 
to have a significant influence on fish species within the Estuary (Feyrer et al. 2007). 

Furthermore, phytoplankton, zooplankton, and larval and adult fish can become entrained in the 
export pumps, causing a potentially significant but unknown impact on the abundance of these 
organisms. This interaction may have a significant influence on food sources and predators of 
northern anchovy and starry flounder within the Bay. 

Population Trends 

Estimates of northern anchovy biomass in the central subpopulation averaged 359,000 tons from 
1963 through 1972, increased rapidly to over 1.7 million tons in 1974 and then declined to 
359,000 tons in 1978 (CDFG 2001). Since 1978, biomass levels have tended to decline slowly, 
falling to an average of 289,000 tons from 1986 through 1994 (Jacobson et al. 1994). Total 
anchovy harvests and exploitation rates since 1983 have been below theoretical levels for 
maximum sustained yield. Although stock biomass estimates are unavailable for recent years, it 
is believed that anchovy production is being determined mostly by natural influences, such as 
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ocean temperature (CDFG 2001). Surveys of the South San Francisco Bay (MSI 2002) showed 
significant decreases in Northern anchovies between 1973 and 2003. According to NOAA (), 
recent biomass estimates for the central subpopulation (from San Francisco to Baja, California) 
indicate that biomass averaged 326,000 metric tons until 1970, increased rapidly to 1.6 million 
metric tons in 1974, and then declined to 521,000 metric tons in 1978. During the early 1990s, 
biomass declined to about 150,000 metric tons and then increased to 388,000 metric tons in 
1995. No new stock assessment has been made, as this species in currently managed based on 
landings. 
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Figure 16-1 The annual abundance indices for northern anchovies are generated from the San 
Francisco Bay Monitoring Program midwater trawl data. 

Data source: California Department of Fish and Game/ Bay Delta Region web page. 

(http://www.delta.dfg.ca.gov/baydelta/monitoring/naab.asp) 

According to Swanson (2007), although northern anchovy are always found in all sub-regions of 
the estuary, their abundance differs markedly. For the past 27 years, northern anchovy have been 
most abundant in Central Bay, least abundant in Suisun Bay, and present at intermediate 
abundance levels in San Pablo and South Bays (Figure 16-2). 
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Figure 16-2 Abundance of Northern Anchovy within four sections of the San Francisco Bay, 1980 
through 2005. Data Source: CDFG 2005. 

Baxter (1966) stated that the California anchovy fishery has been in reality two distinct fisheries, 
the commercial fishery and that for live bait and both are quite modest compared to anchovy 
fisheries in other parts of the world. Historically, most of the catch was "reduced" (or processed) 
into oil and fish meal and sold as a protein supplement for use in poultry feed (Conrad 1991). 
About 3,000 - 6,000 metric tons (mt) per year are harvested live for use as bait in various sport 
fisheries, while another 1,000 - 3,000 mt per year are harvested for other commercial products, 
such as pet food. During its peak years in the mid-1970s the reduction fishery accounted for 
about 90 percent of the total U. S. harvest. In the 1980s landings for reduction declined below 
6,000 mt annually and were exceeded by nonreduction landings for most of the decade. Both 
have been dropped steadily since the 1970’s (CDFG 2001). 
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Figure 16-3 California Department of Fish and Game (1966) Ecological studies of the Sacramento-
San Joaquin estuary; Part 1,: Zooplankton, zoobenthos, and fishes of San Pablo and Suisun Bays, 
zooplankton and zoobenthos of the Delta 

Starry Flounder 

Description and Life History 

The starry flounder, a flatfish also known as rough jacket, belongs to the family Pleuronectidae. 
According to Moyle (2002), they are characterized by having both eyes on the upper side of the 
head, a white “belly” with a single pectoral fin in the middle, pelvic fins on the dorsoventral 
ridge behind the operculum, and dorsal and anal fins that extend around the body on each side. 
Although they are the only flatfish likely to be found in freshwater, they can be distinguished 
from other flounders that might occur in brackish water by the distinctive, alternating white to 
orange and black bands on the dorsal and anal fins, as well as by roughness of their skin, caused 
by the star-shaped plates (modified scales). Although they belong to the right-eyed flounder 
family, the eyes may be either side of the head. 

Most spawning occurs in shallow waters near the mouths of rivers and estuaries during the 
winter. In central California, December and January are the peak months of spawning. The 
number of eggs produced by each female depends on size but a 27-inch fish may produce about 
11 million eggs. 

Females grow faster and reach larger sizes than males. In central California, most males are 
sexually mature at two years averaging 14.5 inches; most females at three years and 16 inches. 
The maximum size reported is 36 inches. 

The starry flounder is covered by the West Coast Groundfish Fishery Management Plan (PFMC 
1998c). Starry flounder range from the Sea of Japan, north to the Bering Sea and the Arctic coast 
of Alaska, and southward down the coast of North America to southern California (Haugen and 
Thomas 2001). Starry flounder can be found in Suisun Bay and the lower portion of the San 
Joaquin River in the Delta (Figure 16-4). The distribution of the starry flounder tends to shift 
with growth. Young juveniles are commonly found in fresh or brackish water of Suisun Bay, 
Suisun Marsh, and the Delta, older juveniles range from brackish to marine water of Suisun and 
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San Pablo Bays, and adults tend to live in shallow marine waters within and outside the San 
Francisco Bay before returning to estuaries to spawn (Goals Project 2000). 

 

 
Figure 16-4 San Francisco Bay starry flounder distribution (Source: California Department of Fish 
and Game/ Bay Delta Region web page (http://www.delta.dfg.ca.gov/baydelta/monitoring/stfl.asp) 

Starry flounder is an important member of the inner continental shelf and shallow sublittoral 
communities, and is one of the most common flatfish in the San Francisco Bay and Delta 
(Haugen and Thomas 2001). Older juveniles and adults are found from 120 km up coastal rivers 
to the outer continental shelf at 375 m, but most adults are found within 150 m. Spawning occurs 
in estuaries or sheltered inshore bays in water less than 45 m deep (Goals Project 2000). 
Juveniles prefer sandy and muddy substrates and adults prefer sandy and coarse substrates. Eggs 
are found in polyhaline (brackish water with moderate salinity range from 18 to 30 ppt) to 
euhaline (brackish water with high salinity range from 30 to 40 ppt) waters; juveniles are found 
in mesohaline (brackish water with moderate salinity range from 5 to 18 ppt) to fresh waters; 
adults and larvae are found in euhaline to fresh waters. All life stages can survive and grow at 
temperatures below 0º C to 12.5º C (32º F to 54.5º F) (Orcutt 1950). 

Starry flounder is not considered to be a migratory species. Adults move inshore in winter or 
early spring to spawn and offshore and deeper in the summer and fall, but these coastal 
movements are generally less than 5 km. While some starry flounder have shown movements of 
greater than 200 km, but this is not considered typical. Adults and juveniles are known to swim 
great distances up major coastal rivers (greater than 120 km) but this is not a migratory trend. 
Larvae may be transported great distances by oceanic currents (CDFG 2001). 

Starry flounder are oviparous; eggs are fertilized externally. Spawning occurs annually in a short 
time frame in winter and spring, with the exact timing depending on location. In central 
California, starry flounder spawn from November to February, peaking in December and January 
(Orcutt 1950). The number of eggs produced by females depends on fish size; a 56 cm fish can 
produce 11,000,000 eggs (CDFG 2001). Fertilized eggs are spherical and between 0.89 and 1.01 
mm in diameter (Orcutt 1950). Eggs hatch in 2.8 days at 12.5º C (54.5º F), 4.6 days at 10.0ºC 
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(50º F), and 14.7 days at 2.0° C to 5.4º C (35.6º F to 41.7º F). Eggs are pelagic and occur at or 
near the surface over water 20 to 70 m deep (CDFG 2001).  

Eggs and larvae of the starry flounder are epipelagic, while juveniles and adults are demersal. 
Larvae are approximately 2 mm long at hatching and they start settling to the bottom after two 
months at approximately 7 mm in length. Metamorphosis to the benthic juvenile form occurs at 
10 to 12 mm and sexually immature juveniles range in size from 10 mm to 45 cm, depending on 
sex (Orcutt 1950). Transforming larvae and juveniles depend on ocean currents to keep them in 
rearing areas near estuarine areas and the lower reaches of major coastal rivers (Goals Project 
2000). Starry flounder tend to rear for up to two years in estuarine areas before moving to 
shallow coastal marine waters. Adults occur in estuaries or their freshwater sources year-round in 
Puget Sound. Females begin maturing at 24 cm and three years, but some may not mature until 
45 cm and four to six years. Males begin maturing at two years and 22 cm, but some may not 
reach maturity until four years and 36 cm (Orcutt 1950). Maximum age is reported as 21 years 
and maximum length is 915 mm.  

Starry flounder change their diet as they develop from pelagic to demersal stages (Orcutt 1950). 
Larvae tend to be planktivorous and eat copepods, amphipods, eggs and nauplii as well as 
barnacle larvae and diatoms. Juveniles and adults are primary to secondary carnivores on larger 
benthic invertebrates. Newly metamorphosed juveniles feed on copepods, amphipods, annelid 
worms, and the siphon tubes of clams. Larger fish with jaws and teeth feed on a wider variety of 
items, including clams, crabs, polychaete worms, sand dollars, brittle stars, and other more 
mobile foods (Orcutt 1950). Historically, in San Francisco Bay, small starry flounder fed mainly 
on opossum shrimp until the invasion of the overbite clam (Potamocorbula amurensis) caused a 
major reduction in shrimp abundance, forcing them to switch to a more diverse diet (Ganssle 
1966, Herbold 1987, Feyrer 1999). Moyle (2002) states that in freshwater, starry flounder shift to 
feeding on insect larvae buried in soft bottoms, such as tipulid larvae (Porter 1964) and annelid 
worms (Martin 1995) and this may put the flounder under some osmotic stress, because digestion 
rates are 2-3 times faster in salt water than in fresh (Porter 1964). Starry flounder do not feed 
during spawning or coldwater periods.  

Starry flounder larvae and juveniles are eaten by larger fish, and wading and diving seabirds 
(e.g., herons and cormorants). Adults are eaten by pinnipeds, larger fishes, sharks and marine 
mammals. 

The starry flounder probably competes with other soft-bottom benthic fishes of estuaries and 
shallow nearshore bays. Individuals with characteristics intermediate between starry flounder 
and English sole are evidence of possible hybridization between those species (Haugen and 
Thomas 2001). 

The Pacific Coast Groundfish Fishery Management Plan (PFMC 1998c) has designated EFH for 
83 species of groundfish, which taken together include all waters from the high water line, and 
the upriver extent of saltwater intrusion in river mouths along the coast from Washington to 
California. Composite habitats most important for the starry flounder are estuarine (for all life 
stages), non-rocky shelf (for juveniles and adults), and neritic habitats (for eggs and larvae), as 
defined by the fishery management plan (PFMC 1998d). The level of EFH information is 1 
(Presence/absence distribution data are available) for all life stages of this species. When Level 1 
information is available, EFH for a species’ life stage is its general distribution, the geographic 
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area of known habitat associations containing most (e.g., about 95 percent) of the individuals 
(PFMC 1998d). The National Marine Fisheries Service is proposing to amend the fishery plan to 
identify and describe essential fish habitat for each managed groundfish species (PFMC 1998c). 

Distribution 

The starry flounder is known to occur in coastal waters of the Pacific and Arctic oceans and 
connecting seas, and rivers within 33 degrees to 73 degrees N. latitude and from 105 degrees W. 
to 127 degrees E. longitude (Orcutt 1950). Thus it is one of the most widely distributed 
flounders. In the eastern Pacific the southern limit of its range is at the mouth of the Santa Ynez 
River at Surf, Santa Barbara County, California. The species becomes more numerous in 
northern California and is found along the entire Pacific coast of North America from the Santa 
Ynez River to the Alaskan Peninsula. It occurs along the Aleutian Island chain westward to the 
Commander Islands and the Kamchatka Peninsula and then extends southward along the east 
coast of Kamchatka, and Kurile Islands, and the main islands of Japan to Tokyo Bay. 

It also occurs in the peripheral seas. It is known from the Sea of Japan south to Obama, Japan 
and Gensan, Korea; and from the entire Gulf of Tartary. Hubbs and Kuronuma (1942) have 
mapped it as occurring along all of the shores of Okhotsk Sea although they give no definite 
locality records and I have been unable to find any elsewhere. Starry flounder have been found 
along the southern and eastern limits of the Bering Sea and along the northern coast of Alaska 
and Canada eastward as far as Coronation Gulf. Whether it occurs along the northwestern shores 
of the Bering Sea is uncertain and there appear to be no records along the arctic coast of Asia. 

Habitat Requirements 

Although considered a euryhaline fish, Gunter (1942) reported that the starry flounder had been 
taken 75 miles upstream in the Columbia River. According to Orcutt (1950), a US Fish and 
Wildlife Service study of salmon and striped bass was conducted with fyke nets fished just 
below the surface of the water one-half mile below the Antioch Bridge in the San Joaquin River 
and six miles downstream from Rio Vista in the Sacramento River. Although the collecting nets 
were not designed or set for the capture of bottom fishes, they took, in addition to the salmon and 
striped bass, 80 starry flounder in the San Joaquin River. At Antioch the salinity varied from 
about 0.06 to 9.0 parts per thousand during the period from April through September, in which 
the flounder were caught; a variation from fresh water to brackish water having a salinity about 
one-quarter that of the ocean. At Rio Vista the salinity varied from 0.02 to 0.5 parts per thousand 
and the Sacramento River water could be considered nothing but fresh during the entire period of 
the experiment. Nevertheless 193 starry flounder were caught at the latter station.  

River 

In streams, they generally prefer tidal, low-gradient areas that have sandy or muddy bottoms. 
Most found in fresh water are young-of-the-year. During dry years abundances may be lower but 
young are more likely to be found farther upstream and to be entrained by the pumps in the south 
Delta (Moyle 2002). The smallest fish are generally found farthest upstream (Ganssle 1966), and 
they seek areas with higher salinity as they grow larger (Baxter et al. 1999). Thus, in April-June 
most young-of-the-year are living in salinities of less than 2ppt, but by July and August they 
have shifted to salinities of 10-15 ppt (Baxter et al. 1999). Temperatures may also influence 
distribution because they are usually found at 10-20oC (Baxter et al. 1999). Starry flounders 



OCAP BA Essential Fish Habitat Assessment 

 August 2008 16-13 

<20cm TL encountered in freshwater seem to be mostly migrants from salt water, rather than fish 
that have reared there (Moyle 2002). 

Delta 
Between 1979 and 1999, starry flounder made up 1% of the total fish captured by otter trawl and 
beach seine in Suisun Marsh (Matern et al. 2002). Meng et al. (1994) considered starry flounder 
a seasonal fish species within the marsh. 

Bay  
In the San Francisco Estuary some smaller flounders may have resulted from spawning in the 
estuary, but most are apparently carried into San Francisco Bay from nearshore ocean waters by 
strong tidal currents along the bottom (Baxter et al. 1999). These currents are strongest during 
years of high outflow from the rivers, and, as a consequence, juvenile starry flounder tend to be 
most abundant in the estuary during wet years (Jassby et al. 1995, Gunter 1942 as reported in 
Moyle 2002). Higher abundances may be related to the greater extent of low-salinity rearing 
areas and the greater abundance of food organisms preferred by small flounders (Herbold et al. 
1992). Ralston (2005) showed that the summertime abundance of young-of-the-year(YOY) 
starry flounder in San Francisco Bay is closely related to discharge into the bay the previous 
winter, and that the relatively long discharge record can be used to hind-cast starry flounder 
recruitment. 

Population Trends 

The starry flounder was a common species in commercial and recreational fisheries of California 
prior to the 1980s, but has declined dramatically in the 1990s and this trend is mirrored in the 
CDFG otter trawl data (Figure 16-5). This flounder is generally not targeted by commercial 
fishers, except in Puget Sound, but is mostly taken as by-catch by bottom trawl, gill nets, and 
trammel nets. Recreational catch occurs by angling from piers, boats, and shore in estuarine and 
rocky areas including rocky structures adjacent to Alcatraz Island (PFMC 1998d). Commercial 
catch trends suggest that populations of this flounder are at extremely low levels, reduced from 
more than 1 million pounds of annual landings in the 1970s to an average of 62,225 pounds of 
annual landings in the 1990s (Haugen and Thomas 2001). However, Moyle (2002) suggests that 
it is unclear whether this decline is related to changing estuary conditions or to changes in fishing 
regulations that reduce catch (Leet et al. 1992). SWP/CVP fish salvage facilities in the 
Sacramento-San Joaquin Delta recorded average monthly salvage records for the starry flounder 
for the period from 1981 to 2002 as 187 fish per month at CVP and 77 at SWP (Foss 2003).  
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Figure 16-5 Abundance estimates of starrry flounder young-of-the-year (YOY) and age 1+, 
captured by otter trawl. Data source: California Department of Fish and Game/ Bay Delta Region 
web page. (http://www.delta.dfg.ca.gov/baydelta/monitoring/stflab.asp) 

 

Potential Effects of Proposed Project 
The primary fresh water inputs to the San Francisco Estuary are derived from regional 
precipitation (quantity and form [ie rain or snow]) and to a greater extent, the Sacramento and 
San Joaquin Rivers (Kimmerer 2002). River inflow is largely regulated by upstream reservoir 
releases. A fraction of this inflow is exported out of the Delta by the CVP and the SWP affecting 
variation in through-estuary outflow, creating lower winter and higher summer outflow than 
what occurred historically. This can have a strong influence on the mixing zone (X2), where 
fresh and salt water collide and the overall salinity of the Estuary (Uncles and Peterson 1996). 
This mixing zone is a highly productive environment (Kimmerer 2002). 
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Movement of the mixing zone is complex and dependent upon a number of factors, including 
tidal cycles (Cloern et al. 1989) and fresh water inflow. Wind wave action can also be important 
for mixing. Over the course of a year, X2 can range from San Pablo Bay during high flow 
periods, to well into the Delta during the summer drought. The position of X2 is monitored and 
maintained by releasing water from upstream reservoirs and operation of manmade barriers (ie 
Suisun Marsh gates) in anticipation of export demand. This is mandated in the Vernalis Salinity 
Standard, which was legally established to maintain habitat quality in the Estuary for wildlife 
and to prevent salinity from encroaching upstream to the export pumps. Gravitational circulation 
causes stratified high salinity water at depth to flow landward while low salinity water on top 
flows seaward (Monismith 1996). The effect of gravitational circulation may be most 
pronounced during periods of high fresh water flow, providing a negative feedback for 
maintaining the salt field and the distribution of pelagic organisms in the Estuary. 

Mixing is important at the landward edge of gravitational circulation, often around X2, where the 
water column becomes less stratified (Burau 1998). A fixed mixing zone occurs at the east end 
of the Carquinez Strait, where the deep channel becomes dramatically shallower as it enters 
Suisun Bay (Schoellhamer 2001). Mixing is critical in maintaining salinity such that extremely 
large inputs of fresh water are required to move X2 a short distance to the west. Mixing also 
assists pelagic organisms in maintaining position in the Estuary (Kimmerer 2004) and slowing 
the advection of primary and secondary production out of the system. These relationships appear 
to have a significant influence on fish species within the Estuary (Feyrer et al. 2007). 

Furthermore, phytoplankton, zooplankton, and larval and adult fish can become entrained in the 
export pumps, causing a potentially significant but unknown impact on the abundance of these 
organisms. Reduced outflow may have effects on salinity and sediment composition within the 
Estuary, controlling the size and species composition within this area (Siegfried et al. 1980). 
Rivers are also one of the largest sources of phosphorous and nitrogen to the ocean environment, 
having a significant effect on oceanic production (Tyrrell 1999). Potential impacts of river 
modification include effects on migration patterns, spawning habitat, species diversity, water 
quality and distribution and production of lower trophic levels in the marine environment 
(Drinkwater and Frank 1994). Therefore, these interactions may have an influence on prey as 
well as predators of northern anchovy and starry flounder within the Estuary and potentially 
along the adjacent coast. 

Northern Anchovy 

The northern anchovy is primarily a marine and estuarine species. The CVP and SWP operations 
may have some effects on marine and estuary conditions and it is possible that some adverse 
effects from the proposed project on northern anchovy EFH may occur within the marine and 
estuary environment. There are no records of northern anchovy salvage at the CVP or SWP fish 
salvage facilities and therefore no adverse effects are expected within the river environment.  

Starry Flounder 

The withdrawal of seawater can create unnatural conditions to the EFH of starry flounder. 
Various life stages can be affected by water intake operations such as entrapment through water 
withdrawal and impingement on intake screens. Starry flounder salvage occurs at the CVP and 
SWP export facilities (Table 16-1). Most salvage occurs in May, June, and July. The salvaged 
flounder are young of year fish with the largest fish 3 to 4 inches long (Lloyd Hess, pers comm.). 
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High approach velocities along with intake structures can create unnatural conditions to the EFH 
of starry flounder. These structures may withdraw most larval and post-larval organisms, and 
some proportion of more advanced life stages. Periods of low light (e.g., turbid waters, nocturnal 
periods) may also entrap adult and subadults. Freshwater withdrawal also reduces the volume 
and perhaps timing of freshwater reaching estuarine environments, thereby potentially altering 
circulation patterns, salinity, and the upstream migration of saltwater. 

Starry flounder is primarily a marine and estuarine species. CVP and SWP operations do not 
significantly affect marine conditions, although they can affect estuarine conditions and some 
take occurs at the pumping plants. The proposed CVP OCAP can affect EFH of the starry 
flounder in the Delta by changing flow and water quality. Starry flounder is a widespread species 
not directly targeted by commercial fisheries. Effects to starry flounder habitat are minor relative 
to flounder habitat as a whole and no commercial fisheries will be affected by localized effects 
on the habitat or population. 
Table 16-1 Starry flounder salvage at the SWP and CVP export facilities, 1981 – 2002. 

Starry Flounder Salvage at the SWP and CVP Delta Fish Salvage Facilities, 1981 - 2002
1 = SWP, 2 = CVP

Sum of SALVAGE Sum of SAFACILITY
MONTH Total MONTH 1 2 Grand Total

1 24 1 24 24
2 181 2 181 181
3 33 3 33 33
4 325 4 294 31 325
5 1733 5 795 938 1733
6 7188 6 6174 1014 7188
7 2242 7 1849 393 2242
8 295 8 154 141 295
9 51 9 27 24 51

10 76 10 76 76
11 6 11 6 6
12 12 12 12 12

Grand Total 12166 Grand Tota 9332 2834 12166

Sum of SALVAGE MONTH
YEAR 1 2 3 4 5 6 7 8 9 10 11 12 Grand Total

1981 169 405 48 19 641
1983 60 60
1984 294 294
1985 154 2429 78 2661
1986 31 46 66 615 758
1987 64 168 232
1988 128 49 2707 829 3713
1989 3 3
1990 267 143 410
1991 53 63 43 119 28 306
1992 25 6 29 36 12 108
1994 1 18 24 24 67
1995 12 12
1996 126 170 15 8 319
1997 45 816 854 42 36 12 1805
1998 24 102 80 30 24 260
1999 12 94 96 4 6 212
2000 8 9 24 72 24 24 161
2001 24 24
2002 12 60 48 120

Grand Total 24 181 33 325 1733 7188 2242 295 51 76 6 12 12166  
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Essential Fish Habitat Conservation Measures 
The Coastal Pelagic Species Fishery Management Plan (PFMC 1998a) requires a permit to 
commercially harvest coastal pelagic finfish species, such as the northern anchovy, south of 
Point Arena, California. The fishery management plan includes the northern anchovy as a 
“monitored species” because of low fishery demand and high stock size and thus does not 
impose harvest limits based on biomass estimates. There is no limit on live bait catch for this 
species.  

The Pacific Coast Groundfish Fishery Management Plan (PFMC 1998c) outlines measures to 
reduce negative impacts on essential fish habitat. These measures include fishing gear 
restrictions, seasonal and area closures, harvest limits, among others. There are currently no 
harvest limits specific to the starry flounder. Conservation measures include recommending that 
all intake structures be designed to minimize entrainment or impingement of fish, and mitigation 
should be provided for the net loss of habitat from placement of the intake structure and delivery 
pipeline. 

Conclusion for Northern Anchovy and Starry Flounder 
Upon review of the effects of Reclamation’s proposed CVP OCAP, the proposed project may 
affect EFH of the northern anchovy and the starry flounder. 

Essential Fish Habitat for Chinook Salmon 
Distribution and Status 

Note:  The following information is background data on fall and late fall-run Chinook salmon 
Oncorhynchus tshawytscha. The effects for these runs are included in chapters 10 and 11 and 
summarized at the end of this chapter. 

On September 16, 1999, NMFS determined that listing was not warranted for this ESU (NMFS 
1999). However, sufficient concerns remained to justify adding them to the candidate species list 
(qualify as species of concern) (NMFS 2004). The ESU includes all naturally spawned 
populations of fall-run Chinook salmon in the Sacramento and San Joaquin River basins and 
their tributaries, east of Carquinez Strait, California. Major river basins containing spawning and 
rearing habitat for this ESU comprise approximately 13,760 square miles in California.  

Effects on Central Valley spring-run Chinook salmon, Sacramento River winter-run Chinook 
salmon, Southern Oregon/Northern California Coast coho salmon, Central Valley steelhead, and 
Central California Coast steelhead habitat are described in the biological assessment in Chapters 
11 and 13 and are summarized in Chapter 15.  

Chinook salmon are the largest of the Pacific salmon and are highly prized by commercial, sport, 
and subsistence fishers. Chinook salmon can be found in the ocean along the west coast of North 
America from south of Monterey, California, to Alaska, but the southern extent of spawning is in 
the San Joaquin and Kings rivers (Moyle 2002). The fisheries of healthy Pacific coast Chinook 
salmon stocks are managed by the Council under the Pacific Salmon Fishery Management Plan. 
Approximately, 80 percent of the California catch comes from the Central Valley as opposed to 
the Klammath River system although as much as 90% may be of hatchery origin (Barnett-
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Johnson et al. 2007). These stocks include fall and late-fall run Chinook salmon from the 
Klammath and Central Valley systems. In 2003, preliminary estimates of California coastal 
community and state personal income impacts of the troll and recreational salmon fishery 
collectively for the Fort Bragg, and San Francisco/Monterey port areas was $27.0 million and 
$10.7 million, respectively. Jeffres and Merz (2000) found that salmon sport anglers spent $352 
K on a 90 mi section of the Central Delta. Extrapolated to the 1100 miles available to salmon in 
the Central Valley (Yoshiyama et al. 1996), Chinook salmon sport harvest may be worth another 
$6.7 million. Historically, fall run Chinook salmon used rivers and their 21 tributaries in the 
Central Valley from the Kings River in the south to the Pit and McCloud rivers in the north 
(Schick et al. 2005). Late fall-run Chinook salmon probably used the Sacramento River and 
tributaries above Shasta Dam (Moyle et al. 1995). The late fall-run was identified as separate 
from the fall-run in the Sacramento River after the Red Bluff Diversion Dam was constructed in 
1966 and fish counts could be more accurately made at the fish ladder there.  

Description and Life History 
Spawning adult Chinook are the largest of the Pacific salmon, typically, 75-80 cm standard 
length (9-10 kg), with lengths in excess 140 cm (45 kg)(Moyle 2002). Parr have 6-12 parr marks, 
each equal to or wider than the spaces between and most extending below the lateral line (Moyle 
2002). The parr adipose fin is pigmented on the upper edge but clear at its center and base. 
Adults are identified from the only other common Pacific salmon in coastal California waters, 
the coho O. kisutch by the Chinook salmon’s black gums on the lower jaw. Because of their 
large populations and body sizes, Pacific salmon are a major food source for terrestrial and 
aquatic organisms associated with spawning streams, from bears (Ursus spp) to bacteria (Willson 
et al. 1998; Cederholm et al. 1999; Hilderbrand et al. 1999). Pacific salmon spend most of their 
life cycles as top predators in the nutrient-rich North Pacific Ocean, where they incorporate 
carbon, nitrogen, phosphorus, and other micronutrients into their body tissues. These tissues 
provide an important nutrient and energy subsidy to oligotrophic streams where the salmon 
spawn and eventually die (Willson and Halupka 1995; Wipfli et al. 1998). Chinook salmon may 
provide a significant nutrient subsidy to local agricultural interests within the Central Valley 
where populations still exist (Merz and Moyle 2006). Because of their relatively low abundance 
in coastal and oceanic waters, Chinook salmon in the marine environment are typically only an 
incidental food item in the diet of other fishes, marine mammals, and coastal sea birds. 

Healy (1991) divided Chinook salmon into two life-history strategies, stream and ocean. Stream-
type Chinook salmon have adults that run up streams before they reach full maturity, in spring or 
summer, and juveniles that spend a long time (usually >1 year) in fresh water (Table 16-2). 
Ocean-type Chinook salmon have adults that spawn soon after entering fresh water, in summer 
and fall, and juveniles that spend a relatively short time (3-12 months) rearing in fresh water 
(Moyle 2002).  
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Table 16-2 Fall-run and Late Fall-run Life History Traits (Data sources: Moyle et. al. 1995; Moyle 
2002). 

Trait Fall-run Late Fall-run
Spawning migration June-December October-April
Spawning period Late September-December Early January-April
Juvenile period March-December April-June
Juvenile stream residence 1-7 months 7-13 months
Typical ge at spawning 4-5 years 3-4 years
Holding before spawning Days-weeks 1-3 months  
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Figure 16-6 Life cycle timing for Sacramento River Chinook salmon. Adapted from Vogel and 
Marine (1991). 
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According to Moyle (2002), the fall-run are an unambiguous ocean-type Chinook salmon 
adapted for spawning in lowland reaches of big rivers and their tributaries. They move up from 
the ocean in late summer and early fall (Figure 16-6) in mature condition and typically spawn 
within a few days or weeks of arriving on the spawning grounds. Juveniles typically emerge 
from the gravel in winter and spring and move downstream within a few months, to rear in 
mainstem rivers or estuaries before heading to the ocean (Kjelson et al. 1982). 

Late-fall-run Chinook salmon are mostly a stream-type salmon found in the Sacramento River 
today (Moyle 2002). They are the largest and most fecund salmon in California because they 
historically came in as 4- and 5-year-old fish (Moyle et al. 1995; Fisher 1994). Adults typically 
hold in the river for 1-3 months before spawning. Juveniles enter the ocean after 7-13 months 
rearing in fresh water, at 150-170 mm FL, considerably larger and older than fall-run Chinook 
salmon (Moyle 2002).  

Ocean Distribution 

Since 1981, Pacific salmon Oncorhynchus spp. tagged with coded-wire tags (CWTs) have been 
recovered in commercial fisheries and research programs in the North Pacific Ocean, Gulf of 
Alaska, and Bering Sea-Aleutian Islands (Celewycz et al. 2007). The known range of North 
American Chinook salmon, as shown by tagging experiments, extends across almost the entire 
Bering Sea, north to 60°03’N and west to 172°12’E. In the North Pacific, the known ocean range 
of North American Chinook salmon extends north from about 40°N (in the coastal waters just off 
California) and west to the waters just south of Adak Island in the central Aleutians (176°34’W, 
51°29’N)( Celewycz et al. 2007).  

Fall-run Chinook salmon normally spend 2-4 years in the ocean although Feather River salmon 
normally have a 4 to 5 year ocean residency (Moyle 2002). Available data suggest that while in 
the ocean, fall-run Chinook salmon remain primarily in the coastal waters off California (NMFS 
1997).  

Along the California coast, adult Chinook salmon are key predators responding in their 
distribution and abundance to availability of food resources (Adams 2001). Chinook salmon 
found in the Gulf of the Farallone are predominantly 3-year-old fish preparing to enter the Bay-
Delta ecosystem and various tributaries of the Sacramento-San Joaquin River system where they 
will spawn, and eventually die. They typically move into the Gulf in February and March, and 
are generally found off the Golden Gate from Bolinas Point in the north to Point San Pedro in the 
south. Their diets consist of Pacific herring (recently emigrated from November to February 
spawning in San Francisco Bay) and anchovies. The herring are particularly vulnerable to 
Chinook predation as they are weakened from spawning. Chinook may move offshore again in 
April to June to feed on euphausiid shrimp Thysanoessa spinifera (krill), crab larvae, and 
juvenile rockfish; and, the return to the nearshore in July to forage exclusively on anchovy. The 
distribution of adult Chinook salmon and their stomach contents strongly relates to the 
availability and composition of food resources, such as anchovy, and the availability of those 
food resources is related to climatic and ocean conditions.  

Anchovies begin to gather in nearshore waters in February and March before their migration into 
the Bay in April and April represents the transition time in Chinook salmon nearshore and 
offshore feeding habits. Euphausiids are taken as prey from surface and subsurface swarms that 
occur over a wide area of the Gulf during April and May (Adams 2001). It is the carotenoid 
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pigment in crustaceans, like euphausiids, that gives the salmon flesh its pink color. Dungeness 
crab Cancer magister megalopa larvae dominate the diets of Chinook salmon for a short time 
period, during their last pelagic phase in early April. More than 7,000 megalopa have been found 
in a single Chinook salmon stomach. In May and June, Chinook salmon move further offshore 
and start feeding on euphausiids and juvenile rockfish. In years when juvenile rockfish are 
abundant, they are the preferred prey and dominate the Chinook salmon diet, whereas in low-
abundance years, Chinook salmon feed mainly on euphausiids. Later in the summer the Gulf 
water warms due to the absence of upwelling, and anchovies simultaneously move out of the Bay 
and into the Gulf. This is coupled with a seasonal disappearance of juvenile rockfish, causing the 
salmon to return to the nearshore and capitalize on the feeding opportunity presented by the 
anchovies. Diet information has confirmed the salmon’s dependence on aggregations of prey, 
and the prevalence of opportunistic feeding (Adams 2001). This natural concentration of 
Chinook salmon makes them susseptable to increased angling take (citation). However, the 
dependence on these traditional prey complexes may be disrupted during strong El Niños or 
other changes to ocean conditions. When prey aggregations fail to occur, the condition (length-
to-weight relationship) may decrease similar to what was recorded during California’s 
commercial salmon catch in El Niños years.  

Inland Habitat Requirements and Special Considerations 

Specific information on habitat requirements of Chinook salmon in the inland waterways of the 
California Central Valley is provided in Chapters 5 and 6.  

Adult Migration 

Specific cues triggering adult fall-run Chinook salmon to return to their spawning grounds from 
the Pacific Ocean are not well understood. Returning fall-run Chinook salmon average 35.4 
inches (90 cm) in length (Moyle 2002). Chinook adults metamorphose from the silvery ocean 
form into the characteristic dark maroon to olive brown spawning colors. During the upward 
migration, adults stop feeding as their digestive tract degrades, causing them to live increasingly 
on body fat reserves. Spawning Chinook salmon are sexually dimorphic, with males darker and 
typically larger than females. Head and adipose fin to body length is typically greater in males 
(Merz and Merz 2004). Often the male’s back humps and jaw hooks, creating a kype; teeth 
become more prominent and sharp. As this occurs, both sexes lose their ability to heal injuries 
and fight disease (Allen and Hassler 1986). The ability for Chinook to find their way back to 
their home stream in order to spawn is mainly related to the long-term olfaction memory of the 
salmon, but is also aided by their vision (Healey, 1991) and may be stimulated by higher 
streamflow and changes in water turbidity, temperature and oxygen content (Allen and Hassler 
1986). Migratory routes must be free of barriers that can impede or prevent movement upstream 
and downstream. Numerous issues, such as predation and water quality can affect the ability of 
adults to reach spawning areas and complete successful spawning (Goniea et al. 2006; 
Beamsdorfer 2000; Hillemeier 1999). These are further affected by anthropogenic effects such 
water diversion; channel modification and water quality controls (Stein xxxx; Hallock et al. 
1970). Male salmon often reach the spawning grounds before females to set up territories. 
Although some feeding has been documented at river mouth entry, in general, Chinook salmon 
do not eat during their migration to spawning areas or during holding before spawning (Moyle et 
al. 1995). 
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Spawning 

In general, spawning Chinook salmon require gravel and cobble areas, primarily at the head of 
riffles, with adequate hyporheic flow to ensure embryo survival (Table 16-3). Chinook salmon 
select gravel for spawning with a median diameter between 7 and 300 mm (Platts et al. 1979, 
Reiser and Bjornn 1979, Kondolf 1988). Within this range, the particle sizes used for redd 
formation can vary with the size of the fish (Burner 1951, Kondolf and Wolman 1993). Kondolf 
and Wolman (1993) determined that the relation between fish length and gravel size can be 
described by an envelope curve. In general, fish can spawn in gravels with a median diameter up 
to about 10% of their body length (Kondolf and Wolman 1993).  

 
Table 16-3 Criteria defining suitable fall-run Chinook salmon spawning habitat (sources: Platts et 
al. 1979; Reiser and Bjornn 1979; Kondolf 1988; Hanrahan et al. 2004). 

Variable Values
Depth 0.30-9.50 m
Velocity 0.25-2.25 m•s-1

Substrate 7-305 mm
Channel-bed slope 0.0 - 5.0%  
 

Although optimal spawning habitat as defined by habitat suitability models is generally found in 
riffles, proximity of habitat to structural cover (pools, large woody debris, boulder clusters and 
overhanging vegetation) and hydrodynamic shear zones provide equally important refuge from 
predation and resting zones for energy conservation (Wheaton et al. 2004; Merz 2001). 

Chinook adults tolerate water temperatures between 51 and 67ºF (10.6 and 19.4ºC) with 
temperatures between 42°F and 58°F considered most suitable for spawning (Bell 1986). Further 
discussion of water quality issues are provided in Chapters 5 and 6. CV fall-run Chinook salmon 
typically spawn within a few days or weeks of arriving at their spawning grounds (Moyle 2002). 
Spawning takes place between September and early January. 

The female Chinook salmon usually chooses a nesting site in gravel deposits at the lower lip of a 
pool just above a riffle (Burner 1951; Briggs 1953). During spawning, the female makes a redd 
(an area containing several individual nests) by turning on her side and repeatedly flexing her 
body and tail to force gravel and fine sediment into the water column; these sediments are 
deposited a short distance downstream. The completed nest forms an oval depression with a 
mound of gravel located immediately downstream. 

Fecundity varies greatly among Chinook salmon of different populations. For example, fecundity 
of fall-run Chinook salmon averages 3,634 eggs per female in the Klamath River but 7,295 eggs 
in Sacramento River fish (Allen and Hassler 1986). Difference in female size alone cannot 
account for the variation in fecundity (Healey and Heard 1984).  

Embryo Development 

Optimum substrate for embryos is a gravel/cobble mixture with a mean diameter of 0.5 to 4 
inches and a composition including less than 5 percent fines (particles less than 0.3 inch in 
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diameter) (Platts et al. 1979; Reiser and Bjornn 1979 both as cited in DFG 1998). The incubation 
life stage for fall-run Chinook salmon generally extends from about September through March. 
The intragravel residence period of incubating eggs and alevins (yolk-sac fry) and egg incubation 
survival rates and times are highly dependent on water temperature and dissolved oxygen (Merz 
et al. 2006). Optimal water temperatures for incubation range between 48°F and 58°F (8.9°C to 
14.4°C). Incubation temperatures of 62°F to 64°F appear to be the physiological limit for embryo 
development resulting in 80 to 100 percent mortality prior to emergence (USFWS 1999). 
Suitable water temperatures for incubation range between 48°F and 58°F. In general, fall-run 
Chinook salmon fry emerge during December through March (Yoshiyama et al. 1998).  

Fry and Juvenile Rearing and Emigration 

In the California Central Valley, juvenile Chinook salmon have been reported to emigrate from 
approximately mid-November through July, with peak emigration occurring from January 
through March (Painter 1977; DWR 2003). The vast majority of the fall-run Chinook salmon 
emigrate as fry (Seesholtz et al. 2004), suggesting that rearing habitat is limiting or that 
conditions later in the season are less suitable. For the most part, fall-run Chinook salmon 
juveniles rear in tidal freshwater habitats of the Delta. Primary locations where these fish rear are 
unknown; however, in wetter years it appears that many young salmon rear for weeks to months 
in the Yolo Bypass floodplain immediately downstream of the Feather River before migrating to 
the estuary (Sommer et al. 2001). Juvenile fall-run salmon may rear for up to several months 
within the Delta before entering the ocean (Kjelson et al. 1982; Yoshiyama et al. 1998). Banks et 
al. (1971) and Rich (1987) report that preferred/optimal water temperatures for juvenile fall-run 
Chinook salmon rearing are from 54°F to 60°F. 

Juvenile Chinook salmon diets often vary by habitat type. Chironomid midges are typically cited 
as an important prey for juvenile Chinook salmon upstream of the Delta (Sasaki 1966; Merz and 
Vanicek 1996; Moore 1997; Sommer et al. 2001), whereas crustaceans may be more important in 
the western Delta (Sasaki 1966; Kjelson et al. 1982). Upstream reservoirs can provide a 
significant food source to lower rivers, such as zooplankton. Prey size and ingestion rates are 
also significantly affected by juvenile salmon size and water temperature within the stream 
(Merz 2002a; Merz 2002b).  

Typically, juvenile Chinook salmon do not move into brackish water until they have undergone 
smoltification, after which they move quickly to the ocean (Reclamation 2004). Scale analysis 
indicates that fall-run Chinook salmon smolts enter the ocean at an average fork length (FL) of 
about 85 mm (DFG unpublished data). 

Population Trends 

Central Valley Chinook salmon constitute the majority of salmon produced in California and at 
times have accounted for 70 percent or more of the statewide commercial harvest (Yoshiyama et 
al. 2001). Central Valley populations are monitored in a number of ways. Adult Chinook 
production is estimated using tributary escapement counts and adding this number to the 
estimated ocean harvest. Tributary counts come from carcass counts, fish ladder counts, aerial 
redd surveys, hatchery returns and in-river harvest. The total escapement (in-river plus hatchery) 
of fall-run Chinook in the Central Valley from 1952-2001 is shown in Figure 16-7.  
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Figure 16-8 shows Chinook salmon in-river escapement estimates by watershed from 2001-  
2007. The watershed specific component of the ocean harvest of fall-run Chinook salmon is 
calculated by multiplying the total ocean harvest by the watershed-specific proportion of the total 
in-river run size. Tagging programs have not been sufficiently implemented Central Valley wide 
to provide more exact commercial harvest estimates by watershed. During 1999, ocean harvest 
accounted for 41 percent (335,700) of the total Central Valley Chinook production of 822,352 
(all runs combined). The total production includes both natural in-river and hatchery production 
estimates. 

 
Central Valley fall-run Chinook escapements, 1952-2007
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Figure 16-7 Central Valley fall-run Chinook salmon escapements, 1952-2007. Source: DFG data. 
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Fall-run Chinook salmon in-river escapement estimates
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Figure 16-8 Fall-run Chinook salmon in-river escapement estimates in the California Central 
Valley, 2001-2007. Source: Interior (2008). 

The Comprehensive Assessment and Monitoring Program (CAMP) annual report (Interior 2001) 
summarizes results of monitoring anadromous fisheries production in the Central Valley relative 
to the CVPIA doubling goal. The CVPIA set the baseline anadromous fisheries production level 
as the average attained during 1967-91. Progress toward production targets is assessed using a 
modification of the Pacific Salmon Commission’s (1996) rebuilding assessment methods when a 
minimum of five years of monitoring data is available. Indicator races or species are classified 
into three categories: (1) those at or above their production target; (2) those meeting their 
rebuilding schedule; and (3) those not rebuilding. Results based on past escapement estimates 
need to be qualified due to the vagaries of the estimation methods used over the years (DFG 
2003). 

Battle Creek, Clear Creek, and Mokelumne River populations of fall-run Chinook salmon and 
Butte Creek spring-run salmon are classified as meeting restoration goals. Fall-run salmon from 
the Yuba watershed are classified as Rebuilding. All other races and watershed-specific runs of 
Chinook salmon are classified as Not Rebuilding, except for American River fall-run salmon 
classified as Indeterminate. Table 16-4 shows the 1995-99 mean Chinook salmon production 
expressed as a percent of the goal, which is the mean of the 1967-91 production. 

Many variables affect yearly salmon production including ocean conditions and water supplies, 
which have recently been at good levels for California salmon runs. The 2000, 2001, and 2002 
Chinook salmon runs were outstanding in many Central Valley watersheds. 
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Table 16-4 Status of CAMP-monitored Central Valley stocks of Chinook salmon races using 
Pacific Salmon Commission methodology. 

Watershed Race 1995-99 mean Chinook 
production as percent of 
goal 

Watershed status through 
1999 Chinook run 

American Fall-run 77 percent Indeterminate, declines halted 
Battle Fall-run 235 percent Above goal 
Butte Spring-run 551 percent Above goal 
Clear Fall-run 218 percent Above goal 
Deer Spring-run 44 percent Not Rebuilding 
Feather Fall-run 63 percent Not Rebuilding 
Merced Fall-run 49 percent Not Rebuilding 
Mill Spring-run 22 percent Not Rebuilding 
Mokelumne Fall-run 169 percent Above goal 
Sacramento Fall-run 48 percent Not Rebuilding 
 Spring-run 2 percent Not Rebuilding 
 Winter-run 5 percent Not Rebuilding 
Stanislaus Fall-run 17 percent Not Rebuilding 
Tuolumne Fall-run 30 percent Not Rebuilding 
Yuba Fall-run 91 percent Rebuilding, declines halted 
Total (all CAMP 
streams) 

Fall-run 66 percent Not Rebuilding 

 Spring-run 22 percent Not Rebuilding 
 Winter-run 5 percent Not Rebuilding 

Trinity River 

The Trinity River, a tributary to the Klamath River, is approximately 130 miles (209 km) long 
with a 2,853 sq mi (7,389 km²) watershed. Its headwaters are located in northeastern Trinity 
County, in the Shasta-Trinity National Forest along the east side of the Scott Mountains (Trinity 
Alps). It flows along the west side of the Trinity Mountains into Clair Engle Reservoir (20 miles 
(32 km) long) formed by the Trinity Dam, then immediately into the smaller Lewiston Reservoir. 
From the reservoir it flows past Weaverville and along the southern side of the Trinity Alps. The 
New River enters the Trinity from the north at Burnt Ranch and the South Fork Trinity River 
from the south along the Humboldt-Trinity county line. From the confluence with the South Fork 
it flows through the Hoopa Valley Indian Reservation and joins the Klamath from the south in 
northern Humboldt County at Weitchpec, approximately 20 miles (32 km) from the Pacific 
coast. The Trinity Alps watershed generates an average annual water runoff of approximately 
1,250,000 acre-feet at Lewiston. Lewiston Dam acts as a storage and diversion facility, sending 
water through the Clear Creek Tunnel to Judge Francis Carr Powerhouse and Whiskeytown 
Lake. Since completion of the Trinity and Lewiston Dams in 1963, as much as 90 percent of that 
water runoff has been diverted from the Trinity River Basin to the San Luis Reservoir. 

Trinity River Chinook salmon populations are composed of two races, spring-run and fall-run 
(Leidy and Leidy 1984). The fall-run Chinook salmon migration begins in August and continues 
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into December (CDFG 1992; CDFG 1994; CDFG 1996). Fall-run Chinook salmon begin 
spawning in mid-October, activity peaks in November, and continues through December. The 
first spawning activity usually occurs just downstream from Lewiston Dam. As the spawning 
season progresses into November, spawning extends downstream as far as the Hoopa Valley 
(USFWS 1991; HTV 1996). 

Emergence of fall-run Chinook salmon fry begins in December and continues into mid-April 
(Leidy and Leidy 1984). Juvenile Chinook salmon typically leave the Basin (outmigrate) after a 
few months of growth in the Trinity River. Outmigration from the upper river, as indicated by 
monitoring near Junction City, begins in March and peaks in early May, ending by late May or 
early June. Outmigration from the lower Trinity River, as indicated by monitoring near Willow 
Creek, peaks in May and June, and continues through the fall. 
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Figure 16-9  Fall-run Chinook salmon run-size for the Trinity River upstream of Willow Creek Weir 
from 1977 through 2006. *Natural area spawners includes both wild and hatchery fish that spawn 
in areas outside Trinity River Hatchery. 

 

Hatchery History and Operations 

Pre-spawn mortality has been as high as 43.7% for fall-run females (CDFG 1992).  
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Hydrology 

Trinity River at Lewiston
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Figure 16-10 Trinity River flows as at the town of Lewiston, 1980-2008. The top chart shows the 
entire hydrograph. The bottom chart shows a close-up of the 0 to 4000 cfs range. 

 

Clear Creek 

Clear Creek originates on the eastern side of the Trinity Alps and flows south to its confluence 
with the Sacramento River. The Clear Creek watershed is approximately 35 miles long, ranges 
from five to 12 miles wide, and covers a total area of approximately 249 square miles, or 
159,437 acres. Maximum elevation in the watershed is 6,209 feet at the top of Shasta Bally. 
Clear Creek channel morphology varies from steep confined bedrock reaches above Clear Creek 
Road bridge to wide meandering alluvial reaches from the bridge to its confluence with the 
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Sacramento River. Fish passage through ladders on Saeltzer Dam (constructed in 1903), six 
miles upstream of the Sacramento River confluence, was poor so the dam was removed in 2000. 
Upstream of Saeltzer Dam at river mile 9.9 and 12 are two series of natural falls which could be 
barriers to upstream migrants (DFG 1984b). 

Fall and late fall-run Chinook salmon use the creek during the fall, winter and spring, when 
water temperatures are cooler. Therefore, fall and late fall-run Chinook were not as severely 
impacted by the loss of habitat upstream. In 1995, an unusually large run of 9,298 fall-run 
Chinook salmon spawned in Clear Creek (Figure 16-11). Increased minimum flow releases are 
thought to be one factor responsible for the increased number of spawners during that year 
(Figure 16-12). Late fall-run Chinook spawn in January through April. High seasonal flows and 
turbid water hinder the ability to conduct escapement surveys during that time of year. Fry and 
juvenile Chinook rear from January through May. Some late fall-run Chinook juveniles may 
remain in stream through June, depending on flow and water temperature conditions that occur 
during the season. 

Pulse flows have been proposed for Clear Creek to provide an attraction flow to spring-run 
Chinook in the mainstem Sacramento River. A release of 1,200 cfs for one day (plus ramping) 
was proposed in 2000 but was not implemented due to concerns over attracting winter-run into 
Clear Creek. Because there has been no significant spring-run in Clear Creek in the recent past, 
pulse flows may aid re-establishment of spring-run in Clear Creek by attracting some fish that 
would otherwise remain in the Sacramento River. 

Clear Creek Fall-run Chinook salmon escapement
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Figure 16-11 Clear Creek fall-run Chinook salmon escapement, 1951-2000. Source: DFG data. 
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Figure 16-12 Average daily flow in Clear Creek, 1996-2007.  

Sacramento River 

The Sacramento River drains a watershed area of 21,250 square miles. Keswick Dam at river 
mile 302 serves as the upstream limit to anadromous habitat. The river is constrained by levees 
along much of the lower reaches. Stressors identified in the Sacramento River include high water 
temperatures, a modified hydrograph, simplified instream habitat, diversion dams, predation, and 
harvest. Water temperature and flow fluctuation are the main short-term factors affected by 
operation of the water projects. 

Escapement of fall-run in the Sacramento River exceeded 100,000 fish every year except one 
between 1959 and 1970. Escapement has not exceeded 100,000 since 1970. The primary 
spawning area used by Chinook salmon is in the area from the city of Red Bluff upstream to 
Keswick Dam. Spawning densities for each of the four runs are generally highest in this reach. 
This reach is where operations of the Shasta/Keswick and Trinity Divisions of the CVP have the 
most significant effects on salmon spawning and rearing habitat in the mainstream Sacramento 
River. Rapid flow fluctuations can dewater edge and backwater habitat and strand fry and 
juvenile salmon. Redds can also be dewatered as a result of flow fluctuations. Approximately 15 
to 30 percent of the total number of fall and late fall-run Chinook spawn downstream of Red 
Bluff when water quality is good (Vogel and Marine 1991).  

Run timing for all Chinook salmon runs and life stages in the Sacramento River is depicted in 
Figure 16-6. All life stages are present in the river essentially at all times through the year. 
Abundance of adult Chinook peaks in the fall during the fall-run spawning migrations and then 
tapers off as fish considered late fall-run spawn. Winter-run enter the river as the late fall-run 
fish are spawning, starting in January. The winter-run then spawn with the peak in spawning 
activity in June. Spring-run enter the river soon after the winter run, starting in March and April. 
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They then hold out until spawning in August and September, during the lowest water flows of 
the year while temperatures are still relatively high.  

Fall-run are entering the river as spring-run are spawning. Fall-run Chinook salmon escapement 
is shown in Figure 16-13 , the hydrograph since 1993 is in Figure 16-14 . 

Sacramento River fall-run Chinook salmon escapement, 1952-2007
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Figure 16-13 Fall-run Chinook salmon escapement in the Sacramento River, 1952-2007. 

 
 

 
Figure 16-14 Sacramento River daily average flow at Keswick Dam from 1993-2001. 
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Sacramento River water temperature is controlled primarily by using releases from Shasta Lake 
through the TCD and also by diversions from Trinity River. The TCD was installed in 1997. 
Prior to 1997 low level releases were made by opening the lower river outlets, which bypasses 
power. The TCD enabled power bypasses to be greatly reduced while maintaining desired water 
temperatures in downstream fish habitat and provides seasonal flexibility to maximize use of 
cold water volume. 

Flows in the Sacramento River generally peak during winter and spring storm events. Sustained 
moderately high releases (greater than 10,000 cfs) occur during the major irrigation season of 
June through September. These flows help to meet water temperature criteria for winter-run 
Chinook spawning and incubation. They also maintain suitable habitat for spring-run and early 
returning fall-run fish. 

American River 

The American River drains a roughly triangular watershed covering 1,895 square miles that is 
widest at the crest of the Sierra Nevada, and narrows almost to the width of the river at its 
confluence with the Sacramento River at the City of Sacramento. Elevations range from 
10,400 feet at the headwaters to about 200 feet at Folsom Dam. Folsom Dam, completed in 1956, 
provides flood control, hydropower generation and water supply storage. The reservoir is kept 
partly empty during the winter so that temporary storage is available to regulate the runoff from 
major storms, preventing flooding in the downstream urban area. Nimbus Dam is seven miles 
downstream from Folsom Dam. It serves as the limit to upstream migration for anadromous fish. 
Available anadromous habitat in the American River watershed has been reduced from 161 miles 
to 23 miles. 

Adult Chinook salmon begin to enter the American River in August. Upstream migration peaks 
in October. Spawning generally commences close to November 1 and peaks in late November. 
Early spawning success is low if water temperature in early November is above 60° F . American 
River Chinook salmon escapement has averaged 41,895 since 1952 and ranged from 6,437 to 
110,903 (Figure 16-15). Peaks in escapement over 60,000 fish occurred in 1973, 1974, 1981, 
1985, 1995, 1996, 1998, and 2000. Low escapements, less than 20,000, fish occurred in 1955, 
1956, 1957, 1990, and 1992. 

Juvenile Chinook emigration from the American River generally begins in December, peaks in 
February and March and tails off into June. Nearly all (>99 percent) of the emigrating Chinook 
salmon from the American River moving past the smolt traps at Watt Avenue are pre-smolts. 
This suggests that the smolting process is not completed in the lower American River but will 
continue downstream, likely in the Delta and estuary (Snider and Titus 2000). The 2001  
outmigration past Watt Avenue was estimated to be 25 million fish, the largest measured from 
the American River since rotary screw trapping began (Bill Snider, personal communication, 
2001). 

The main stressors identified in the American River include an altered flow regime, high water 
temperatures, hatchery operations and reduced habitat complexity and diversity. The operation of 
Folsom and Nimbus Dams for water delivery and flood control can affect all of the stressors 
directly or indirectly. 
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American River fall-run Chinook Salmon escapement, 1952-2007
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Figure 16-15 American River Chinook salmon escapement estimates, 1952-2007. 

Dam operations store water runoff during winter and spring to be released for instream flows, 
water delivery, and water quality during late spring, summer and fall. Historical high flows in the 
river have been dampened for flood control and water storage. Moderate flows of around 1,500 
to 2,500 cfs have been extended throughout much of the year to provide appropriate instream 
flows for fish, water quality in the Delta and water for pumping in the Delta. The long-term 
effect of the lack of high flows is the simplification of instream habitat. High channel forming 
flows maintain high quality spawning habitat and riparian floodplain conditions. High flows 
mobilize spawning sized gravels from streambanks and incorporate them into the active channel. 
Low flows that typically occurred in late summer and fall do not occur because of the dampening 
effect of the dam operations. High flows are not as high as occurred under natural conditions but 
the duration of high flows is longer because flood control operations spread them out over time. 
The longer duration of moderately high flows may be sufficient enough to wash quality 
spawning gravel out of riffles and deposit it in deeper water where it is unavailable for spawning 
but not high enough to mobilize new gravel supplies from the extensive gravel bars, banks, and 
floodplain. Ayres Associates (2001) used detailed topography of the river to model sediment 
mobilization at various flows in the American River. They found that at 115,000 cfs (the highest 
flow modeled) particles up to 70 mm median diameter would be moved in the high density 
spawning areas around Sailor Bar and Sunrise Avenue. Preferred spawning gravel size is 50-125 
mm (2-5 inches) in diameter. 

Flow fluctuations (below flood release flows) occur as a result of Delta water quality conditions 
requiring increased releases to maintain water quality for the desired pumping rates. Flow 
fluctuations can cause stranding of fish and dewatering of redds when the flows are reduced. 
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Based on cross sections measured in 1998 by the FWS, flow changes of 100 cfs generally change 
the water depth by about 1 inch in a flow range of 1,000 to 3,000 cfs and by about 0.5 inch in a 
flow range from about 3,000 to 11,000 cfs. These depth changes vary throughout the river 
depending on the channel configuration at a location. Decreases in water depth of about 6 inches 
following spawning can begin to dry up the shallowest redds and will change water velocity over 
and through the redds.  

Snider (2001) is evaluating the effects of flow fluctuations on salmon stranding in the American 
River. Aerial photos and ground truthing were used to measure areas isolated during flow 
changes. The greatest area isolated occurs at flows around 11,000 cfs (183 acres) and 8,000 cfs 
(85 acres). Smaller areas of isolation occur around 4,000 cfs (3.6 acres), 3,000 cfs (14.5 acres), 
2,000 cfs (13.3 acres), and 1,000 cfs (12.7 acres). Although off-channel areas are important 
salmon habitat, when salmonids become isolated in off-channel areas for extended periods 
mortality occurs. 

The period of concern for flow fluctuations causing stranding of redds and juvenile Chinook in 
the American River extends from the initiation of spawning at about the beginning of November 
until juveniles have emigrated from the river, generally by the end of June. Figure 4–22 shows 
American River flows from 1993-2001. 

FWS (1997) measured 21 cross sections of the American River in high density Chinook 
spawning areas. They estimated the flows at which the greatest usable spawning area would be 
available based on water velocity, water depth, and substrate size. Most cross sections showed 
the greatest usable spawning area available to be in a flow range between 1,600 and 2,400 cfs. 
Table 16-5shows the average of the weighted usable spawning area from the 21 cross sections 
expressed as 1,000 square feet of spawning area per 1,000 feet of stream. Weighted usable 
spawning area peaked at a flow of 1,800 cfs. 

In order to maximize survival from egg to fry, flows need to be maintained near or above the 
level at which spawning occurred. Chinook spawning occurs at water depths greater than about 6 
inches. Drops in flow greater than about 500 cfs from the preferred spawning flows following 
spawning need to be carefully considered. A 500 cfs drop will lower water level in most areas by 
about 5 inches. Some mortality could occur when water flow over redds drops as flow drops but 
mortality is greatest when redds begin to become dewatered. Because most Chinook do not 
spend much time rearing in the American River, spawning habitat may be a limiting factor to 
Chinook production. Most spawning occurs upstream of the Goethe Park side channels, where 
river channel gradients are generally higher and riffles more frequent.  

Folsom Dam storage capacity is small relative to the annual runoff from the watershed. Because 
of this, the amount of cold water that can be stored during the winter for release during the 
summer and fall is limited. Chinook typically begin to show up in the American River in August. 
Spawning usually initiates about November 1 or when water temperatures fall below a daily 
average of 60° F . A temperature of 56° F or below is best for survival of incubating eggs. In dry 
years, such as 2001, water temperature does not reach 60° F  until mid-November. A dense 
school of Chinook holds below the hatchery diversion weir from October until spawning 
commences. The hatchery opens the fish ladder when water temperature reaches 60° F , typically 
late October to mid-November. If spawning is delayed past mid-November, the typical peak in 
spawning, then significant mortality of eggs or pre-spawning mortality may occur. Fish holding 
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in high densities are particularly vulnerable to the effects of high water temperatures, which 
when coupled with low streamflow can deplete dissolved oxygen and increase disease. 

 
Figure 16-16 American River flows as released from Nimbus Dam, 1993-2008. The top chart shows 
the entire hydrograph. The bottom chart shows a close-up of the 0 to 4000 cfs range. 

 
Table 16-5 Average weighted usable spawning area in the American River (expressed as 1,000 
square feet of spawning area per 1,000 feet of stream) from 21 cross sections measured in 1996. 
Summarized from FWS 1997. 

Flow (cfs) Average Weighted Usable Area, 1996 

1000 62 
1200 71 
1400 78 
1600 82 
1800 84 
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Flow (cfs) Average Weighted Usable Area, 1996 

2000 83 
2200 81 
2400 78 
2600 74 
2800 69 
3000 65 
3200 60 
3400 56 
3600 52 
3800 48 
4000 45 
4200 42 
4400 38 
4600 36 
4800 33 
5000 31 
5200 28 
5400 26 
5600 25 
5800 23 
6000 21 

American River water temperatures are typically suitable for egg incubation once water 
temperature cools to 56° F . Before cooling to 56° F , temperature-related mortality of spawned 
Chinook eggs may occur. Generally temperatures reach 56° F by early December. Cool water 
temperatures are then sustained through winter egg incubation and juvenile rearing and 
emigration through the spring. 

Efforts are underway by various groups coordinated by the Water Forum to improve American 
River water temperatures for salmonids. A funding proposal has been submitted for temperature 
curtains in Lake Natoma. Temperature curtains may lower water temperatures in the river by 3° 
F during summer and fall. Mechanization and reconfiguration of the temperature shutters on 
Folsom Dam has also been proposed. The temperature shutter work is expected to improve 
flexibility in operation of the shutters to spread out cold water availability for a longer period of 
the year. Construction is underway on Folsom Dam water supply intake to reduce depletions 
from the coldwater pool. El Dorado Irrigation District is also pursuing a new water intake which 
would be constructed so that water would not be taken from the cold water pool. Efforts are 
underway to raise Folsom Dam to provide better flood protection to downstream urban areas. If 
the dam is raised then the increased storage capacity may alleviate the water temperature 
concerns in many years. 

Reclamation funds operation of Nimbus Salmon and Steelhead Hatchery as mitigation for the 
habitat blocked by construction of Nimbus and Folsom Dams. An average of 9,370 adults, 22 
percent of the average in-river escapement, have been taken at the hatchery each year since 1955. 
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The hatchery production goal is for 4,000,000 fall Chinook salmon smolts each year. The smolts 
are released into San Pablo Bay to increase survival over in-river releases. A recent review of 
hatchery practices in California (DFG and NMFS 2001) recommended discontinuing releases 
downstream of the American River. They recommended instead to consider releasing Chinook 
smolts at the hatchery during periods when flow releases can be obtained to maximize smolt 
survival through the Delta. No consistent coded wire tagging program has been in place so the 
proportion of the returning salmon that are of hatchery origin v. in-river spawned is unknown. A 
portion of the release group was coded wire tagged in 2001. This should allow estimates of 
contribution to commercial and sports fisheries to be made. The proportion of hatchery 
production contributing to in-river spawning should be able to be determined by comparing the 
proportion of adipose clipped fish in the carcass mark-recapture survey escapement estimate to 
the proportion of the release group tagged. Coded wire tagging is recommended to continue to 
determine contribution to commercial and sports fisheries and survival to spawning. 

Stanislaus River 

The Stanislaus River is the northern most major tributary to the San Joaquin River. Average 
monthly unimpaired flows at New Melones Dam are approximately 96,000 af. These flows are 
reduced to approximately 57,000 af at Ripon, near the confluence with the San Joaquin River, 
due to flow diversion and regulation at Goodwin Dam. 

Goodwin Dam is about 15 miles below New Melones. It serves as the limit to upstream 
migration for anadromous fish. Anadromous habitat has been reduced from 113 miles to 
46 miles. There are approximately forty small, unscreened pump diversions (for agricultural 
purposes) along the river. New Melones Reservoir is operated to store water during the winter 
and spring and release it during the summer (San Joaquin River Group Authority 1999).  

Adult Chinook salmon begin to return to the Stanislaus River in August with the peak in returns 
occurring in October. Spawning activity peaks in November and continues into January. Adult 
Chinook have occasionally been observed in the Stanislaus as early as May. Stanislaus River 
Chinook escapements have averaged 5,556 and ranged from 0 to 35,000 between 1947 and 2000 
(Figure 16-17 ). Peaks in escapement of over 10,000 fish occurred in the late 1940s, early 50s, 
late 60s and early 70s, and mid 80s.  

The downstream migration of Chinook salmon fry and smolts in the Stanislaus River generally 
begins in December with newly emergent fry and continues into June. A majority emigrate as fry 
in January through March. A smaller proportion rear for about one to four months in the river 
before emigrating. While out-migration of smolts does not appear to be triggered by high flows 
(Demko et al. 2000), peaks in movement of fry are often correlated with high flow events. When 
high flow events do not occur, a greater proportion of fry establish rearing territories in the river 
and remain there longer. Figure 16-18  shows recent Chinook outmigration estimates and prior 
fall spawning escapement estimates. Higher escapements appeared to result in higher juvenile 
outmigration until 2001 when outmigration was low. This may be due to the lack of freshets 
during the outmigration period in 2001 resulting in more fish remaining in the river longer, 
decreasing in-river survival. 
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Stanislaus River fall-run Chinook salmon escapement estimates, 1952-2007
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Figure 16-17 Chinook salmon escapement in the Stanislaus River, 1952-2007. 

The main Chinook salmon stressors identified in the Stanislaus River include an altered 
hydrograph lacking peak flows, water temperatures during summer and fall, predation by striped 
bass and pikeminnows, and a shortage of spawning gravel. Operation of New Melones and 
Goodwin Dam for water delivery and flood control can affect all of these stressors, directly or 
indirectly. 

 
Figure 16-18 Stanislaus River Chinook salmon out-migration estimates past Caswell State Park 
during rotary screw trapping and prior year spawning escapement, 1996-2001.  
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Error bars are 95 percent confidence intervals. Dates of trapping are shown above the bars. 1996-97 
trapping captured only the latter part of the run. 1996-99 data is from Demko et al. (2000). 2001 estimate 
calculated from data provided by S.P. Cramer & Associates. 

Dam operations store water during winter and spring for releases to irrigators during late spring, 
summer, and fall. Historical high flows in the river have been dampened for flood control and 
water storage (Figure 16-19) The 20-year flood flow has been decreased by eight times 
compared to the historic flow. Moderate flows of around 300-600 cfs have been extended out 
through much of the year to provide better water quality in the Stanislaus for fish and in the 
Delta for pumping operations. The long-term effect of the lack of high flows is the simplification 
of instream habitat. High channel forming flows maintain high quality spawning habitat and 
riparian floodplain conditions. With reduced flows, riparian vegetation along the banks has 
become more stable. When high flows do occur they are unable to reshape the channel as 
occurred historically when high flood flows were more frequent events. High flows mobilize 
spawning sized gravels from streambanks and incorporate them into the active channel. In the 
absence of high flows, spawning habitat quality has decreased. In addition, the dams have 
eliminated recruitment of spawning gravel from upstream sources. Based on an aerial photo 
analysis 161,400 square feet (30 percent) of spawning gravel was lost between 1961 and 1972 
and 150,600 square feet was lost between 1972 and 1994. Spawning gravel additions have 
occurred regularly in an attempt to maintain good spawning habitat. 
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Stanislaus River at Orange Blossom Bridge Average Daily Flow, 1993-2008
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Stanislaus River at Orange Blossom Bridge Average Daily Flow, 1993-2008
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Figure 16-19 Stanislaus River flow at Orange Blossom Bridge, 1993-2008. The top chart shows the 
entire hydrograph. The bottom chart shows a close-up of the 0 to 4000 cfs range. 
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Access to upstream habitat, where water temperatures are cooler, has been blocked by the dams. 
Therefore, cool water temperatures are critical in the available anadromous habitat. The summer 
time release of water stored in upstream reservoirs provides late summer flows higher than those 
that occurred historically. These releases have allowed anadromous fisheries populations to 
persist in the remaining accessible habitat below Goodwin Dam. 

Predation by introduced striped bass and native pikeminnows may be a significant stressor to 
juvenile fish rearing in the river. Cooler water lowers the metabolic rate of predators and likely 
reduces the effect of predation. Gravel mining along the river has created backwater areas where 
there is no flow, allowing the water to become warmer. Predators such as striped bass, 
pikeminnows, and largemouth bass do well in these backwater areas and may use them as refuge 
habitat from the cooler water areas.  

Aceituno (1993) applied the instream flow incremental methodology to the Stanislaus River 
between Riverbank and Goodwin Dam (24 river miles) to help to determine instream flow needs 
for Chinook salmon and steelhead. Table 16-6 gives the resulting instream flow 
recommendations for Chinook salmon. 

Studies are underway in the Stanislaus to determine the best spring time flow regimes to 
maximize survival of juvenile Chinook. The studies utilize survival estimates from marked 
hatchery fish released at various flows (Table 16-7). These tests took place during the VAMP 
flows which occur after the peak outmigration period from the Stanislaus River. 

 
Table 16-6 Instream flows (cfs) that would provide the maximum weighted usable area of habitat 
for Chinook salmon in the Stanislaus River between Goodwin Dam and Riverbank1. 

Life Stage Dates Number 
of days 

Flow at 
Goodwin 
(cfs) 

Dam 
release 
(af) 

Spawning October 15 - December 31 78 200 46,414 

Egg Incubation/Fry Rearing January 1 - February 15 46 150 13,686 

Juvenile Rearing February 15 - October 15 241 200 95,605 

Total  365  155,705 

 

                                                 
1Source: Aceituno 1993. 
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Table 16-7 Stanislaus River summary of past smolt survival tests. 

Stanislaus River Summary of Past Smolt Survival Tests

Flow at Avg. Temp Release Recoveries Survival to Recoveries Survival to Recoveries Riverwide
Year tag codes Rel. Start Rel. End OBB (cfs) at Ripon1 Rel. Location # Released Length (mm) at Oakdale Oak RST at Caswell Cas RST at Mossdale2 Survival
1986 28-Apr 28-Apr 1200 62 Knights Ferry na na na na

28-Apr 28-Apr 1200 62 Naco West na na na na 0.59

1988 b6-11-05, -06 26-Apr 26-Apr 900 60 Knights Ferry 71,675 75.2 na na na na 278 0.54
b6-11-03, -04 26-Apr 26-Apr 900 60 Naco West 68,788 79.6 na na na na 828

1989 b6-14-09,-10 20-Apr 20-Apr 900 64 Knights Ferry 103,863 77.4 na na na na 471 0.37
b6-01-01, -14-11 19-Apr 19-Apr 900 64 Naco West 74,073 76.5 na na na na 860

b6-14-12 3-May 3-May Naco West 46,169 72.4 na na na na 173

1999 1-Jun 1-Jun 1300 60 Knights Ferry 25,536 156 0.77 35 0.07
1-Jun 1-Jun 1300 60 RM 40 4,975 84.4 na na 10 0.10
2-Jun 2-Jun 1300 60 RM 40 4,403 83.2 na na 7 0.08

60 RM 40 (combined) 9,378 83.8 na na 17 0.09
1-Jun 1-Jun 1300 60 RM 38 4,981 85.3 na na 8 0.08
2-Jun 2-Jun 1300 60 RM 38 5,007 84.8 na na 8 0.08

60 RM 38 (combined) 9,998 85.1 na na 16 0.08

2000 18-May 19-May 1500 61 Knights Ferry 77,438 546 0.73 127 0.13
20-May 20-May 1500 61 Two Rivers 50,547 na na na na 0.57

1  1986-1989 from CDFG reports. 1999 and 2000 from SPCA Caswell.
2  1988 & 1989 from Demko's files of Mossdale catch.  
Feather River 

The lower Feather River has two runs of Chinook salmon, the fall-run and spring-run. Adult fall-
run typically return to the river to spawn during September through December, with a peak from 
mid-October through early December. Spring-run enter the Feather River from March through 
June and spawn the following autumn (Painter et al. 1977). Fry from both races of salmon 
emerge from spawning gravels as early as November (Painter et al. 1977; DWR unpublished 
data) and generally rear in the river for at least several weeks. Emigration occurs from December 
to June, with a typical peak between January and March (Figure 16-20 ). The vast majority of 
these fish emigrate as fry (DWR unpublished data), suggesting that rearing habitat is limiting or 
that conditions later in the season are less suitable. Risks for late migrating salmon include 
higher predation rates and high temperatures. The primary location(s) where these fish rear is 
unknown, however in wetter years it appears that many young salmon rear for weeks to months 
in the Yolo Bypass floodplain immediately downstream of the Feather River before migrating to 
the estuary (Sommer et al. 2001b). 
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Figure 16-20 Daily catch distribution of fall-run Chinook salmon caught at Live Oak and Thermalito 
rotary screw traps during 1998, 1999, and 2000 (trapping years a, b, and c, respectively). 

Historical distribution and abundance of Chinook salmon in the Feather River is reviewed by 
Yoshiyama et al. (2001). They note that fall-run historically spawned primarily in the mainstem 
river downstream of the present site of Lake Oroville, while spring-run ascended all three 
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upstream branches. Fry (1961) reported fall-run escapement estimates of 10,000 to 86,000 for 
1940-59, compared to 1,000 to about 4,000 for spring-run. Recent fall-run population trends 
continue to show annual variability, but are more stable than before Oroville Dam was 
completed (Figure 16-21 ). Pre-dam escapement levels have averaged approximately 41,000 
compared to about 46,000 thereafter (see also Reynolds et al. 1993). This increase appears to be 
a result of hatchery production in the system.  

Hatchery History and Operations 

Feather River Hatchery was opened in 1967 to compensate for the loss of upstream habitat by the 
construction of Oroville Dam. The facility is operated by the DFG and typically spawns 
approximately 10,000 adult salmon each year (Figure 16-21 ). Until the 1980s, the majority of 
the young hatchery salmon was released into the Feather River (Figure 16-22 ). However, the 
release location was shifted to the Bay-Delta Estuary to improve survival. DFG is now 
considering shifting the release of at least a portion of the hatchery fish back to the Feather River 
to reduce the potential for straying into other watersheds. 

Hydrology 

The Feather River drainage is located within the Central Valley, draining about 3,600 square 
miles of the western slope of the Sierra Nevada (Sommer et al. 2001a). The reach between 
Honcut Creek and Oroville Dam is of low gradient. The river has three forks, the North Fork, 
Middle Fork, and South Fork, which meet at Lake Oroville. Lake Oroville, created by the 
completion of Oroville Dam in 1967, has a capacity of about 3.5 million acre-feet (MAF) of 
water and is used for flood control, water supply, power generation, and recreation. The lower 
Feather River below the reservoir is regulated by Oroville Dam, Thermalito Diversion Dam, and 
Thermalito Afterbay Outlet. Under normal operations, the majority of the Feather River flow is 
diverted at Thermalito Diversion Dam into Thermalito Forebay. The remainder of the flow, 
typically 600 cfs, flows through the historical river channel, the “low flow channel” (LFC). 
Water released by the forebay is used to generate power before discharge into Thermalito 
Afterbay. Water is returned to the Feather River through Thermalito Afterbay Outlet, then flows 
southward through the valley until the confluence with the Sacramento River at Verona. The 
Feather River is the largest tributary of the Sacramento River. 

The primary area of interest for salmon spawning is the low flow channel, which extends from 
the Fish Barrier Dam (river mile 67) to Thermalito Afterbay Outlet (river mile 59), and a lower 
reach from Thermalito Afterbay Outlet to Honcut Creek (river mile 44). There is little spawning 
activity in the Feather River below Honcut Creek. 

The hydrology of the river has been considerably altered by the operation of the Oroville 
complex. The major change is that flow that historically passed through the LFC is now diverted 
into the Thermalito complex. Mean monthly flows through the LFC are now 5 percent to 38 
percent of pre-dam levels (Figure 16-23 ). Mean total flow is presently lower than historical 
levels during February through June, but higher during July through January. 
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Figure 16-21 Escapement of fall-run Chinook salmon (1953-2007) in the FRH and river.  

 

 
Figure 16-22 Stocking rates of juvenile salmon from the FRH into river and Bay-Delta locations.  

Project operations have also changed water temperatures in the river. Compared to historical 
levels, mean monthly water temperatures in the LFC at Oroville are 2° F to 14° F cooler during 
May through October and 2° F to 7° F warmer during November through April. Pre-project 
temperature data are not available for the reach below Thermalito Afterbay Outlet, but releases 
from the broad, shallow Thermalito Afterbay reservoir probably create warmer conditions than 
historical levels for at least part of the spring and summer. 
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Figure 16-23 Mean monthly flows (cfs) in the Feather River for the pre-Oroville Dam (1902-67) and 
post-Oroville Dam (1968-93) periods.  

Total flow in the post-dam period includes the portion from the low flow channel and the portion diverted through 
the Thermalito complex. 
Spawning Distribution 

Since the construction of Oroville Dam and FRH, there has been a marked shift in the spawning 
distribution of Chinook salmon in the lower Feather River. Salmon have shifted their spawning 
activity from predominantly in the reach below Thermalito Afterbay Outlet to the LFC (Figure 
16-24 ) (Sommer et al. 2001a).  

An average of 75 percent of spawning activity now occurs in the LFC with the greatest portion 
crowded in the upper three miles of the LFC. While there is evidence that this upper section of 
the LFC was also intensively used after the construction of the dam and hatchery, the shift in the 
spawning distribution has undoubtedly increased spawning densities. The high superimposition 
indices in the LFC suggest that there is not enough spawning habitat for the large numbers of 
salmon attempt to utilize the area. It must be observed; however, that the very success of the 
hatchery is responsible for the large population of adult fall-run spawners. Without the 
production of the FRH it would be impossible for salmon populations to regularly exceed the 
river's post-dam carry capacity. Therefore, the high density of hatchery produced salmon 
spawning at the upstream end of the low flow channel may be attributed to hatchery production 
levels, and potentially, to a tendency among hatchery fish to return to their place of origin. 
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Figure 16-24 The percentage of salmon spawning in the Feather River low flow channel for 1969-
2007. The increase is significant at the P < 0.001 level.  

Currently several studies are underway to evaluate salmon and steelhead populations in the 
Feather River. Since fall 2000, DWR in cooperation with DFG has conducted salmon spawning 
escapement data on the Feather River. This survey takes place from September through 
December. The purpose of this survey is to measure the abundance and distribution of spawning 
effort among fall-run salmon on the Feather River. The escapement surveys also collects 
information about the size and sex distribution among the population, and on the rates of pre-
spawning mortality among female salmon. DWR staff also operate two rotary screw traps on the 
Feather River. These traps are located upstream of the Thermalito Outlet and near Live Oak. 
These traps are operated from November through June and collect information about the 
abundance of juvenile salmonids and the factors which may influence their migration timing. 
During the spring and summer DWR also conducts snorkel surveys on the Feather River. The 
purpose of these surveys is to document abundance, distribution and habitat use among juvenile 
salmonids during this period of time when the effects of environmental stressors may be most 
acute.  

Summary of effects on EFH for Chinook Salmon 
Mortality model outputs for fall run and late fall run Chinook are included at the sections below.  

Trinity River  

The increased flows in the spring for the restoration program would aid outmigrating Chinook so 
smolt survival should increase. The habitat benefits provided through more natural geomorphic 
processes should benefit Chinook salmon. 

Temperatures in the Trinity during the fall Chinook spawning period will be slightly increased in 
the future because more water would be released early in the season. The result will be slight 
changes in egg mortality based on model results shown in (Figure 16-25 ).  
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Figure 16-25 Percent mortality of Chinook salmon from egg to fry in the Trinity River based on 
water temperature by water year type. 

 

Sacramento and San Joaquin Rivers, Delta, San Pablo Bay, and San Francisco Bay   
Rearing juveniles migrate down the Sacramento and San Joaquin Rivers and into the Delta and 
estuaries while rearing. CV fall-run Chinook salmon use the Delta, San Pablo Bay, and San 
Francisco Bay as a migratory corridor when they move from the ocean to freshwater as adults 
and from freshwater to the ocean as juveniles. Most movement by adults occurs in deeper 
channels, while juveniles are more likely to use the shallow habitats, including tidal flats, for 
feeding. The lower Sacramento and San Joaquin Rivers are used as migratory corridors as the 
adults move towards their natal streams, which include most tributaries. However, adults use 
variable paths to reach their spawning grounds depending on time of year and year (McLaughlin 
and Jeff McLain 2001). Adult migration can be influence by cross-channel operations and 
salinity gate operations within the Suisun Marsh area (Stein 2000; Vincik 2002). 

Upper Sacramento River 

Fall/late fall-run spawning in the upper Sacramento River may be affected in some years when 
flows are dropped off in the fall as water demands decrease. Redd dewatering is possible in some 
years. This may be the most significant effect of project operations on fall/late fall-run in the 
upper Sacramento. See Figure 16-26 for Fall-run and Figure 16-27  for late fall-run mortality. 
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Figure 16-26 Sacramento River Fall-run Chinook Early Life-stage Mortality by Water Year Type 
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Figure 16-27 Sacramento River Late Fall-run Mortality by Year Type 
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Clear Creek 

Temperatures and flows are generally suitable year round in Clear Creek for fall run Chinook. 
No adverse effects to EFH for fall run in Clear Creek are anticipated.  

Feather River 

 Flow and water temperature conditions should be generally suitable for all fall–run Chinook 
salmon life history stages all year in the low flow channel, particularly in the upper low flow 
channel. Superimposition on spring–run Chinook salmon redds by fall–run Chinook may 
continue to be a problem. The reach below the Thermalito outlet will be less suitable. Water 
temperatures below Thermalito will be too warm for adult holding and spawning, but will be 
appropriate for juvenile rearing and emigration during winter and early spring. See  
Figure 16-28 . 
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Figure 16-28 Feather River Chinook Salmon Mortality 

 

American River 

Flows are projected to be adequate for fall–run Chinook spawning in normal water conditions 
but if dry conditions occur, flows are projected to provide less than optimal spawning habitat for 
Chinook. Flows in the spring should be adequate for outmigration. Temperature goals for fall–
run Chinook spawning and incubation are projected to be met in November of almost every year 
but meeting the goals will likely involve trade-offs between providing cool water for better 
steelhead rearing conditions during the summer and providing it for Chinook spawning in the 
fall. Water temperatures for Chinook rearing are forecast to exceed the preferred range generally 
starting in April. Most Chinook leave the river by early April. Temperatures will be higher in 
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June through November under future operations due to increased upstream diversions, causing 
more temperature stress on migrating and holding adults in the fall. See Figure 16-29 . 

 

0.0

5.0

10.0

15.0

20.0

25.0

Average Wet Above
Normal

Below
Normal

Dry Critical

40-30-30 Year Type

P
e

rc
e

n
t 

M
o

rt
a

lit
y

Study 7.0
Study 7.1
Study 8.0

 
Figure 16-29 American River Chinook Salmon Mortality 

Stanislaus River 

Flows are projected to be adequate for fall–run Chinook spawning in nearly all years. Water 
temperatures are generally warm in the lower part of the river during the early part of the 
immigration period but are they are expected to be suitable for spawning and rearing in the upper 
river during the entire spawning and rearing period. Temperatures should be suitable for 
outmigration of fry and smolts, but when dry conditions occur, flows can be less than desired for 
optimal outmigration prior to the VAMP period. See Figure 16-30 . 
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Figure 16-30 Stanislaus River Chinook Salmon Mortality 

 

Delta 

Fall and late fall-run Chinook take occurs at the Delta pumping facilities. Protective measures 
target winter-run and spring-run Chinook salmon, but the VAMP period is intended to focus on 
the fall and late-fall run through Delta migration peak.  

 

Conclusion Chinook 
CVP and SWP operations will adversely affect the EFH of fall run and late fall run Chinook 
salmon. Chinook salmon EFH in the Trinity River should benefit from the Trinity River ROD 
flows and other habitat improvement measures. 

 

EFH Conservation Measures for Chinook Salmon 
Currently, no recovery plan has been established for Central Valley fall or late fall-run Chinook 
salmon. However, the following are conservation measures being implemented that could be 
considered specifically addressing Essential Fish Habitat for Chinook salmon. Additional 
ongoing measures to improve Chinook salmon habitat are described in chapter 18. 

Folsom Dam Temperature Shutter Mechanization   

Folsom Dam restricts salmon and steelhead life cycles to the 23-mile lower American River 
precluding the fish from migrating to their upstream natal spawning grounds. Cold water is 
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necessary to sustain existing spawning and rearing salmon and steelhead populations below the 
dam. To manage lower American River water temperature, cold water from varying depths in 
Folsom Lake is withdrawn via shutters located at different elevations on the penstock inlet. The 
restoration feature would modify and automate the temperature shutters to allow for the 
flexibility and timeliness needed to optimize management of the coldwater pool to sustain the 
downstream fishery, including fall-run Chinook. This project was congressionally authorized in 
2003 as a part of a multi-purpose (flood control, ecosystem restoration, and dam safety) project 
and is awaiting appropriations. 

Spawning Gravel Enhancement 

Reclamation manages spawning gravel injections below CVP dams on the Sacramento, 
American, and Stanislaus Rivers in cooperation with the Fish and Wildlife Service. This ongoing 
program is funded yearly and projects are implemented in the three rivers as the need is 
identified. Gravel augmentation can improve habitat quality for Chinook salmon (Merz and 
Setka 2004; Merz and Chan 2006; Elkins et al. 2007) and benefits have been documented in each 
of the rivers. Additionally, monitoring on the Stanislaus has identified benefits of enhanced 
rearing habitat created by the new gravel for juvenile salmon and steelhead.  

Stanislaus Temperature Model 
Reclamation cooperates with funding development of a sub-daily water temperature model on 
the Stanislaus River. The model can be used to identify optimization strategies for coldwater 
from New Melones Reservoir relative to life cycle needs of salmon and steelhead.  

American River Group 

Reclamation facilitates the American River Group, a group of stakeholders and biologists who 
makes recommendations to Reclamation relative to fisheries conditions in the river.  

Sacramento River Temperature Control Task Group 

This group makes recommendations on how to manage water temperatures throughout the 
summer in the upper Sacramento River relative to relative to fisheries conditions and coldwater 
pool storage in Shasta Reservoir. 
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Chapter 17  Technical Assistance for Longfin 
Smelt 

Longfin Smelt Biology and Population Dynamics  
General Biology 

Longfin smelt populations occur along the Pacific Coast of North America. Hinchinbrook Island, 
Prince William Sound, Alaska represents the northernmost documented population and the San 
Francisco Estuary represents the southernmost population (Lee et al. 1980). Individual longfin 
smelt have been caught in Monterey Bay (Moyle 2002) but there is no evidence of a spawning 
population south of the Golden Gate. In California, the largest spawning population is in the San 
Francisco Estuary. The existence of other spawning populations has been documented or 
suspected in Humboldt Bay, the Eel River estuary, the Klamath River estuary, the Van Duzen 
River, the Eel River drainage, and the Russian River (Moyle 2002, Pinnix et al. 2004); most of 
these populations are small and perhaps ephemeral, if they exist at all. Longfin smelt are 
periodically caught in nearshore ocean surveys (City of San Francisco 1985). It is possible that 
longfin smelt individuals may emigrate from or immigrate to the San Francisco Estuary. The 
degree of demographic and genetic interaction between coastal populations is unknown; 
however, given their small size and short life span, it is unlikely that the San Francisco Estuary’s 
population size or genetic diversity are supported by regular emigration from other California 
coastal populations (which are all ephemeral, small, or distant). Longfin smelt are widespread 
within the San Francisco Estuary and, historically, they were found seasonally in all of its major 
open water habitats and Suisun Marsh.  

In San Francisco Estuary, longfin smelt adults are generally 90-110 mm standard length (SL) at 
maturity, but some individuals may be up to 140mm SL (Baxter 1999; Moyle 2002). Longfin 
smelt can be distinguished from other California smelts by their long pectoral fins, incomplete 
lateral line, weak or absent striations on the opercular bones, low number of scales in the lateral 
series, low number of scales in the lateral series (54-65) and long maxillary bones. The lower jaw 
projects forward of the upper jaw when the mouth is closed. Small, fine teeth are present on both 
jaws, tongue, vomer and palatines. The sides of living fish appear translucent silver while the 
back has an olive to iridescent pinkish hue. Mature males are usually darker than females, with 
enlarged and stiffened dorsal and anal fins, a dilated lateral line region, and breeding tubercles on 
the paired fins and scales (Moyle 2002). 

Longfin smelt generally occur in Suisun, San Pablo, and San Francisco bays as well as in the 
Gulf of the Farallones, just outside San Francisco Bay. Longfin smelt is anadromous and spawn 
in the Delta in freshwater. Longfin smelt spawn at 2-years of age. Female longfin smelt may live 
a third year but it is not certain if they spawn again. Most spawning takes place from February 
through April. The larval longfin smelt move downstream with the tides until they reach 
favorable rearing habitat near X2 and, later, downstream into Suisun and San Pablo bays. Larger 
longfin smelt feed primarily on opossum shrimps Neomysis mercedis and Acanthomysis spp 
(Feyrer et al. 2003). Copepods and other crustaceans can also be important food items, especially 
for smaller fish (DFG unpublished).  
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Legal Status 

The San Francisco Estuary population of longfin smelt was recently advanced to candidacy as an 
endangered species by the California Department of Fish and Game. As a candidate species, it is 
afforded all of the protections as formally listed species until a decision has been rendered by the 
Fish and Game Commission on its status. Longfin smelt is also currently proposed for listing 
under the federal Endangered Species act. 

Distribution, Population Dynamics, and Baseline 
Conditions 
Distribution 

Longfin smelt in the San Francisco Estuary are broadly distributed both temporally and spatially, 
and interannual distribution patterns are relatively consistent (Rosenfield and Baxter 2007). 
Seasonal patterns in abundance indicate that the population is at least partially anadromous 
(Rosenfield and Baxter 2007). This is indicated by a decrease in density and distribution in San 
Francisco Bay up to Suisun Marsh after the first winter of the longfin smelt life cycle, which 
cannot be attributed solely to mortality because both density and distribution increased during 
the second winter of the life cycle, just before the spawning season. Sampling by the City of San 
Francisco during several years in the early 1980s detected longfin smelt in the Pacific Ocean, 
providing additional evidence that some part of this population migrates beyond the Golden Gate 
Bridge (City of San Francisco and CH2M Hill 1985). Anadromous populations of longfin smelt 
occur elsewhere in their range, but the duration of this anadromous phase of their life cycle is 
unstudied as are the ecology and behavior of longfin smelt in marine environments. However, 
the detection of longfin smelt within the estuary throughout the year suggests that anadromy is 
just one of potentially several life history strategies or contingents in this population.  

There is also a consistent pattern of bathymetric distribution in that postlarval longfin smelt are 
associated with deep-water habitats (Rosenfield and Baxter 2007). Longfin smelt in the Lake 
Washington population also display a depth-stratified distribution (Chigbu et al. 1998; Chigbu 
2000). Longfin smelt concentration in deepwater habitats combined with migration into marine 
environments during summer months suggests that longfin smelt may be relatively intolerant of 
warm waters that occur seasonally in this estuary.  

Longfin smelt migrate upstream to spawn in freshwater during late autumn through winter. The 
general spawning region is believed to be downstream of Rio Vista on the Sacramento River and 
downstream of Medford Island on the San Joaquin River Sacramento River, to just downstream 
of the confluence of these two rivers (Moyle 2002). Limited spawning may also periodically 
occur in the south Bay (DFG unpublished). Larvae are most abundant in the water column 
usually from January through April (DFG unpublished), and are one of the most common and 
abundant species encountered during the 20mm Survey (Dege and Brown 2004). The vertical 
distribution of longfin smelt larvae is highly associated with the upper portion of the water 
column (DFG unpublished) The geographic distribution of longfin smelt larvae is closely 
associated with the position of X2; the center of distribution varies with outflow conditions but 
not with respect to X2 (Dege and Brown 2004). The center of distribution is consistently seaward 
of X2 (Dege and Brown 2004). This pattern is consistent with juveniles migrating downstream to 
low salinity habitats for growth and rearing. 
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Population Abundance Trends 

The population size of longfin smelt in the San Francisco Estuary is measured by indices of 
abundance generated from different sampling programs. The abundance of age-0 and older fish 
is best indexed by the Fall Midwater Trawl and Bay Study, while the abundance of larvae and 
young juvenuiles is best indexed by the 20mm Survey (Figure 17-1). The relationship between 
these indices and actual population sizes are unknown. Furthermore, basic life-history 
information (mortality and growth rates) and ecological patterns (e.g. the extent, duration, and 
outcomes of marine migrations) for this population have received little study. As a result, a 
quantitative assessment of population viability (i.e., with extinction thresholds and probabilities) 
has not developed.  

The abundance of longfin smelt in the Estuary has fluctuated over time but has exhibited a sharp 
decline since the early 1980’s, and was particularly low during the drought of the early 1990’s 
and recent wet years (Figure 17-1) (Rosenfield and Baxter 2007; Sommer et al. 2007). This 
decline has also been reflected in a reduction in the percent of trawls that catch longfin smelt 
throughout the Estuary (Rosenfield and Baxter 2007). Thus, longfin smelt have apparently 
decreased in abundance and are also less common than they have been historically. Also, 
whereas the Suisun Marsh sampling program commonly caught small numbers of age class 2 
longfin smelt in the late-fall and winter, that program has caught very few spawning-age adult 
longfin smelt since 1990 (Rosenfield and Baxter 2007). More concerning, the 2007 Fall 
Midwater Trawl index was the lowest (13) recorded since the survey began in 1967. The recent 
decline in longfin smelt numbers and those of other pelagic fish species such as delta smelt has 
become known as the Pelagic Organism Decline (Sommer et al. 2007). 

Note that in Figure 17-1 the panels from top to bottom are: fall midwater trawl, 20mm survey, 
bay study midwater trawl, and bay study otter trawl. Values exceeding the vertical scale on the 
fall midwater trawl are (in chronological order) 81,740, 59,350, 31,184 and 62,905. There is no 
fall midwater trawl index for 1974, 1976, or 1979. The 20mm survey started in 1995, and the bay 
study started in 1980. Error bars for the 20mm survey and bay study are one standard error. 
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Figure 17-1 Four separate “indices” of longfin smelt abundance in the San Francisco Estuary 
through 2006.  
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The Pelagic Organism Decline 

The term “Pelagic Organism Decline” (POD) denotes the sudden, overlapping declines of San 
Francisco Estuary pelagic fishes since about 2002. The POD species include delta smelt, longfin 
smelt, threadfin shad, and (age-0) striped bass, which together account for the bulk of the pelagic 
fish biomass in the upper Estuary. The year 2002 is often reckoned as the start of the POD 
because of the striking declines of three of the four POD species between 2001 and 2002. The 
POD declines became clearly evident against the high background variability in these species in 
early 2005, when analysis of the third consecutive year of extremely low numbers in these 
species made them statistically clear.  

Post-2001 abundance indices for the POD species have included record lows for longfin smelt, 
delta smelt and age-0 striped bass, and near-record lows for threadfin shad. Abundance improved 
for each species during 2006, but levels for all have remained relatively poor since 2002 for all 
four species. Low abundance levels have been especially remarkable in that winter and spring 
river flows into the estuary have been moderate or very wet (2006) during recent years. Moderate 
to wet conditions have historically usually been associated with at least modest recruitment of 
most pelagic fish species. Longfin smelt is perhaps the best example of this point as the species 
shows a very strong relationship with delta outflow. The introduction of the overbite clam 
(Corbula amurensis) in 1986 and associated changes in the food web reduced the magnitude of 
the response of longfin smelt without altering its slope (Kimmerer 2002). Specifically, the 
grazing effects from Corbula are thought to have resulted in a substantial decline in 
phytoplankton and calanoid copepods, the primary prey of early life stages of pelagic fishes. As 
a consequence, comparable levels of flow did not generate the expected levels of fish biomass 
(as indexed by abundance) after 1986. During the POD years, the abundance indices for longfin 
smelt deviated substantially from both the pre-and post-Corbula relationships with outflow. The 
situation is similar for age-0 striped bass, which has a historical abundance association with 
outflow that was also altered by Corbula, whereas the recent abundance indices were well below 
expected levels based on outflow. Hence, it appears that the response of these pelagic fishes to 
environmental conditions has fundamentally changed since the POD (Sommer et al. 2007).  

Because of its many management implications, the POD has been the subject of an intensive 
analytical effort by the Interagency Ecological Program since the POD was recognized in 2005. 
The POD investigation has greatly improved our understanding of the ecology of pelagic fishes 
in the Estuary. Content of this chapter and in the formulation of the longfin smelt effects analysis 
largely reflect changes in our understanding of longfin smelt biology that have emerged from the 
POD investigation. While mechanisms responsible for POD-era declines of the species probably 
vary by species, it appears very unlikely that they are independent of one another. Consequently, 
some of the discussion in the remainder of this chapter involves species other than longfin smelt. 
This chapter borrows heavily from the text of the 2007 POD Synthesis Report (IEP 2008). 

Factors That May Influence the Abundance and 
Distribution of Longfin Smelt 
Numerous factors are hypothesized to have influenced historical population dynamics of longfin 
smelt (Moyle 2002). Some of these factors (e.g., climatic influences on the physical 
environment) are thought to exert strong, consistent influences, while others are thought to exert 
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more subtle influences (e.g., factors affecting growth rates), or to be important only under certain 
conditions (e.g., entrainment losses). Historically, the evidence brought to bear on most 
mechanistic hypotheses has been based on statistical correlations of abundance and/or survival 
with environmental variables (Jassby et al. 1995; Moyle 2002; Kimmerer 2002; Sommer et al. 
2007; IEP 2007).  

For organization we will use the four categories described in the simple conceptual model 
presented in the POD 2007 Synthesis Report (IEP 2007). Where the POD Team used the model 
to describe possible mechanisms by which a combination of long-term and recent changes to the 
ecosystem could produce the observed pelagic fish declines, we use it simply to organize 
mechanisms that affect abundance and distribution. The conceptual model is rooted in classical 
food web and fisheries ecology and contains four major components:  (1) prior fish abundance, 
including low-abundance effects that may reduce juvenile production (e.g. stock-recruit effects); 
(2) habitat, including physical and chemical variables, disease, and localized toxic algal blooms 
that affect survival and reproduction; (3) top-down effects, including predation, entrainment, and 
other processes that cause juvenile and adult mortality; (4) bottom-up effects, including food web 
interactions that affect growth, reproduction, and, indirectly, survival. 

Prior Abundance 

The relationship between numbers of spawning fish and the numbers of young subsequently 
recruiting to the adult population is known as a stock-recruit relationship. Stock-recruit 
relationships have been described for many species and are a central part of the management of 
commercially and recreationally fished species (Myers et al. 1995). Different forms of stock 
recruit relationships are possible, including density-independent, density-dependent, and density 
vague types. The latter refers to situations where there is not a statistically demonstrable stock 
recruit relationship observable in available data. In any form of a stock-recruit model, there is a 
point at which low adult stock will result in low juvenile abundance and subsequent low 
recruitment to future adult stocks even under favorable environmental conditions while the stock 
‘rebuilds’ itself. 

There has been no demonstrated stock-recruit relationship for longfin smelt in the San Francisco 
Estuary. 

Habitat 

Aquatic habitats are the suites of physical, chemical, and biological factors that species occupy 
(Hayes et al. 1996). The maintenance of appropriate habitat quality is essential to the long-term 
health of aquatic resources (Rose 2000; Peterson 2003). A key point is that habitat suitability 
affects most or all other factors affecting abundance and/or distribution. This is because changes 
in pelagic habitat, to take an example, affect not only affect delta smelt and other pelagic fishes 
but also their predators and prey. 

Habitat for longfin smelt is open water, largely away from shorelines and vegetated inshore areas 
except perhaps during spawning. This includes large embayments such as Suisun Bay and the 
deeper areas of many of the larger channels in the Delta. More specifically, longfin smelt habitat 
is water with suitable values for a variety of physical-chemical properties, especially including 
salinity, turbidity, and temperature, suitably low levels of contaminants, and suitably high levels 
of prey production to support growth. Thus, longfin smelt habitat suitability in the estuary can be 
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strongly influenced by variation in freshwater flow (Jassby et al. 1995; Bennett and Moyle 1996; 
Kimmerer 2004). Several of the POD fishes, including longfin smelt, use a variety of tidally 
assisted swimming behaviors to maintain themselves within open-water areas where water 
quality and food resources are favorable (Bennett et al. 2002). The four POD fishes also 
distribute themselves at different values of salinity within the estuarine salinity gradient (Dege 
and Brown 2004), so at any point in time, salinity is a major factor affecting their geographic 
distributions.  

Physical Habitat 

Changes in longfin smelt habitat quality in the San Francisco Estuary can be indexed by changes 
in X2. The abundance of many local taxa has tended to increase in years when flows into the 
estuary are high and the 2 psu isohaline is pushed seaward (Jassby et al. 1995), implying that 
over the range of historical experience the quantity or suitability of estuarine habitat increases 
when outflows are high. 

Currently, X2 (which is controlled by both climate and water operations) is a strong predictor of 
the longfin smelt Fall Midwater Trawl index, which suggests flow and its affect on habitat are 
strong determinants of year class strength for longfin smelt. This is particularly important 
considering there is no demonstrated stock-recruit relationship for longfin smelt.  

Although similar work has not yet been completed for longfin smelt, there has been a long-term 
decline in fall habitat environmental quality for delta smelt (Feyrer et al. 2007). The long-term 
environmental quality declines for delta smelt are defined by a lowered probability of occurrence 
in samples based on changes in specific conductance and Secchi depth. Notably, delta smelt 
environmental quality declined recently coinciding with the POD (Figure 7-8). The greatest 
changes in environmental quality occurred in Suisun Bay and the San Joaquin River upstream of 
Three Mile Slough and southern Delta (Figure 7-9). There is evidence that these habitat changes 
have had population-level consequences for delta smelt. The inclusion of specific conductance 
and Secchi depth in the delta smelt stock-recruit relationship described above improved the fit of 
the model, suggesting adult numbers and their habitat conditions exert important influences on 
recruitment. Additional discussion pertinent to delta smelt is provided above in the chapter 
covering delta smelt biology. Given the status of longfin smelt, similar work evaluating their 
habitat should be initiated immediately. 

Contaminants and Disease 

In addition to habitat changes from salinity, turbidity and invasive aquatic vegetation such as E. 
densa, contaminants can change ecosystem functions and productivity through numerous 
pathways. The trends in contaminant loadings and their ecosystem effects are not well 
understood. We are currently evaluating direct and indirect toxic effects on the POD fishes of 
both man-made contaminants and natural toxins associated with blooms of M. aeruginosa (a 
cyanobacterium or blue-green alga). The main indirect contaminant effect we are investigating is 
inhibition of prey production.  

Although a number of contaminant issues first during the POD years, concern over contaminants 
in the Delta is not new. There are long standing concerns related to mercury and selenium in the 
watershed, Delta, and Bay (Linville et al. 2002; Davis et al. 2003). Phytoplankton growth rate 
may occasionally be inhibited by high concentrations of herbicides (Edmunds et al. 1999). New 
evidence indicates that phytoplankton growth rate may at times be inhibited by ammonium 
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concentrations in and upstream of Suisun Bay (Wilkerson et al. 2006, Dugdale et al. 2007, 
Dugdale et al unpublished). Toxicity to invertebrates has been noted in water and sediments from 
the Delta and associated watersheds (e.g., Kuivila and Foe 1995; Giddings 2000; Werner et al. 
2000; Weston et al. 2004). Undiluted drainwater from agricultural drains in the San Joaquin 
River watershed can be acutely toxic (quickly lethal) to fish and have chronic effects on growth 
(Saiki et al. 1992). Evidence for mortality of young striped bass due to discharge of agricultural 
drainage water containing rice herbicides into the Sacramento River (Bailey et al. 1994) led to 
new regulations for discharge of these waters. Bioassays using caged fish have revealed DNA 
strand breakage associated with runoff events in the watershed and Delta (Whitehead et al. 
2004). Kuivila and Moon (2004) found that peak densities of larval and juvenile delta smelt 
sometimes coincided in time and space with elevated concentrations of dissolved pesticides in 
the spring. These periods of co-occurrence lasted for up to 2-3 weeks, but concentrations of 
individual pesticides were low and much less than would be expected to cause acute mortality. 
However, the effects of exposure to the complex mixtures of pesticides actually present are 
unknown.  

The POD investigators initiated several studies to address the possible role of contaminants and 
disease in the declines. Their primary study consists of twice-monthly monitoring of ambient 
water toxicity at fifteen sites in the Delta and Suisun Bay. In 2005 and 2006, standard bioassays 
using the amphipod Hyalella azteca had low (<5%) frequency of occurrence of toxicity (Werner 
et al. unpublished data). However, preliminary results from 2007, a dry year, suggest the 
incidence of toxic events was higher than in wetter previous years. Parallel testing with the 
addition of piperonyl butoxide, an enzyme inhibitor, indicated that both organophosphate and 
pyrethroid pesticides may have contributed to the observed 2007 toxicity. Most of the tests that 
were positive for H. azteca toxicity have come from water samples from the lower Sacramento 
River. Pyrethroids are of particular interest because use of these insecticides has increased 
(Ameg et al. 2005, Oros and Werner 2005) as use of some organophosphate insecticides has 
declined. Toxicity of sediment-bound pyrethroids to macroinvertebrates has also been observed 
in watersheds upstream of the Delta (Weston et al. 2004, 2005).  

Larval delta smelt bioassays were conducted simultaneously with a subset of the invertebrate 
bioassays. The water samples for these tests were collected from six sites during May-August of 
2006 and 2007. Results from 2006 indicate that delta smelt is highly sensitive to high levels of 
ammonia, low turbidity, and low salinity. There is some preliminary indication that reduced 
survival under low salinity conditions may be due to disease organisms (Werner, unpublished 
data). No significant mortality of larval delta smelt was found in the 2006 bioassays (Werner 
2006), but there were two instances of significant mortality in June and July of 2007 (Werner, 
unpublished). In both cases, the water samples were collected from sites along the Sacramento 
River and had relatively low turbidity and salinity and moderate levels of ammonia. It is also 
important to note that no significant H. azteca mortality was seen in these water samples. While 
the H. azteca tests are very useful for detecting biologically relevant levels of water column 
toxicity, interpretation of the H. azteca test results with respect to fish should proceed with great 
caution. The relevance of the bioassay results to field conditions remains to be determined.  

POD investigators have also monitored blooms of the toxic cyanobacterium Microcystis 
aeruginosa. Large blooms of M. aeruginosa were first noted in the Delta in 1999 (Lehman et al. 
2005). Further studies (Lehman et al. in prep.) suggest that microcystins, the toxic chemicals 
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associated with the algae, probably do not reach concentrations directly toxic to fishes, but 
during blooms, the microcystin concentrations may be high enough to impair invertebrates, 
which could influence prey availability for fishes. The M. aeruginosa blooms peak in the 
freshwaters of the central Delta during the summer at warm temperatures (20-25°C; Lehman et 
al. in prep). Delta smelt and longfin smelt are generally not present in this region of the Delta 
during summer (Nobriga et al. in press; Rosenfield and Baxter 2007) so M. aeruginosa toxicity is 
not likely a factor in their recent decline. However, in the low flow conditions of 2007, blooms 
of this cyanobacterium spread far downstream to the west Delta and beyond during summer 
(Lehman, unpublished data), so toxicity may have been a much broader issue than in other years.  

The POD investigations into potential contaminant effects also include the use of biomarkers that 
have been used previously to evaluate toxic effects on POD fishes (Bennett et al. 1995; Bennett 
2005). The results to date have been mixed. Histopathological and viral evaluation of young 
longfin smelt collected in 2006 indicated no histological abnormalities associated with toxic 
exposure or disease (Foott et al. 2006). There was also no evidence of viral infections or high 
parasite loads. Similarly, young threadfin shad showed no histological evidence of contaminant 
effects or of viral infections (Foott et al. 2006). Parasites were noted in threadfin shad gills at a 
high frequency but the infections were not considered severe. Thus, both longfin smelt and 
threadfin shad were considered healthy in 2006. Adult delta smelt collected from the Delta 
during winter 2005 also were considered healthy, showing little histopathological evidence for 
starvation or disease (Teh et al. unpublished). However, there was some evidence of low 
frequency endocrine disruption. In 2005, 9 of 144 (6%) of adult delta smelt males were intersex, 
having immature oocytes in their testes (Teh et al. unpublished).  

In contrast, preliminary histopathological analyses have found evidence of significant disease in 
other species and for POD species collected from other areas of the estuary. Massive intestinal 
infections with an unidentified myxosporean were found in yellowfin goby Acanthogobius 
flavimanus collected from Suisun Marsh (Baxa et al. in prep.). Severe viral infection was found 
in inland silverside Menidia beryllina and juvenile delta smelt collected from Suisun Bay during 
summer 2005 (Baxa et al. in prep.). Lastly, preliminary evidence suggests that contaminants and 
disease may impair striped bass. Ostrach et al. (in prep.) found high occurrence and severity of 
parasitic infections, inflammatory conditions, and muscle degeneration in young striped bass 
collected in 2005; levels were lower in 2006. Several biomarkers of contaminant exposure 
including P450 activity (i.e., detoxification enzymes in liver), acetylcholinesterase activity (i.e., 
enzyme activity in brain), and vitellogenin induction (i.e., presence of egg yolk protein in blood 
of males) were also reported from striped bass collected in 2006 (Ostrach et al. in prep.).  

Much of the previous discussion about how physical conditions and water quality affect delta 
smelt and other fishes is also relevant to other aquatic organisms including plankton and the 
benthos. It is important to keep in mind that river flows influence estuarine salinity gradients and 
water residence times. The residence time of water affects both habitat suitability for benthos and 
the transport of pelagic plankton. High tributary flow leads to lower residence time of water in 
the Delta (days), which generally results in lower plankton biomass (Kimmerer 2004), but also 
lower cumulative entrainment effects in the Delta (Kimmerer and Nobriga in press). In contrast, 
higher residence times (a month or more), which result from low tributary flows, may result in 
higher plankton biomass. This can increase food availability for planktivorous fishes; however, 
much of this production may be lost to water diversions under low flow conditions. Under 
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extreme low flow conditions, long water residence times may also promote high biological 
oxygen demand when abundant phytoplankton die and decompose (Lehman et al. 2004; Jassby 
and Van Nieuwenhuyse 2006). Recent particle tracking modeling results for the Delta show that 
residence times in the southern Delta are highly variable, depending on Delta inflow, exports, 
and particle release location (Kimmerer and Nobriga, in press). Very high inflow leads to short 
residence time. The longest residence times occur in the San Joaquin River near Stockton under 
conditions of low inflow and low export flow.  

Salinity variation can have a major effect on the benthos, which occupy relatively “fixed” 
geographical positions along the gradient of the estuary. While the distributions of the benthos 
can undergo seasonal and annual shifts, benthic organisms cannot adjust their locations as 
quickly as the more mobile pelagic community. Analyses of long-term benthic data for four 
regions of the upper San Francisco estuary indicate that two major factors control community 
composition: species invasions, and salinity (Peterson et al. in prep). Specifically, the invasion of 
the clam C. amurensis in the late 1980s resulted in a fundamental shift in the benthic community; 
however; the center of distribution of C. amurensis and other benthic species varies with flow 
and the resulting salinity regime. So at any particular location in the estuary, the benthic 
community can change substantially from year to year as a result of environmental variation and 
species invasions (Figure 7-10). These changes in the benthos can have major effects on food 
availability to pelagic organisms, including delta smelt.  

Few studies have directly addressed how toxic chemicals, disease, and parasites affect longfin 
smelt. One of the few that does is an unpublished study by Scott Foott (CDFG), who summarizes 
the work as follows.  

Larval and 0+ juvenile Longfin smelt (LFS) and Threadfin shad (TFS) were collected in 
2006 and 2007 from April – November. Over 400 fish / yr were assayed for virus using up 
to 4 different cell lines. Other fish were processed for histological examination (Davidson’s 
fixative, 6µm paraffin sagittal sections, H&E or PAS stain) of 10 target tissues (gill, liver, 
kidney, acinar tissue, intestinal tract, heart, brain, eye, olfactory organ, and epidermis). The 
histological sample set in 2006 was composed of 15 TFS and 142 LFS while 118 TFS and 
86 LFS histological specimens were examined in 2007.  

Trematodes and cestodes were observed in 8-16% of intestines without associated tissue 
damage. Varying degrees of hepatocyte vacuolation was observed in a majority of LFS 
livers (July – November 2006 and 2007). PAS stain showed little glycogen and we 
speculate the vacuoles primarily contain fat. Fatty change can be associated with 
contaminate exposure. Interpretation is complicated by signs of tissue hypoxia in many 
specimens (outcome of capture stress prior to fixation?).  

Summary: no significant health problem was detected in either TFS or LFS juveniles in 
2006 or 2007. No virus was isolated in over 800 samples and the low incidence of parasitic 
infection was not associated with tissue damage or inflammation. In both 2006 and 2007, 
hepatocyte vacuolation was seen in many juvenile LFS livers from fish collected primarily 
in the fall. It is unknown whether fatty liver is normal for LFS or associated with toxic 
insults.  
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Climate Change 

There are several reasons we expect future climate change might have negative long-term 
influences on pelagic habitat suitability for the POD fishes. First, there has been a trend toward 
more Sierra Nevada precipitation falling as rain earlier in the year (Roos 1987, 1991; Knowles 
and Cayan 2002, 2004). This increases the likelihood of winter floods and may have other effects 
on the hydrographs of Central Valley rivers and Delta salinity. Altered hydrographs interfere 
with pelagic fish reproduction, which is usually tied to historical runoff patterns (Moyle 2002). 
Second, sea level is rising (IPPC 2001). Sea level rise will increase salinity intrusion unless 
sufficient freshwater resources are available to repel the seawater. This will shift fish 
distributions upstream and possibly further reduce habitat area for some species. Third, climate 
change models project warmer temperatures in central California (Dettinger 2005). As stated 
above, water temperatures do not currently have a strong influence on POD fish distributions. 
However, summer water temperatures throughout the upper estuary are fairly high for delta 
smelt. Mean July water temperatures in the upper estuary are typically 21-24C (Nobriga et al. in 
press) and the lethal temperature limit for delta smelt is reported to be 25C (Swanson et al. 
2000), though entrainment of juvenile delta smelt in spring 2007 continued until central Delta 
temperatures approached 28C. Thus, if climate change were to result in summer temperatures in 
the upper Estuary substantially exceeding current levels, suitable habitat during those months 
could be reduced or, in the worst case, eliminated in some years. 

Top-Down Effects 

The two most prominent top-down influences on pelagic fishes are entrainment into various 
water diversions and predation by piscivorous fishes. Major water diversions in the delta include 
the SWP and CVP export facilities, power plants, and agricultural diversions. The CVP and SWP 
water export operations include upstream reservoirs, the DCC, the SMSCG, the North Bay 
Aqueduct facilities (NBA), the Contra Costa Canal facilities (CCC), CCF, the Banks Pumping 
Plant/Skinner Fish Facilities (hereafter SWP), the South Delta Temporary Barriers (SDTB) and 
the Jones Pumping Plant/Fish Collection Facilities (hereafter CVP). The description and 
operation of these facilities was covered in the “Project Description” section of this Biological 
Assessment. 

Water export operations occur primarily at SWP and CVP, with far smaller amounts of water 
diverted at NBA and CCC. Because of their size, and because of evidence implicating water 
project operations as contributing causes of the POD, the discussion of them below borrows 
heavily from the POD analysis. 

As described in the “Project Description”, the NBA diversions have fish screens designed to 
FWS criteria for delta smelt protection. In addition, a larval delta smelt monitoring program 
occurs each spring in the sloughs near NBA. This monitoring program is used to trigger NBA 
export reductions when delta smelt larvae are nearby. Because the FWS deems these NBA 
measures to be adequately protective of delta smelt, the NBA will not be considered further. 

Water is also temporarily diverted by two power plants located in the western Delta at Antioch 
and Pittsburgh. Nonconsumptive water use may reach 3200 cfs during full operation of both 
plants, which might be enough to create a substantial entrainment risk for fishes residing in the 
vicinity (Matica and Sommer, in prep.). Studies in the late 1970s indicated that losses of pelagic 
fishes during such operations can be very high. In recent years these plants have not been 
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operated frequently, and their use appears to be restricted to supplying power only during periods 
of extreme demand. They are discussed in more detail below.  

Entrainment 

Because large volumes of water are drawn from the estuary, water exports and inadvertent fish 
entrainment at the SWP and CVP export facilities are among the best-studied top-down effects in 
the San Francisco Estuary (Sommer et al. 2007). The export facilities are known to entrain most 
species of fish in the upper Estuary (Brown et al. 1996), and are of particular concern in dry 
years, when the distributions of young striped bass, delta smelt, and longfin smelt shift closer to 
the diversions (Stevens et al. 1985; Sommer et al. 1997). As an indication of the magnitude of 
the effects, approximately 110 million fish were salvaged at the SWP screens and returned to the 
Delta over a 15-year period (Brown et al. 1996). However, this number greatly underestimates 
the actual number of fish entrained. It does not include losses at the CVP. Even for the SWP 
alone, it does not account for mortality of fish in Clifton Court Forebay and the waterways 
leading to the diversion facilities, larvae < 20 mm FL are not collected by fish screens, and losses 
of fish > 20 mm FL that because of inefficiencies are not removed by the louver system.  

One piece of evidence that export diversions played a role in the POD is the substantial increases 
in winter CVP and SWP salvage that occurred contemporaneously with recent declines in delta 
smelt and other POD species (Grimaldo et al. in review). Increased winter entrainment of delta 
smelt, longfin smelt and threadfin shad represents a loss of pre-spawning adults and all their 
potential progeny. Similar increases in the salvage of littoral species including centrarchids and 
inland silverside were observed during the same period. The littoral species are less influenced 
by flow changes than the POD fishes. However, the increases in salvage for centrarchids may be 
at least partially a result of the range expansion of Egeria densa, which provides favored habitat. 
This hypothesis is supported by the observation that the greatest increases in centrarchid salvage 
occurred at the CVP. The intake of the CVP is located in an area with significant areas of E. 
densa nearby. Nonetheless, the increase in entrainment of both groups of fishes suggests a large 
change in the hydrodynamic influence of the export diversions during recent winters. Note that 
winter salvage levels subsequently decreased to very low levels for all POD species during the 
winters of 2005-2006 and 2006-2007, possibly due to the very low numbers of fish that appear to 
remain in the estuary.  

In trying to evaluate the mechanism(s) for increased winter-time salvage, POD studies by USGS 
made three key observations (IEP 2005). First, there was an increase in exports during winter as 
compared to previous years, mostly attributable to the SWP (Figure 7-11). Second, the 
proportion of tributary inflows shifted. Specifically, San Joaquin River inflow decreased as a 
fraction of total inflow around 2000, while Sacramento River increased (Figure 7-12). Finally, 
there was an increase in the duration of the operation of barriers placed into south Delta channels 
during some months. These changes may have contributed to a shift in Delta hydrodynamics that 
increased fish entrainment.  

These observations led to a hypothesis that the hydrodynamic change could be indexed using net 
flows through Old and Middle rivers (Figure 7-13), which integrate changes in inflow, exports, 
and barrier operations (Arthur et al. 1996; Monsen et al. 2007). Net or residual flow refers to the 
calculated flow when the effects of the tide are mathematically removed. An initial analysis 
revealed that there was a significant inverse relationship between net Old and Middle rivers flow 
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and winter salvage of delta smelt at the SWP and CVP (P. Smith, unpublished). These analyses 
were subsequently updated and extended to other pelagic fishes (Figure 7-14, L. Grimaldo, in 
preparation). The general pattern is that POD species salvage is low when Old and Middle river 
flows are positive.  

The hydrologic and statistical analyses suggest a reasonable mechanism by which winter 
entrainment increased during the POD years; however, the direct population-level effects of 
increased entrainment are less clear. As part of the POD investigation, Manly and Chotkowki 
(IEP 2005; Manly and Chotkowski 2006) used log-linear modeling to evaluate environmental 
factors that may have affected long-term trends in the Fall Midwater Trawl abundance index of 
delta smelt. They found that monthly or semi-monthly measures of exports or Old and Middle 
rivers flow had a statistically significant effect on delta smelt abundance; however, individually 
they explained a small portion (no more than a few percent) of the variability in the fall 
abundance index of delta smelt across the entire survey area and time period. Hence, there are 
other factors that dominate the relationship between exports and delta smelt fall abundance. 
Similarly, Kimmerer et al. (2001) estimated that entrainment losses of young striped bass were 
sometimes very high (up to 99%), but they did not find evidence that entrainment losses were a 
major driver of long-term striped bass population dynamics.  

These results do not mean, however, that direct export effects can be dismissed as a contributing 
cause of the POD. There are two aspects of entrainment that explicitly were not addressed by 
Manly and Chotkowski (2006) and are not well understood: (1) the possibility that selective 
entrainment among a heterogeneous population of prespawning adults could produce 
consequences that do not become manifest until the following year (discussed in the next 
paragraph), and (2) larval entrainment. Very little is known about historical larval entrainment 
because larvae are not sampled effectively at the fish screening facilities. To address this 
shortcoming, Kimmerer and Nobriga (in press) coupled a particle tracking modeling with survey 
results to estimate larval entrainment. Kimmerer (in press) used data from several IEP 
monitoring programs to estimate entrainment of delta smelt. These approaches suggest that larval 
delta smelt entrainment losses could exceed 50% of the population under low flow and high 
export conditions. Because there are few reliable larval entrainment data, it is not possible to 
directly address the question of how important these losses were historically.  

It has been proposed that losses of larger females and their larvae may have a disproportionate 
effect on the delta smelt population (B. Bennett, unpublished data). Bennett (unpublished data) 
proposes that larger females spawn earlier in the season and produce more eggs, which are of 
better quality, and survivability, as has been noted for Atlantic cod and other commercially 
harvested species (Marteinsdottir and Steinarsson 1998; Swain et al. 2007). As a consequence, 
winter and early spring exports, which have continually increased as described above (Figure 7-
15), could have an important effect on reproductive success of early spawning female delta 
smelt. Bennett hypothesizes that the observed reduction in the mean size of adult delta smelt in 
the early 1990s (Sweetnam 1999) is a result of selective losses of earlier spawning adults and 
their larvae, thereby selecting for later spawned offspring (that have less time to reach maturity). 
Under this hypothesis, the most important result of the loss of early spawning females would 
manifest itself in the year following the loss, and would therefore not necessarily be detected by 
analyses relating fall abundance indices to same-year (or same-water year) predictors. This 
hypothesis is presently being evaluated by Bennett’s laboratory using otolith methods.  
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The CVP and SWP export operations are most likely to impact adult delta smelt during their 
upstream spawning migration between December and April. A significant negative correlation 
between November-February delta smelt salvage and the residuals from a FMWT index at year 
one vs. FMWT index at year two stock-recruit relationship is evidence for an influence of adult 
entrainment on delta smelt population dynamics (Brown and Kimmerer 2001). Delta smelt 
spawn over a wide area (much of the delta and some areas downstream). In some years a fairly 
large proportion of the population seems to spawn in or be rapidly transported to the central and 
southern delta. Presumably, entrainment vulnerability is higher during those years. 
Unfortunately, it is not currently known what cues decisions about where to spawn. 

The CVP and SWP water operations are not thought to have any impact on delta smelt eggs 
because they remain attached to substrates. Shortly after hatching, larvae are vulnerable to 
entrainment at all points of diversion, but, as mentioned earlier, are not counted in SWP or CVP 
fish salvage operations. Juvenile delta smelt also are vulnerable to entrainment and are counted 
in salvage operations once they reach 20-25 mm in length. Most juvenile salvage occurs from 
April-July with a peak in May-June (Nobriga et al. 2001).  

Salvage of delta smelt population has historically been greatest in drier years when a high 
proportion of YOY rear in the delta (Moyle et al. 1992; Reclamation and DWR 1994; Sommer et 
al. 1997; Figure 7-6). In recent years however, salvage also has been high in moderately wet 
conditions (Nobriga et al. 2000; 2001; springs of 1996, 1999, and 2000) even though a large 
fraction of the population was downstream of the Sacramento-San Joaquin River confluence. 
Nobriga et al. (2000; 2001) attributed recent high wet year salvage to a change in operations for 
the VAMP that began in 1996. The VAMP provides a San Joaquin River pulse flow from mid-
April to mid-May each year that probably improves rearing conditions for delta smelt larvae and 
also slows the entrainment of fish rearing in the delta. The high salvage events may have resulted 
from smelt that historically would have been entrained as larvae and therefore not counted at the 
fish salvage facilities growing to a salvageable size before being entrained. However, a more 
recent analysis summarized in Figure 7-6 provides an alternative explanation. Delta smelt 
salvage in 1996, 1999, and 2000 was not outside of the expected historical range when three 
factors are taken into account, (1) delta smelt distribution as indexed by X2 position, (2) delta 
smelt abundance as indexed by the Townet Survey (TNS), and (3) the amount of water exported. 
Therefore, it is uncertain that operations changes for VAMP have influenced delta smelt salvage 
dynamics as strongly as suggested by Nobriga et al. (2000). Nonetheless, it is likely that actual 
entrainment has decreased since the initiation of the VAMP because of the improved transport 
flows it provides. In addition, “assets” from CALFED’s Environmental Water Account (EWA) 
are often used during this time of year to further reduce delta smelt entrainment. Although the 
population level benefits of these actions are unknown, they appear to have been successful at 
keeping delta smelt salvage under the limits set by FWS (1993) (Brown and Kimmerer 2002). 
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Figure 17-2  Water operations impacts to the delta smelt population. 

Another possible effect on delta smelt entrainment is the SDTB. The SDTB are put in place 
during spring and removed again each fall (see the “Project Description” section of this 
Biological Assessment for more detail). Computer simulations have shown that placement of the 
barriers changes south delta hydrodynamics, increasing central delta flows toward the export 
facilities (DWR 2000). When delta smelt occur in areas influenced by the barriers, entrainment 
losses could increase.  

Predation Effects 

Predator-prey dynamics in the San Francisco Estuary are poorly understood, but are currently 
receiving considerable research attention by the IEP as part of the POD investigation. Studies 
during the early 1960s found delta smelt were an occasional prey fish for striped bass, black 
crappie and white catfish (Turner and Kelley 1966). This, coupled with the substantial decline in 
striped bass abundance has been taken as evidence that delta smelt are not very vulnerable to 
predation (Sweetnam and Stevens 1993). In recent years, it has become clear that the prey 
choices of piscivorous fishes switch as the relative abundances of species in the prey field 
change (Buckel et al. 1999). Even in the 1960s, delta smelt was rare relative to the dominant prey 
fishes of striped bass (age-zero striped bass and threadfin shad) (Turner and Kelley 1966). 
Therefore, there should have been no expectation that delta smelt would be commonly found in 
stomach contents samples. Because delta smelt are still rare relative to currently common prey 
fishes, the same holds true today (Nobriga et al. 2003). Because of the limitations of using 
stomach samples, IEP researchers are attempting to model potential impacts of striped bass on 
delta smelt using bioenergetics and individual-based approaches. 

Bennett and Moyle (1996) proposed that inland silverside may be impacting delta smelt through 
predation (on delta smelt eggs and/or larvae) and competition (for copepod prey). This 
hypothesis is supported by recent statistical analyses showing negative correlations between 
inland silverside abundance and delta smelt TNS indices, and two indices of egg and/or larval 
survival (Brown and Kimmerer 2001). The hypothesis also is consistent with the analysis by 
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Kimmerer (2002) showing a change in the sign of the delta smelt X2-TNS relationship 
(described above) because inland silversides began to increase in abundance about the same time 
the relationship changed sign (Brown and Kimmerer 2001). It should be noted however that 
since the early 1980s, there also have been increases in other potential larval fish predators such 
as coded wire tagged Chinook salmon smolts released in the Delta for survival experiments 
(Brandes and McLain 2001) and centrarchid fishes (Nobriga and Chotkowski 2000). In addition, 
striped bass appear to have switched to piscivorous feeding habits at smaller sizes than they 
historically did following severe declines in the abundance of mysid shrimp (Feyrer et al. in 
press). We suspect that CWT salmon and centrarchid abundance, as well as the striped bass diet 
switch have covaried with the increase in inland silverside abundance and the declines in 
phytoplankton and zooplankton abundance mentioned above.  

One hypothesis arising from the POD investigation holds that predation effects on delta smelt 
and other POD species have increased in all water year types as a result of increased populations 
of pelagic and inshore piscivores. In the pelagic habitat, age-1 and age-2 striped bass appear to 
have declined more slowly than age-0 striped bass (compare Figure 7-6 with Figure 7-16, CDFG, 
unpublished data). Adult striped bass abundance increased in the latter 1990s (Figure 7-17) so 
high striped bass predation pressure on smaller pelagic fishes in recent years is probable. Further, 
largemouth bass abundance has increased in the Delta over the past few decades (Brown and 
Michniuk 2007). While largemouth bass are not pelagic, their presence at the boundary between 
the littoral and pelagic zones makes it probable that they do opportunistically consume pelagic 
fishes. Analyses of fish salvage data show this increase occurred somewhat abruptly in the early 
1990s and has been sustained since (Figure 7-18). The increase in salvage of largemouth bass 
occurred during the time period when E. densa, an introduced aquatic macrophyte was 
expanding its range in the Delta (Brown and Michniuk 2007). The habitat provided by beds of E. 
densa provide good habitat for largemouth bass and other species of centrarchids. Thus, the 
increased abundance of this introduced predator was likely caused by an increase in an 
introduced plant, which provided favorable habitat. The areal coverage of E. densa in the Delta 
continued to expand by more than 10% per year from 2004 to 2006, by infesting a greater 
portion of channels and invasion of new habitat (E. Hestir et al., U.C. Davis, unpublished data). 
This suggests that populations of largemouth bass and other species using submerged aquatic 
vegetation will continue to increase. Although none of the IEP surveys adequately tracks 
largemouth bass population trends, the Delta has become the top sport fishing destination in 
North American for largemouth bass, which illustrates the recent success of this species. Each 
year, lucrative fishing tournaments are held in the Delta to take advantage of the large number of 
trophy-sized bass in the region. Largemouth bass have a much more limited distribution in the 
estuary than striped bass, but a higher per capita impact on small fishes (Nobriga and Feyrer 
2007). Increases in largemouth bass may have had a particularly important effect on threadfin 
shad and striped bass, whose earlier life stages occur in littoral habitat (Grimaldo et al. 2004; 
Nobriga and Feyrer 2007).  

A change in predation pressure may, in part, be an effect of interactions between biotic and 
abiotic conditions. Natural, co-evolved piscivore-prey systems typically have an abiotic 
production phase and a biotic reduction phase each year (e.g., Rodriguez and Lewis 1994). 
Changing the magnitudes and durations of these cycles greatly alters their outcomes (e.g., Meffe 
1984). Generally, the relative stability of the physical environment affects the length of time each 
phase dominates and thus, the importance of each. Biotic interactions like predation will have 
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stronger community-structuring influence in physically stable systems (e.g., lakes). Historically 
in the estuary, the period of winter-spring high flow was the abiotic production phase, when most 
species reproduced. The biotic reduction phase probably encompassed the low-flow periods in 
summer-fall. Multi-year wet cycles probably increased (and still do) the overall ‘abiotic-ness’ of 
the estuary, allowing populations to increase. Drought cycles likely increased the estuary’s 
‘biotic-ness’ (e.g., Livingston et al. 1997), with low reproductive output and increased effect of 
predation on population abundance. Our managed system has reduced flow variation much of the 
time and in some locations more than others. This has probably affected the magnitudes and 
durations of abiotic and biotic phases (e.g., Nobriga et al. 2005). In other words, reduced flow 
variability in the estuary may have exacerbated predation effects. However, there is no clear 
evidence that such changes have been abrupt enough to account for the POD.  

Agricultural Diversions 

There are 2,209 agricultural diversions in the Delta and an additional 366 diversions in Suisun 
Marsh used for enhancement of waterfowl habitat (Herren and Kawasaki 2001). The vast 
majority of these diversions do not have fish screens to protect fish from entrainment. It has been 
recognized for many years that delta smelt are entrained in these diversions (Hallock and Van 
Woert 1959; Pickard et al. 1982). In the early 1980s delta smelt were the most abundant fish 
entrained in the Roaring River diversion in Suisun Marsh (Pickard et al. 1982), so it is possible 
the waterfowl diversions are detrimental. However, delta smelt may not be especially vulnerable 
to Delta agricultural diversions for several reasons. First, adult delta smelt move into the Delta to 
spawn during winter-early spring when agricultural diversion operations are at a minimum. 
Second, larval delta smelt occur transiently in most of the Delta. Third, Nobriga et al. (2002; in 
press) examined delta smelt entrainment at an agricultural diversion in Horseshoe Bend during 
July 2000 and 2001, when much of the YOY population was rearing within one tidal excursion 
of the diversion. Delta smelt entrainment was low compared to density estimates from the DFG 
20 mm Delta Smelt Survey. Low entrainment was attributed to (1) offshore distribution of delta 
smelt, and (2) the extremely small hydrodynamic influence of the diversion relative to the 
channel it was in. Because Delta agricultural diversions are typically close to shore and probably 
take small amounts of water relative to what is in the channels they draw water from, delta smelt 
vulnerability may be low despite their modest swimming ability and their poor performance near 
simulated fish screens in laboratory settings (Swanson et al. 1998; 2002). It should be noted 
however that DWR screened five agricultural diversions around Sherman Island, an area 
consistently used by delta smelt of all life stages. 

Antioch and Pittsburgh Power Plants 

PG&E operates two power generation facilities within the range of delta smelt: Contra Costa 
Power Plant and Pittsburg Power Plant. Contra Costa Power Plant is about six miles east of the 
confluence of the Sacramento and San Joaquin rivers. Pittsburg Power Plant is on the south shore 
of Suisun Bay, in the town of Pittsburg. Each power plant has seven generating units that rely on 
diverted water for condenser cooling. Cooling water is diverted at a rate as high as about 1,500 
cfs for the Contra Costa plant and 1,600 cfs for the Pittsburg plant, forming a thermal plume as it 
is discharged back into the estuary. Pumping rates are often significantly lower under normal 
operation. Potential impacts of the power plants fall into two categories - direct and indirect. 
Previous data on direct and indirect impacts of the power plants were summarized by 
Reclamation and DWR (1994). However, robust data analyses of population level effects of 
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power plant operation on delta smelt and other fishes have not been performed. Briefly, the 
direct impact of the power plants comes from the removal of fish during diversion operations. 
Indirect effects stem from water temperature increases when the cooling water is returned to the 
estuary. Intakes at all units at both power plants employ a screening system to remove debris, but 
the screens allow entrainment of fish smaller than about 38 mm and impingement of larger fish. 

Since the 1978–79 studies were completed, PG&E has implemented a resource management 
program to reduce striped bass loss. During the period of peak striped bass entrainment (May to 
mid-July), power generation units are operated preferentially, using fish monitoring data. This 
program has reduced entrainment losses of larval and juvenile striped bass by more than 75 
percent (PG&E 1992a). Given its timing, this management program also may be beneficial to 
delta smelt.  

In recent years, the plants have been operated only in a “peaking” capacity, and kept in a standby 
state when regional power consumption is not high. However, although they may not be 
routinely operated, the plants are most likely to be called into use during the summer, at a time 
when delta smelt are potentially close to the intake and discharge points, and thus vulnerable to 
entrainment and other adverse effects. 

Bottom-Up Effects 

The quality and availability of food may have important effects on the abundance and 
distribution of delta smelt. Food quality and availability have been highly historically variable, 
largely because of the lamentable history of exotic species introduction into the Estuary. In this 
section recent elements of that story are presented to develop the theme of dependency between 
delta smelt and its trophic support. Because a large part of this discussion has evolved only in the 
last few years as a result of the POD investigation, this account borrows heavily from the POD 
work. 

Interconnected Recent Changes in Plankton and Benthos 

Estuaries are commonly characterized as highly-productive nursery areas for a suite of 
organisms. Nixon (1988) noted that there actually is a broad continuum of primary productivity 
levels in different estuaries, which in turn affects fish yield. Compared to other estuaries, pelagic 
primary productivity in the upper San Francisco estuary is poor and a low fish yield is expected 
(Figure 7-19). Moreover, there has been a significant long-term decline in phytoplankton 
biomass (chlorophyll a) and primary productivity to very low levels in the Suisun Bay region and 
the lower Delta (Jassby et al 2002). Hence, low and declining primary productivity in the estuary 
is likely a principal cause for the long-term pattern of relatively low and declining biomass of 
pelagic fishes.  

A major reason for the long-term phytoplankton reduction in the upper estuary is filter-feeding 
by the overbite clam (Corbula amurensis), which became abundant by the late 1980s (Kimmerer 
2002). The overbite clam was first reported from San Francisco Estuary in 1986 and it was well 
established by 1987 (Carlton et al. 1990). Prior to the overbite clam invasion, there were periods 
of relatively low clam biomass in the upper estuary because the Asiatic freshwater clam 
(Corbicula fluminea) colonized Suisun Bay during high flow periods and the native marine clam 
Mya arenaria (also known as Macoma balthica) colonized Suisun Bay during prolonged (> 14 
month) low flow periods (Nichols et al. 1990). Thus, there were periods of relatively low clam 
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grazing rates while one species was dying back and the other was colonizing. The overbite clam 
invasion changed this formerly dynamic clam assemblage because the overbite clam, which is 
tolerant of a wide range of salinity, is now always the dominant clam species in the brackish 
water regions of the estuary and its grazing influence extends into the Delta (Kimmerer and Orsi 
1996; Jassby et al. 2002) beyond the clam’s typical range, presumably due to tidal dispersion of 
phytoplankton-depleted water.  

According to recent research, shifts in nutrient concentrations may also contribute to the 
phytoplankton reduction as well as to changes in algal species composition in the San Francisco 
Estuary. While phytoplankton production in the San Francisco Estuary is generally considered 
light limited and nutrient concentrations exceed production limiting levels, nutrients may affect 
production during times when light conditions are more favorable and also affect species 
composition. Dugdale et al (2007) and Wilkerson et al (2006) found that high ammonium 
concentrations prevented the formation of diatom blooms but stimulated flagellate blooms in the 
lower estuary. Ammonium concentrations in the Delta and Suisun Bay have significantly 
increased over the last few decades due to increased loading from sewage treatment plants 
(Jassby, in press, Mueller-Solger, in prep.). Van Nieuwenhuyse (2007), on the other hand, found 
that a rapid reduction in wastewater total phosphorus loads in the mid-1990s coincided with a 
similarly rapid drop in phytoplankton biomass at three stations in the upper estuary.  

Starting in the late 1980s, a series of major changes was observed in the estuarine food web that 
negatively influenced pelagic fish (including delta smelt) production. Major step-declines were 
observed in the abundance of phytoplankton (Alpine and Cloern 1992) and the copepod 
Eurytemora affinis due to grazing by the clam (Kimmerer et al. 1994). Northern anchovy 
abandoned the estuary’s low salinity zone coincident with the overbite clam invasion, 
presumably because the sharp decline in planktonic food items made occupation of low-salinity 
waters unprofitable for this marine fish (Kimmerer 2006). There was also a major step-decline in 
mysid shrimp in 1987-1988, presumably due to competition with the clam for phytoplankton 
(Orsi and Mecum 1996). The mysid shrimp had been an extremely important food item for larger 
fishes like longfin smelt and juvenile striped bass; its decline resulted in substantial changes in 
the diet composition of these and other fishes (Feyrer et al. 2003). As described above, the 
population responses of longfin smelt and juvenile striped bass to winter-spring outflows 
changed after the overbite clam invasion. Longfin smelt relative abundance was lower per unit 
outflow post-clam (Kimmerer 2002b). Young striped bass relative abundance stopped 
responding to outflow altogether (Sommer et al. 2007). One hypothesis to explain these changes 
in fish population dynamics is that lower prey abundance reduced the system carrying capacity 
(Kimmerer et al. 2000; Sommer et al. 2007).  

Several recent studies have shown that pelagic consumer production is limited by low 
phytoplankton productivity in the San Francisco Estuary (Sobczak et al. 2002, 2004; Mueller- 
Solger et al. 2002). However, in contrast to the substantial long-term declines in phytoplankton 
biomass and productivity (Jassby et al. 2002), phytoplankton trends for the most recent decade 
(1996-2005) are actually positive in the Delta and neutral in Suisun Bay (Jassby, in press). While 
this does not support the hypothesis that changes in phytoplankton quantity are responsible for 
the recent declines of delta smelt and other pelagic fishes, phytoplankton may nevertheless play a 
role via changes in species composition, as will be discussed in the food quality section below.  
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A notable finding for the POD is that Pseudodiaptomus forbesi, a calanoid copepod that has 
replaced Eurytemora affinis as the most common delta smelt prey during summer, continued to 
decline in the Suisun Marsh and confluence regions from 1995 to 2004, while its numbers 
increased in the southern Delta (Figure 7-20; Kimmerer et al. in prep., Mueller-Solger et al. in 
prep.). Although substantial uncertainties about mechanisms remain, this trend may be related to 
increasing recruitment failure and mortality in Suisun Bay and the western Delta due to 
competition and predation by the overbite clam, contaminant exposures, and entrainment of 
source populations in the Delta (Durand et al. in prep., Mueller-Solger et al. 2006). For example, 
overbite clam abundance and distribution in the Suisun Bay and the western Delta during 2001-
2004 was greater than during the 1995-1999 wet period, but similar to abundance indices and 
distribution patterns during the 1987-1992 drought (IEP 2005, Peterson et al. in prep.). Further, 
in the two most recent years (2005 and especially 2006), P. forbesi has started to rebound 
substantially in the western Delta (Figure 7-21, Mueller-Solger et al. in prep., Jassby et al. in 
prep.).  

There is also interest in a more recent invader, the cyclopoid copepod Limnoithona tetraspina, 
which significantly increased in the Suisun Bay region beginning in the mid-1990s. It is now the 
most abundant copepod species in the low-salinity zone (Bouley and Kimmerer 2006). It has 
been hypothesized that L. tetraspina is an inferior food for pelagic fishes including delta smelt 
because of its small size, generally sedentary behavior, and ability to detect and avoid predators 
(Bouley and Kimmerer 2006). Experimental studies addressing this issue are ongoing (Sullivan 
et al., unpublished). Acartiella sinensis, a calanoid copepod species that invaded at the same time 
as L. tetraspina, also reached considerable densities in Suisun Bay and the western Delta over the 
last decade. Its suitability as food for pelagic fish species remains unclear, but is also being 
investigated (Sullivan et al., unpublished).  

Preliminary information from studies on pelagic fish growth, condition and histology provide 
additional evidence for food limitation in pelagic fishes in the estuary (IEP 2005). In 1999 and 
2004, residual delta smelt growth was low from the Sacramento-San Joaquin confluence through 
Suisun Bay relative to other parts of the system. Delta smelt collected in 2005 from the 
Sacramento-San Joaquin confluence and Suisun Bay also had high incidence of liver glycogen 
depletion, a possible indicator of food limitation. Similarly, during 2003 and 2004 striped bass 
condition factor decreased in a seaward direction from the Delta through Suisun Bay.  

Thus far, there is little evidence that the unusually poor growth rates, health, and condition of 
fishes from Suisun Bay and western Delta are due directly to the effects of toxic contaminants or 
other adverse chemical or physical habitat conditions. Therefore, our working hypothesis is that 
the poor fish growth and condition in the upper estuary are due to food limitation. Note, however 
that contaminant episodes may be contributing to poor phytoplankton growth (Dugdale et al. 
2007) and invertebrate mortality (Werner unpublished data), which could exacerbate food 
limitation. If fishes are food limited in Suisun Bay and west Delta during larval and/or juvenile 
development, then we would expect greater cumulative predation mortality, higher disease 
incidence, and consequently low abundance indices at later times.  
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Fish Co-Occurrence with Food 

The above patterns in fish food have generally been described at rather broad scales. Recently, 
interest has focused on determining patterns of co-occurrence of fish predators, particularly delta 
smelt, and their zooplankton prey. The assumption is that predators should co-occur with their 
prey. This idea was first explored by Nobriga (2002) who showed that delta smelt larvae with 
food in their guts typically co-occurred with higher calanoid copepod densities than larvae with 
empty guts. Recently, Kimmerer (in press), Miller and Mongan (unpublished data), and Mueller-
Solger (unpublished data) used similar approaches to look at potential co-occurrence of delta 
smelt and their prey and its effects on survival. Kimmerer (in press) showed that there was a 
positive relationship between delta smelt survival from summer to fall and zooplankton biomass 
in the low-salinity region of the estuary (Figure 7-22). Miller and Mongan (unpublished data) 
have concluded that April and July co-occurrence is a strong predictor of juvenile delta smelt 
survival. Mueller-Solger (unpublished data) defined delta smelt habitat based on the 
environmental quality results of Nobriga et al. (in press) and prey spectrum more broadly (as all 
copepods) compared to Miller and Mongan (unpublished data) and found no long-term decline in 
the total biomass of copepods potentially available for consumption by delta smelt in 
midsummer, although species composition has changed considerably (Figure 7-21).  

There are two shortcomings of co-occurrence analyses like those described above. First, it is 
difficult to characterize fish prey suitability. For instance, E. affinis and P. forbesi are generally 
believed to be “preferred” prey items for delta smelt (Nobriga 2002; Miller and Mongan 
unpublished). However, diet data show that delta smelt will actually feed on a wide variety of 
prey (Lott 1998; S. Slater, California Department of Fish and Game, unpublished; Figure 7-23). 
Thus, the question of prey co-occurrence involves questions of prey catchability (e.g., Meng and 
Orsi 1991) and profitability (energy per item consumed and nutritional quality of individual prey 
items). For example, L. tetraspina has a large biomass in the system but individual L. tetraspina 
are smaller and possibly more evasive than the larger calanoid copepods. The energy needed by 
an individual delta smelt to harvest a similar biomass of L. tetraspina compared to the energy 
needed to harvest a larger species could be very different, as suggested by optimal foraging 
theory (e.g., Stephens and Krebs 1986). Another major limitation of co-occurrence analyses is 
that IEP sampling programs sample fish and zooplankton at larger spatial and temporal scales 
than those at which predator-prey interactions occur. Both fish and copepods are likely to be 
patchy and the long tows required to collect sufficient numbers of organisms for counting would 
homogenize such patch structure. Moreover, it is unlikely that the (monthly or even twice 
monthly) “snapshot” of fish and prey co-occurrence in specific locations or even small regions 
provided by the IEP surveys is representative of feeding conditions actually experienced by fish 
on an hourly or daily basis.  

The weight of evidence strongly supports bottom-up food limitation as a factor influencing 
longterm fish trends in the upper estuary. However, the bottom-up hypothesis is unlikely as a 
single mechanism for the recent pelagic organism declines. Specifically, it is unclear why there 
has been a substantial recent decline in some Suisun Bay and western Delta calanoid copepod 
species, but not in phytoplankton chlorophyll a concentration. Also, calanoid copepod densities 
(especially P. forbesi) rebounded substantially in 2006 (Mueller-Solger, unpublished data) while 
the POD fish abundance indices (especially for delta smelt) remained low. Second, recent C. 
amurensis levels are not unprecedented; they are similar to those found during the 1987-92 
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drought years, so it is unclear if and why benthic grazing would have a greater effect on the 
Suisun Bay food web during the POD years than during the earlier drought years. Finally, it is 
possible that the hypothesis that the San Francisco Estuary is driven by phytoplankton 
production rather than through detrital pathways (Sobczak et al. 2002, 2004; Mueller-Solger et 
al. 2002) may have been accepted too strictly. Many zooplankton are omnivorous and can 
consume microbes utilizing dissolved and particulate organic carbon. This has recently been 
demonstrated for several zooplankton species in the San Francisco Estuary (Gifford et al. 2007 
and references therein). Thus, shifts in availability of phytoplankton and microbial food 
resources for zooplankton might favor different species. It is possible that a better understanding 
of shifts in phytoplankton and zooplankton community composition and perhaps related changes 
in the microbial food web in the Suisun Bay region could explain these apparent inconsistencies.  

Food Quality 

Studies on food quality have been relatively limited in the San Francisco Estuary, with even less 
information on long-term trends. However, food quality may be another limiting factor for 
pelagic zooplankton and their fish predators, including delta smelt.  

At the base of the pelagic food web, food quality for consumers is determined by the relative 
contributions of different phytoplankton and microbial species and detritus to the overall organic 
particle pool available to primary consumers. For example, diatoms and cryptophytes are thought 
to be of good food quality for zooplankton, while the nutritional value of cyanobacteria such as 
Microcystis aeruginosa can be very low (Brett and Müller-Navarra 1997), particularly for toxic 
varieties (Rohrlack et al. 2005). Lehman (1996, 2000) showed shifts in phytoplankton species 
composition in the San Francisco Estuary from diatom dominated to more flagellate dominated 
communities. Mueller-Solger et al. (2006) found that in recent years, diatoms were most 
abundant in the southern San Joaquin River region of the Delta, and Lehman (2007) found 
greater diatom and green algal contributions upstream and greater flagellate biomass downstream 
along the San Joaquin River. To date, the M. aeruginosa blooms have occurred most intensively 
in the central Delta, thus POD species that utilize the central Delta such as threadfin shad, striped 
bass, and the poorly monitored centrarchid populations (largemouth bass and sunfish) would be 
most likely to suffer any direct adverse effects of these blooms.  

In 2007, the M. aeruginosa bloom year was the worst on record in the Delta (P. Lehman, in 
prep.). The highest cell densities were observed near Antioch, i.e. considerably west of the 
previous center of distribution, and may thus have affected invertebrates and fishes in the 
confluence and Suisun Bay regions of the upper estuary. In general, phytoplankton carbon rather 
than the much more abundant detrital carbon are thought to fuel the food web in the San 
Francisco Estuary (Mueller-Solger et al. 2002; Sobczak et al. 2002, 2004); however, that does 
not mean the detrital pathways are not significant because many zooplankton are omnivorous 
and capable of utilizing both pathways. For example, Rollwagen- Bollens and Penry (2003) 
observed that while heterotrophic ciliates and flagellates were the dominant prey of Acartia spp. 
in the bays of the San Francisco Estuary, diatoms and autotrophic ciliates and flagellates also 
formed an important part of their diet during phytoplankton blooms. Calanoid copepod and 
cladoceran growth and egg production may often be limited by low levels of phytoplankton 
biomass. This appears to be true even for omnivorous calanoids such as Acartia spp. Kimmerer 
et al (2005) found a significant relationship between Acartia spp. egg production and chlorophyll 
a concentration in the San Francisco Estuary, suggesting that Acartia spp. likely also derived a 
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large part of carbon and energy from phytoplankton. Bouley and Kimmerer (2006), on the other 
hand, reported that egg production rates of the cyclopoid copepod L. tetraspina were unrelated to 
chlorophyll a concentrations in the low salinity region of the San Francisco Estuary. L. tetraspina 
digestion rates were highest for ciliates, perhaps suggesting a greater importance of the detrital 
carbon pathway for this species.  

In a study focusing on the nutrition and food quality of the calanoid copepods E. affinis and P. 
forbesi, Mueller-Solger et al (2006) found evidence for “trophic upgrading” of essential fatty 
acids by E. affinis and P. forbesi, confirming their importance as high-quality food for fish. They 
also found that E. affinis gained the greatest nutritional benefits from varied food sources present 
in small tidal sloughs in Suisun Marsh. P. forbesi, on the other hand, thrived on riverine 
phytoplankton in the southern Delta, especially diatoms. Diatoms are likely also an important 
food source for other calanoid copepod species. The relative decrease in diatom contributions to 
the phytoplankton community in the central Delta and Suisun Bay (Lehman 1996, 2000) is thus a 
concern and may help explain the declines in P. forbesi and other calanoid copepods in these 
areas.  

Mueller-Solger et al. (2006) concluded that areas rich in high-quality phytoplankton and other 
nutritious food sources such as the southern Delta and small tidal marsh sloughs may be critical 
“source areas” for important fish prey organisms such as P. forbesi and E. affinis. This is 
consistent with results by Durand et al. (unpublished data) who showed that transport from 
upstream was essential for maintaining the P. forbesi population in Suisun Bay. It is possible that 
the increase in P. forbesi densities in the western Delta in 2006 could be related to greater San 
Joaquin River flows during this wet year, which may have reduced entrainment of P. forbesi 
source populations in the Delta.  

As noted in earlier sections, the dichotomy between phytoplankton and detrital/microbial energy 
pathways supporting zooplankton has probably been applied more stringently than is appropriate. 
Both are likely important, with the balance between them in specific areas of the estuary likely 
having affects on the success of particular zooplankton species. Additional research into the 
detrital pathway might be useful in understanding the factors controlling zooplankton 
populations, which are critical food resources for pelagic fishes. 
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Chapter 18  Ongoing Management Programs that 
Address State Water Project and Central Valley 
Project Impacts 

The material provided in this chapter is for informational purposes only and provides 
background and a general summary of the various cooperative management programs that help 
protect listed species and address effects on critical habitat. Although many of these actions are 
included as part of the overall project description in Chapter 2, Environmental Species Act 
(ESA) coverage for these actions is not requested under the Operations Criteria and Plan (OCAP) 
consultation, but have been addressed under separate Section 7 consultations.  

This chapter also summarizes ongoing planning activies that could result in future actions and 
provides informational needs to benefit listed species. The Bureau of Reclamation (Reclamation) 
and the California Department of Water Resources (DWR) are working with U.S. Fish and 
Wildlife Service (FWS), National Marine Fisheries Service (NMFS), California Department of 
Fish and Game (DFG), and various stakeholders on multiple actions, and funding frameworks, to 
mitigate losses of salmon, delta smelt, steelhead and green stergeon. Several agreements and 
programs are in place that, in combination with the actions described in the Project Desription, 
help mitigate for direct losses attributable to the State Water Project (SWP) and Central Valley 
Project (CVP), and help improve and restore fishery resources. Chinook salmon, delta smelt, 
steelhead and green sturgeon are among the species that benefit from the various actions 
provided under these agreements and programs. 

Central Valley Project Improvement Act 
On October 30, 1992, the Reclamation Projects Authorization and Adjustment Act of 1992 
(Public Law 102–575) was signed into law, including Title XXXIV, the Central Valley Project 
Improvement Act (CVPIA). The CVPIA amends the authorization of the CVP to include fish 
and wildlife protection, restoration, and mitigation as project purposes having equal priority with 
irrigation and domestic uses, and fish and wildlife enhancement as a purpose equal to power 
generation. Implementation of CVPIA measures to double anadromous fish populations, improve 
habitat, and reduce losses of steelhead, spring-run salmon, and other salmon races include habitat 
restoration, improvement of fish passage, and diversion screening. 

DFG has identified the CVPIA as one of the two major restoration plans addressing habitat 
restoration projects to benefit Chinook salmon, with great potential to successfully fund and 
implement restoration actions needed to protect and restore the run (DFG, 1998). The other 
major restoration plan is DFG’s action plan for restoring Central Valley streams (DFG, 1993). 

Since passage of the CVPIA, Reclamation and the FWS, with the assistance of the State of 
California and the cooperation of many partners, have completed many of the necessary 
administrative requirements, conducted numerous studies and investigations, implemented 
hundreds of measures, and have generally made significant progress towards achieving the goals 
and objectives established by the CVPIA. A summary of the actions completed in these past 14 
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years is provided below in Table 18–1. A more detailed narrative discussion of these efforts and 
of the progress toward achieving CVPIA goals follows. 

CVPIA Sections 3406 (b)(1) through (21) authorize and direct actions that will ultimately assist 
in protecting and restoring salmon and steelhead. These actions include modification of CVP 
operations, management and acquisition of water for fish and wildlife needs, and mitigation for 
pumping plant operations. Also included are actions to minimize and resolve fish passage 
problems, improve fish migration and passage (pulse flows, increased flows, seasonal fish 
barriers), replenish spawning gravels, restore riparian habitat, and establish a diversion screening 
program. 

Table 18–1 Summary of CVPIA accomplishments – 1992–2007 

PROGRAM OR PROJECT STATUS 

Anadromous Fish – Habitat Restoration 

Anadromous Fish Restoration 
Program (AFRP) 

 

 

Developed Restoration Plan to guide implementation efforts, partnered with 
local watershed groups, acquired over 8,200 acres and enhanced over 1,000 
acres of riparian habitat, restored over 16 miles of stream channel, placed 
72,600 tons of spawning gravels, and eliminated predator habitat in San 
Joaquin River tributaries. Between 2002 and 2007, the program reopened 
nearly 200 miles of river to fish passage through the removal or bypass of 7 
fish barriers.  

The program identified 128 structural and non-structural actions to be taken 
in support of fish doubling goals (53 structural actions and 75 non-structural 
actions). 

The 1992-2007 average natural production for all races of Chinook salmon is 
477,312, approximately 48% of the doubling target. However, average 
Chinook salmon production for the period 1992-2006 has exceeded the 
doubling goal target on Clear and Butte Creeks where substantial funding for 
passage or habitat improvements has occurred.  

Dedicated CVP Yield 

 

 

The program manages the dedication of 800,000 AF/year for CVPIA 
purposes. The target has been met each year since 2000; in 2005 and 2006 
(both wet years) a portion of this water was banked for future use. In 2007, 
Reclamation dedicated 800,000 acre-feet of 2007 water and approximately 
195,000 acre-feet of banked 2006 water through the (b)(2) program. 

Improved stream flows created by the dedicated yield in Clear Creek, 
Sacramento River, American River and Stanislaus River have resulted in 
increased survival of juvenile anadromous fish passing through the Delta. 

Water Acquisition Program 
(Anadromous Fish Focus) 

 

 

On average, the program has achieved approximately 50% of its 200,000 
AF/year target for annual instream water acquisitions since 2001. Most of this 
water was acquired pursuant to the San Joaquin River Agreement. 

An additional purchase of 35,000 AF in 2007 provided water for the federally-
listed delta smelt.  



OCAP BA Management Programs that Address SWP and CVP Project Impacts 

 August 2008 18-3 

PROGRAM OR PROJECT STATUS 

Clear Creek Fishery Restoration 

 

 

Reclamation and the Service removed McCormick-Saeltzer Dam in 2000, 
immediately providing access to upstream reaches. As of 2007, the agencies 
have restored 1.6 miles (of targeted 2 miles) of stream channel and 
approximately 68 acres of floodplain. 

Approximately 103,371 tons of spawning gravel were added to the stream 
since 1995 to create anadromous fish spawning habitat. Approximately 152 
acres of shaded fuelbreak were constructed. 12 miles of roadway were 
treated to control erosion. 

Gravel Replenishment and 
Riparian Habitat Protection 

 

 

Since 1997 placed a total of 151,000 cubic yards of gravel on the 
Sacramento, Stanislaus and American rivers to create anadromous fish 
spawning habitat. 

Program monitoring has shown improvement in spawning distribution relative 
to total escapement (Sacramento and Stanislaus rivers) and redd density per 
square meter (American River). Salmonids have been observed spawning on 
the gravel at each of the placement sites on the three rivers.  

In 2007, environmental permitting was acquired for gravel addition at eight 
new sites in the Stanislaus River. Aerial photos of the American River 
reviewed in 2007 showed more anadromous fish than available spawning 
habitat; data will be used in 2008 for gravel placements. 

Trinity River Restoration 
Program  

 

Since 1997 the program has made significant progress toward goals. The 
flow evaluation study was completed in 1999 and the Record of Decision 
(ROD) for the Trinity River Mainstem Fisheries Restoration EIS/EIR was 
issued in 2000.  

The program completed an inventory of floodplain structures for more than 
500 private parcels, replaced 3 bridges, relocated 1 house, improved 1.5 
miles of road accessing private homes, and completed all other necessary 
infrastructure improvements to allow for peak releases of up to 11,000 cfs in 
compliance with the ROD. The program also has completed 8 mechanical 
channel rehabilitation projects and added 12,000 tons of coarse sediment 
(spawning/rearing gravel) to the river. 

Reclamation has achieved full ROD flows since 2005 following successful 
resolution of litigation that initially constrained ROD flows in 2001-2004. 
Water year types since 2005 have included Normal, Extremely Wet, and Dry, 
with volumes ranging from 453,000 AF to 815,000 AF. More than 1.5 million 
additional acre-feet of water have been released into the Trinity River since 
2001 than would have been without the ROD. 
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PROGRAM OR PROJECT STATUS 

Anadromous Fish – Structural Measures 

Jones Pumping Plant Mitigation 

 

 

As of 2007, the program has completed 10 of the 23 identified actions (43%) 
related to improving fish protection.  

2007 actions include continued study efforts to determine the TFCF’s 
present-day fish salvage efficiency, assessment of above-ground holding 
tanks in the lab (Denver), re-assessment of the outdated Bates Table used 
for establishing fish hauling densities during transport, improvement to debris 
and predator management as well as hydraulic control of the facility, 
collection of water quality data at the entrance to the DMC, distribution of 
various Tracy Research Volume Series and publications, and updating of the 
Tracy Research Web site. 

Also, Reclamation proceeded with replacement of fish transfer buckets and 
new fish haul trucks and tanks, and began construction of a new onsite 
research building. 

All improvements to date have already significantly improved Reclamation's 
ability to successfully salvage all species of Delta fish, including anadromous 
fish, and release them safely back into the Delta Estuary. 

Contra Costa Canal Pumping 
Plant Mitigation 

 

 

Established cooperative program for fish screen project for Rock Slough 
intake of Contra Costa Canal (CCC); 90% designs and environmental 
evaluation completed in 2002; reassessment of design alternatives 
completed in 2007. 

Implemented an expanded fish-monitoring program in 2004 to assess the 
status of the fisheries near the pump; conducted in 2006 a Cumulative 
Impacts Assessment to serve as the basis for future NEPA documentation, 
identified existing conditions and potential future alternatives. 

Shasta Temperature Control 
Device (TCD) 

 

Program completed in 1999. 

TCD approved for operation February 1997; final construction report/closeout 
of construction contract completed in 1999. 

The TCD has increased operators’ ability to control river temperature, 
turbidity and dissolved oxygen without bypassing power generation (loss in 
power generation pre-TCD was $35 million over seven years). 

Red Bluff Dam Fish Passage 
Program 

 

 

Completed interim actions and modification of Red Bluff Diversion Dam 
operations to meet needs of fish and water users in 1993; as a result, 
approximately 20 percent of the adult spring-run Chinook and approximately 
50 percent of the green sturgeon achieve passage. Draft EIS/EIR of fish 
passage alternatives issued in 2006; final EIS/EIR expected 2008. 

Implemented operational changes in 2007 in response to loss of adult green 
sturgeon near the dam, preventing further loss.  

Achieved 100% of 25,000 AF of refuge water conveyance capacity.  
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PROGRAM OR PROJECT STATUS 

Coleman National Fish Hatchery 
Restoration and Keswick Fish 
Trap Modification 

 

 

Two phases of the nine-phase Station Development Plan (SDP) remain to be 
implemented and are expected to be complete by 2010.  

To date, the program has completed the following SDP projects: installed an 
ozone water treatment system, installed fish trap improvements, improved 
raceways and barrier weir and ladders, and installed interim screens at 
intakes.  

Anderson-Cottonwood Irrigation 
District (ID) Fish Passage 

Program completed in 2001.  

Monitoring program of adult passage through fish ladders completed in 2003.

Modified dam and operations to improve fish passage; designed new fish 
ladders and screens.  

Glenn-Colusa ID Pumping Plant 

 

 

Program completed in 2007 

Constructed fish screen for 3,000 cubic feet per second (cfs) diversion, 
completed water control structure and access bridge, completed 
improvements on side channel, implemented biological and hydraulic testing 
and monitoring to determine if facility is operating per the design criteria. 

Mitigating actions to reduce impact on terrestrial species near the pumping 
plant included transplanting 211 elderberry shrubs; planting 6,718 elderberry 
bush associate plants; will provide 10 years maintenance and monitoring. 

The program has screened up to 105,000 AF of firm annual water supply to 
20,000 acres of Sacramento NWR lands.  

Anadromous Fish Screen 
Program 

 

 

Since 1994, the program has worked with the state of California and assisted 
irrigation districts and water companies with fish screening at 23 diversions 
ranging from 17 cubic feet per second (cfs) to 960 cfs. Cumulatively, the 
program has supported/funded the screening of more than 4,200 cfs of 
diversions.  

Majority of fish screen projects have been on the Sacramento River; e.g., the 
Sutter Mutual Water Company (SMWC) Tisdale Positive Barrier Fish Screen 
Project, which screens the largest unscreened diversion (960 cfs) on the 
Sacramento River; and the Reclamation District 108 Fish Screen Project, 
which screens three diversions at a new, consolidated 300 cfs diversion. 

Refuges and Waterfowl  

Refuge Water 
Conveyance/Wheeling 

Since 1992, the program has, on average, delivered approximately 75% of 
Level 2 water (out of a target of 422,251 AF); and has delivered all of the 
Incremental Level 4 water acquired by the Refuge Water Acquisition 
program. 

Facility Construction/ San 
Joaquin Basin Action Plan 

To date, the programs have completed 31 of 46 actions (structures or 
projects) identified in the environmental documents and related design and 
specification documents. 

The success of the program is measured by the capacity of each refuge to 
accept Full Level 4 water delivery; 14 of the 19 CVPIA refuges now have 
sufficient external conveyance capacity to accept Full Level 4 water.  
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PROGRAM OR PROJECT STATUS 

Refuge Water Acquisition From 2002 to 2006, the program has acquired 60,000 - 85,000 AF of 
Incremental Level 4 water, representing approximately 50 percent of the 
quantity mandated in CVPIA.  

Other Fish and Wildlife  

Habitat Restoration Program 

 

 

The program has funded 89 projects supporting the recovery of threatened 
and endangered species; program funds have also been used to protect 
100,000 acres of native habitat for threatened and endangered species. 

Land Retirement Program 

 

 

Launched the Land Retirement Demonstration Program, a pilot program to 
study environmental impacts and effective restoration strategies for land 
retirement.  

Through the pilot program, acquired 9,203 acres and retired 8,345 acres from 
agricultural production in the San Joaquin Valley. To date, 4,440 of these 
acres have been restored through the program. 

Monitoring 

Comprehensive Assessment 
and Monitoring Program 

 

 

Four annual reports have been produced since 1995 to document monitoring 
activities and the assessment of the biological results and effectiveness of 
fish restoration activities. The most recent 1997 annual report provides an 
overview of population numbers from 1992 to 2006 and discusses relevant 
anadromous fish production trends. 

Studies, Investigations, and Modeling 

Flow Fluctuation  

 

 

Coordinated management of CVP facilities and developed standards to 
minimize fishery impacts from flow fluctuation; studies on American and 
Stanislaus rivers are ongoing; Draft Stanislaus River flow fluctuation study to 
be completed. 

Shasta and Trinity Reservoir 
Carryover Storage Studies 

Biological assessment for the CVP Operations Criteria and Plan (OCAP) 
completed June 2004; included the analysis of storages in Trinity and Shasta 
reservoirs; identified requirements to ensure the protection of fisheries 
resources on the lower American and Stanislaus Rivers.  

San Joaquin River 
Comprehensive Plan 

 

 

Goal is to reestablish and sustain naturally reproducing salmon in the San 
Joaquin River below Friant Dam to the confluence with the Sacramento-San 
Joaquin Delta. An 18-year legal challenge has delayed development of the 
Plan. 

In support of the Plan’s development, in 2007 initiated organizational and 
management actions with CVPIA authority and funding including 
development of a Program Management Plan, public involvement/outreach 
program, and a process for preparation of technical documents for PEIS/R.  
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PROGRAM OR PROJECT STATUS 

Stanislaus River Basin Water 
Needs 

Prepared Stanislaus and Calaveras river-water-use program and federal 
Endangered Species Act (ESA) report; additional studies were performed 
concurrent with the development of Stanislaus River long-term management 
plans to assess water temperature parameters, refine analysis of 
groundwater resources, determine effects of flood-lain development and the 
relationship between reservoir management and the ecological functioning of 
the river.  

Central Valley Wetlands Water 
Supply Investigations 

Program completed in 2000.  

Report completed that identified private wetlands and water needs, 
alternative supplies, and potential water supplies for supplemental wetlands. 
Developed geographic information system (GIS) database to identify 
potential water supply sources.  

Investigation on Maintaining 
Temperatures for Anadromous 
Fish 

Program completed in 2001. 

Completed report in 2001 on maintaining temperatures for anadromous fish; 
included field investigations on interaction between riparian forests and river 
water temperatures and on the general effects on water temperature of 
vegetation, irrigation return flow and sewage effluent discharge.  

Completed report including investigations on tributary enhancement in 1998 
and submitted to Congress in 2000.  

Investigations on Tributary 
Enhancement 

Program completed in 1998.  

Completed report on investigations to eliminate fish barriers and improve 
habitat on all Central Valley tributary streams. 

Report on Fishery Impacts Program completed in 1995.  

Completed report describing major impacts of CVP reservoir facilities and 
operations on anadromous fish. 

Ecological and Hydrologic 
Models 

 

 

Developed six of nine models designed to evaluate existing and alternative 
water management strategies and improve scientific understanding of 
ecosystems in the Sacramento, San Joaquin, and Trinity river watersheds.  

Since 1998, the Ecological/Water Systems Operations Model Program has 
provided a high level of support for CALSIM, the integrated CVP/SWP model. 
CALSIM is available to the public and has been used in many large-scale 
water supply improvement studies including the CVP OCAP and the CALFED 
feasibility study for storage and conveyance.  

Project Yield Increase (Water 
Augmentation Program) 

Program completed in 1996. 

Developed least-cost plan considering supply increase and demand 
reduction opportunities; submitted to Congress. 

 

Tracy Fish Facility Improvement Program 

The Tracy Fish Facility Improvement Program (TFFIP) is a component of CVPIA Section 
3406(b)(4) and its primary focus is identifying and making physical improvements and 
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operational changes, assessing fishery conditions, and monitoring salvage operations at the 
TFCF in order to reduce the loss of delta fish species during the salvage and trucking process. 
Research and evaluation efforts to date have included predator removals, whole facility 
efficiency estimates for various species of interest, holding tank fish stress and damage analysis, 
biology and movements of local native species within and around the facility (Chinook salmon, 
delta smelt, splittail, striped bass, etc), evaluation of debris impacts and recommendations for 
improvement, water quality monitoring, egg and larvae density studies, improved fish handling, 
and improved fish identification. Facility improvements have included new fish hauling trucks 
and fish transfer buckets, new primary louver transition boxes, predator removal operations, 
improved instrumentation, and surface painting of holding tanks to minimize fish abrasion. All 
activities accomplished under the TFFIP are documented in Reclamation reports as part of the 
Tracy report series. To date, approximately 35 reports have been completed or are currently 
under preparation. Reclamation’s research efforts are coordinated with the other water and 
regulatory agencies through the IEP and CALFED. ESA considerations are covered either 
through language contained in the biological opinions or application of ESA Section 10 permits. 

Reclamation is conducting research efforts on-site at Tracy and in Reclamation’s lab in Denver 
to test and assess similar fishery conditions and demonstrate new technologies to be used in the 
south Delta for improved fish protection. 

Chinook Salmon and Steelhead Benefits 

Chinook salmon and steelhead benefit greatly through the efforts of the TFFIP and 
implementation of measures to reduce their loss during the salvage and trucking process. 
Examples of where improvements have benefited salmon as well as steelhead include: 

Primary Louver Bypass Modification at TFCF 
Fish bypass transition boxes have deteriorated and were replaced in May 2004. The new 
transition boxes were previously modeled in Reclamation’s lab in Denver and will be modeled 
again for velocity field conditions after installation. Additional hydraulic testing was completed 
in 2005. Field fishery evaluation of the new transition boxes were completed using Sacramento 
blackfish as a substitute species. 

Tracy Fish Screen Debris Studies 
The existing TFCF does not handle incoming debris loads very well. Several projects are 
scheuled over the next several years to improve Reclamatioon’s ability to clear debris from the 
trashrack and louver structures such that they operate more as originally designed.Other research 
will be conducted on-site to explore improved debris removal at various points in the system. 

TFCF Full Facility Evaluation 
Reclamation will be conducting full facility evaluations of the TFCF as it relates to the various 
species of fish entering the facility, especially those that are listed or POD species, and how well 
the system can effectively louver fish into the holding tanks for release back into the Delta. 
Research has already been conducted within the secondary louver system for several different 
species. 
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Improve Removal Procedures from Fish Holding Tanks 
Recently conducted studies indicate that survival of fish in holding tanks could be improved with 
new fish removal procedures, especially during high debris events. The studies will consider new 
designs that would have application to both the Tracy and Federal fish facilities. Tank and valve 
development, fish separation strategies, and consideration of pumping techniques that are less 
stressful on fish will be analyzed and considered for future modifications.  

 

Delta Fish Agreement Summary 

Introduction and Background: Delta Pumping Plant Fish Protection 
Agreement 

On December 30, 1986, the Directors of the California Department of Water Resources (DWR) 
and the California Department of Fish and Game (DFG) signed an agreement to provide for 
offsetting direct losses of fish caused by the diversion of water at the Harvey O. Banks Delta 
Pumping Plant (Delta Pumping Plant). The Agreement is commonly known as the Delta Fish 
Agreement.  Because it was adopted as part of the mitigation package for four additional pumps 
at the Delta Pumping Plant, it has also been referred to as the Four Pumps Agreement.  The 1986 
Delta Fish Agreement offsets direct losses of striped bass, Chinook salmon, and steelhead. 
Among its provisions, the Delta Fish Agreement provides for the estimation of annual fish losses 
and mitigation credits, and for the funding and implementation of mitigation projects. The 
Agreement gives priority to mitigation measures for habitat restoration and other non-hatchery 
measures to help protect the genetic diversity of fish stocks and reduce over reliance on 
hatcheries.  The 1986 Delta Fish Agreement indicates that mitigation for project effects may be 
quantified in smolt or yearling “equivalents,” or may be unquantified recognizing that some 
benefits are not measurable. In the case of Chinook salmon, priority is given to salmon 
protection measures in the San Joaquin River system.  

The 1986 Delta Fish Agreement has been amended three times to extend the period for 
expenditure of the $15 Million Lump Sum funding component of the original Agreement, with 
the most recent extension through December 2007. The other funding component of the 
Agreement is the Annual Mitigation funding, which has no termination date. Since 1986, 
approximately $60 million in combined funding from the Annual Mitigation and $15 Million 
Lump Sum components have been approved for over 40 fish mitigation projects through 
December 2007. About $47 million of the approved funds have been expended to date and the 
remaining approved funds are allocated for new or longer term projects. Examples of the types of 
projects that are ongoing, have been completed, or will be implemented in future years that are 
funded under the existing 1986 Delta Fish Agreement are: fish screens in Butte Creek, San 
Joaquin River tributaries, and Suisun Marsh; enhanced law enforcement projects to reduce illegal 
harvest in the Bay-Delta and upstream in the Sacramento-San Joaquin basins; a seasonal fish 
barrier on the San Joaquin River; fish ladders in Butte Creek; cost-share funding for Chinook 
salmon production at the Merced River Fish Hatchery; habitat enhancement and river restoration 
projects in San Joaquin River tributaries and the upper Sacramento River; and water exchange 
projects on Deer Creek and Mill Creek.  
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The 1986 Delta Fish Agreement Article V, Paragraph B states measures to offset direct losses for 
fish species not targeted by the original Agreement shall be included when more information is 
obtained to develop effective measures, and provides for the addition of other species to the 
Agreement. Article VII of the Agreement directs DFG and DWR to develop ways to offset the 
adverse impacts of the State Water Project (SWP) to fish not addressed in the Agreement, and 
provides for the resolution of indirect impacts to fish through the existing Agreement.  

 

Description of Delta Fish Agreement 2008 Amendment  

On May 7, 2007, DWR and DFG entered into a Memorandum of Understanding (MOU) in order 
to facilitate and expedite completion of the reinitiated consultation of the federal Biological 
Opinions (BiOps) on the coordinated SWP and Central Valley Project (CVP) operations, 
commonly referred to as the Operations Criteria and Plan (OCAP). In Paragraph 7 of the MOU, 
the parties agreed to begin negotiations to amend the 1986 Delta Fish Agreement to “at least 
address direct and indirect take of delta smelt and indirect take of salmon and methods to 
develop mitigation credits for this take.”  

DWR and DFG are finalizing the 2008 Amendment to the Delta Fish Agreement between DWR 
and the DFG (hereafter “2008 Amendment”), and anticipate that the Amendment will be 
executed prior to the issuance of the OCAP BiOps.  The mitigation actions currently identified in 
the draft 2008 Amendment are described in this section as “conservation actions” for the OCAP 
Biological Assessment and subsequent BiOps issued by U.S. Fish and Wildlife Service 
(USFWS) and NOAA National Marine Fisheries Service (NMFS). The Amendment sets forth 
the process which will be used to identify and implement actions to preserve species (hereafter 
“conservation actions”), and requiring specific evaluations, acceptance, progress review, timing 
and financing of conservation actions.  The Amendment acknowledges that the impact estimates 
and mitigation requirements will be refined based on the actual Export/Inflow ratio parameters 
set in the BiOps issued by USFWS and NMFS and that details concerning some of the identified 
conservation actions that have been identified may be modified or refined; and new conservation 
actions may be proposed. 

The draft 2008 Amendment identifies actions, including habitat restoration, for the preservation 
of Sacramento River winter-run Chinook salmon (hereafter “winter-run Chinook Salmon”), 
Central Valley spring-run Chinook salmon (hereafter “spring-run Chinook salmon”), delta smelt, 
and longfin smelt to address impacts by the operation of the Harvey O. Banks Delta Pumping 
Plant, Clifton Court Forebay, Skinner Fish Facility, and Barker Slough Pumping Plant 
(collectively, “SWP Delta Pumping Facilities”). 

DWR and DFG agree that SWP Delta Pumping Facilities cause direct losses of some species 
other than those specifically listed in the original Agreement and also cause indirect losses.  
Pursuant to Article V and VII of the 1986 Agreement, under the 2008 Amendment DWR will 
mitigate for direct and indirect losses of winter-run Chinook salmon, spring-run Chinook salmon, 
delta smelt, and longfin smelt (referred to hereinafter as “target species”) caused by the SWP 
Delta Pumping Facilities. Measures provided under this Amendment may also benefit non-target 
fish species. 
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In the current draft of the 2008 Amendment to the Delta Fish Agreement, DWR would provide 
direct and indirect benefits to the target species through restoration of aquatic habitat in the Delta 
and Suisun Marsh, in the amount determined by the DFG methodology described in the DFG 
Rationale for Effects of Exports, to mitigate for impacts to surface acres of aquatic habitat in the 
Delta determined to have been impacted by the SWP Delta Pumping Facilities. DWR would also 
provide direct and indirect benefits to the anadromous target species through funding of 
mitigation actions described in this section, or equivalent actions, as determined by DFG. 

Commitments, Timing, and Financing 

DWR and DFG are finalizing the 2008 Amendment. As per the current draft of the 2008 
Amendment, DWR and DFG shall work together, in coordination with the USFWS and NMFS, 
to implement accepted conservation actions using a phased approach to ensure funding and 
implementation of actions (Year One), and to provide for the funding and development of 
additional actions (Years Two to Ten). DFG will use the process outlined in the Evaluation, 
Acceptance and Progress Review of Conservation Actions section below to accept conservation 
actions.  As currently anticipated in the 2008 Amendment, to immediately start mitigation to 
restore habitats needed to provide sufficient nutrient production, spawning and rearing for target 
species, during Year One, DWR will fund, plan, and implement to the extent practicable the 
early implementation actions chosen by DWR and DFG, at an estimated cost of $36 million.  
These early implementation actions include, but are not limited to, protection and restoration of 
the Cache Slough Complex with an initial focus on Prospect and Liberty Islands, a fixed cost 
contribution to the Battle Creek Restoration Project, restoration of Hill Slough West Tidal 
Marsh, and a one-time contribution to the Delta Smelt Refugium Culture Facility. These actions, 
which are described in greater detail under Early Implementation Actions in the Delta Fish 
Agreement Appendix Y, will be part of the Year One commitments with a funding commitment 
of $36 million.  These actions will be subject to final agreement on the 2008 Amendment to the 
Delta Fish Agreement by DWR and DFG, DFG acceptance of these actions, and completion of 
all necessary environmental review and permitting. DWR will also continue funding and 
implementation of several ongoing annual conservation actions described in detail under 
Ongoing Actions in the Delta Fish Agreement Appendix Y. 

Potential additional conservation actions for Years Two to Ten include, but are not limited to, 
projects in the Yolo Bypass, Sacramento Basin, the Delta, Suisun Marsh, and Cache Slough 
Complex that are determined by DFG to provide direct and indirect benefits to the target species.  
These actions are also described in greater detail under Other Potential Conservation Actions in 
the Delta Fish Agreement Appendix Y. These potential additional actions will be identified by 
DFG and DWR with assistance from USFWS and NMFS and submitted for final acceptance to 
DFG.  

Year One Commitments and Financing 

As currently anticipated in the 2008 Amendment, in Year One DWR will initiate or continue 
implementation of conservation actions identified by DFG and DWR as early implementation 
actions.  DWR will also continue funding and implementation of the following ongoing actions, 
which are annual conservation actions under the existing Delta Fish Agreement: Salmon Stock 
Ocean Harvest Inland Escapement Data Processing Program; Deer Creek Flow Enhancement 
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Program; Mill Creek Water Exchange Program; Butte Creek Fish Passage Monitoring and 
Maintenance Program; Spring-run Chinook Salmon Warden Protection Program. 

DWR will initiate or continue early implementation conservation actions identified above (and 
possibly others), including several ongoing annual conservation actions under the existing Delta 
Fish Agreement.  DWR will fund the early implementation conservation actions specified above, 
in Year One, at an estimated cost of $36 million through direct implementation or as cost-share 
partners in the project.  During the first six months, DFG and DWR shall develop an 
Implementation Schedule and Plan that will identify conservation actions, costs, targeted 
acreage, and a timeline for DWR’s implementation over the term of the Amendment. Pursuant to 
the 2008 Amendment, plans for individual conservation actions shall include DWR funding 
sufficient to accomplish full implementation of the action, which may include restoration 
planning, environmental review, permitting, interim management prior to restoration, restoration 
implementation, operation and maintenance activities, and monitoring to evaluate project success 
in meeting the planned restoration objectives. 

Years Two through Ten Commitments and Financing 

As currently anticipated in the 2008 Amendment, in Years Two through Ten, DWR will work 
with DFG to initiate or continue implementation of conservation actions identified by DFG in 
Year One and through the Implementation Plan and Schedule.  DWR and DFG will follow the 
Implementation Plan and Schedule to mitigate the impacts to in-Delta aquatic habitat until the 
required mitigation acreage is met.  Pursuant to the 2008 Amendment DWR will reimburse 
DFG’s staffing costs to plan and implement mitigation actions including tracking compliance 
with the Implementation Schedule, negotiating land transfer agreements, managing transferred 
lands, assessing and evaluating results, and helping develop adaptive management plans. 

Evaluation, Acceptance and Progress Review of Conservation Actions 

The conservation actions, including but not limited to those described in Early Implementation 
Actions, Ongoing Actions, and Other Potential Conservation Actions in the Delta Fish 
Agreement Appendix Y, will be identified by DFG and DWR with assistance from USFWS and 
NMFS and submitted for final acceptance to DFG.  Conservation actions could include any of 
the following, subject to the process outlined below: Ecosystem Restoration Program (ERP) 
Directed Actions; Ecosystem Restoration Program Proposal Solicitation Process (PSP); DWR 
sponsored projects; purchase of credits at mitigation banks; cost-share projects or other actions 
mutually agreed upon by DWR and DFG.  DWR and DFG will comply with the California 
Environmental Quality Act (CEQA) for proposed projects under the Amendment.   The process 
for accepting, implementing, and reviewing conservation actions is outlined below. 

Additional Delta Fish Agreement 2008 Amendment information such as the descriptions of 
proposed conservation actions; action areas; best management practices; avoidance and 
minimization measures; adaptive management strategy; status of the species; effects of the 
proposed actions on federally listed species; cumulative effects; determinations; and references 
are all included in the Delta Fish Agreement Appendix Y.  
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A.  Conservation Action Development and Evaluation Process: 

1. Conservation actions will be developed by DFG and DWR in cooperation with USFWS, 
NMFS, and other responsible regulatory agencies. 

  

2. DFG and DWR shall evaluate each proposal following the guidelines set forth in the 
Agreement and the criteria set forth in Section B below. 

 

3. Proposed conservation actions will be evaluated using the Delta Regional Ecosystem 
Restoration Implementation Plan (DRERIP) conceptual models and peer reviewed 
through the ERP Directed Action Process. 

 

4. Proposed mitigation actions will be submitted to the Delta Fish Agreement Advisory 
Committee for review and comment. 

 

5. Proposed mitigation actions may be modified by input which includes, but is not limited 
to, that from the public, the Delta Fish Agreement Advisory Committee, or the DRERIP 
evaluation. 

 

6. The finalized proposal will be submitted to DFG for acceptance of the proposed 
mitigation action.  

 

B.  Criteria: DFG will accept mitigation actions using the following process and criteria:  

1.   Aquatic habitat actions in the Delta and Suisun Marsh, primarily for the benefit of pelagic 
target species, which will focus on restoration of intertidal, shallow subtidal, floodplain, 
and adjacent open water habitats.  The acres of habitat restored or enhanced are expected 
to provide both direct and indirect benefits by enhancing spawning and rearing habitat, 
increasing primary and secondary productivity in the Delta, and providing export of 
nutrients to adjacent openwater habitats.  These habitat actions are expected to mitigate 
for productivity impacts which occur as a result of SWP Delta Pumping Facilities exports 
and support higher larval and juvenile fish survival and increased fitness of spawning 
adults by improving conditions for the production of forage species.  Restored intertidal 
or shallow subtidal habitats will be expected to: a) provide net export of nutrients to 
adjacent open water (pelagic) habitat; b) have appropriate hydrodynamic and/or salinity 
and water quality characteristics to minimize or discourage invasion by non-native 
submerged aquatic vegetation (e.g. Egeria) and Microcystis blooms; and/or c) function as 
spawning and/or rearing habitats for the target species; and d) be located in areas not 
subject to the near-field effects of SWP Delta Pumping Facilities.   

 

2.  Conservation actions primarily for the benefit of the salmonid target species includes, a) 
provision of flows in tributary streams to enhance upstream passage, over-summering, 
spawning and rearing habitat, b) barrier removal which improves access to suitable 
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habitat described above, and/or c) restoration of functional stream geomorphology and 
floodplain which provides spawning habitat and rearing habitat for out-migrating smolts.  
These actions are expected to increase available spawning habitat, improve over-
summering adult survival, increase spawning success, and increase juvenile survival and 
fitness. 

 

3.  DFG will use its Habitat Management Land Acquisition Checklist to evaluate the 
acceptability of any property to be transferred as part of its consideration of the proposed 
conservation action. 

 

C.  Review of Progress – DFG will monitor for the effectiveness of the conservation actions 
towards meeting the criteria in Section B, as follows: 

1. The results of mitigation actions will be evaluated by an independent science panel or 
advisor as agreed to by DWR and DFG at Years Five and Eight of the Amendment, or 
earlier if necessary, in order to determine if the mitigation actions are meeting intended 
mitigation criteria for target species.  

 

2. DFG, in coordination with DWR, will review implementation of mitigation actions after 
Year Four of the Amendment and each two years thereafter, to determine progress 
towards achieving mitigation acreage. 

 

3. If the review of progress indicates that mitigation actions are not performing adequately, 
DWR and DFG will implement adaptive management measures as necessary. 

 

D. Mitigation Acreage: 

1.   As part of its review and acceptance of each conservation action, DFG will determine the 
amount of acreage to be credited to DWR. The amount of acreage credit will be based 
upon the criteria in Section B (above) and the evaluation conducted in Section A (above). 

 

2.  For cost-share conservation actions, acreage credit will be pro-rated based on DWR’s 
funding contribution towards the implemented action.  DFG will determine the pro-ration 
of acres by using the percentage of funding contributed towards the conservation action 
by DWR through this Amendment. Or if the action contains distinct elements, DFG will 
credit the acreage of those elements to the extent funded by DWR through this 
Amendment.  For each individual conservation action, DFG will determine the 
appropriate method of pro-ration based on which method is more beneficial to the 
resource.  
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E.  Notwithstanding the foregoing, DFG may accept proposals for mitigation from DWR without 
reference to the process and criteria set forth above, upon DFG first determining in its sole 
discretion that circumstances regarding the status of the target species warrant such action. 
Such mitigation may include, without limitation, the funding of actions or the provision of 
assets, provided that DFG determines that the action or assets will provide mitigation benefit 
to the target species.  In such event, DFG will credit mitigation acreage to DWR in the 
amount determined to correspond to the mitigation benefit provided.  DFG will advise DWR 
of the amount of acreage to be credited prior to the funding or implementation of the action. 

 

CALFED Bay-Delta Program 
State and federal agencies in the CALFED Bay-Delta Program adopted a Record of Decision 
(ROD) for the Programmatic Environmental Impact Statement and Report (EIS/EIR) in August 
2000. This action committed the Program to a 30-year plan to meet objectives for levee system 
integrity, ecosystem restoration, water supply reliability and water quality. The agencies also 
agreed to a preferred program alternative – including moving water across the Delta in what is 
known as “through-Delta conveyance” – and required an evaluation of its performance at the end 
of the ROD’s first seven years (Stage 1) of the 30-year proposed plan of action. 

The CALFED Program has made progress toward meeting its objectives during the first seven 
years, particularly in areas outside the Delta, however progress within the Delta has been limited. 
In the past four years there has been a dramatic decline in abundance of the pelagic (open water) 
species in the Delta, including the threatened delta smelt, which has reached its lowest recorded 
levels. This decline, combined with increasing knowledge and awareness of future challenges, 
including climate change and sea level rise, seismic risk and population growth, calls into 
question whether current uses of the Delta are sustainable. It further leads to the conclusion that 
the preferred program alternative for conveyance – through-Delta conveyance as originally 
envisioned – is unlikely to achieve its objectives. 

The four CALFED Program objectives outlined in the ROD remain valid for all efforts to 
develop and manage a sustainable Delta. The End of Stage 1 Report evaluates progress across all 
areas of the CALFED Program and outlines a plan to build on the interagency cooperation and 
work already under way, and incorporate the direction provided by the Governor’s Delta Vision, 
the BDCP and other initiatives to help implement a long-term management plan for a sustainable 
Delta. 

The following conclusions have been reached based on the results of Stage 1 implementation and 
information that is now available: 

California’s population and demand for water are increasing. Forecasts indicate that 
California’s population may reach 90 million by 2100. More people will mean more demand for 
water, greater impacts to existing water resources and an increasing strain on Delta resources. 
California’s existing water infrastructure is struggling to meet the State’s current needs and will 
not be able to meet the demands of the future. Californians will need to support a comprehensive 
plan that includes improved conveyance of Delta waters, increased surface and groundwater 
storage, and programs aimed at increasing regional self-sufficiency. 



Management Programs that Address SWP and CVP Project Impacts OCAP BA 

18-16  August 2008  

Climate change and sea level rise will increase the risk to the State’s water supplies. Climate 
change and the corresponding rise in sea level will have significant adverse impacts in the Delta. 
Scientists expect California’s climate to become warmer during this century. Storm runoff is 
likely to become more intense, with higher snow lines causing more winter precipitation to fall in 
the mountains as rain rather than snow. Average winter flows to the Delta are likely to become 
larger in the future, which will cause more flooding. As sea level rises and winter storms become 
more intense, fragile Delta levees will be overwhelmed. This will result in the loss of Delta 
islands to flooding and will put the State’s largest water supply at risk. 

Seismicity and risk of levee failures. A growing body of information supports the fact that 
Delta levees are at risk of failure due to earthquakes on faults in or near the western Delta. Such 
a failure would lead to near-instant contamination of the State’s water supply from saltwater 
intrusion, a disruption in operation of state and federal pumps, and shutdown of the Delta 
infrastructure of highways, railroads, navigation channels, ports and utility supply lines. Homes, 
business, and agricultural lands would be flooded and recovery would take years and cost 
billions. 

Restoring ecosystem function in the Delta remains a challenge. Large scale restoration of 
upstream tributaries and floodplains has been initiated and is continuing successfully. In the 
Delta, emphasis on targeted research has greatly increased understanding of Delta ecosystem 
processes, but restoration solutions remain elusive. As in the years preceding CALFED, there 
remains a conflict between water exports and ecosystem protection in the Delta. The decline in 
pelagic fishes has highlighted this conflict and the uncertainty surrounding any proposed 
solutions. Major investments in large-scale experimentation and adaptive management may be 
needed to clarify how ecosystem function can be improved, given the highly-altered nature of the 
Delta. 

Species invasions need to be controlled. Non-native invasive species constitute one of the 
greatest obstacles to recovering native species in the Delta. Preventing new invasions and 
containing and managing existing invasions are essential if viable populations of some native 
species are to be sustained. Containing aquatic invasive species is particularly challenging. 
Current scientific thinking is that managing the Delta to increase spatial and temporal habitat 
variability may improve conditions for native species. While undoubtedly posing trade offs for 
other Delta constituencies, including agriculture. 

Through-Delta Conveyance needs to be reassessed. A growing body of information related to 
risk of levee failure, water quality, fish losses at export pumps, and rising sea level raises 
questions about the ability of through-Delta conveyance to meet future water and environmental 
management objectives. Alternative conveyance methods need to be identified and their costs 
and benefits assessed to ensure that the water management infrastructure is able to meet future 
needs of water supply and water quality. 

CALFED anticipated a reevaluation of the preferred alternative at the end of Stage 1. In doing 
so, it allowed for the possibility for changes in programs and projects that would best enable the 
agencies to meet the still-valid CALFED goals of a reliable supply of water from the Delta, 
improved water quality for both the ecosystem and for drinking, a restored ecosystem and 
improved levee stability. Two major efforts now underway will set the stage for how we move 
forward in the Delta. The challenges of managing a sustainable Delta and providing for the 
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state’s water future will be met through cooperative commitment of state and federal CALFED 
agencies and collaborative efforts with Delta landowners. 

Highlights of Accomplishments in Years 1-7 

CALFED Program funding has totaled approximately $2.8 billion for water supply reliability 
projects and programs. Since the ROD was signed, more water has been reliably delivered than 
in the years of crisis that led to the establishment of the CALFED Program. New groundwater 
storage and recycling projects are expected to provide a projected 687,000 to 860,000 acre-feet 
of new water. Favorable hydrology and implementation of projects to increase operational 
flexibility have resulted in meeting the target of 65 to 70 percent of contract amounts for water 
deliveries to the Central Valley Project (CVP) south-of-Delta water users in most years since the 
ROD was signed. In urban areas, investments in water use efficiency, recycling and storage have 
helped stabilize demand for Delta water. Surface storage feasibility studies are continuing on 
four potential projects that could increase the State’s water storage capacity and add flexibility 
needed to protect at-risk species, meet water quality standards, and ensure reliable water supplies 
to cities and farms. Much has been learned about the Bay-Delta system relevant to water supply 
reliability.  

One of the cornerstones of the CALFED Ecosystem Restoration Program (ERP) has been the 
development of a common vision or single “blueprint” for ecosystem restoration. The ERP was 
also instrumental in developing a framework for adaptive management. Numerous important 
projects have been implemented, ranging from targeted research to full-scale restoration. 
Significant investments in fish screens, temperature control, fish passage improvements and 
improvements in upstream habitats have improved the outlook for most salmon populations 
throughout the Central Valley. CALFED ERP agencies have been successful at acquiring and 
protecting important lands in the Delta and along its tributary rivers and streams.  

CALFED-funded research on the Delta has fundamentally changed how scientists now 
understand Delta functioning. During Stage 1 understanding of the problem of species and 
ecosystem restoration in the Delta has become clearer, but practical solutions remain elusive. To 
date, more than 130,000 acres of habitat targeted for important species have been enhanced, 
protected or restored. More than 54,000 acres of agricultural lands have been protected for their 
value as habitat. ERP funding has neared the $1 billion ROD target, totaling approximately $900 
million and funding an estimated 550 projects. 

The CALFED Water Quality Program set as a goal the continuous improvement of Delta water 
quality for all uses, including in-Delta, drinking water, environmental and agricultural uses. 
Since the CALFED ROD was signed, drinking water quality standards at the tap have generally 
been met, but little or no improvement has yet occurred in Delta source water quality. Advances 
in treatment technology have allowed water users to remain in compliance despite an 
increasingly challenging water quality and regulatory environment. Research has resulted in a 
better understanding of how mercury is methylated in the Bay-Delta system and how this affects 
wildlife and human health. CALFED agencies made progress in understanding and reducing the 
impacts to water quality from low-dissolved oxygen in the San Joaquin River deep-water ship 
channel near Stockton, pesticides and toxicity and the bioaccumulation of selenium. Despite 
meeting current regulatory standards, risks to human health from Delta drinking water remain. It 
seems likely that regulatory standards for drinking water will become progressively stricter so 
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that future provision of safe and affordable drinking water will depend on improved source water 
quality. Actual spending during Stage 1 from State and federal sources was approximately $125 
million in water quality programs. 

The Levee System Integrity Program funds earmarked for levee improvements in State 
Propositions 13 and 50 were used to replace the State’s share of levee maintenance. As a result 
levee maintenance programs were funded, but long-term levee improvements defined under the 
CALFED ROD were under funded. Funding to reimburse local maintenance districts for eligible 
expenditures has reduced the rate of catastrophic levee failure during Stage 1. Substantial 
progress has been made for reusing dredge material to help stabilize Delta levees and improving 
the Delta Emergency Response Plan. A Levee Risk Analysis was conducted and resulted in the 
launching of a study called Delta Risk Management Strategy, which is now underway and shows 
promise of providing important information on statewide risks associated with Delta levee 
failure. Program funding from state and federal sources was approximately $140 million, with a 
Federal share of $1.4 million. Of the state’s contribution, approximately $60 million was spent to 
reimburse local districts for about half of their expenditures on levee maintenance. 

Delta Vision – One Vision for the Delta 
Delta Vision is a broad initiative designed to study the Delta from all perspectives – not only as a 
source of water or a unique ecosystem. It was created by Executive Order of the Governor and 
given the ultimate task of developing a strategy for the Delta’s sustainable future by the end of 
2008.  

The Sacramento-San Joaquin Delta is a unique natural resource of local, State, and national 
significance. Although it builds on work done through the CALFED Bay-Delta Program, Delta 
Vision has broadened the focus of past efforts within the Delta to recommend actions to address 
the full array of natural resource, infrastructure, land use, and governance issues necessary to 
achieve a sustainable Delta. Delta Vision is based on a growing consensus among scientists, and 
also supported by recent legislation and other information, indicating that: 

• Environmental conditions and current Delta “architecture” are not sustainable. 

• Current land and water uses and related services dependent on the Delta are not 
sustainable based on current management practices and regulatory requirements. 

• There is growing consensus that the Delta is dependent upon a levee system that is aging 
and deteriorating. 

• Factors outside of our control will significantly change the Delta during the coming 
decades. These include seismic events, land subsidence, sea level rise, increasing 
temperature, more intense winter storms, species invasions and population growth. 

• Current fragmented and complex governance systems within the Delta are not conducive 
to effective management of its fragile environment in the face of the cumulative threats 
identified above. 

• Failure to act to address identified Delta challenges and threats will lead to potentially 
devastating environmental and economic consequences of statewide and national 
significance. 
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A key component of Delta Vision was the appointment of an independent Blue Ribbon Task 
Force by the Governor that is responsible for recommending future actions to achieve a 
sustainable Delta. The Task Force has extensively evaluated the existing and proposed land and 
water uses, ecosystem functions and processes, and management practices in the Delta. 
Alternative Delta management scenarios are being identified and evaluated. By applying the best 
available scientific information, and input provided by experts and the public during its open 
meetings, the Task Force has recommended natural values and functions, services and 
management practices that should be considered priorities for future management as part of a 
sustainable Delta.  

The Strategic Plan that emerges from Delta Vision will identify and evaluate alternative 
measures and management practices that would be necessary to implement Delta Vision 
recommendations. These implementation recommendations will involve considering changes in 
the use of land and water resources, services to be provided within the Delta, governance, 
funding mechanisms, and ecosystem management practices. The final Task Force Strategic Plan 
recommendations will be submitted to the public and the Delta Vision Committee by October 31, 
2008. The Delta Vision Committee will submit its report on the final Delta Strategic Plan to the 
Governor and Legislature by December 31, 2008. 

The Delta Vision Strategic Plan will define actions including those that will be implemented in 
Stage 2 of the CALFED Program. 

Bay-Delta Conservation Plan – Conservation Planning 
State and federal agencies, along with stakeholders, are developing a conservation plan for the 
Delta. The Bay-Delta Conservation Plan (BDCP) is intended to provide state and federal 
endangered species authorizations for the state and federal water projects and their contractors. 
The BDCP is being developed by a steering committee of state and federal water management 
and resource agencies, water contractors and non-governmental organizations. When approved, 
it will provide for conservation of the covered species, water supply reliability, regulatory 
assurances and funding assurances for implementation of conservation actions. These actions 
would contribute to implementation of many parts (water quality, supply and ecosystem) of the 
CALFED Bay-Delta Program. While not intended to be a comprehensive approach to ecosystem 
restoration of the Delta, the BDCP is focused on the conservation of species closely associated 
with aquatic habitats that may be affected by water conveyance through the Delta. 

On October 6, 2006, DWR and DFG, along with the California Resources Agency, Reclamation, 
FWS, the NMFS, seven water agencies and other Delta water users, and four non-governmental 
organizations, signed the BDCP Planning Agreement. Consistent with the NCCP Act, the 
Planning Agreement recognized that the parties could “elect to preserve, enhance, or restore, 
either by acquisition or other means, aquatic and associated riparian and floodplain habitat in the 
Planning Area that support native species of fish, wildlife, or natural communities prior to 
approval of the BDCP” and that DFG, FWS, and NMFS could agree, if appropriate, to “credit 
such resources toward the land and water acquisition or habitat protection, enhancement, and 
restoration requirements of the BDCP.” 
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The completed BDCP is expected to cover a subset of species and habitats within CALFED’s 
purview and provide a mechanism with which to address improvements. A BDCP Planning 
Agreement has been completed and a draft BDCP is scheduled for completion in late 2008.  
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FISH AND WILDLIFE SERVICE 
California and Nevada Region  

2800 Cottage Way, Room W-2606 
Sacramento, California 95825-1846 

In reply refer to:  
81420-2008-F-1481-5         
 
 
Memorandum 
 
To: Operation Manager, Bureau of Reclamation, Central Valley Operations Office 

Sacramento, California 
 
From: Regional Director, Fish and Wildlife Service, Region 8, Sacramento, California 
 
Subject: Formal Endangered Species Act Consultation on the Proposed Coordinated 

Operations of the Central Valley Project (CVP) and State Water Project (SWP) 
 
This is in response to the Bureau of Reclamation’s (Reclamation) May 16, 2008, request for 
formal consultation with the Fish and Wildlife Service (Service) on the coordinated operations of 
the CVP and SWP in California.  Reclamation is the lead Federal agency and the California 
Department of Water Resources (DWR) is the Applicant for this consultation.  Your revised 
biological assessment was received in our office on August 20, 2008.  This document represents 
the Service’s biological opinion on the effects of the subject action to the threatened delta smelt 
(Hypomesus transpacificus) and its designated critical habitat.  This response is provided in 
accordance with the Endangered Species Act of 1973, as amended (16 U.S.C. 1531 et seq.) 
(Act). 
 
Reclamation also requested consultation on the effects of the proposed action on the endangered 
riparian brush rabbit (Sylvilagus bachmani riparius), endangered riparian woodrat (Neotoma 
fuscipes riparia), endangered salt marsh harvest mouse (Reithrodontomys raviventris), 
endangered California clapper rail (Rallus longirostris obsoletus), threatened giant garter snake 
(Thamnophis gigas), threatened California red-legged frog (Rana aurora draytonii), threatened 
valley elderberry longhorn beetle (Desmocerus californicus dimorphus), endangered soft bird’s-
beak (Cordylanthus mollis ssp. Mollis), and the endangered Suisun thistle (Cirsium hydrophilum 
var. hydrophilum).  Reclamation determined that the proposed continued operations of the CVP 
and SWP are not likely to adversely affect these listed species.  The Service concurs with 
Reclamation’s determination that the coordinated operations of the CVP and SWP are not likely 
to adversely affect these species.   
 
The Service conducted a comprehensive peer review of this biological opinion.  We formed an 
Internal Peer Review Team (IPRT), which consisted of individuals from throughout the Service 
who are experts in the development of complex biological opinions under the ESA.  The IPRT 
reviewed the biological opinion and provided substantive input and comments.  Additionally, the 
Service assembled a team of delta smelt experts from within the Service, California Department 
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of Fish and Game, Environmental Protection Agency, Reclamation and other academics to 
provide scientific and technical expertise into the review of the biological assessment and the 
development of the biological opinion.  The Service also contracted with PBS&J, an 
environmental consulting firm, who formed an independent review team consisting of experts on 
aquatic ecology and fishery biology to conduct a concurrent review of the draft Effects Section 
of the biological opinion at the same that we provided the Effects Section to Reclamation and 
DWR for their review.  The Service received the results of the independent review of the draft 
Effects Section on October 23, 2008; DWR and Reclamation provided the results of their review 
on October 24, 2008.  The Service modified the Effects Section of the biological opinion, as 
appropriate, based on the comments received from the IPRT, the independent review team, 
Reclamation and DWR.  The Service also contracted with PBS&J to conduct an independent 
review of the draft Actions (Final shown in Attachment B), as well as a review of DWR’s 
proposed actions.  The Service simultaneously provided the draft Actions to Reclamation and 
DWR for their review.  The Service received Reclamation’s and DWR’s comments on the draft 
Actions on November 5, 2008.  The Service received the results of the independent review of 
both the Service’s and DWR’s draft Actions on November 19, 2008.  The Service’s actions were 
then modified to respond to comments from the independent review team and in consideration of 
comments received from DWR.  A draft biological opinion was provided to Reclamation on 
November 21, 2008.  Comments were received back from Reclamation and DWR on December 
2, 2008.  The Service has incorporated all comments and edits, as appropriate, into this 
biological opinion.   

This biological opinion is based on information provided in Reclamation’s biological assessment 
dated August 20, 2008, associated appendices, and input from the various internal and external 
review processes that the Service has utilized in this consultation, described immediately above.  
A complete administrative record is on file at the Sacramento Fish and Wildlife Office (SFWO). 
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Consultation History 
July 30, 2004 The Service issued a biological opinion addressing Formal and Early 

Section 7 Endangered Species Consultation on the Coordinated 
Operations of the Central Valley Project and State Water Project and the 
Operations Criteria and Plan to Address Potential Critical Habitat Issues 
(Service file # 1-1-04-F-0140). 

  
February 15, 2005 The Department of the Interior is sued on the July 30, 2004 biological 

opinion. 
  
February 16, 2005 The Service issued its Reinitiation of Formal and Early Section 7 

Endangered Species Consultation on the Coordinated Operations of the 
Central Valley Project and State Water Project and the Operational 
Criteria and Plan to Address Potential Critical Habitat Issues (Service 
file # 1-1-05-F-0055). 

  
May 20, 2005 The Department of the Interior is sued on the February 16, 2005 biological 

opinion. 
  
February 2006 
through September 
2008 

Staff from the California Department of Fish and Game (DFG), DWR, 
National Marine Fisheries Service (NMFS), Reclamation, and the Service 
(OCAP Working Team) met monthly to bi-weekly to discuss the 
development of the biological assessment. 

  
July 6, 2006 Reclamation requested informal consultation on coordinated operations of 

the CVP and SWP and their effects to delta smelt. 
  
May 25, 2007 Judge Wanger issued a summary judgment that invalidated the 2005 

biological opinion and ordered a new biological opinion be developed by 
September 15, 2008. 

  
May 31, 2007 The Service provided Reclamation with guidance and recommendations 

concerning the project description used in the 2004 biological opinion. 
  
August 20, 2007 The Service provided a memorandum to Reclamation containing a species 

list for the proposed action and clarification of the formal consultation 
timeline. 

  
October 29, 2007 The Service received an electronic version of the draft project description 

for the biological assessment (Chapter 2) dated August 2007. 
  
December 4, 2007 DFG, NMFS, and the Service received a draft project description dated 

December 4, 2007. 
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December 6, 2007 DFG, NMFS, and the Service provided Reclamation with joint 
preliminary guidance and recommendations for part of the draft project 
description of CVP operations received on December 4, 2007. 

  
December 14, 2007 Judge Wanger issued an interim order to direct actions at the export 

facilities to protect delta smelt until a new biological opinion is 
completed. 

  
December 20, 2007 DFG, NMFS, and the Service provided Reclamation with joint 

preliminary guidance and recommendations for parts of the draft project 
description of SWP operations received on December 4, 2007. 

  
January 17, 2008 DFG, NMFS, and the Service provided Reclamation with joint 

preliminary guidance and recommendations for the remaining portion of 
the draft project description received on December 4, 2007. 

  
January 21, 2008 The Service sent to Reclamation an electronic version of the entire draft 

project description with guidance and recommendations developed jointly 
by DFG, NMFS, and the Service. 

  
January 22, 2008 Reclamation provided DFG, NMFS and the Service with an electronic 

version of the description of operations of the Suisun Marsh Salinity 
Control Gates (SMSCG) dated August 2007. 

  
January 23, 2008 DFG, NMFS, and the Service provided DWR with joint preliminary 

guidance and recommendations on the December 4, 2007, draft project 
description. 

  
March 4, 2008 The Service provided DWR with joint DFG and Service guidance and 

recommendations for the August 2007 version of the proposed Suisun 
Marsh Salinity Control Gate (SMSCG) operations description. 

  
March 6, 2008 DWR provided the Service with an updated description of proposed 

operations of the SMSCG. 
  
March 10, 2008 The Service received a draft description and effects analysis of aquatic 

weed management in Clifton Court Forebay. 
  
March 24, 2008 DFG, NMFS, and the Service provided Reclamation with guidance and 

recommendations on the aquatic weed management section of the 
biological assessment. 

  
April 21, 2008 Reclamation provided the Service with a revised draft project description 

for the biological assessment. 
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April 28 through 
May 2, 2008 

Reclamation conducted an external technical review of their draft 
biological assessment. 

  
May 2008 through 
December 2008 

Numerous meeting between the Service, Reclamation, DWR, DFG and 
NMFS on the development of the biological assessment and the biological 
opinion. 

  
May 8, 2008 The fisheries agencies provided Reclamation and DWR with guidance and 

recommendations on the draft project description dated April 21, 2008. 
  
May 16, 2008 The Service received a letter from Reclamation dated May 16, 2008, 

requesting formal consultation on the proposed action.  A biological 
assessment also dated May 16, 2008, was enclosed with the letter. 

  
May 17, 2008 Reclamation provided the Service with a number of revisions and addenda 

to the May 16, 2008 biological assessment. 
  
May 28, 2008 Reclamation and DWR provided the Service with additional revisions to 

the May 16, 2008 biological assessment. 
  
May 29, 2008 The Service sent a memo to Reclamation stating that with the revisions 

provided on May 28, 2008, the Service had received enough information 
to start the 30-day review period. 

  
June 27, 2008 The Service provided Reclamation with a memo requesting additional 

information. 
  
July 2, 2008 The Service received a memorandum from Reclamation informing the 

Service that Reclamation is committed to providing a response to the 
Services’ June 27, 2008, request for additional information by early 
August, 2008. 

  
August 11, 2008 The Service received Reclamation’s August 8, 2008, letter transmitting 

the revised biological assessment. 
  
August 20, 2008 The Service received the revised biological assessment on electronically 

from Reclamation. 
  
August 29, 2008 Judge Wanger extended the completion date for the coordination of the 

CVP and SWP biological opinion to December 15, 2008.   
  
September 25, 2008 The Service received a letter dated September 24, 2008 from the San Luis 

& Delta-Mendota Water Authority and the State Water Contractors, which 
provided comments on the biological assessment. 

  
October 17, 2008 The Service received DWR’s October 16, 2008 draft conservation actions. 
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October 17 through 
24, 2008 

Review of the draft Effects section of the biological opinion by the 
Service’s Internal Peer Review Team (IPRT). 

  
October 17 through 
24, 2008 

Independent Review of the draft Effects section of the biological opinion 
conducted by PBS&J. 

  
October 23, 2008 The Service received a letter dated October 20, 2008 from the San Luis & 

Delta-Mendota Water Authority and the State Water Contractors, which 
provided comments on fall X2. 

  
October 24, 2008 The Service received comments from Reclamation and DWR on the draft 

Effects section. 
  
October 24 through 
November 19, 2008 

Review of entire preliminary draft biological opinion by IPRT. 

  
October 24 through 
November 19, 2008 

Independent Review of the Service’s draft conservation actions and 
DWR’s draft conservation actions conducted by PBS&J.  The Service’s 
draft actions were also submitted to Reclamation. 

  
November 21, 2008 The Service transmitted the draft biological opinion to Reclamation. 
  
November 24, 2008 The Service received a letter dated November 19, 2008 from the San Luis 

& Delta-Mendota Water Authority and the State Water Contractors, which 
provided comments on the Effects section and the review conducted by 
PBS&J. 

  
December 2, 2008 The Service received comments from Reclamation and DWR on the draft 

biological opinion. 
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Project Description 

The proposed action is the continued long-term operation of the CVP and SWP. The proposed 
action includes the operation of the temporary barriers project in the South Delta and the 500 
cubic feet per second (cfs) increase in SWP Delta export limit from July through September. In 
addition to current day operations, several other actions are included in this consultation. These 
actions are: (1) an intertie between the California Aqueduct (CA) and the Delta-Mendota Canal 
(DMC), (2) Freeport Regional Water Project (FRWP), (3) the operation of permanent gates that 
will replace the temporary barriers in the South Delta, (4) changes in the operation of the Red 
Bluff Diversion Dam (RBDD), and (5) Alternative Intake Project for the Contra Costa Water 
District (CCWD). A detailed summary of all operational components and associated modeling 
assumptions are included in the biological assessment in Chapter 9. 
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Table P-1  Assumptions for the Base and Future Studies 

  Study 3a Study 6.0 
COMPARISON 

Study 6.1 
COMPARISON 

Study 7.0 
BASE 
MODEL 

Study 7.1 
ANALYTICAL 

Study 8.0 
ANALYTICAL 

Study 9.0 - 
9.5 
SENSITIVITY 

CalSim-II 

  OCAP BA 
2004 Today 
CVPIA 3406 
(b)(2) with 
EWA  

Today-OCAP 
BA 2004 
Assumptions in 
Revised 
CalSim-II Model 
- EWA 

Today-OCAP 
BA 2004 
Assumptions in 
Revised 
CalSim-II Model 
- CVPIA (b)(2) - 
CONV 

Today- 
Existing 
Conditions, 
(b)(2), EWA 

Near Future- 
Existing 
Conditions 
and OCAP 
BA 2004 
Consulted 
Projects, 
(b)(2), 
Limited EWA 

Future  - (b)(2), 
Limited EWA 

Future 
Climate 
Change- 
D1641 

Model 
Revision
s since 
OCAP 
BA 2004 

OCAP Base model: Common Assumptions: Common Model Package (Version 
8D) 

      

"Same" indicates an assumption from a column to the left        
Planning horizon  2001 2005a Same Same Same 2030a Same   

Period of Simulation 73 years 
(1922-1994) 

82 years (1922-
2003) 

Same Same Same Same Same Extended 
hydrolog
y 
timeserie
s 

HYDROLOGY               Inflows are 
modified 
based on 
alternative 
climate inputs 
b 

Revised 
level of 
detail in 
the Yuba 
and 
Colusa 
Basin 
including 
rice 
decompo
sition 
operation
s 

Level of development (Land Use) 2001 Level 2005 level Same Same Same 2030 levelc Same   

          
Sacramento Valley         
(excluding American 
R.) 

                 

 CVP Land-use 
based, limited 
by contract 
amountsd 

Same Same Same Same CVP Land-use 
based, Full build 
out of CVP 
contract 
amountsd 

Same  
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  Study 3a Study 6.0 
COMPARISON 

Study 6.1 
COMPARISON 

Study 7.0 
BASE 
MODEL 

Study 7.1 
ANALYTICAL 

Study 8.0 
ANALYTICAL 

Study 9.0 - 
9.5 
SENSITIVITY 

CalSim-II 

 SWP (FRSA) Land-use 
based, limited 
by contract 
amountse 

Same Same Same Same Same Same   

 Non-project Land-use 
based 

Same Same Same Same Same Same   

 Federal 
refuges  

Firm Level 2 Same Same Recent 
Historical 
Firm Level 2 
water needsf 

Same Firm Level 2 
water needsf 

Same   

American River         
 Water rights 2001g Same Same 2005g Same 2025g Same   

 CVP (PCWA 
American 
River Pump 
Station) 

No project Same Same CVP (PCWA 
modified)g 

Same Same Same   

San Joaquin Riverh        

 Friant Unit Regression of 
Historical 
Demands 

Limited by 
contract 
amounts, based 
on current 
allocation policy 

Same Same Same Same Same 

Develope
d land-
use 
based 
demands
, water 
quality 
calculatio
ns, and 
revised 
accretion
s/depletio
ns in the 
East-
Side San 
Joaquin 
Valley 

 Lower Basin Fixed Annual 
Demands 

Land-use based, 
based on district 
level operations 
and constraints 

Same Same Same Same Same   

 Stanislaus 
River 

New Melones 
Interim 
Operations 
Plan 

Same Same Same Draft 
Transitional 
Operations 
Planr 

Same Same Initial 
storage 
condition
s for New 
Melones 
Reservoir 
were 
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  Study 3a Study 6.0 
COMPARISON 

Study 6.1 
COMPARISON 

Study 7.0 
BASE 
MODEL 

Study 7.1 
ANALYTICAL 

Study 8.0 
ANALYTICAL 

Study 9.0 - 
9.5 
SENSITIVITY 

CalSim-II 

increase
d. 

South of Delta         
 (CVP/SWP 

project 
facilities) 

CVP Demand 
based on 
contracts 
amountsd 

Same Same Same Same Same Same   

 Contra Costa 
Water District 

124 TAF/yr 
annual 
average 

135 TAF/yr 
annual average 
CVP contract 
supply and water 
rightsi 

Same Same Same 195 TAF/yr 
annual average 
CVP contract 
supply and 
water rightsi 

Same   

 SWP Demand 
- Table A 

Variable 3.1-
4.1 MAF/Yr 

Same Same Variable 3.1-
4.2 MAF/Yr 

e,j 

Same Full Table A Same Revised 
SWP 
delivery 
logic. 
Three 
patterns 
with Art 
56 and 
more 
accuratel
y defined 
Table A / 
Article 21 
split 
modeled 

 SWP Demand 
- North Bay 
Aqueduct 
(Table A) 

48 TAF/Yr Same Same 71 TAF/Yru Same Same Same   

 SWP Demand 
- Article 21 
demand 

Up to 134 
TAF/month 
December to 
March, total of 
other 
demands up 
to 84 
TAF/month in 
all months 

Same Same Up to 314 
TAF/month 
from 
December 
to March, 
total of 
demands up 
to 214 
TAF/month 
in all other 
monthse,jw 

Same Same Same   



 

 5

  Study 3a Study 6.0 
COMPARISON 

Study 6.1 
COMPARISON 

Study 7.0 
BASE 
MODEL 

Study 7.1 
ANALYTICAL 

Study 8.0 
ANALYTICAL 

Study 9.0 - 
9.5 
SENSITIVITY 

CalSim-II 

 Federal 
refuges  

Firm Level 2 Same Same Recent 
Historical 
Firm Level 2 
water needsf 

Same Firm Level 2 
water needsf 

Same   

FACILITIES                   
Systemwide   Existing 

facilitiesa 
Same Same Same Same Same Same   

Sacramento Valley         
 Red Bluff 

Diversion Dam 
No diversion 
constraint 

Same Same Diversion 
Dam 
operated 
May 15 - 
Sept 15 
(diversion 
constraint) 

Same Diversion Dam 
operated July - 
August 
(diversion 
constraint) 

Same   

 Colusa Basin  Existing 
conveyance 
and storage 
facilities 

Same Same Same Same Same Same   

 Upper 
American 
River  

No project Same Same PCWA 
American 
River pump 
stationk 

Same Same Same   

 Sacramento 
River Water 
Reliability 

No project Same Same Same Same American/Sacra
mento River 
Diversionst 

Same   

 Lower 
Sacramento 
River 

No project Same Same Same Freeport 
Regional 
Water Project 
(Full Demand)l 

Same Same   

          
Delta Region                  
 SWP Banks 

Pumping Plant  
South Delta 
Improvements 
Program 
Temporary 
Barriers, 
6,680 cfs 
capacity in all 
months and 
an additional 
1/3 of Vernalis 
flow from Dec 
15 through 
Mar 15a 

Same Same Same South Delta 
Improvements 
Program 
Permanent 
Operable 
Gates (Stage 
1).  6,680 cfs 
capacity in all 
months and 
an additional 
1/3 of Vernalis 
flow from Dec 
15 through 

Same Same   



 

 6

  Study 3a Study 6.0 
COMPARISON 

Study 6.1 
COMPARISON 

Study 7.0 
BASE 
MODEL 

Study 7.1 
ANALYTICAL 

Study 8.0 
ANALYTICAL 

Study 9.0 - 
9.5 
SENSITIVITY 

CalSim-II 

Mar 15 a 

 CVP C.W. Bill 
Jones (Tracy) 
Pumping Plant  

4,200 cfs + 
deliveries 
upstream of 
DMC 
constriction 

Same Same Same 4,600 cfs 
capacity in all 
months 
(allowed for 
by the Delta-
Mendota 
Canal–
California 
Aqueduct 
Intertie) 

Same Same   

 City of 
Stockton Delta 
Water Supply 
Project 
(DWSP) 

No project Same Same DWSP WTP 
0 mgd 

Same DWSP WTP 30 
mgd 

Same   

 Contra Costa 
Water District 

Existing pump 
locations 

Same Same Same Same Samem Same   

South of Delta         
(CVP/SWP project 
facilities) 

                 

 South Bay 
Aqueduct 
(SBA) 

Existing 
capacity 300 
cfs 

Same Same SBA 
Rehabilitatio
n: 430 cfs 
capacity 
from 
junction with 
California 
Aqueduct to 
Alameda 
County 
FC&WSD 
Zone 7 
diversion 
point 

Same Same Same   

REGULATORY STANDARDS                 
Trinity River          
 Minimum flow 

below 
Lewiston Dam 

Trinity EIS 
Preferred 
Alternative 
(369-815 
TAF/year) 

Same Same Same Same Same Same   
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  Study 3a Study 6.0 
COMPARISON 

Study 6.1 
COMPARISON 

Study 7.0 
BASE 
MODEL 

Study 7.1 
ANALYTICAL 

Study 8.0 
ANALYTICAL 

Study 9.0 - 
9.5 
SENSITIVITY 

CalSim-II 

 Trinity 
Reservoir end-
of-September 
minimum 
storage 

Trinity EIS 
Preferred 
Alternative 
(600 TAF as 
able) 

Same Same Same Same Same Same   

Clear Creek          
 Minimum flow 

below 
Whiskeytown 
Dam 

Downstream 
water rights, 
1963 USBR 
Proposal to 
USFWS and 
NPS, and 
USFWS 
discretionary 
use of CVPIA 
3406(b)(2) 

Same Same Same Same Same Same   

Upper Sacramento River         
 Shasta Lake NMFS 2004 

BO: 1.9 MAF 
end of Sep. 
storage target 
in non-critical 
years 

Same Same Same Same Same Same   

 Minimum flow 
below Keswick 
Dam 

Flows for 
SWRCB WR 
90-5 
temperature 
control, and 
USFWS 
discretionary 
use of CVPIA 
3406(b)(2) 

Same Same Same Same Same Same   

Feather River         
 Minimum flow 

below 
Thermalito 
Diversion Dam 

1983 DWR, 
DFG 
Agreement 
(600 cfs) 

Same Same  Same  2006 
Settlement 
Agreement 
(700 / 800 cfs) 

Same Same   

 Minimum flow 
below 
Thermalito 
Afterbay outlet 

1983 DWR, 
DFG 
Agreement 
(750-1,700 
cfs) 

Same Same Same Same Same Same   

Yuba River          
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  Study 3a Study 6.0 
COMPARISON 

Study 6.1 
COMPARISON 

Study 7.0 
BASE 
MODEL 

Study 7.1 
ANALYTICAL 

Study 8.0 
ANALYTICAL 

Study 9.0 - 
9.5 
SENSITIVITY 

CalSim-II 

 Minimum flow 
below 
Daguerre 
Point Dam 

Available 
Yuba River 
Datap 

D-1644 Interim 
Operationsp 

Same Yuba 
Accord 
Adjusted 
Datap 

Same Same Same   

American River         
 Minimum flow 

below Nimbus 
Dam 

SWRCB D-
893 (see 
Operations 
Criteria), and 
USFWS 
discretionary 
use of CVPIA 
3406(b)(2) 

Same Same (b)(2) 
Minimum 
Instream 
Flow 
managemen
ts 

Same American River 
Flow 
Management s 

Same   

 Minimum Flow 
at H Street 
Bridge 

SWRCB D-
893 

Same Same Same Same Same Same   

Lower Sacramento River         
 Minimum flow 

near Rio Vista  
SWRCB D-
1641 

Same Same Same Same Same Same   

Mokelumne River         
 Minimum flow 

below 
Camanche 
Dam 

FERC 2916-
029, 1996 
(Joint 
Settlement 
Agreement) 
(100-325 cfs) 

Same Same Same Same Same Same   

 Minimum flow 
below 
Woodbridge 
Diversion Dam 

FERC 2916-
029, 1996 
(Joint 
Settlement 
Agreement) 
(25-300 cfs) 

Same Same Same Same Same Same   

Stanislaus River         
 Minimum flow 

below 
Goodwin Dam 

1987 USBR, 
DFG 
agreement, 
and USFWS 
discretionary 
use of CVPIA 
3406(b)(2) 

Same Same Same Same Same Same   

 Minimum 
dissolved 
oxygen  

SWRCB D-
1422 

Same Same Same Same Same Same   

Merced River          
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  Study 3a Study 6.0 
COMPARISON 

Study 6.1 
COMPARISON 

Study 7.0 
BASE 
MODEL 

Study 7.1 
ANALYTICAL 

Study 8.0 
ANALYTICAL 

Study 9.0 - 
9.5 
SENSITIVITY 

CalSim-II 

 Minimum flow 
below 
Crocker-
Huffman 
Diversion Dam 

Davis-
Grunsky (180-
220 cfs, Nov-
Mar), Cowell 
Agreement 

Same Same Same Same Same Same   

 Minimum flow 
at Shaffer 
Bridge 

FERC 2179 
(25-100 cfs) 

Same Same Same Same Same Same   

Tuolumne River         
 Minimum flow 

at Lagrange 
Bridge 

FERC 2299-
024, 1995 
(Settlement 
Agreement) 
(94-301 
TAF/year) 

Same Same Same Same Same Same   

San Joaquin River         
 Maximum 

salinity near 
Vernalis 

SWRCB D-
1641 

Same Same Same Same Same Same   

 Minimum flow 
near Vernalis  

SWRCB D-
1641, and 
Vernalis 
Adaptive 
Management 
Plan per San 
Joaquin River 
Agreement 

Same Same Same Same Same Same   

Sacramento River–San         
Joaquin River Delta         
 Delta Outflow 

Index (Flow 
and Salinity) 

SWRCB D-
1641 

Same Same Same Same Same Same Revised 
Delta 
ANN 
(salinity 
estimatio
n)v 

 Delta Cross 
Channel gate 
operation 

SWRCB D-
1641 

Same Same Same Same Same Same   

 Delta exports  SWRCB D-
1641, USFWS 
discretionary 
use of CVPIA 
3406(b)(2) 

Same Same Same Same Same Same   

OPERATIONS CRITERIA: RIVER-SPECIFIC               
Upper Sacramento River         
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  Study 3a Study 6.0 
COMPARISON 

Study 6.1 
COMPARISON 

Study 7.0 
BASE 
MODEL 

Study 7.1 
ANALYTICAL 

Study 8.0 
ANALYTICAL 

Study 9.0 - 
9.5 
SENSITIVITY 

CalSim-II 

 Flow objective 
for navigation 
(Wilkins 
Slough) 

3,250 - 5,000 
cfs based on 
CVP water 
supply 
condition 

Same Same Same Same Same Same   

American River         
 Folsom Dam 

flood control  
Variable 
400/670 flood 
control 
diagram 
(without outlet 
modifications) 

Same Same Same Same Same Same   

 Flow below 
Nimbus Dam  

Discretionary 
operations 
criteria 
corresponding 
to SWRCB D-
893 required 
minimum flow 

Same Same (b)(2) 
Minimum 
Instream 
Flow 
managemen
ts 

Same American River 
Flow 
Management s 

Same   

 Sacramento 
Area Water 
Forum 
"Replacement
" Water 

"Replacement
" water is not 
implemented 

Same Same Same Same Same Same   

Stanislaus River         
 Flow below 

Goodwin Dam  
1997 New 
Melones 
Interim 
Operations 
Plan 

Same Same Same Draft 
Transitional 
Operations 
Planr 

Same Same   

San Joaquin River         
 Flow at 

Vernalis  
 
 
 

D1641 Same Same Same Same Sameq Same   

OPERATIONS CRITERIA: SYSTEMWIDE               

CVP water allocation         
 CVP 

Settlement 
and Exchange 

100% (75% in 
Shasta critical 
years) 

Same Same Same Same Same Same   

 CVP refuges  100% (75% in 
Shasta critical 
years) 

Same Same Same Same Same Same   
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  Study 3a Study 6.0 
COMPARISON 

Study 6.1 
COMPARISON 

Study 7.0 
BASE 
MODEL 

Study 7.1 
ANALYTICAL 

Study 8.0 
ANALYTICAL 

Study 9.0 - 
9.5 
SENSITIVITY 

CalSim-II 

 CVP 
agriculture  

100%-0% 
based on 
supply (South-
of-Delta 
allocations are 
reduced due 
to D-1641 and 
3406(b)(2) 
allocation-
related export 
restrictions) 

Same Same Same Same Same Same   

 CVP municipal 
& industrial  

100%-50% 
based on 
supply (South-
of-Delta 
allocations are 
reduced due 
to D-1641 and 
3406(b)(2) 
allocation-
related export 
restrictions) 

Same Same Same Same Same Same   

SWP water allocation         
 North of Delta 

(FRSA)  
Contract 
specific 

Same Same Same Same Same Same   

 South of Delta 
(including 
North Bay 
Aqueduct) 

Based on 
supply; equal 
prioritization 
between Ag 
and M&I 
based on 
Monterey 
Agreement 

Same Same Same Same Same Same   

CVP-SWP coordinated operations         
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  Study 3a Study 6.0 
COMPARISON 

Study 6.1 
COMPARISON 

Study 7.0 
BASE 
MODEL 

Study 7.1 
ANALYTICAL 

Study 8.0 
ANALYTICAL 

Study 9.0 - 
9.5 
SENSITIVITY 

CalSim-II 

 Sharing of 
responsibility 
for in-basin-
use 

1986 
Coordinated 
Operations 
Agreement 
(FRWP 
EBMUD and 
2/3 of the 
North Bay 
Aqueduct 
diversions are 
considered as 
Delta Export, 
1/3 of the 
North Bay 
Aqueduct 
diversion is 
considered as 
in-basin-use) 

Same Same Same Same Same Same   

 Sharing of 
surplus flows  

1986 
Coordinated 
Operations 
Agreement 

Same Same Same Same Same Same   

 Sharing of 
Export/Inflow 
Ratio 

Equal sharing 
of export 
capacity 
under 
SWRCB D-
1641; use of 
CVPIA 
3406(b)(2) 
restricts only 
CVP and/or 
SWP exports 

Same Same Same Same Same Same   

 Sharing of 
export 
capacity for 
lesser priority 
and wheeling 
related 
pumping 

Cross Valley 
Canal 
wheeling (max 
of 128 
TAF/year), 
CALFED ROD 
defined Joint 
Point of 
Diversion 
(JPOD) 

Same Same Same Same Same Same   

Study assumptions from above apply   Study 6a Study 7a Study 7a Study 7.1a Study 8a NA   

CVPIA 3406(b)(2):  Per May 2003 Dept. of Interior        
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  Study 3a Study 6.0 
COMPARISON 

Study 6.1 
COMPARISON 

Study 7.0 
BASE 
MODEL 

Study 7.1 
ANALYTICAL 

Study 8.0 
ANALYTICAL 

Study 9.0 - 
9.5 
SENSITIVITY 

CalSim-II 

Decision 

 Allocation  800 TAF, 700 
TAF in 40-30-
30 dry years, 
and 600 TAF 
in 40-30-30 
critical yearsn 

Same Same Same Same Same NA  

Study assumptions from above apply   Study 6b Study 7b Study 7b Study 7.1b Study 8b NA   

CALFED Environmental Water Account / Limited Environmental Water 
Account 

      

 Actions  Dec-Feb 
reduce total 
exports by 50 
TAF/mon 
relative to 
total exports 
without EWA; 
VAMP (Apr 15 
- May 16) 
export 
restriction on 
SWP; Post 
(May 16-31) 
VAMP export 
restriction on 
SWP and 
potentially on 
CVP if B2 
Post-VAMP 
action is not 
taken; 
Ramping of 
exports (Jun) 

Dec/Jan 50 
TAF/mon export 
reduction, Feb 
50 TAF export 
reduction in 
Wet/AN years, 
Feb/Mar 100, 75, 
or 50 TAF 
reduction 
dependent on 
species habitat 
conditions; 
VAMP (Apr 15 - 
May 16) export 
restriction on 
SWP; Pre (Apr 
1-14) VAMP 
export reduction 
in Dry/Crit years; 
Post (May 16-
31) export 
restriction; June 
ramping 
restriction if 
PostVAMP 
action was done.  
Pre- and Post- 
VAMP and June 
actions done if 
foreseeable 
October debt at 
San Luis does 
not exceed 150 
TAF.   

NA Same VAMP (Apr 15 
- May 16) 31-
day export 
restriction on 
SWP; If stored 
assets and 
purchases 
from the Yuba 
are sufficient, 
Post (May 16-
31) VAMP 
export 
restrictions 
apply to 
SWPpq 

Same NA The EWA 
actions, 
assets, 
and debt 
were 
revised 
and 
vetted as 
part of 
the Long 
Term 
Environm
ental 
Water 
Account 
EIS/R 
project 
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  Study 3a Study 6.0 
COMPARISON 

Study 6.1 
COMPARISON 

Study 7.0 
BASE 
MODEL 

Study 7.1 
ANALYTICAL 

Study 8.0 
ANALYTICAL 

Study 9.0 - 
9.5 
SENSITIVITY 

CalSim-II 

 Assets  Fixed Water 
Purchases 
250 TAF/yr, 
230 TAF/yr in 
40-30-30 dry 
years, 210 
TAF/yr in 40-
30-30 critical 
years.  The 
purchases 
range from 0 
TAF in Wet 
years to 
approximately 
153 TAF in 
Critical years 
NOD, and 57 
TAF in Critical 
years to 250 
TAF in Wet 
years SOD.  
Variable 
assets include 
the following: 
use of 50% of 
any CVPIA 
3406(b)(2) 
releases 
pumped by 
SWP, flexing 
of Delta E/I 
Ratio (post-
processed 
from CalSim-II 
results), 
additional 500 
CFS pumping 
capacity at 
Banks in Jul-
Sep 

Fixed Water 
Purchases 250 
TAF/yr, 230 
TAF/yr in 40-30-
30 dry years, 
210 TAF/yr in 
40-30-30 critical 
years.  NOD 
share of annual 
purchase target 
ranges from 90% 
to 50% based on 
SWP Ag 
Allocation as an 
indicator of 
conveyance 
capacity.  
Variable/operatio
nal assets 
include use of 
50% of any 
CVPIA 
3406(b)(2) 
releases 
pumped by 
SWP, additional 
500 CFS 
pumping 
capacity at 
Banks in Jul-
Sep, source 
shifting, 
Semitropic 
Groundwater 
Bank, “spill” of 
San Luis 
carryover debt, 
and backed-up 
stored water 
from Spring 
EWA actions.   

NA Same Purchase of 
Yuba River 
stored water 
under the 
Lower Yuba 
River Accord 
(average of 48 
TAF/yr), use 
of 50% of any 
CVPIA 3406 
(b)(2) 
releases 
pumped by 
SWP, 
additional 500 
CFS pumping 
capacity at 
Banks in Jul-
Sep. 

Same NA   
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  Study 3a Study 6.0 
COMPARISON 

Study 6.1 
COMPARISON 

Study 7.0 
BASE 
MODEL 

Study 7.1 
ANALYTICAL 

Study 8.0 
ANALYTICAL 

Study 9.0 - 
9.5 
SENSITIVITY 

CalSim-II 

 Debt  Delivery debt 
paid back in 
full upon 
assessment; 
Storage debt 
paid back 
over time 
based on 
asset/action 
priorities; 
SOD and 
NOD debt 
carryover is 
explicitly 
managed or 
spilled; NOD 
debt carryover 
must be 
spilled; SOD 
and NOD 
asset 
carryover is 
allowed 

Same NA Same No Carryover 
Debt 

Same NA   

                    
Post Processing Assumptions         
WATER MANAGEMENT ACTIONS (CALFED)               
Water Transfers         
 Water 

transfers  
Acquisitions 
by SWP 
contractors 
are wheeled 
at priority in 
Banks 
Pumping 
Plant over 
non-SWP 
users 

Same NA Same Same Same NA   

 Phase 8o  Evaluate 
available 
capacity 

Same NA Same Same Same     

 Refuge Level 
4 water  

Evaluate 
available 
capacity 

Same NA Same Same Same     

 Notes:         
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  Study 3a Study 6.0 
COMPARISON 

Study 6.1 
COMPARISON 

Study 7.0 
BASE 
MODEL 

Study 7.1 
ANALYTICAL 

Study 8.0 
ANALYTICAL 

Study 9.0 - 
9.5 
SENSITIVITY 

CalSim-II 

  a The OCAP BA project description is presented in Chapter 2.   

  bClimate change sensitivity analysis assumptions and documentation are presented in Appendix R.   

  c The Sacramento Valley hydrology used in the CALSIM II model reflects 2020 land-use assumptions 
associated with Bulletin 160-98. The San Joaquin Valley hydrology reflects draft 2030 land-use assumptions 
developed by Reclamation. Development of 2030 land-use assumptions are being coordinated with the 
California Water Plan Update for future models.  

  

  d CVP contract amounts have been reviewed and updated according to existing and amended contracts as 
appropriate. Assumptions regarding CVP agricultural and M&I service contracts and Settlement Contract 
amounts are documented in Table 3A (North of Delta) and 5A (South of Delta) of Appendix D: Delivery 
Specifications section of the Technical Appendix. 

  

  e SWP contract amounts have been reviewed and updated as appropriate. Assumptions regarding SWP 
agricultural and M&I contract amounts are documented in Table 1A (North of Delta) and Table 2A (South of 
Delta) of Appendix D: Delivery Specifications section. 

  

  f Water needs for federal refuges have been reviewed and updated as appropriate. Assumptions regarding 
firm Level 2 refuge water needs are documented in Table 3A (North of Delta) and 5A (South of Delta) of 
Appendix D:Delivery Specifications. Incremental Level 4 refuge water needs have been documented as part 
of the assumptions of future water transfers. 

  

  g PCWA demand in the foreseeable existing condition is 8.5 TAF/yr of CVP contract supply diverted at the 
new American River PCWA Pump Station.  In the future scenario, PCWA is allowed 35 TAF/yr.  
Assumptions regarding American River water rights and CVP contracts are documented in Table 5 of 
Appendix D: Delivery Specifications section.  

  

  h The new CalSim-II representation of the San Joaquin River has been included in this model package 
(CalSim-II San Joaquin River Model, Reclamation, 2005). Updates to the San Joaquin River have been 
included since the preliminary model release in August 2005. The model reflects the difficulties of on-going 
groundwater overdraft problems. The 2030 level of development representation of the San Joaquin River 
Basin does not make any attempt to offer solutions to on-going groundwater overdraft problems. In addition, 
a dynamic groundwater simulation is not yet developed for San Joaquin River Valley. Groundwater 
extraction/ recharge and stream-groundwater interaction are static assumptions and may not accurately 
reflect a response to simulated actions. These limitations should be considered in the analysis of results. 

  

  i  Study 6.0 demands for CCWD are assumed equal to Study 7.0 due to data availablity with the revised 
CalSim-II model framework.  For all Studies, Los Vaqueros Reservoir storage capacity is 100 TAF. 
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  Study 3a Study 6.0 
COMPARISON 

Study 6.1 
COMPARISON 

Study 7.0 
BASE 
MODEL 

Study 7.1 
ANALYTICAL 

Study 8.0 
ANALYTICAL 

Study 9.0 - 
9.5 
SENSITIVITY 

CalSim-II 

  j Table A deliveries into the San Francisco Bay Area Region for existing cases are based on a variable 
demand and a full Table A for future cases.  The variable demand is dependent on the availability of other 
water during wet years resulting in less demand for Table A.  In the future cases it is assumed that the 
demand for full Table A will be independent of other water sources.  Article 21 demand assumes MWD 
demand of 100 TAF/mon (Dec-Mar), Kern demand of 180 TAF/mon (Jan-Dec), and other contractor demand 
of 34 TAF/mon (Jan-Dec). 

  

  k PCWA American River pumping facility upstream of Folsom Lake is under construction.   

  l Mokelumne River flows reflect EBMUD supplies associated with the Freeport Regional Water Project.   

  m The CCWD Alternate Intake Project (AIP), an intake at Victoria Canal, which operates as an alternate Delta 
diversion for Los Vaqueros Reservoir is not included in Study 8.0.  AIP is included as a separate 
consultation.  AIP will be further evaluated after regulatory and operational managment assumptions have 
been determined.   

  

  n The allocation representation in CalSim-II replicates key processes, shortage changes are checked by 
post-processing. 

  

  o This Phase 8 requirement is assumed to be met through Sacramento Valley Water Management 
Agreement Implementation. 

  

  p OCAP BA 2004 modeling used available hydrology at the time which was data developed based on 1965 
Yuba County Water Agency -Department of Fish of Game Agreement.  Since the OCAP BA 2004 modeling, 
Yuba River hydrology was revised.  Interim D-1644 is assumed to be fully implemented with or without the 
implementation of the Lower Yuba River Accord. This is consistent with the future no-action condition being 
assumed by the Lower Yuba River Accord EIS/EIR study team.  For studies with the Lower Yuba River 
Accord, an adjusted hydrology is used. 

  

  q  It is assumed that either VAMP, a functional equivalent, or D-1641 requirements would be in place in 
2030. 

  

  r The Draft Transitional Operations Plan assumptions are discussed in Chapter 2.   

  s For Studies 7.0, 7.1, and 8.0 the flow components of the proposed American River Flow Management are 
included and applied using the CVPIA 3406(b)(2).  For Study 8.0 the American River Flow Management is 
assumed to be the new minimum instream flow. 

  

  t OCAP assumes the flexibility of diversion location but does not assume the Sacramento Area Water Forum 
Water Forum "replacement water" in drier water year types. 

  

  u Aqueduct improvements that would allow an increase in South Bay Aqueduct demand at the time of model 
development were expected to be operational within 6 months.  However, a delay in the construction has 
postponed the completion.  

  

  VThe Artificial Neural Network (ANN) was updated for both salinity and X2 calculations.  Study 3a does not 
include an updated ANN, Study 6.1 has an updated salinity but not X2, and all remaining Studies include 
both the updated salinity and X2. 

  

  w North Bay Article 21 deliveries are dependent on excess conditions rather than being dependent on San 
Luis storage. 
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Figure P-1  Map of California CVP and SWP Service Areas 
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Coordinated Operations of the CVP and SWP 

Coordinated Operations Agreement  

The CVP and SWP use a common water supply in the Central Valley of California. The DWR 
and Reclamation (collectively referred to as Project Agencies) have built water conservation and 
water delivery facilities in the Central Valley in order to deliver water supplies to affected water 
rights holders as well as project contractors.  The Project Agencies’ water rights are conditioned 
by the State Water Resources Control Board (SWRCB) to protect the beneficial uses of water 
within each respective project and jointly for the protection of beneficial uses in the Sacramento 
Valley and the Sacramento-San Joaquin Delta Estuary.  The Project Agencies coordinate and 
operate the CVP and SWP to meet the joint water right requirements in the Delta. 

The Coordinated Operations Agreement (COA), signed in 1986, defines the project facilities and 
their water supplies, sets forth procedures for coordination of operations, identifies formulas for 
sharing joint responsibilities for meeting Delta standards, as the standards existed in SWRCB 
Decision 1485 (D-1485) and other legal uses of water, identifies how unstored flow will be 
shared, sets up a framework for exchange of water and services between the CVP/SWP, and 
provides for periodic review of the agreement. 

Implementing the COA 

Obligations for In-Basin Uses 
In-basin uses are defined in the COA as legal uses of water in the Sacramento Basin, including 
the water required under the SWRCB D-1485 Delta standards (D-1485 ordered the CVP and 
SWP to guarantee certain conditions for water quality protection for agricultural, municipal and 
industrial [M&I], and fish and wildlife use).  The Project Agencies are obligated to ensure water 
is available for these uses, but the degree of obligation is dependent on several factors and 
changes throughout the year, as described below.  

Balanced water conditions are defined in the COA as periods when it is mutually agreed that 
releases from upstream reservoirs plus unregulated flows approximately equals the water supply 
needed to meet Sacramento Valley in-basin uses plus exports.  Excess water conditions are 
periods when it is mutually agreed that releases from upstream reservoirs plus unregulated flow 
exceed Sacramento Valley in-basin uses plus exports.  Reclamation’s Central Valley Operations 
Office (CVOO) and DWR’s SWP Operations Control Office jointly decide when balanced or 
excess water conditions exist. 

During excess water conditions, sufficient water is available to meet all beneficial needs, and the 
CVP and SWP are not required to supplement the supply with water from reservoir storage.  
Under Article 6(g) of the COA, Reclamation and DWR have the responsibility (during excess 
water conditions) to store and export as much water as possible, within physical, legal and 
contractual limits.  In excess water conditions, water accounting is not required. However, during 
balanced water conditions, the Projects share the responsibility in meeting in-basin uses.  
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When water must be withdrawn from reservoir storage to meet in-basin uses, 75 percent of the 
responsibility is borne by the CVP and 25 percent is borne by the SWP1.  When unstored water is 
available for export (i.e., Delta exports exceed storage withdrawals while balanced water 
conditions exist), the sum of CVP stored water, SWP stored water, and the unstored water for 
export is allocated 55/45 to the CVP and SWP, respectively. 

Accounting and Coordination of Operations 
Reclamation and DWR coordinate on a daily basis to determine target Delta outflow for water 
quality, reservoir release levels necessary to meet in-basin demands, schedules for joint use of 
the San Luis Unit facilities, and for the use of each other’s facilities for pumping and wheeling. 

During balanced water conditions, daily water accounting is maintained of the CVP and SWP 
obligations.  This accounting allows for flexibility in operations and avoids the necessity of daily 
changes in reservoir releases that originate several days travel time from the Delta.  It also means 
adjustments can be made “after the fact” using actual data rather than by prediction for the 
variables of reservoir inflow, storage withdrawals, and in-basin uses. 

The accounting language of the COA provides the mechanism for determining the responsibility 
of each project for Delta outflow-influenced standards; however, real time operations dictate 
actions.  For example, conditions in the Delta can change rapidly.  Weather conditions combined 
with tidal action can quickly affect Delta salinity conditions, and therefore, the Delta outflow 
required to maintain joint standards.  If, in this circumstance, it is decided the reasonable course 
of action is to increase upstream reservoir releases, then the response will likely be to increase 
Folsom releases first.  Lake Oroville water releases require about three days to reach the Delta, 
while water released from Lake Shasta requires five days to travel from Keswick to the Delta.  
As water from the other reservoirs arrives in the Delta, Folsom releases can be adjusted 
downward.  Any imbalance in meeting each project’s designed shared obligation would be 
captured by the COA accounting. 

Reservoir release changes are one means of adjusting to changing in-basin conditions. Increasing 
or decreasing project exports can immediately achieve changes to Delta outflow. As with 
changes in reservoir releases, imbalances in meeting each project’s designed shared obligations 
are captured by the COA accounting.  

During periods of balanced water conditions, when real-time operations dictate project actions, 
an accounting procedure tracks the designed sharing water obligations of the CVP and SWP. The 
Projects produce daily and accumulated accounting balances.  The account represents the 
imbalance resulting from actual coordinated operations compared to the COA-designed sharing 
of obligations and supply. The project that is “owed” water (i.e., the project that provided more 
or exported less than its COA-defined share) may request the other project adjust its operations 
to reduce or eliminate the accumulated account within a reasonable time.  

The duration of balanced water conditions varies from year to year.  Some very wet years have 
had no periods of balanced conditions, while very dry years may have had long continuous 
periods of balanced conditions, and still other years may have had several periods of balanced 

                                                 
1 These percentages were derived from negotiations between Reclamation and DWR for SWRCB D-1485 standards 
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conditions interspersed with excess water conditions.  Account balances continue from one 
balanced water condition through the excess water condition and into the next balanced water 
condition. When the project that is owed water enters into flood control operations, at Shasta or 
Oroville, the accounting is zeroed out for that respective project.  The biological assessment 
provides a detailed description of the changes in the COA. 

State Water Resources Control Board Water Rights 

1995 Water Quality Control Plan 

The SWRCB adopted the 1995 Bay-Delta Water Quality Control Plan (WQCP) on May 22, 
1995, which became the basis of SWRCB Decision-1641.  The SWRCB continues to hold 
workshops and receive information regarding processes on specific areas of the 1995 WQCP.  
The SWRCB amended the WQCP in 2006, but to date, the SWRCB has made no significant 
changes to the 1995 WQCP framework. 

Decision 1641 

The SWRCB imposes a myriad of constraints upon the operations of the CVP and SWP in the 
Delta. With Water Rights Decision 1641, the SWRCB implements the objectives set forth in the 
SWRCB 1995 Bay-Delta WQCP and imposes flow and water quality objectives upon the 
Projects to assure protection of beneficial uses in the Delta.  The SWRCB also grants conditional 
changes to points of diversion for the Projects with D-1641.  

The various flow objectives and export restraints are designed to protect fisheries.  These 
objectives include specific outflow requirements throughout the year, specific export restraints in 
the spring, and export limits based on a percentage of estuary inflow throughout the year.  The 
water quality objectives are designed to protect agricultural, municipal and industrial, and fishery 
uses, and they vary throughout the year and by the wetness of the year. 

Figure P-2 and Figure P-3 summarize the flow and quality objectives in the Delta and Suisun 
Marsh for the Projects from D-1641.  These objectives will remain in place until such time that 
the SWRCB revisits them per petition or as a consequence to revisions to the SWRCB Water 
Quality Plan for the Bay-Delta (which is to be revisited periodically). 

On December 29, 1999, SWRCB adopted and then revised (on March 15, 2000) Decision 1641, 
amending certain terms and conditions of the water rights of the SWP and CVP.  Decision 1641 
substituted certain objectives adopted in the 1995 Bay-Delta Plan for water quality objectives 
that had to be met under the water rights of the SWP and CVP.  In effect, D-1641 obligates the 
SWP and CVP to comply with the objectives in the 1995 Bay-Delta Plan.  The requirements in 
D-1641 address the standards for fish and wildlife protection, M&I water quality, agricultural 
water quality, and Suisun Marsh salinity.  SWRCB D-1641 also authorizes SWP and CVP to 
jointly use each other’s points of diversion in the southern Delta, with conditional limitations and 
required response coordination plans.  SWRCB D-1641 modified the Vernalis salinity standard 
under SWRCB Decision 1422 to the corresponding Vernalis salinity objective in the 1995 Bay-
Delta Plan.  The criteria imposed upon the CVP and SWP are summarized in Figure P-2 
(Summary Bay-Delta Standards), Figure P-3 (Footnotes for Summary Bay-Delta Standards), and 
Figure P-4 (CVP/SWP Map). 
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Figure P-2  Summary Bay Delta Standards (See Footnotes below) 
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Figure P-3 Footnotes for Summary Bay Delta Standards (continued on next page) 
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Figure P-3  Footnotes for Summary Bay Delta Standards 
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Figure P-4  CVP/SWP Delta Map 
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Joint Points of Diversion 

 

SWRCB D-1641 granted Reclamation and DWR the ability to use/exchange each Project’s 
diversion capacity capabilities to enhance the beneficial uses of both Projects.  The SWRCB 
conditioned the use of Joint Point of Diversion (JPOD) capabilities based on a staged 
implementation and conditional requirements for each stage of implementation.  The stages of 
JPOD in SWRCB D-1641 are: 

 Stage 1 – for water service to Cross Valley Canal contractors, Tracy Veterans Cemetery 
and Musco Olive, and to recover export reductions taken to benefit fish. 

 Stage 2 – for any purpose authorized under the current project water right permits. 

 Stage 3 – for any purpose authorized up to the physical capacity of the diversion 
facilities. Stage 3 is not part of the project description. 

Each stage of JPOD has regulatory terms and conditions which must be satisfied in order to 
implement JPOD. 

All stages require a response plan to ensure water levels in the southern Delta will not be 
lowered to the injury of local riparian water users (Water Level Response Plan).  All stages 
require a response plan to ensure the water quality in the southern and Central Delta will not be 
significantly degraded through operations of the JPOD to the injury of water users in the 
southern and Central Delta. 

All JPOD diversion under excess conditions in the Delta is junior to Contra Costa Water District 
(CCWD) water right permits for the Los Vaqueros Project, and must have an X2 (the two parts 
per thousand (ppt) isohaline location in kilometers from the Golden Gate Bridge) located west of 
certain compliance locations consistent with the 1993 Los Vaqueros biological opinion for delta 
smelt. 

Stage 2 has an additional requirement to complete an operations plan that will protect fish and 
wildlife and other legal users of water.  This is commonly known as the Fisheries Response Plan. 
A Fisheries Response Plan was approved by the SWRCB in February 2007, but since it relied on 
the 2004 and 2005 biological opinions, the Fisheries Response Plan will need to be revised and 
re-submitted to the SWRCB at a future date. 

Stage 3 has an additional requirement to protect water levels in the southern Delta under the 
operational conditions of Phase II of the South Delta Improvements Program, along with an 
updated companion Fisheries Response Plan. 

Reclamation and DWR intend to apply all response plan criteria consistently for JPOD uses as 
well as water transfer uses. 

In general, JPOD capabilities will be used to accomplish four basic CVP-SWP objectives: 

 When wintertime excess pumping capacity becomes available during Delta excess 
conditions and total CVP-SWP San Luis storage is not projected to fill before the spring 
pulse flow period, the project with the deficit in San Luis storage may elect to use JPOD 
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capabilities.  Concurrently, under the CALFED Record of Decision (ROD), JPOD may 
be used to create additional water supplies for the Environmental Water Account (EWA) 
or reduce debt for previous EWA actions. 

 When summertime pumping capacity is available at Banks Pumping Plant and CVP 
reservoir conditions can support additional releases, the CVP may elect to use JPOD 
capabilities to enhance annual CVP south of Delta water supplies.  

 When summertime pumping capacity is available at Banks or Jones Pumping Plant to 
facilitate water transfers, JPOD may be used to further facilitate the water transfer. 

 During certain coordinated CVP-SWP operation scenarios for fishery entrainment 
management, JPOD may be used to shift CVP-SWP exports to the facility with the least 
fishery entrainment impact while minimizing export at the facility with the most fishery 
entrainment impact. 

Revised WQCP (2006) 

The SWRCB undertook a proceeding under its water quality authority to amend the Water 
Quality Control Plan for the San Francisco Bay/Sacramento-San Joaquin Delta Estuary (Bay-
Delta Plan) adopted in 1978 and amended in 1991 and in 1995.  Prior to commencing this 
proceeding, the SWRCB conducted a series of workshops in 2004 and 2005 to receive 
information on specific topics addressed in the Bay-Delta Plan.  

The SWRCB adopted a revised Bay-Delta Plan on December 13, 2006.  There were no changes 
to the Beneficial Uses from the 1995 Plan to the 2006 Plan, nor were any new water quality 
objectives adopted in the 2006 Plan.  A number of changes were made simply for readability. 
Consistency changes were also made to assure that sections of the 2006 Plan reflected the current 
physical condition or current regulation.  The SWRCB continues to hold workshops and receive 
information regarding Pelagic Organism Decline (POD), Climate Change, and San Joaquin 
salinity and flows, and will coordinate updates of the Bay-Delta Plan with on-going development 
of the comprehensive Salinity Management Plan. 

Real Time Decision-Making to Assist Fishery 
Management 

Introduction 

Real time decision-making to assist fishery management is a process that promotes flexible 
decision making that can be adjusted in the face of uncertainties as outcomes from management 
actions and other events become better understood.  For the proposed action high uncertainty 
exists for how to best manage water operations while protecting listed species. Sources of 
uncertainty relative to the proposed action include: 

 Hydrologic conditions 

 Ocean conditions 

 Listed species biology 
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Under the proposed action the goals for real time decision-making to assist fishery management 
are: 

 Meet contractual obligations for water delivery 

 Minimize adverse effects for listed species 

Framework for Actions 

Reclamation and DWR work closely with the Service, NMFS, and DFG to coordinate the 
operation of the CVP and SWP with fishery needs.  This coordination is facilitated through 
several forums in a cooperative management process that allows for modifying operations based 
on real-time data that includes current fish surveys, flow and temperature information, and 
salvage or loss at the project facilities, (hereinafter “triggering event”). 

Water Operations Management Team 

The Water Operations Management Team (WOMT) is comprised of representatives from 
Reclamation, DWR, the Service, NMFS, and DFG.  This management-level team was 
established to facilitate timely decision-support and decision-making at the appropriate level.  
The WOMT first met in 1999, and will continue to meet to make management decisions as part 
of the proposed action.  Routinely, it also uses the CALFED Ops Group to communicate with 
stakeholders about its decisions.  Although the goal of WOMT is to achieve consensus on 
decisions, the participating agencies retain their authorized roles and responsibilities. 

Process for Real Time Decision- Making to Assist Fishery 
Management 

Decisions regarding CVP and SWP operations to avoid and minimize adverse effects on listed 
species must consider factors that include public health, safety, water supply reliability, and 
water quality.  To facilitate such decisions, the Project Agencies and the Service, NMFS, and 
DFG have developed and refined a set of processes for various fish species to collect data, 
disseminate information, develop recommendations, make decisions, and provide transparency.  
This process consists of three types of groups that meet on a recurring basis.  Management teams 
are made up of management staff from Reclamation, DWR, the Service, NMFS, and DFG.  
Information teams are teams whose role is to disseminate and coordinate information among 
agencies and stakeholders.  Fisheries and Operations Technical Teams are made up of technical 
staff from state and Federal agencies.  These teams review the most up-to-date data and 
information on fish status and Delta conditions, and develop recommendations that fishery 
agencies’ management can use in identifying actions to protect listed species.  

The process to identify actions for protection of listed species varies to some degree among 
species but follows this general outline:  A Fisheries or Operations Technical Team compiles and 
assesses current information regarding species, such as stages of reproductive development, 
geographic distribution, relative abundance, and physical habitat conditions; it then provides a 
recommendation to the agency with statutory obligation to enforce protection of the species in 
question.  The agency’s staff and management will review the recommendation and use it as a 
basis for developing, in cooperation with Reclamation and DWR, a modification of water 
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operations that will minimize adverse effects to listed species by the Projects.  If the Project 
Agencies do not agree with the action, then the fishery agency with the statutory authority will 
make a final decision on an action that they deem necessary to protect the species.  

The outcomes of protective actions that are implemented will be monitored and documented, and 
this information will inform future recommended actions. 

Groups Involved in Real Time Decision-Making to Assist Fishery 
Management and Information Sharing  

Information Teams 

CALFED Ops and Subgroups 
The CALFED Ops Group consists of the Project agencies, the fishery agencies, SWRCB staff, 
and the U.S. Environmental Protection Agency (EPA).  The CALFED Ops Group generally 
meets eleven times a year in a public setting so that the agencies can inform each other and 
stakeholders about current the operations of the CVP and SWP, implementation of the CVPIA 
and State and Federal endangered species acts, and additional actions to contribute to the 
conservation and protection of State- and Federally-listed species.  The CALFED Ops Group 
held its first public meeting in January 1995, and during the next six years the group developed 
and refined its process.  The CALFED Ops Group has been recognized within SWRCB D-1641, 
and elsewhere, as one forum for coordination on decisions to exercise certain flexibility that has 
been incorporated into the Delta standards for protection of beneficial uses (e.g., E/I ratios, and 
some DCC closures).  Several teams were established through the Ops Group process.  These 
teams are described below: 

Data Assessment Team (DAT) 
The DAT consists of technical staff members from the Project and fishery agencies as well as 
stakeholders.  The DAT meets frequently2 during the fall, winter, and spring.  The purpose of the 
meetings is to coordinate and disseminate information and data among agencies and stakeholders 
that is related to water project operations, hydrology, and fish surveys in the Delta.  

Integrated Water Operations and Fisheries Forum 
The Integrated Water Operations and Fisheries Forum (IWOFF) provides the forum for 
executives and managers of Reclamation, DWR, DFG, the Service, NMFS, USEPA and the 
SWRCB to meet and discuss current and proposed action planning, permitting, funding, and 
Endangered Species Act compliance, which affect the workloads and activities of these 
organizations.  IWOFF provides a forum for elevation of these matters if staff is unable to reach 
resolution on process/procedures requiring interagency coordination. IWOFF may also elevate 
such decisions up to the Director level at their discretion. 

                                                 
2 The DAT holds weekly conference calls and may have additional discussions during other times as needed.  
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B2 Interagency Team (B2IT) 
The B2IT was established in 1999 and consists of technical staff members from the Project and 
fisheries agencies.  The B2IT meets weekly to discuss implementation of section 3406 (b)(2) of 
the CVPIA, which mandates the dedication of CVP water supply for environmental purposes.  
B2IT communicates with WOMT to ensure coordination with the other operational programs or 
resource-related aspects of project operations, including flow and temperature issues. 

Technical Teams 

Fisheries Technical Teams  

Several fisheries specific teams have been established to provide guidance and recommendations 
on resource management issues. These teams include: 

The Sacramento River Temperature Task Group (SRTTG) 
The SRTTG is a multiagency group formed pursuant to SWRCB Water Rights Orders 90-5 and 
91-1, to assist with improving and stabilizing Chinook population in the Sacramento River.  
Annually, Reclamation develops temperature operation plans for the Shasta and Trinity 
Divisions of the CVP.  These plans consider impacts on winter-run and other races of Chinook 
salmon, and associated Project operations.  The SRTTG meets initially in the spring to discuss 
biological, hydrologic, and operational information, objectives, and alternative operations plans 
for temperature control.  Once the SRTTG has recommended an operation plan for temperature 
control, Reclamation then submits a report to the SWRCB, generally on or before June 1st each 
year. 

After implementation of the operation plan, the SRTTG may perform additional studies and 
commonly holds meetings as needed, typically monthly through the summer and into fall, to 
develop revisions based on updated biological data, reservoir temperature profiles, and 
operations data.  Updated plans may be needed for summer operations protecting winter-run, or 
in fall for fall-run spawning season.  If there are any changes in the plan, Reclamation submits a 
supplemental report to SWRCB. 

Smelt Working Group (SWG) 
The SWG evaluates biological and technical issues regarding delta smelt and develops 
recommendations for consideration by the Service.  Since the longfin smelt (Spirinchus 
thaleichthys) became a state candidate species in 2008, the SWG has also developed for DFG 
recommendations to minimize adverse effects to longfin smelt.  The SWG consists of 
representatives from the Service, DFG, DWR, EPA, and Reclamation.  The Service chairs the 
group, and members are assigned by each agency. 

The SWG compiles and interprets the latest near real-time information regarding state- and 
federally-listed smelt, such as stages of development, distribution, and salvage. After evaluating 
available information and if they agree that a protection action is warranted, the SWG will 
submit their recommendations in writing to the Service and DFG.  

The SWG may meet at any time at the request of the Service, but generally meets weekly during 
the months of December through June, when smelt salvage at Jones and Banks has occurred 
historically. However, the Delta Smelt Risk Assessment Matrix (see below) outlines the 
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conditions when the SWG will convene to evaluate the necessity of protective actions and 
provide the Service with a recommendation. Further, with the State listing of longfin smelt, the 
group will also convene based on longfin salvage history at the request of DFG. 

Delta Smelt Risk Assessment Matrix (DSRAM) 
The SWG will employ a delta smelt risk assessment matrix to assist in evaluating the need for 
operational modifications of SWP and CVP to protect delta smelt. This document will be a 
product and tool of the SWG and will be modified by the SWG with the approval of the Service, 
in consultation with Reclamation, DWR and DFG, as new knowledge becomes available. The 
currently approved DSRAM is Attachment A.  

If an action is taken, the SWG will follow up on the action to attempt to ascertain its 
effectiveness. The ultimate decision-making authority rests with the Service. An assessment of 
effectiveness will be attached to the notes from the SWG’s discussion concerning the action.  

The Salmon Decision Process 
The Salmon Decision Process is used by the fishery agencies and Project agencies to facilitate 
the often complex coordination issues surrounding DCC gate operations and the purposes of 
fishery protection closures, Delta water quality, and/or export reductions. Inputs such as fish 
lifestage and size development, current hydrologic events, fish indicators (such as the Knight’s 
Landing Catch Index and Sacramento Catch Index), and salvage at the export facilities, as well 
as current and projected Delta water quality conditions, are used to determine potential DCC 
closures and/or export reductions. The coordination process has worked well during the recent 
fall and winter DCC operations in recent years and is expected to be used in the present or 
modified form in the future. 

American River Group 
In 1996, Reclamation established a working group for the Lower American River, known as 
American River Group (ARG). Although open to the public, the ARG meetings generally 
include representatives from several agencies and organizations with on-going concerns and 
interests regarding management of the Lower American River. The formal members of the group 
are Reclamation, the Service, NMFS, and DFG.  

The ARG convenes monthly or more frequently if needed, with the purpose of providing fishery 
updates and reports to Reclamation to help manage Folsom Reservoir for fish resources in the 
Lower American River. 

San Joaquin River Technical Committee (SJRTC) 
The SJRTC meets for the purposes of planning and implementing the Vernalis Adaptive 
Management Plan (VAMP) each year and oversees two subgroups: the Biology subgroup, and 
the Hydrology subgroup. These two groups are charged with certain responsibilities, and must 
also coordinate their activities within the San Joaquin River Agreement (SJRA) Technical 
Committee. 
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Operations Technical Teams 

An operations specific team is established to provide guidance and recommendations on 
operational issues and one is proposed for the South Delta Improvement Program (SDIP) 
operable gates. These teams are: 

Delta Cross Channel Project Work Team 
The DCC Project Work Team is a multiagency group under CALFED. Its purpose is to 
determine and evaluate the affects of DCC gate operations on Delta hydrodynamics, water 
quality, and fish migration.  

Gate Operations Review Team 
When the gates proposed under SDIP Stage 1 are in place and operational, a federal and state 
interagency team will be convened to discuss constraints and provide input to the existing 
WOMT. The Gate Operations Review Team (GORT) will make recommendations for the 
operations of the fish control and flow control gates to minimize impacts on resident threatened 
and endangered species and to meet water level and water quality requirements for South Delta 
water users. The interagency team will include representatives of DWR, Reclamation, the 
Service, NMFS, and DFG.  DWR will be responsible for providing predictive modeling, and 
SWP Operations Control Office will provide operations forecasts. Reclamation will be 
responsible for providing CVP operations forecasts, including San Joaquin River flow, and data 
on current water quality conditions. Other members will provide the team with the latest 
information related to South Delta fish species and conditions for crop irrigation.  Operations 
plans would be developed using the Delta Simulation Model 2 (DSM2), forecasted tides, and 
proposed diversion rates of the projects to prepare operating schedules for the existing CCF gates 
and the four proposed operable gates. The Service will use the SWG for recommendations 
regarding gate operations. 

Uses of Environmental Water Accounts 

CVPIA Section 3406 (b)(2)  

On May 9, 2003, the Department of the Interior issued its Decision on Implementation of Section 
3406 (b)(2) of the CVPIA.  Dedication of (b)(2) water occurs when Reclamation takes a fish, 
wildlife, or habitat restoration action based on recommendations of the Service (and in 
consultation with NMFS and DFG), pursuant to Section 3406 (b)(2).  Dedication and 
management of (b)(2) water may also assist in meeting WQCP fishery objectives and help meet 
the needs of fish listed under the ESA as threatened or endangered since the enactment of the 
CVPIA.  

The May 9, 2003, decision describes the means by which the amount of dedicated (b)(2) water is 
determined.  Planning and accounting for (b)(2) action is done cooperatively and occurs 
primarily through weekly meetings of the B2IT.  Actions usually take one of two forms: in-
stream flow augmentation below CVP reservoirs or CVP Jones pumping reductions in the Delta.  
Chapter 9 of the biological assessment contains a more detailed description of (b)(2) operations, 
as characterized in the CALSIM II modeling assumptions and results of the modeling are 
summarized. 
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CVPIA 3406 (b)(2) Operations on Clear Creek 

Dedication of (b)(2) water on Clear Creek provides actual in-stream flows below Whiskeytown 
Dam greater than those that would have occurred under pre-CVPIA regulations, e.g., the fish and 
wildlife minimum flows specified in the 1963 proposed release schedule.  In-stream flow 
objectives are usually taken from the AFRP’s plan, in consideration of spawning and incubation 
of fall-run Chinook salmon.  Augmentation in the summer months is usually in consideration of 
water temperature objectives for steelhead and in late summer for spring-run Chinook salmon. 

Reclamation will provide Townsend with up to 6,000 AF of water annually.  If the full 6,000 AF 
is delivered, then 900 AF will be dedicated to (b)(2) according to the August 2000 agreement. 

CVPIA 3406 (b)(2) Operations on the Upper Sacramento River 

Dedication of (b)(2) water on the Sacramento River provides actual in-stream flows below 
Keswick Dam greater than those that would have occurred under pre-CVPIA regulations, e.g., 
the fish and wildlife requirements specified in WR 90-5 and the criteria formalized in the 1993 
NMFS Winter-run biological opinion as the base.  In-stream flow objectives from October 1 to 
April 15 (typically April 15 is when water temperature objectives for winter-run Chinook salmon 
become the determining factor) are usually selected to minimize dewatering of redds and provide 
suitable habitat for salmonid spawning, incubation, rearing, and migration.  

CVPIA 3406 (b)(2) Operations on the Lower American River 

Dedication of (b)(2) water on the American River provides actual in-stream flows below Nimbus 
Dam greater than those that would have occurred under pre-CVPIA regulations, (e.g. the fish and 
wildlife requirements previously mentioned in the American River Division).  In-stream flow 
objectives from October through May generally aim to provide suitable habitat for salmon and 
steelhead spawning, incubation, and rearing, while considering impacts to American River 
operations the rest of the year.  In-stream flow objectives for June to September endeavor to 
provide suitable flows and water temperatures for juvenile steelhead rearing while balancing the 
effects on temperature operations into October and November.  

 Flow Fluctuation and Stability Concerns: 

Through CVPIA, Reclamation has funded studies by DFG to better define the 
relationships of Nimbus release rates and rates of change criteria in the Lower American 
River to minimize the negative effects of necessary Nimbus release changes on sensitive 
fishery objectives.  Reclamation is presently using draft criteria developed by DFG.  The 
draft criteria have helped reduce the incidence of anadromous fish stranding relative to 
past historic operations.  The primary operational coordination for potentially sensitive  
Nimbus Dam release changes is conducted through the B2IT process.  

CVPIA 3406 (b)(2) Operations on the Stanislaus River 

Dedication of (b)(2) water on the Stanislaus River provides actual in-stream flows below 
Goodwin Dam greater than the fish and wildlife requirements discussed in the East Side 
Division, and in the past has been generally consistent with the Interim Plan of Operation (IPO) 
for New Melones.  In-stream fishery management flow volumes on the Stanislaus River, as part 
of the IPO, are based on the New Melones end-of-February storage plus forecasted March to 
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September inflow as shown in the IPO.  The volume determined by the IPO is a combination of 
fishery flows pursuant to the 1987 DFG Agreement and the Service AFRP in-stream flow goals.  
The fishery volume is then initially distributed based on modeled fish distributions and patterns 
used in the IPO.  

Actual in-stream fishery management flows below Goodwin Dam will be determined in 
accordance with the Decision on Implementation of Section 3406 (b)(2) of the CVPIA.  
Reclamation has begun a process to develop a long-term operations plan for New Melones.  The 
ultimate long-term plan will be coordinated with B2IT members, along with the stakeholders and 
the public before it is finalized.  

CVPIA 3406 (b)(2) Operations in the Delta 

Export curtailments at the CVP Jones Pumping Plant and increased CVP reservoir releases  
required to meet SWRCB D-1641’s Objectives for Fish and Wildlife Beneficial Uses, as well as 
direct export reductions for fishery management using dedicated (b)(2) water at the CVP Jones 
Pumping Plant, will be determined in accordance with the Interior Decision on Implementation 
of Section 3406 (b)(2) of the CVPIA. Direct Jones Pumping Plant export curtailments for fishery 
management protection will be based on coordination with the weekly B2IT meetings and vetted 
through WOMT, as necessary.  

Environmental Water Account 

The original Environmental Water Account (EWA) was established in 2000 by the CALFED 
ROD, and operating criteria area described in detail in the EWA Operating Principles Agreement 
attachment to the ROD.  In 2004, the EWA was extended to operate through the end of 2007. 
Reclamation, the Service, and NMFS have received Congressional authorization to participate in 
the EWA at least through September 30, 2010, per the CALFED Bay-Delta Authorization Act 
(PL-108-361).  However, for these Federal agencies to continue participation in the EWA 
beyond 2010, additional authorization will be required.   

The original purpose of the EWA was to enable diversion of water by the SWP and CVP from 
the Delta to be reduced at times when at risk fish species may be harmed while preventing the 
uncompensated loss of water to SWP and CVP contractors.  Typically the EWA replaced water 
loss due to curtailment of pumping by purchase of surface or groundwater supplies from willing 
sellers and by taking advantage of regulatory flexibility and certain operational assets.  Under 
past operations, from 2001 through 2007, when there were pumping curtailments at Banks 
Pumping Plant to protect Delta fish the EWA often owed a debt of water to the SWP, usually 
reflected in San Luis Reservoir.  

The EWA agencies (the Project and fisheries agencies) are currently undertaking environmental 
review to determine the future of EWA.  Because no decision has yet been made regarding 
EWA, for the purposes of this project description, EWA is analyzed with limited assets, focusing 
on providing assets to support VAMP and in some years, the “post – VAMP shoulder”.  The 
EWA assets include the following: 

 Implementation of the Yuba Accord Component 1 Water, which is an average 60,000 AF 
of water released annually from the Yuba River to the Delta, is an EWA asset through 
2015, with a possible extension through 2025.  The 60,000 AF is expected to be reduced 
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by carriage water costs in most years, estimated at 20 percent, leaving an EWA asset of 
48,000 AF per year.  The SWP will provide the 48,000 AF per year asset from Project 
supplies beyond 2015 in the event that Yuba Accord Component 1 Water is not extended. 

 Purchases of assets to the extent funds are available. 

 Operational assets granted the EWA in the CALFED ROD:  

 A 50 percent share of SWP export pumping of (b)(2) water and ERP water from 
upstream releases;  

 A share of the use of SWP pumping capacity in excess of the SWP’s needs to meet 
contractor requirements with the CVP on an equal basis, as needed (such use may be 
under Joint Point of Diversion); 

 Any water acquired through export/inflow ratio flexibility; and  

 Use of 500 cubic-feet per second (cfs) increase in authorized Banks Pumping Plant 
capacity in July through September (from 6,680 to 7,180 cfs). 

 Storage in Project reservoirs upstream of the Delta as well as in San Luis Reservoir, 
with a lower priority than Project water.  Such stored water will share storage priority 
with water acquired for Level 4 refuge needs. 

Operational assets averaged 82,000 AF from 2001-2006, with a range from 0 to 150,000 AF. 

500 cfs Diversion Increase During July, August, and September  

Under this operation, the maximum allowable daily diversion rate into Clifton Court Forebay 
(CCF) during the months of July, August, and September increases from 13,870 AF to 14,860 
AF and three-day average diversions from 13,250 AF to 14,240 AF (500 cfs per day equals 990 
AF).  The increase in diversions has been permitted and in place since 2000. The current permit 
expired on September 30, 2008.  An application has been made to the U.S. Army Corps of 
Engineers (Corps) for permitting the implementation of this operation.  The description of the 
500 cfs increased diversion in the permit application to the Corps will be consistent with the 
following description:   

The purpose of this diversion increase into CCF for use by the SWP is to recover export 
reductions made due to the ESA or other actions taken to benefit fisheries resources.  The 
increased diversion rate will not result in any increase in water supply deliveries than would 
occur in the absence of the increased diversion rate.  This increased diversion over the three-
month period would result in an amount not to exceed 90 TAF each year.  Increased diversions 
above the 48 TAF discussed previously could occur for a number of reasons including: 

1) Actual carriage water loss on the 60 TAF of current year’s Yuba Accord Component 
1 Water is less than the assumed 20 percent. 

2) Diversion of Yuba Accord Component 1 Water exceeds the current year’s 60 TAF 
allotment to make up for a Yuba Accord Component 1 deficit from a previous year. 

3) In very wet years, the diversion of excess Delta outflow goes above and beyond the 
Yuba Accord Component 1 Water allotment. 
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Variations to hydrologic conditions coupled with regulatory requirements may limit the ability of 
the SWP to fully utilize the proposed increased diversion rate.  Also, facility capabilities may 
limit the ability of the SWP to fully utilize the increased diversion rate. 

In years where the accumulated export under the 500 cfs increased diversion exceeds 48 TAF, 
the additional asset will be held in the SWP share of San Luis Reservoir, as long as space is 
available, to be applied to an export reduction specified by the fish agencies for the immediate 
water year (WY).  For example, if 58 TAF were exported under the increased diversion during 
July through September, then 10 TAF of additional asset would be in San Luis Reservoir on 
September 30.  The fish agencies may choose to apply this asset to an export reduction during 
the early winter or take a risk that space for storing the asset will remain in the SWP share of San 
Luis Reservoir and be available to be applied to the VAMP or post-VAMP export reduction in 
the spring.  If the asset remains available for the VAMP and post-VAMP shoulder, it would 
increase the export reduction during that period by an equal amount.  In this example, the export 
would be reduced an additional 10 TAF. 
 
As the winter and spring progress, the SWP share of San Luis Reservoir may fill and the space 
will no longer be available to store the asset.  If this happens, the asset will be converted to SWP 
supply stored in San Luis Reservoir and the SWP exports from the Delta will be reduced at that 
time by the same volume as the asset.  Any reductions in exports resulting from this situation are 
expected to occur in the December-March period.   
 
Implementation of the proposed action is contingent on meeting the following conditions: 
 
1. The increased diversion rate will not result in an increase in annual SWP water supply 

allocations other than would occur in the absence of the increased diversion rate.  Water 
pumped due to the increased capacity will only be used to offset reduced diversions that 
occurred or will occur because of ESA or other actions taken to benefit fisheries. 

 
2. Use of the increased diversion rate will be in accordance with all terms and conditions of 

existing biological opinions governing SWP operations. 
 
3. All three temporary agricultural barriers (Middle River, Old River near Tracy and Grant Line 

Canal) must be in place and operating when SWP diversions are increased.  When the 
temporary barriers are replaced by the permanent operable flow-control gates, proposed as 
Stage 1 of the South Delta Improvements Program, the gates must be operating to their 
specified criteria. 

 
4. Between July 1 and September 30, prior to the start of or during any time at which the SWP 

has increased its diversion rate in accordance with the approved operations plan, if the 
combined salvage of listed fish species reaches a level of concern, real-time decision making 
will be implemented.  The relevant fish regulatory agency will determine whether the 500 cfs 
increased diversion is or continues to be implemented.   

 



 

 37

Central Valley Project 

Central Valley Project Improvement Act 

On October 30, 1992, Public Law 102-575, (Reclamation Projects Authorization and Adjustment 
Act of 1992) was passed. Included in the law was Title 34, the Central Valley Project 
Improvement Act (CVPIA).  The CVPIA amended previous authorizations of the CVP to include 
fish and wildlife protection, restoration, and mitigation as project purposes having equal priority 
with irrigation and domestic water supply uses, and fish and wildlife enhancement having an 
equal priority with power generation. Changes mandated by the CVPIA include: 

 Dedicating 800,000 AF annually to fish, wildlife, and habitat restoration 

 Authorizing water transfers outside the CVP service area 

 Implementing an anadromous fish restoration program 

 Creating a restoration fund financed by water and power users 

 Providing for the Shasta Temperature Control Device 

 Implementing fish passage measures at Red Bluff Diversion Dam (RBDD) 

 Calling for planning to increase the CVP yield 

 Mandating firm water supplies for Central Valley wildlife refuges 

 Improving the Tracy Fish Collection Facility (TFCF) 

 Meeting Federal trust responsibility to protect fishery resources (Trinity River)  

The CVPIA is being implemented as authorized. The Final Programmatic Environmental Impact 
Statement (PEIS) for the CVPIA analyzed projected conditions in 2022, 30 years from the 
CVPIA’s adoption in 1992.  The Final PEIS was released in October 1999 and the CVPIA 
Record of Decision (ROD) was signed on January 9, 2001.  The biological opinions were issued 
on November 21, 2000. 

Water Service Contracts, Allocations and Deliveries 

Water Needs Assessment 

Water needs assessments have been performed for each CVP water contractor eligible to 
participate in the CVP long-term contract renewal process.  Water needs assessments confirm a 
contractor’s past beneficial use and determine future CVP water supplies needed to meet the 
contractor’s anticipated future demands.  The assessments are based on a common methodology 
used to determine the amount of CVP water needed to balance a contractor’s water demands 
with available surface and groundwater supplies.  All of the contractor assessments have been 
finalized. 



 

 38

Future American River Operations - Water Service Contracts and Deliveries 

Surface water deliveries from the American River are made to various water rights entities and 
CVP contractors.  Total American River Division annual demands on the American and 
Sacramento Rivers are estimated to increase from about 324,000 acre-feet in 2005 and 605,000 
acre-feet in 2030 without the Freeport Regional Water Project maximum of 133,000 acre-feet 
during drier years.  Reclamation is negotiating the renewal of 13 long-term water service 
contracts, four Warren Act contracts, and has a role in six infrastructure or Folsom Reservoir 
operations actions influencing the management of American River Division facilities and water 
use.  

Water Allocation – CVP 

The water allocation process for CVP begins in the fall when preliminary assessments are made 
of the next year’s water supply possibilities, given current storage conditions combined with a 
range of hydrologic conditions.  These preliminary assessments may be refined as the WY 
progresses. Beginning February 1, forecasts of WY runoff are prepared using precipitation to 
date, snow water content accumulation, and runoff to date. All of CVP’s Sacramento River 
Settlement water rights contracts and San Joaquin River Exchange contracts require that 
contractors be informed no later than February 15 of any possible deficiency in their supplies.  In 
recent years, February 20th has been the target date for the first announcement of all CVP 
contractors’ forecasted water allocations for the upcoming contract year.  Forecasts of runoff and 
operations plans are updated at least monthly between February and May. 

Reclamation uses the 90 percent probability of exceedance forecast as the basis of water 
allocations. Furthermore, NMFS reviews the operations plans devised to support the initial water 
allocation, and any subsequent updates to them, for sufficiency with respect to the criteria for 
Sacramento River temperature control. 

CVP M&I Water Shortage Operational Assumptions 

The CVP has 253 water service contracts (including Sacramento River Settlement Contracts).  
These water service contracts have had varying water shortage provisions (e.g., in some 
contracts, municipal and industrial (M&I) and agricultural uses have shared shortages equally; in 
most of the larger M&I contracts, agricultural water has been shorted 25 percent of its contract 
entitlement before M&I water was shorted, after which both shared shortages equally).  

The M&I minimum shortage allocation does not apply to contracts for the (1) Friant Division, 
(2) New Melones interim supply, (3) Hidden and Buchanan Units, (4) Cross Valley contractors, 
(5) San Joaquin River Exchange settlement contractors, and (6) Sacramento River settlement 
contractors.  Any separate shortage-related contractual provisions will prevail.  

There will be a minimum shortage allocation for M&I water supplies of 75 percent of a 
contractor’s historical use (i.e., the last three years of water deliveries unconstrained by the 
availability of CVP water).  Historical use can be adjusted for growth, extraordinary water 
conservation measures, and use of non-CVP water as those terms are defined in the proposed 
policy.  Before the M&I water allocation is reduced, the irrigation water allocation would be 
reduced below 75 percent of contract entitlement.  
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When the allocation of irrigation water is reduced below 25 percent of contract entitlement, 
Reclamation will reassess the availability of CVP water and CVP water demand; however, due 
to limited water supplies during these times, M&I water allocation may be reduced below 75 
percent of adjusted historical use during extraordinary and rare times such as prolonged and 
severe drought.  Under these extraordinary conditions allocation percentages for both South of 
Delta and North of Delta irrigation and M&I contractors are the same.  

Reclamation will deliver CVP water to all M&I contractors at not less than a public health and 
safety level if CVP water is available, if an emergency situation exists, but not exceeding 75 
percent on contract total (and taking into consideration water supplies available to the M&I 
contractors from other sources).  This is in recognition, however, that the M&I allocation may, 
nevertheless, fall to 50 percent as the irrigation allocation drops below 25 percent and 
approaches zero due to limited CVP supplies.  

       Allocation Modeling Assumptions: 

 Ag 100% to 75% then M&I is at 100% 

 Ag 70%  M&I 95% 

 Ag 65%  M&I 90% 

 Ag 60%  M&I 85% 

 Ag 55%  M&I 80% 

 Ag 50% to 25% M&I 75% 

Dry and Critical Years: 

 Ag 20%  M&I 70% 

 Ag 15%  M&I 65% 

 Ag 10%  M&I 60% 

 Ag 5%   M&I 55% 

 Ag 0%   M&I 50%  

Project Facilities 

Trinity River Division Operations 

The Trinity River Division, completed in 1964, includes facilities to store and regulate water in 
the Trinity River, as well as facilities to divert water to the Sacramento River Basin.  Trinity 
Dam is located on the Trinity River and regulates the flow from a drainage area of approximately 
720 square miles.  The dam was completed in 1962, forming Trinity Lake, which has a 
maximum storage capacity of approximately 2.4 million acre-feet (MAF).  See map in Figure P-
5. 
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The mean annual inflow to Trinity Lake from the Trinity River is about 1.2 MAF per year.  
Historically, an average of about two-thirds of the annual inflow has been diverted to the 
Sacramento River Basin (1991-2003). Trinity Lake stores water for release to the Trinity River 
and for diversion to the Sacramento River via Lewiston Reservoir, Clear Creek Tunnel, 
Whiskeytown Reservoir, and Spring Creek Tunnel where it commingles in Keswick Reservoir 
with Sacramento River water released from both the Shasta Dam and Spring Creek Debris Dam.  
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Figure P-5 Shasta-Trinity System 
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Safety of Dams at Trinity Reservoir 
Periodically, increased water releases are made from Trinity Dam consistent with Reclamation 
Safety of Dams criteria intended to prevent overtopping of Trinity Dam.  Although flood control 
is not an authorized purpose of the Trinity River Division, flood control benefits are provided 
through normal operations.  

The Safety of Dams release criteria specifies that Carr Powerplant capacity should be used as a 
first preference destination for Safety of Dams releases made at Trinity Dam. Trinity River 
releases are made as a second preference destination.  During significant Northern California 
high water flood events, the Sacramento River water stages are also at concern levels.  Under 
such high water conditions, the water that would otherwise move through Carr Powerplant is 
routed to the Trinity River.  Total river release can reach up to 11,000 cfs below Lewiston Dam 
(under Safety of Dams criteria) due to local high water concerns in the flood plain and local 
bridge flow capacities.  The Safety of Dam criteria provides seasonal storage targets and 
recommended releases November 1 to March 31. During May 2006 the river flows were over 
10,000 cfs for several days. 

Fish and Wildlife Requirements on Trinity River 
Based on the Trinity River Mainstem Fishery Restoration ROD, dated December 19, 2000, 
368,600 to 815,000 AF is allocated annually for Trinity River flows.  This amount is scheduled 
in coordination with the Service to best meet habitat, temperature, and sediment transport 
objectives in the Trinity Basin.  

Temperature objectives for the Trinity River are set forth in SWRCB order WR 90-5 (Also see 
Table P-2 below).  These objectives vary by reach and by season. Between Lewiston Dam and 
Douglas City Bridge, the daily average temperature should not exceed 60 degrees Fahrenheit 
(F) from July 1 to September 14, and 56F from September 15 to October 1.  From October 1 to 
December 31, the daily average temperature should not exceed 56F between Lewiston Dam and 
the confluence of the North Fork Trinity River.  Reclamation consults with the Service in 
establishing a schedule of releases from Lewiston Dam that can best achieve these objectives. 

For the purpose of determining the Trinity Basin WY type, forecasts using the 50 percent 
exceedance as of April 1st are used.  There are no make-up/or increases for flows forgone if the 
WY type changes up or down from an earlier 50 percent forecast. In the modeling, actual historic 
Trinity inflows were used rather than a forecast.  There is a temperature curtain in Lewiston 
Reservoir that provides for lower temperature water releases into the Trinity River. 
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Table P-2  Water temperature objectives for the Trinity River during the summer, fall, and winter as 
established by the CRWQCB-NCR (California Regional Water Quality Control Board North Coast 
Region) 

Temperature Objective (F)  

Date Douglas City (RM 93.8) North Fork Trinity River (RM 72.4) 

July 1 through Sept 14 60 - 

Sept 15 through Sept 30 56 - 

Oct 1 through Dec 31 - 56 

 

Transbasin Diversions 
Diversion of Trinity water to the Sacramento Basin provides limited water supply and 
hydroelectric power generation for the CVP and assists in water temperature control in the 
Trinity River and upper Sacramento River.  The amounts and timing of the Trinity exports are 
determined by subtracting Trinity River scheduled flow and targeted carryover storage from the 
forecasted Trinity water supply.  

The seasonal timing of Trinity exports is a result of determining how to make best use of a 
limited volume of Trinity export (in concert with releases from Shasta) to help conserve cold 
water pools and meet temperature objectives on the upper Sacramento and Trinity rivers, as well 
as power production economics.  A key consideration in the export timing determination is the 
thermal degradation that occurs in Whiskeytown Lake due to the long residence time of 
transbasin exports in the lake.  

To minimize the thermal degradation effects, transbasin export patterns are typically scheduled 
by an operator to provide an approximate 120,000 AF volume to occur in late spring to create a 
thermal connection to the Spring Creek Powerhouse before larger transbasin volumes are 
scheduled to occur during the hot summer months (Figure P-6).  Typically, the water flowing 
from the Trinity Basin through Whiskeytown Lake must be sustained at fairly high rates to avoid 
warming and to function most efficiently for temperature control.  The time period for which 
effective temperature control releases can be made from Whiskeytown Lake may be compressed 
when the total volume of Trinity water available for export is limited. 

Export volumes from Trinity are made in coordination with the operation of Shasta Reservoir.  
Other important considerations affecting the timing of Trinity exports are based on the utility of 
power generation and allowances for normal maintenance of the diversion works and generation 
facilities. 
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Figure P-6  Sacramento-Trinity Water Quality Network (with river miles [RM]) 
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Trinity Lake historically reached its greatest storage level at the end of May.  With the present 
pattern of prescribed Trinity releases, maximum storage may occur by the end of April or in 
early May. 

Reclamation maintains at least 600,000 AF in Trinity Reservoir, except during the 10 to 15 
percent of the years when Shasta Reservoir is also drawn down.  Reclamation will address end of 
WY carryover on a case-by-case basis in dry and critically dry WY types with the Service and 
NMFS through the WOMT and B2IT processes. 

Whiskeytown Reservoir Operations 
Since 1964, a portion of the flow from the Trinity River Basin has been exported to the 
Sacramento River Basin through the CVP facilities.  Water is diverted from the Trinity River at 
Lewiston Dam via the Clear Creek Tunnel and passes through the Judge Francis Carr 
Powerhouse as it is discharged into Whiskeytown Lake on Clear Creek.  From Whiskeytown 
Lake, water is released through the Spring Creek Power Conduit to the Spring Creek Powerplant 
and into Keswick Reservoir.  All of the water diverted from the Trinity River, plus a portion of 
Clear Creek flows, is diverted through the Spring Creek Power Conduit into Keswick Reservoir.  

Spring Creek also flows into the Sacramento River and enters at Keswick Reservoir.  Flows on 
Spring Creek are partially regulated by the Spring Creek Debris Dam.  Historically (1964-1992), 
an average annual quantity of 1,269,000 AF of water has been diverted from Whiskeytown Lake 
to Keswick Reservoir.  This annual quantity is approximately 17 percent of the flow measured in 
the Sacramento River at Keswick. 

Whiskeytown is normally operated to (1) regulate inflows for power generation and recreation; 
(2) support upper Sacramento River temperature objectives; and (3) provide for releases to Clear 
Creek consistent with the CVPIA Anadromous Fish Restoration Program (AFRP) objectives.  
Although it stores up to 241,000 AF, this storage is not normally used as a source of water 
supply.  There is a temperature curtain in Whiskeytown Reservoir. 

Spillway Flows below Whiskeytown Lake 
Whiskeytown Lake is drawn down approximately 35,000 AF per year of storage space during 
November through April to regulate flows for power generation.  Heavy rainfall events 
occasionally result in spillway discharges to Clear Creek, as shown in Table P-3 below. 

Table P-3  Days of Spilling below Whiskeytown and 40-30-30 Index from Water Year 1978 to 2005, 
WY Types: W=Wet, AN=Above Normal, BN=Below Normal, D=Dry, C=Critical 

Water Year Days of Spilling 40-30-30 Index 

1978 5 AN 
1979 0 BN 
1980 0 AN 
1981 0 D 
1982 63 W 
1983 81 W 
1984 0 W 
1985 0 D 
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Water Year Days of Spilling 40-30-30 Index 

1986 17 W 
1987 0 D 
1988 0 C 
1989 0 D 
1990 8 C 
1991 0 C 
1992 0 C 
1993 10 AN 
1994 0 C 
1995 14 W 
1996 0 W 
1997 5 W 
1998 8 W 
1999 0 W 
2000 0 AN 
2001 0 D 
2002 0 D 
2003 8 AN 
2004 0 BN 
2005 0 AN 
2006 4 W 
2007 0 D 

 

Operations at Whiskeytown Lake during flood conditions are complicated by its operational 
relationship with the Trinity River, Sacramento River, and Clear Creek.  On occasion, imports of 
Trinity River water to Whiskeytown Reservoir may be suspended to avoid aggravating high flow 
conditions in the Sacramento Basin. 

Fish and Wildlife Requirements on Clear Creek 
Water rights permits issued by the SWRCB for diversions from Trinity River and Clear Creek 
specify minimum downstream releases from Lewiston and Whiskeytown Dams, respectively.  
Two agreements govern releases from Whiskeytown Lake:  

 A 1960 Memorandum of Agreement (MOA) with the DFG established minimum flows to 
be released to Clear Creek at Whiskeytown Dam, Table P-4 . 

 A 1963 release schedule for Whiskeytown Dam was developed with the Service and 
implemented, but never finalized.  Although this release schedule was never formalized, 
Reclamation has operated according to this proposed schedule since May 1963. 
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Table P-4 Minimum flows at Whiskeytown Dam from 1960 MOA with the DFG 

Period Minimum flow (cfs) 

1960 MOA with the DFG  

January 1 - February 28(29) 50 

March 1 - May 31 30 

June 1 - September 30 0 

October 1 - October 15 10 

October 16 - October 31 30 

November 1 - December 31 100 

1963 FWS Proposed Normal year flow (cfs)  

January 1 - October 31 50 

November 1 - December 31 100 

1963 FWS Proposed Critical year flow (cfs)  

January 1 - October 31 30 

November 1 - December 31 70 

 

Spring Creek Debris Dam Operations 
The Spring Creek Debris Dam (SCDD) is a feature of the Trinity Division of the CVP.  It was 
constructed to regulate runoff containing debris and acid mine drainage from Spring Creek, a 
tributary to the Sacramento River that enters Keswick Reservoir. The SCDD can store 
approximately 5,800 AF of water. Operation of SCDD and Shasta Dam has allowed some 
control of the toxic wastes with dilution criteria.  In January 1980, Reclamation, the DFG, and 
the SWRCB executed a Memorandum of Understanding (MOU) to implement actions that 
protect the Sacramento River system from heavy metal pollution from Spring Creek and adjacent 
watersheds.  

The MOU identifies agency actions and responsibilities, and establishes release criteria based on 
allowable concentrations of total copper and zinc in the Sacramento River below Keswick Dam.  
The MOU states that Reclamation agrees to operate to dilute releases from SCDD (according to 
these criteria and schedules provided) and that such operation will not cause flood control 
parameters on the Sacramento River to be exceeded and will not unreasonably interfere with 
other project requirements as determined by Reclamation.  The MOU also specifies a minimum 
schedule for monitoring copper and zinc concentrations at SCDD and in the Sacramento River 
below Keswick Dam. Reclamation has primary responsibility for the monitoring; however, the 
DFG and the RWQCB also collect and analyze samples on an as-needed basis.  Due to more 
extensive monitoring, improved sampling and analyses techniques, and continuing cleanup 
efforts in the Spring Creek drainage basin, Reclamation now operates SCDD targeting the more 
stringent Central Valley Region Water Quality Control Plan (Basin Plan) criteria in addition to 
the MOU goals.  Instead of the total copper and total zinc criteria contained in the MOU, 
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Reclamation operates SCDD releases and Keswick dilution flows to not exceed the Basin Plan 
standards of 0.0056 mg/L dissolved copper and 0.016 mg/L dissolved zinc.  Release rates are 
estimated from a mass balance calculation of the copper and zinc in the debris dam release and in 
the river.  

In order to minimize the build-up of metal concentrations in the Spring Creek arm of Keswick 
Reservoir, releases from the debris dam are coordinated with releases from the Spring Creek 
Powerplant to keep the Spring Creek arm of Keswick Reservoir in circulation with the main 
water body of Keswick Lake. 

The operation of SCDD is complicated during major heavy rainfall events.  SCDD reservoir can 
fill to uncontrolled spill elevations in a relatively short time period, anywhere from days to 
weeks.  Uncontrolled spills at SCDD can occur during major flood events on the upper 
Sacramento River and also during localized rainfall events in the Spring Creek watershed.  
During flood control events, Keswick releases may be reduced to meet flood control objectives 
at Bend Bridge when storage and inflow at Spring Creek Reservoir are high.  

Because SCDD releases are maintained as a dilution ratio of Keswick releases to maintain the 
required dilution of copper and zinc, uncontrolled spills can and have occurred from SCDD. In 
this operational situation, high metal concentration loads during heavy rainfall are usually 
limited to areas immediately downstream of Keswick Dam because of the high runoff entering 
the Sacramento River adding dilution flow.  In the operational situation when Keswick releases 
are increased for flood control purposes, SCDD releases are also increased in an effort to reduce 
spill potential. 

In the operational situation when heavy rainfall events will fill SCDD and Shasta Reservoir will 
not reach flood control conditions, increased releases from CVP storage may be required to 
maintain desired dilution ratios for metal concentrations.  Reclamation has voluntarily released 
additional water from CVP storage to maintain release ratios for toxic metals below Keswick 
Dam.  Reclamation has typically attempted to meet the Basin Plan standards but these releases 
have no established criteria and are dealt with on a case-by-case basis.  Since water released for 
dilution of toxic spills is likely to be in excess of other CVP requirements, such releases increase 
the risk of a loss of water for other beneficial purposes. 

Shasta Division and Sacramento River Division 

The CVP’s Shasta Division includes facilities that conserve water in the Sacramento River for 
(1) flood control, (2) navigation maintenance, (3) agricultural water supplies, (4) M&I water 
supplies (5) hydroelectric power generation, (6) conservation of fish in the Sacramento River, 
and (7) protection of the Sacramento-San Joaquin Delta from intrusion of saline ocean water.  
The Shasta Division includes Shasta Dam, Lake, and Powerplant; Keswick Dam, Reservoir, and 
Powerplant, and the Shasta Temperature Control Device. 

The Sacramento River Division was authorized after completion of the Shasta Division. Total 
authorized diversions for the Sacramento River Division are approximately 2.8 MAF.  
Historically the total diversion has varied from 1.8 MAF in a critically dry year to the full 2.8 
MAF in wet year.  It includes facilities for the diversion and conveyance of water to CVP 
contractors on the west side of the Sacramento River. The division includes the Sacramento 
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Canals Unit, which was authorized in 1950 and consists of the RBDD, the Corning Pumping 
Plant, and the Corning and Tehama-Colusa Canals.  

The unit was authorized to supply irrigation water to over 200,000 acres of land in the 
Sacramento Valley, principally in Tehama, Glenn, Colusa, and Yolo counties. Black Butte Dam, 
which is operated by the U.S. Army Corps of Engineers (Corps), also provides supplemental 
water to the Tehama-Colusa Canals as it crosses Stony Creek.  The operations of the Shasta and 
Sacramento River divisions are presented together because of their operational inter-
relationships. 

Shasta Dam is located on the Sacramento River just below the confluence of the Sacramento, 
McCloud, and Pit Rivers.  The dam regulates the flow from a drainage area of approximately 
6,649 square miles. Shasta Dam was completed in 1945, forming Shasta Lake, which has a 
maximum storage capacity of 4,552,000 AF.  Water in Shasta Lake is released through or around 
the Shasta Powerplant to the Sacramento River where it is re-regulated downstream by Keswick 
Dam.  A small amount of water is diverted directly from Shasta Lake for M&I uses by local 
communities.  

Keswick Reservoir was formed by the completion of Keswick Dam in 1950. It has a capacity of 
approximately 23,800 AF and serves as an afterbay for releases from Shasta Dam and for 
discharges from the Spring Creek Powerplant.  All releases from Keswick Reservoir are made to 
the Sacramento River at Keswick Dam.  The dam has a fish trapping facility that operates in 
conjunction with the Coleman National Fish Hatchery on Battle Creek.  

Flood Control 
Flood control objectives for Shasta Lake require that releases be restricted to quantities that will 
not cause downstream flows or stages to exceed specified levels.  These include a flow of 
79,000 cfs at the tailwater of Keswick Dam, and a stage of 39.2 feet in the Sacramento River at 
Bend Bridge gauging station, which corresponds to a flow of approximately 100,000 cfs.  Flood 
control operations are based on regulating criteria developed by the Corps pursuant to the 
provisions of the Flood Control Act of 1944.  Maximum flood space reservation is 1.3 MAF, 
with variable storage space requirements based on an inflow parameter.  

Flood control operation at Shasta Lake requires the forecasting of runoff conditions into Shasta 
Lake, as well as runoff conditions of unregulated creek systems downstream from Keswick Dam, 
as far in advance as possible.  A critical element of upper Sacramento River flood operations is 
the local runoff entering the Sacramento River between Keswick Dam and Bend Bridge.  

The unregulated creeks (major creek systems are Cottonwood Creek, Cow Creek, and Battle 
Creek) in this reach of the Sacramento River can be very sensitive to a large rainfall event and 
produce large rates of runoff into the Sacramento River in short time periods.  During large 
rainfall and flooding events, the local runoff between Keswick Dam and Bend Bridge can exceed 
100,000 cfs.  

The travel time required for release changes at Keswick Dam to affect Bend Bridge flows is 
approximately 8 to 10 hours.  If the total flow at Bend Bridge is projected to exceed 100,000 cfs, 
the release from Keswick Dam is decreased to maintain Bend Bridge flow below 100,000 cfs.  
As the flow at Bend Bridge is projected to recede, the Keswick Dam release is increased to 
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evacuate water stored in the flood control space at Shasta Lake.  Changes to Keswick Dam 
releases are scheduled to minimize rapid fluctuations in the flow at Bend Bridge. 

The flood control criteria for Keswick releases specify releases should not be increased more 
than 15,000 cfs or decreased more than 4,000 cfs in any 2-hour period.  The restriction on the 
rate of decrease is intended to prevent sloughing of saturated downstream channel embankments 
caused by rapid reductions in river stage.  In rare instances, the rate of decrease may have to be 
accelerated to avoid exceeding critical flood stages downstream. 

Fish and Wildlife Requirements in the Sacramento River 
Reclamation operates the Shasta, Sacramento River, and Trinity River divisions of the CVP to 
meet (to the extent possible) the provisions of SWRCB Order 90-05.  If Reclamation cannot 
meet the SWRCB order an exception will be requested.  An April 5, 1960, MOA between 
Reclamation and the DFG originally established flow objectives in the Sacramento River for the 
protection and preservation of fish and wildlife resources.  The agreement provided for minimum 
releases into the natural channel of the Sacramento River at Keswick Dam for normal and 
critically dry years (Table P-5).  Since October 1981, Keswick Dam has operated based on a 
minimum release of 3,250 cfs for normal years from September 1 through the end of February, in 
accordance with an agreement between Reclamation and DFG. This release schedule was 
included in Order 90-05, which maintains a minimum release of 3,250 cfs at Keswick Dam and 
RBDD from September through the end of February in all water years, except critically dry 
years. 

Table P-5  Current Minimum Flow Requirements and Objectives (cfs) on the Sacramento River 
below Keswick Dam 

Water Year Type MOA WR 90-5 
MOA and 
WR 90-5 

Proposed Flow 
Objectives below 

Keswick 

Period Normal Normal Critically Dry All 

January 1 - February 28(29) 2600 3250 2000 3250 

March 1 - March 31 2300 2300 2300 3250 

April 1 - April 30 2300 2300 2300 ---* 

May 1 - August 31 2300 2300 2300 ---* 

September 1 - September 30 3900 3250 2800 ---* 

October 1 - November 30 3900 3250 2800 3250 

December 1 - December 31 2600 3250 2000 3250 

Note:   * No regulation. 

 

The 1960 MOA between Reclamation and the DFG provides that releases from Keswick Dam 
(from September 1 through December 31) are made with minimum water level fluctuation or 
change to protect salmon to the extent compatible with other operational requirements.  Releases 
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from Shasta and Keswick Dams are gradually reduced in September and early October during 
the transition from meeting Delta export and water quality demands to operating the system for 
flood control and fishery concerns from October through December. 

Reclamation proposes a minimum flow of 3,250 cfs from October 1 through March 31 and 
ramping constraints for Keswick release reductions from July 1 through March 31 as follows: 

 Releases must be reduced between sunset and sunrise. 

 When Keswick releases are 6,000 cfs or greater, decreases may not exceed 15 percent per 
night. Decreases also may not exceed 2.5 percent in one hour. 

 For Keswick releases between 4,000 and 5,999 cfs, decreases may not exceed 200 cfs per 
night. Decreases also may not exceed 100 cfs per hour. 

 For Keswick releases between 3,250 and 3,999 cfs, decreases may not exceed 100 cfs per 
night. 

 Variances to these release requirements are allowed under flood control operations. 

Reclamation usually reduces releases from Keswick Dam to the minimum fishery requirement 
by October 15 each year and to minimize changes in Keswick releases between October 15 and 
December 31.  Releases may be increased during this period to meet unexpected downstream 
needs such as higher outflows in the Delta to meet water quality requirements, or to meet flood 
control requirements.  Releases from Keswick Dam may be reduced when downstream tributary 
inflows increase to a level that will meet flow needs.  Reclamation attempts to establish a base 
flow that minimizes release fluctuations to reduce impacts to fisheries and bank erosion from 
October through December. 

A recent change in agricultural water diversion practices has affected Keswick Dam release rates 
in the fall.  This program is generally known as the Rice Straw Decomposition and Waterfowl 
Habitat Program.  Historically, the preferred method of clearing fields of rice stubble was to 
systematically burn it.  Today, rice field burning has been phased out due to air quality concerns 
and has been replaced by a program of rice field flooding that decomposes rice stubble and 
provides additional waterfowl habitat.  The result has been an increase in water demand to flood 
rice fields in October and November, which has increased the need for higher Keswick releases 
in all but the wettest of fall months.  

The changes in agricultural practice over the last decade related to the Rice Straw Decomposition 
and Waterfowl Habitat Program have been incorporated into the systematic modeling of 
agricultural use and hydrology effects as described in the biological assessment.  

Minimum Flow for Navigation – Wilkins Slough 

Historical commerce on the Sacramento River resulted in a CVP authorization to maintain 
minimum flows of 5,000 cfs at Chico Landing to support navigation.  Currently, there is no 
commercial traffic between Sacramento and Chico Landing, and the Corps has not dredged this 
reach to preserve channel depths since 1972.  However, long-time water users diverting from the 
river have set their pump intakes just below this level.  Therefore, the CVP is operated to meet 
the navigation flow requirement of 5,000 cfs to Wilkins Slough, (gauging station on the 
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Sacramento River), under all but the most critical water supply conditions, to facilitate pumping 
and use of screened diversions. 

At flows below 5,000 cfs at Wilkins Slough, diverters have reported increased pump cavitation 
as well as greater pumping head requirements.  Diverters are able to operate for extended periods 
at flows as low as 4,000 cfs at Wilkins Slough, but pumping operations become severely affected 
and some pumps become inoperable at flows lower than this.  Flows may drop as low as 
3,500 cfs for short periods while changes are made in Keswick releases to reach target levels at 
Wilkins Slough, but using the 3,500 cfs rate as a target level for an extended period would have 
major impacts on diverters. 

No criteria have been established specifying when the navigation minimum flow should be 
relaxed.  However, the basis for Reclamation’s decision to operate at less than 5,000 cfs is the 
increased importance of conserving water in storage when water supplies are not sufficient to 
meet full contractual deliveries and other operational requirements. 

Water Temperature Operations in the Upper Sacramento River 
Water temperature in the upper Sacramento River is governed by current water right permit 
requirements. Water temperature on the Sacramento River system is influenced by several 
factors, including the relative water temperatures and ratios of releases from Shasta Dam and 
from the Spring Creek Powerplant. The temperature of water released from Shasta Dam and the 
Spring Creek Powerplant is a function of the reservoir temperature profiles at the discharge 
points at Shasta and Whiskeytown, the depths from which releases are made, the seasonal 
management of the deep cold water reserves, ambient seasonal air temperatures and other 
climatic conditions, tributary accretions and water temperatures, and residence time in Keswick, 
Whiskeytown and Lewiston Reservoirs, and in the Sacramento River. 

SWRCB Water Rights Order 90-05 and Water Rights Order 91-01 
In 1990 and 1991, the SWRCB issued Water Rights Orders 90-05 and 91-01 modifying 
Reclamation’s water rights on the Sacramento River. The orders stated Reclamation shall operate 
Keswick and Shasta Dams and the Spring Creek Powerplant to meet a daily average water 
temperature of 56°F as far downstream in the Sacramento River as practicable during periods 
when higher temperature would be harmful to fisheries.  The optimal control point is the RBDD. 

Under the orders, the water temperature compliance point may be modified when the objective 
cannot be met at RBDD. In addition, Order 90-05 modified the minimum flow requirements 
initially established in the 1960 MOA for the Sacramento River below Keswick Dam. The water 
right orders also recommended the construction of a Shasta Temperature Control Device (TCD) 
to improve the management of the limited cold water resources. 

Pursuant to SWRCB Orders 90-05 and 91-01, Reclamation configured and implemented the 
Sacramento-Trinity Water Quality Monitoring Network to monitor temperature and other 
parameters at key locations in the Sacramento and Trinity Rivers.  The SWRCB orders also 
required Reclamation to establish the Sacramento River Temperature Task Group (SRTTG) to 
formulate, monitor, and coordinate temperature control plans for the upper Sacramento and 
Trinity Rivers.  This group consists of representatives from Reclamation, SWRCB, NMFS, the 
Service, DFG, Western, DWR, and the Hoopa Valley Indian Tribe.  
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Each year, with finite cold water resources and competing demands usually an issue, the SRTTG 
will devise operation plans with the flexibility to provide the best protection consistent with the 
CVP’s temperature control capabilities and considering the annual needs and seasonal spawning 
distribution monitoring information for winter-run and fall-run Chinook salmon.  In every year 
since the SWRCB issued the orders, those plans have included modifying the RBDD compliance 
point to make best use of the cold water resources based on the location of spawning Chinook 
salmon.  Reports are submitted periodically to the SWRCB over the temperature control season 
defining our temperature operation plans.  The SWRCB has overall authority to determine if the 
plan is sufficient to meet water right permit requirements. 

Shasta Temperature Control Device 
Construction of the TCD at Shasta Dam was completed in 1997.  This device is designed for 
greater flexibility in managing the cold water reserves in Shasta Lake while enabling 
hydroelectric power generation to occur and to improve salmon habitat conditions in the upper 
Sacramento River.  The TCD is also designed to enable selective release of water from varying 
lake levels through the power plant in order to manage and maintain adequate water temperatures 
in the Sacramento River downstream of Keswick Dam.  

Prior to construction of the Shasta TCD, Reclamation released water from Shasta Dam’s low-
level river outlets to alleviate high water temperatures during critical periods of the spawning and 
incubation life stages of the winter-run Chinook stock.  Releases through the low-level outlets 
bypass the power plant and result in a loss of hydroelectric generation at the Shasta Powerplant.  
The release of water through the low-level river outlets was a major facet of Reclamation’s 
efforts to control upper Sacramento River temperatures from 1987 through 1996. 

The seasonal operation of the TCD is generally as follows: during mid-winter and early spring 
the highest elevation gates possible are utilized to draw from the upper portions of the lake to 
conserve deeper colder resources (see Table P-6).  During late spring and summer, the operators 
begin the seasonal progression of opening deeper gates as Shasta Lake elevation decreases and 
cold water resources are utilized.  In late summer and fall, the TCD side gates are opened to 
utilize the remaining cold water resource below the Shasta Powerplant elevation in Shasta Lake. 

Table P-6 Shasta Temperature Control Device Gates with Elevation and Storage 

TCD Gates 
Shasta Elevation with 35 feet of 

Submergence Shasta Storage 

Upper Gates 1035 ~3.65 MAF 

Middle Gates 935 ~2.50 MAF 

Pressure Relief Gates 840 ~0.67 MAF 

Side Gates 720* ~0.01 MAF 

*  Low Level intake bottom. 

The seasonal progression of the Shasta TCD operation is designed to maximize the conservation 
of cold water resources deep in Shasta Lake, until the time the resource is of greatest 
management value to fishery management purposes.  Recent operational experience with the 
Shasta TCD has demonstrated significant operational flexibility improvement for cold water 
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conservation and upper Sacramento River water temperature and fishery habitat management 
purposes.  Recent operational experience has also demonstrated the Shasta TCD has significant 
leaks that are inherent to TCD design.  

Reclamation’s Proposed Upper Sacramento River Temperature Objectives 
Reclamation will continue a policy of developing annual operations plans and water allocations 
based on a conservative 90 percent exceedance forecast. Reclamation is not proposing a 
minimum end-of-water-year (September 30) carryover storage in Shasta Reservoir.  

In continuing compliance with Water Rights Orders 90-05 and 91-01 requirements, Reclamation 
will implement operations to provide year round temperature protection in the upper Sacramento 
River, consistent with the intent of Order 90-05 that protection be provided to the extent 
controllable.  Among factors that affect the extent to which river temperatures will be 
controllable include Shasta TCD performance, the availability of cold water, the balancing of 
habitat needs for different species in spring, summer, and fall, and the constraints on operations 
created by the combined effect of the projects and demands assumed to be in place in the future. 

Under all but the most adverse drought and low Shasta Reservoir storage conditions, 
Reclamation proposes to continue operating CVP facilities to provide water temperature control 
at Ball’s Ferry or at locations further downstream (as far as Bend Bridge) based on annual plans.  
Reclamation and the SRTTG will take into account projections of cold water resources, numbers 
of expected spawning salmon, and spawning distribution (as monitoring information becomes 
available) to make the decisions on allocation of the cold water resources.  

Locating the target temperature compliance at Ball’s Ferry (1) reduces the need to compensate 
for the warming effects of Cottonwood Creek and Battle Creek during the spring runoff months 
with deeper cold water releases and (2) improves the reliability of cold water resources through 
the fall months.  Reclamation proposes Sacramento River temperature control point to be 
consistent with the capability of the CVP to manage cold water resources and to use the process 
of annual planning in coordination with the SRTTG to arrive at the best use of that capability. 

Anderson-Cottonwood Irrigation District (ACID) Diversion Dam 
ACID holds senior water rights and has diverted into the ACID Canal for irrigation along the 
west side of the Sacramento River between Redding and Cottonwood since 1916.  The United 
States and ACID signed a contract providing for the project water service and agreement on 
diversion of water.  ACID diverts to its main canal (on the right bank of the river) from a 
diversion dam located in Redding about five miles downstream from Keswick Dam.  

Close coordination is required between Reclamation and ACID for regulation of river flows to 
ensure safe operation of ACIDs diversion dam during the irrigation season.  The irrigation 
season for ACID runs from April through October.  

Keswick release rate decreases required for the ACID operations are limited to 15 percent in a 
24-hour period and 2.5 percent in any one hour.  Therefore, advance notification is important 
when scheduling decreases to allow for the installation or removal of the ACID diversion dam.  
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Red Bluff Diversion Dam Operations 
The Red Bluff Diversion Dam (RBDD), located on the Sacramento River approximately two 
miles southeast of Red Bluff, is a gated structure with fish ladders at each abutment.  When the 
gates are lowered, the impounded water rises about 13 feet, creating Lake Red Bluff and 
allowing gravity diversions through a set of drum fish screens into the stilling basin servicing the 
Tehama-Colusa and Corning canals.  Construction of RBDD was completed in 1964. 

The Tehama-Colusa Canal is a lined canal extending 111 miles south from the RBDD and 
provides irrigation service on the west side of the Sacramento Valley in Tehama, Glenn, Colusa, 
and northern Yolo counties. Construction of the Tehama-Colusa Canal began in 1965, and it was 
completed in 1980.  

The Corning Pumping Plant lifts water approximately 56 feet from the screened portion of the 
settling basin into the unlined, 21 mile-long Corning Canal.  The Corning Canal was completed 
in 1959, to provide water to the CVP contractors in Tehama County that could not be served by 
gravity from the Tehama-Colusa Canal.  The Tehama-Colusa Canal Authority (TCCA) operates 
both the Tehama-Colusa and Corning canals. 

Since 1986, the RBDD gates have been raised during winter months to allow passage of winter-
run Chinook salmon.  As documented in the 2004 NMFS biological opinion addressing the long-
term CVP and SWP operations, the gates are raised from approximately September 15 through 
May 14, each year.  In the near term, Reclamation proposes the continued operation of the 
RBDD using the eight-month gate-open procedures of the past ten years, and to use the research 
pumping plant to provide water to the canals during times when the gates-out configuration 
precludes gravity diversions during the irrigation season.  Additionally, although covered under a 
separate NMFS biological opinion, Reclamation proposes the continued use of rediversions of 
CVP water stored in Black Butte Reservoir to supplement the water pumped at RBDD during the 
gates-out period.  This water is rediverted with the aid of temporary gravel berms through an 
unscreened, constant head orifice (CHO) into the Tehama-Colusa Canal.  

In addition to proposing to operate the RBDD with the gates in for 8 months annually to enable 
gravity diversion of water into the Tehama-Colusa Canal, Reclamation proposes retention of the 
provision for a 10-day emergency gate closure, as necessary, contingent upon a case-by-case 
consultation with NMFS.  Reclamation most recently coordinated such an emergency gate 
closure with NMFS in the spring of 2007.  Around that time, dead green sturgeon were 
discovered in the vicinity of the dam, and Reclamation worked with the other resource agencies 
to review the gate operation protocol to try and reduce future potential adverse affects to adult 
green sturgeon that pass the dam.  The resulting, new protocol for all gates in operation is to 
open individual gates to a minimum height of 12 inches to substantially reduce the possibility of 
injury should adult green sturgeon pass beneath the gates. 

American River Division 

Reclamation’s Folsom Lake, the largest reservoir in the watershed, has a capacity of 977,000 AF.  
Folsom Dam, located approximately 30 miles upstream from the confluence with the Sacramento River, 
is operated as a major component of the CVP.  The American River Division includes facilities that 
provide conservation of water on the American River for flood control, fish and wildlife protection, 
recreation, protection of the Delta from intrusion of saline ocean water, irrigation and M&I water 
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supplies, and hydroelectric power generation.  Initially authorized features of the American River 
Division included Folsom Dam, Lake, and Powerplant; Nimbus Dam and Powerplant, and Lake 
Natoma. See map in Figure P-7. 

 

Figure P-7 American River System 

 

Table P-7 provides Reclamation’s annual water deliveries for the period 2000 through 2006 in the 
American River Division.  The totals reveal an increasing trend in water deliveries over that period. 
Present level of American River Division water demands are about 325 TAF per year.  Future level 
(2030) water demands are modeled at near 800 TAF per year.  The modeled deliveries vary depending 
on modeled annual water allocations. 
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Table P-7 Annual Water Delivery - American River Division 

 

Year Water Delivery (TAF)

2000 196 

2001 206 

2002 238 

2003 271 

2004 266 

2005 297 

2006 282 

 

Releases from Folsom Dam are re-regulated approximately seven miles downstream by Nimbus 
Dam.  This facility is also operated by Reclamation as part of the CVP. Nimbus Dam creates 
Lake Natoma, which serves as a forebay for diversions to the Folsom South Canal.  This CVP 
facility serves water to M&I users in Sacramento County.  Releases from Nimbus Dam to the 
American River pass through the Nimbus Powerplant, or, at flows in excess of 5,000 cfs, the 
spillway gates. 

Although Folsom Lake is the main storage and flood control reservoir on the American River, 
numerous other small reservoirs in the upper basin provide hydroelectric generation and water 
supply.  None of the upstream reservoirs have any specific flood control responsibilities. The 
total upstream reservoir storage above Folsom Lake is approximately 820,000 AF.  Ninety 
percent of this upstream storage is contained by five reservoirs: French Meadows (136,000 AF); 
Hell Hole (208,000 AF); Loon Lake (76,000 AF); Union Valley (271,000 AF); and Ice House 
(46,000 AF).  Reclamation has agreements with the operators of some of these reservoirs to 
coordinate operations for releases. 

French Meadows and Hell Hole reservoirs, located on the Middle Fork of the American River, 
are owned and operated by the Placer County Water Agency (PCWA).  The PCWA provides 
wholesale water to agricultural and urban areas within Placer County. For urban areas, the 
PCWA operates water treatment plants and sells wholesale treated water to municipalities that 
provide retail delivery to their customers.  The cities of Rocklin and Lincoln receive water from 
the PCWA. Loon Lake (also on the Middle Fork), and Union Valley and Ice House reservoirs on 
the South Fork, are all operated by the Sacramento Municipal Utilities District (SMUD) for 
hydropower purposes. 

Flood Control  
Flood control requirements and regulating criteria are specified by the Corps and described in the 
Folsom Dam and Lake, American River, California Water Control Manual (Corps 1987).  Flood 
control objectives for Folsom require the dam and lake are operated to: 
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 Protect the City of Sacramento and other areas within the Lower American River 
floodplain against reasonable probable rain floods. 

 Control flows in the American River downstream from Folsom Dam to existing channel 
capacities, insofar as practicable, and to reduce flooding along the lower Sacramento 
River and in the Delta in conjunction with other CVP projects. 

 Provide the maximum amount of water conservation storage without impairing the flood 
control functions of the reservoir. 

 Provide the maximum amount of power practicable and be consistent with required flood 
control operations and the conservation functions of the reservoir. 

From June 1 through September 30, no flood control storage restrictions exist. From October 1 
through November 16 and from April 20 through May 31, reserving storage space for flood 
control is a function of the date only, with full flood reservation space required from November 
17 through February 7.  Beginning February 8 and continuing through April 20, flood reservation 
space is a function of both date and current hydrologic conditions in the basin. 

If the inflow into Folsom Reservoir causes the storage to encroach into the space reserved for 
flood control, releases from Nimbus Dam are increased.  Flood control regulations prescribe the 
following releases when water is stored within the flood control reservation space: 

 Maximum inflow (after the storage entered into the flood control reservation space) of as 
much as 115,000 cfs, but not less than 20,000 cfs, when inflows are increasing. 

 Releases will not be increased more than 15,000 cfs or decreased more than 10,000 cfs 
during any two-hour period. 

 Flood control requirements override other operational considerations in the fall and 
winter period. Consequently, changes in river releases of short duration may occur.  

In February 1986, the American River Basin experienced a significant flood event. Folsom Dam 
and Reservoir moderated the flood event and performed the flood control objectives, but with 
serious operational strains and concerns in the Lower American River and the overall protection 
of the communities in the floodplain areas.  A similar flood event occurred in January 1997. 
Since then, significant review and enhancement of Lower American River flooding issues has 
occurred and continues to occur.  A major element of those efforts has been the Sacramento Area 
Flood Control Agency (SAFCA) sponsored flood control plan diagram for Folsom Reservoir. 

Since 1996, Reclamation has operated according to modified flood control criteria, which reserve 
400 to 670 TAF of flood control space in Folsom and in a combination of three upstream 
reservoirs.  This flood control plan, which provides additional protection for the Lower 
American River, is implemented through an agreement between Reclamation and the SAFCA.  
The terms of the agreement allow some of the empty reservoir space in Hell Hole, Union Valley, 
and French Meadows to be treated as if it were available in Folsom.  

The SAFCA release criteria are generally equivalent to the Corps plan, except the SAFCA 
diagram may prescribe flood releases earlier than the Corps plan.  The SAFCA diagram also 
relies on Folsom Dam outlet capacity to make the earlier flood releases.  The outlet capacity at 
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Folsom Dam is currently limited to 32,000 cfs based on lake elevation.  However, in general the 
SAFCA plan diagram provides greater flood protection than the existing Corps plan for 
communities in the American River floodplain.  

Required flood control space under the SAFCA diagram will begin to decrease on March 1. 
Between March 1 and April 20, the rate of filling is a function of the date and available upstream 
space.  As of April 21, the required flood reservation is about 225,000 AF.  From April 21 to 
June 1, the required flood reservation is a function of the date only, with Folsom storage 
permitted to fill completely on June 1. 

Fish and Wildlife Requirements in the Lower American River 
The minimum allowable flows in the Lower American River are defined by SWRCB Decision 
893 (D-893), which states that in the interest of fish conservation, releases should not ordinarily 
fall below 250 cfs between January 1 and September 15 or below 500 cfs at other times.  D-893 
minimum flows are rarely the controlling objective of CVP operations at Nimbus Dam. Nimbus 
Dam releases are nearly always controlled during significant portions of a WY by either flood 
control requirements or are coordinated with other CVP and SWP releases to meet downstream 
Sacramento-San Joaquin Delta WQCP requirements and CVP water supply objectives.  Power 
regulation and management needs occasionally control Nimbus Dam releases.  Nimbus Dam 
releases are expected to exceed the D-893 minimum flows in all but the driest of conditions. 

Reclamation continues to work with the Sacramento Water Forum, the Service, NMFS, DFG, 
and other interested parties to integrate a revised flow management standard for the Lower 
American River into CVP operations and water rights.  This project description and modeling 
assumptions include the operational components of the recommended Lower American River 
flows and is consistent with the proposed flow management standard.  Until this action is 
adopted by the SWRCB, the minimum legally required flows will be defined by D-893.  
However, Reclamation intends to operate to the proposed flow management standard using 
releases of additional water pursuant to Section 3406 (b)(2) of the CVPIA.  Use of additional 
(b)(2) flows above the proposed flow standard is envisioned on a case-by-case basis.  Such 
additional use of (b)(2) flows would be subject to available resources and such use would be 
coupled with plans to not intentionally cause significantly lower river flows later in a WY.  This 
case-by-case use of additional (b)(2) for minimum flows is not included in the modeling results. 

Water temperature control operations in the Lower American River are affected by many factors 
and operational tradeoffs. These include available cold water resources, Nimbus release 
schedules, annual hydrology, Folsom power penstock shutter management flexibility, Folsom 
Dam Urban Water Supply TCD management, and Nimbus Hatchery considerations. Shutter and 
TCD management provide the majority of operational flexibility used to control downstream 
temperatures. 

During the late 1960s, Reclamation designed a modification to the trashrack structures to provide 
selective withdrawal capability at Folsom Dam. Folsom Powerplant is located at the foot of 
Folsom Dam on the right abutment.  Three 15-foot-diameter steel penstocks for delivering water 
to the turbines are embedded in the concrete section of the dam.  The centerline of each penstock 
intake is at elevation 307.0 feet and the minimum power pool elevation is 328.5 feet.  A 
reinforced concrete trashrack structure with steel trashracks protects each penstock intake.  
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The steel trashracks, located in five bays around each intake, extend the full height of the 
trashrack structure (between 281 and 428 feet).  Steel guides were attached to the upstream side 
of the trashrack panels between elevation 281 and 401 feet.  Forty-five 13-foot steel shutter 
panels (nine per bay) and operated by the gantry crane, were installed in these guides to select 
the level of withdrawal from the reservoir.  The shutter panels are attached to one another, in a 
configuration starting with the top shutter, in groups of three, two, and four.  

Selective withdrawal capability on the Folsom Dam Urban Water Supply Pipeline became 
operational in 2003.  The centerline to the 84-inch-diameter Urban Water Supply intake is at 
elevation 317 feet. An enclosure structure extending from just below the water supply intake to 
an elevation of 442 feet was attached to the upstream face of Folsom Dam.  A telescoping 
control gate allows for selective withdrawal of water anywhere between 331 and 401 feet 
elevation under normal operations.  

The current objectives for water temperatures in the Lower American River address the needs for 
steelhead incubation and rearing during the late spring and summer, and for fall–run Chinook 
spawning and incubation starting in late October or early November. 

Establishing the start date requires a balancing between forecasted release rates, the volume of 
available cold water, and the estimated date at which time Folsom Reservoir turns over and 
becomes isothermic.  Reclamation will work to provide suitable spawning temperatures as early 
as possible (after November 1) to help avoid temperature related pre-spawning mortality of 
adults and reduced egg viability.  Operations will be balanced against the possibility of running 
out of cold water and increasing downstream temperatures after spawning is initiated and 
creating temperature related effects to eggs already in the gravel.  

The cold water resources available in any given year at Folsom Lake needed to meet the stated 
water temperature goals are often insufficient.  Only in wetter hydrologic conditions is the 
volume of cold water resources available sufficient to meet all the water temperature objectives. 
Therefore, significant operational tradeoffs and flexibilities are considered part of an annual 
planning process for coordinating an operation strategy that realistically manages the limited 
cold water resources available.  Reclamation’s coordination on the planning and management of 
cold water resources is done through the B2IT and ARG groups. 

The management process begins in the spring as Folsom Reservoir fills. All penstock shutters are 
put in the down position to isolate the colder water in the reservoir below an elevation of 401 
feet.  The reservoir water surface elevation must be at least 25 feet higher than the sill of the 
upper shutter (426 feet) to avoid cavitation of the power turbines.  The earliest this can occur is 
in the month of March, due to the need to maintain flood control space in the reservoir during the 
winter.  The pattern of spring run-off is then a significant factor in determining the availability of 
cold water for later use. Folsom inflow temperatures begin to increase and the lake starts to 
stratify as early as April.  By the time the reservoir is filled or reaches peak storage (sometime in 
the May through June period), the reservoir is highly stratified with surface waters too warm to 
meet downstream temperature objectives.  There are, however, times during the filling process 
when use of the spillway gates can be used to conserve cold water.  

In the spring of 2003, high inflows and encroachment into the allowable storage space for flood 
control required releases that exceeded the available capacity of the power plant.  Under these 
conditions, standard operations of Folsom calls for the use of the river outlets that would draw 
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upon the cold water pool.  Instead, Reclamation reviewed the release requirements, Safety of 
Dams issues, reservoir temperature conditions, and the benefits to the cold water pool and 
determined that it could use the spillway gates to make the incremental releases above 
powerplant capacity, thereby conserving cold water for later use.  The ability to take similar 
actions (as needed in the future) will be evaluated on a case-by-case basis.  

The annual temperature management strategy and challenge is to balance conservation of cold 
water for later use in the fall, with the more immediate needs of steelhead during the summer. 
The planning and forecasting process for the use of the cold water pool begins in the spring as 
Folsom Reservoir fills.  Actual Folsom Reservoir cold water resource availability becomes 
significantly more defined through the assessment of reservoir water temperature profiles and 
more definite projections of inflows and storage.  Technical modeling analysis begins in the 
spring for the projected Lower American River water temperature management plan.  The 
significant variables and key assumptions in the analysis include: 

 Starting reservoir temperature conditions 

 Forecasted inflow and outflow quantities 

 Assumed meteorological conditions 

 Assumed inflow temperatures 

 Assumed Urban Water Supply TCD operations 

A series of shutter management scenarios are then incorporated into the model to gain a better 
understanding of the potential for meeting both summer steelhead and fall salmon temperature 
needs.  Most annual strategies contain significant tradeoffs and risks for water temperature 
management for steelhead and fall–run salmon goals and needs due to the frequently limited cold 
water resource.  The planning process continues throughout the summer.  New temperature 
forecasts and operational strategies are updated as more information on actual operations and 
ambient conditions is gained.  This process is shared with the ARG. 

Meeting both the summer steelhead and fall salmon temperature objectives without negatively 
impacting other CVP project purposes requires the final shutter pull be reserved for use in the 
fall to provide suitable fall-run Chinook salmon spawning temperatures.  In most years, the 
volume of cold water is not sufficient to support strict compliance with the summer temperature 
target at the downstream end of the compliance reach (Watt Avenue Bridge) while at the same 
time reserving the final shutter pull for salmon, or in some cases, continue to meet steelhead 
objectives later in the summer.  A strategy that is used under these conditions is to allow the 
annual compliance location water temperatures to warm towards the upper end of the annual 
water temperature design value before making a shutter pull.  This management flexibility is 
essential to the annual management strategy to extend the effectiveness of cold water 
management through the summer and fall months.  

The Urban Water Supply TCD has provided additional flexibility to conserve cold water for later 
use. Initial studies are being conducted evaluating the impact of warmer water deliveries to the 
water treatment plants receiving the water.  It is expected that the TCD will be operated during 
the summer months and deliver water that is slightly warmer than that which could be used to 
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meet downstream temperatures (60F to 62F), but not so warm as to cause significant treatment 
issues.  

Water temperatures feeding the Nimbus Fish Hatchery were historically too high for hatchery 
operations during some dry or critical years.  Temperatures in the Nimbus Hatchery are generally 
in the desirable range of 42°F to 55°F, except for the months of June, July, August, and 
September.  When temperatures get above 60°F during these months, the hatchery must begin to 
treat the fish with chemicals to prevent disease.  When temperatures reach the 60°F to 70°F 
range, treatment becomes difficult and conditions become increasingly dangerous for the fish.  
When temperatures climb into the 60°F to 70°F range, hatchery personnel with Reclamation to 
determine a compromise operation of the temperature shutter at Folsom Dam for the release of 
cooler water.  

Reclamation operates Nimbus to maintain the health of the hatchery fish while minimizing the 
loss of the cold water pool for fish spawning in the river during fall.  This is done on a case-by-
case basis and is different in various months and year types.  Temperatures above 70°F in the 
hatchery usually mean the fish need to be moved to another hatchery.  The real time 
implementation of CVPIA AFRP objective flows and meeting SWRCB D-1641 Delta standards 
with the limited water resources of the Lower American River requires a significant coordination 
effort to manage the cold water resources at Folsom Lake.  Reclamation consults with the 
Service, NMFS, and DFG through B2IT when these types of difficult decisions are needed.  In 
addition, Reclamation communicates with ARG on real time data and operational trade offs. 

A fish diversion weir at the hatchery blocks Chinook salmon from continuing upstream and 
guides them to the hatchery fish ladder entrance.  The fish diversion weir consists of eight piers 
on 30-foot spacing, including two riverbank abutments.  Fish rack support frames and walkways 
are installed each fall via an overhead cable system.  A pipe rack is then put in place to support 
the pipe pickets (¾-inch steel rods spaced on 2½-inch centers).  The pipe rack rests on a 
submerged steel I-beam support frame that extends between the piers and forms the upper 
support structure for a rock filled crib foundation.  The rock foundation has deteriorated with age 
and is subject to annual scour which can leave holes in the foundation that allow fish to pass if 
left unattended. 

Fish rack supports and pickets are installed around September 15, of each year and correspond 
with the beginning of the fall-run Chinook salmon spawning season.  A release equal to or less 
than 1,500 cfs from Nimbus Dam is required for safety and to provide full access to the fish rack 
supports.  It takes six people approximately three days to install the fish rack supports and 
pickets.  In years after high winter flows have caused active scour of the rock foundation, a short 
period (less than eight hours) of lower flow (approximately 500 cfs) is needed to remove debris 
from the I-beam support frames, seat the pipe racks, and fill holes in the rock foundation.  
Compete installation can take up to seven days, but is generally completed in less time.  The fish 
rack supports and pickets are usually removed at the end of fall-run Chinook salmon spawning 
season (mid-January) when flows are less than 2,000 cfs.  If Nimbus Dam releases are expected 
to exceed 5,000 cfs during the operational period, the pipe pickets are removed until flows 
decrease.  
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Delta Division and West San Joaquin Division 

CVP Facilities  
The CVP’s Delta Division includes the Delta Cross Channel (DCC), the Contra Costa Canal and 
Pumping Plants, Contra Loma Dam, Martinez Dam, the Jones Pumping Plant, the Tracy Fish 
Collection Facility (TFCF), and the Delta Mendota Canal (DMC).  The DCC is a controlled 
diversion channel between the Sacramento River and Snodgrass Slough. The Contra Costa Water 
District (CCWD) diversion facilities use CVP water resources to serve district customers directly 
and to operate CCWD’s Los Vaqueros Project.  The Jones Pumping Plant diverts water from the 
Delta to the head of the DMC. See map in Figure P-8. 
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Figure P-8 Bay Delta System 
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Delta Cross Channel Operations 
The DCC is a gated diversion channel in the Sacramento River near Walnut Grove and 
Snodgrass Slough. Flows into the DCC from the Sacramento River are controlled by two 60-foot 
by 30-foot radial gates.  When the gates are open, water flows from the Sacramento River 
through the cross channel to channels of the lower Mokelumne and San Joaquin Rivers toward 
the interior Delta.  The DCC operation improves water quality in the interior Delta by improving 
circulation patterns of good quality water from the Sacramento River towards Delta diversion 
facilities. 

Reclamation operates the DCC in the open position to (1) improve the transfer of water from the 
Sacramento River to the export facilities at the Banks and Jones Pumping Plants, (2) improve 
water quality in the southern Delta, and (3) reduce salt water intrusion rates in the western Delta.  
During the late fall, winter, and spring, the gates are often periodically closed to protect 
out-migrating salmonids from entering the interior Delta.  In addition, whenever flows in the 
Sacramento River at Sacramento reach 20,000 to 25,000 cfs (on a sustained basis) the gates are 
closed to reduce potential scouring and flooding that might occur in the channels on the 
downstream side of the gates.  

Flow rates through the gates are determined by Sacramento River stage and are not affected by 
export rates in the South Delta.  The DCC also serves as a link between the Mokelumne River 
and the Sacramento River for small craft, and is used extensively by recreational boaters and 
fishermen whenever it is open.  

SWRCB D-1641 DCC standards provide for closure of the DCC gates for fisheries protection at 
certain times of the year.  From November through January, the DCC may be closed for up to 
45 days for fishery protection purposes.  From February 1 through May 20, the gates are closed 
for fishery protection purposes.  The gates may also be closed for 14 days for fishery protection 
purposes during the May 21 through June 15 time period.  Reclamation determines the timing 
and duration of the closures after discussion with the Service, DFG, and NMFS.  These 
discussions will occur through WOMT.   

WOMT typically relies on monitoring for fish presence and movement in the Sacramento River 
and Delta, the salvage of salmon at the Tracy and Skinner facilities, and hydrologic cues when 
considering the timing of DCC closures.  However, the overriding factors are current water 
quality conditions in the interior and western Delta.  From mid-June to November, Reclamation 
usually keeps the gates open on a continuous basis.  The DCC is also usually opened for the busy 
recreational Memorial Day weekend, if this is possible from a fishery, water quality, and flow 
standpoint. 

The Salmon Decision Process (as provided in the biological assessment) includes “Indicators of 
Sensitive Periods for Salmon” such as hydrologic changes, detection of spring-run salmon or 
spring-run salmon surrogates at monitoring sites or the salvage facilities, and turbidity increases 
at monitoring sites to trigger the Salmon Decision Process. 

The Salmon Decision Process is used by NMFS, DFG, the Service and Reclamation to facilitate 
the often complex coordination issues surrounding DCC gate operations and the purposes of 
fishery protection closures, Delta water quality, and/or export reductions.  Inputs such as fish 
lifestage and size development, current hydrologic events, fish indicators (such as the Knight’s 
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Landing Catch Index and Sacramento Catch Index), and salvage at the export facilities, as well 
as current and projected Delta water quality conditions, are used to determine potential DCC 
closures and/or export reductions.  

Jones Pumping Plant 
The CVP and SWP use the Sacramento River, San Joaquin River, and Delta channels to 
transport water to export pumping plants located in the South Delta.  The CVP’s Jones Pumping 
Plant, about five miles north of Tracy, consists of six available pumps.  The Jones Pumping Plant 
is located at the end of an earth-lined intake channel about 2.5 miles in length.  At the head of the 
intake channel, louver screens (that are part of the Tracy Fish Collection Facility) intercept fish, 
which are then collected, held, and transported by tanker truck to release sites far away from the 
pumping plants.  

Jones Pumping Plant has a permitted diversion capacity of 4,600 cfs with maximum pumping 
rates typically ranging from 4500 to 4300 cfs during the peak of the irrigation season and 
approximately 4,200 cfs during the winter non-irrigation season until construction and full 
operation of the proposed DMC/California Aqueduct Intertie, described later in the project 
description.  The winter-time constraints at the Jones Pumping Plant are the result of a DMC 
freeboard constriction near O’Neill Forebay, O’Neill Pumping Plant capacity, and the current 
water demand in the upper sections of the DMC. 

Tracy Fish Collection Facility  
The Tracy Fish Collection Facility (TFCF) is located in the south-west portion of the 
Sacramento-San Joaquin Delta and uses behavioral barriers consisting of primary and secondary 
louvers as illustrated in Figure P-9, to guide entrained fish into holding tanks before transport by 
truck to release sites within the Delta.  The original design of the TFCF focused on smaller fish 
(<200 mm) that would have difficulty fighting the strong pumping plant induced flows since the 
intake is essentially open to the Delta and also impacted by tidal action. 
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Figure P-9  Tracy Fish Collection Facility Diagram 

The primary louvers are located in the primary channel just downstream of the trashrack 
structure.  The secondary louvers are located in the secondary channel just downstream of the 
traveling water screen.  The louvers allow water to pass through onto the pumping plant but the 
openings between the slats are tight enough and angled against the flow of water such a way as 
to prevent most fish from passing between them and instead enter one of four bypass entrances 
along the louver arrays. 

There are approximately 52 different species of fish entrained into the TFCF per year; however, 
the total numbers are significantly different for the various species salvaged.  Also, it is difficult 
if not impossible to determine exactly how many safely make it all the way to the collection 
tanks awaiting transport back to the Delta.  Hauling trucks used to transport salvaged fish to 
release sites inject oxygen in the tanks and contain an eight parts per thousand salt solution to 
reduce stress.  The CVP uses two release sites, one on the Sacramento River near Horseshoe 
Bend and the other on the San Joaquin River immediately upstream of the Antioch Bridge. 
During a facility inspection a few years ago, TFCF personnel noticed significant decay of the 
transition boxes and conduits between the primary and secondary louvers.  The temporary 
rehabilitation of these transition boxes and conduits was performed during the fall and winter of 
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2002. Extensive rehabilitation of the transition boxes and conduits was completed during the San 
Joaquin pulse period of 2004. 

When South Delta hydraulic conditions allow, and within the original design criteria for the 
TFCF, the louvers are operated with the D-1485 and the following water velocities: for striped 
bass of approximately 1 foot per second (ft/s) from May 15 through October 31, and for salmon 
of approximately 3 ft/s from November 1 through May 14.  Channel velocity criteria are a 
function of bypass ratios through the facility. Due to changes in South Delta hydrology over the 
past fifty years, the present-day TFCF is able to meet these conditions approximately 55 percent 
of the time. 

Fish passing through the facility will be sampled at intervals of no less than 20 minutes every 
2 hours when listed fish are present, generally December through June.  When fish are not 
present, sampling intervals will be 10 minutes every 2 hours.  Fish observed during sampling 
intervals are identified to species, measured to fork length, examined for marks or tags, and 
placed in the collection facilities for transport by tanker truck to the release sites in the North 
Delta away from the pumps.  In addition, Reclamation will monitor for the presence of spent 
female delta smelt in anticipation of expanding the salvage operations to include sub 20 mm 
larval delta smelt detection.  

Contra Costa Water District Diversion Facilities 
CCWD diverts water from the Delta for irrigation and M&I uses under CVP contract, under its 
own permit and license at Mallard Slough, and under its own Los Vaqueros water right permit at 
Old River near State Route 4.  CCWD’s system includes intake facilities at Mallard Slough, 
Rock Slough, and Old River near State Route 4; the Contra Costa Canal and shortcut pipeline; 
and the Los Vaqueros Reservoir.  CCWD will be adding a fourth diversion point on Victoria 
Canal (the Alternative Intake Project described below) to help meet its water quality goals.  The 
Rock Slough intake facilities, the Contra Costa Canal, and the shortcut pipeline are owned by 
Reclamation, and operated and maintained by CCWD under contract with Reclamation.  Mallard 
Slough Intake, Old River Intake, and Los Vaqueros Reservoir are owned and operated by 
CCWD. 

The Mallard Slough Intake is located at the southern end of a 3,000-foot-long channel running 
due south from Suisun Bay, near Mallard Slough (across from Chipps Island).  The Mallard 
Slough Pump Station was refurbished in 2002, which included constructing a positive barrier fish 
screen at this intake.  The Mallard Slough Intake can pump up to 39.3 cfs.  CCWD’s permit 
issued by the SWRCB authorizes diversions of up to 26,780 acre-feet per year at Mallard 
Slough.  However, this intake is rarely used due to the generally high salinity at this location.  
Pumping at the Mallard Slough Intake since 1993 has on average accounted for about 3 percent 
of CCWD’s total diversions.  When CCWD diverts water at the Mallard Slough Intake, CCWD 
reduces pumping of CVP water at its other intakes, primarily at the Rock Slough Intake.   

The Rock Slough Intake is located about four miles southeast of Oakley, where water flows 
through a trash rack into the earth-lined portion of the Contra Costa Canal.  This section of the 
canal is open to tidal influence and continues for four miles to Pumping Plant 1, which has 
capacity to pump up to 350 cfs into the concrete-lined portion of the canal.  Prior to completion 
of the Los Vaqueros Project in 1997, this was CCWD’s primary diversion point.  Pumping Plant 
1 is not screened.  Reclamation, in collaboration with CCWD, is responsible for constructing a 



 

 69

fish screen as authorized by CVPIA and required by the 1993 Service biological opinion for the 
Los Vaqueros Project.  Reclamation has received an extension on fish screen construction until 
December 2008, and is preparing to request a further extension until 2013 because the 
requirements for screen design will change when CCWD completes the Contra Costa Canal 
Replacement Project, which will replace the earth-lined section of canal from Rock Slough to 
Pumping Plant 1 with a pipeline.  When completed, the Canal Replacement project will eliminate 
tidal flows into the Canal intake section and should significantly reduce entrainment impacts and 
improve the feasibility of screening Rock Slough.  Typically, CCWD diverts about 17 percent of 
its total supply through the Rock Slough intake.   

Construction of the Old River Intake was completed in 1997 as a part of the Los Vaqueros 
Project.  The Old River Intake is located on Old River near State Route 4.  It has a positive-
barrier fish screen and a pumping capacity of 250 cfs, and can pump water via pipeline either to 
the Contra Costa Canal or to Los Vaqueros Reservoir.  Pumping to storage in Los Vaqueros 
Reservoir is limited to 200 cfs by the terms of the Los Vaqueros Project biological opinions and 
by D-1629, the State Board water right decision for the Project.  Typically, CCWD diverts about 
80 percent of its total supply through the Old River Intake. 

As described above, the first four miles of the Contra Costa Canal is earth-lined; after Pumping 
Plant 1, the Contra Costa Canal is concrete-lined and continues for 44 miles to its termination 
point in Martinez Reservoir.  Pumping Plants 1 through 4 lift the water to an elevation of 127 
feet.  A blending facility just downstream of Pumping Plant 4 allows water from the Los 
Vaqueros Project pipeline and water from the Contra Costa Canal to mix to maintain CCWD’s 
delivered water quality goals for salinity.  Canal capacity is 350 cfs at this blending facility and 
decreases to 22 cfs at the terminus at Martinez Reservoir, which provides flow regulation.  The 
Contra Loma Reservoir is connected to the Canal and provides flow regulation and emergency 
storage.  Two short canals, Clayton Canal and Ygnacio Canal, are integrated into the distribution 
system.  The Clayton Canal is no longer in service. 

Los Vaqueros Reservoir is an off-stream reservoir with a capacity of 100 thousand acre-feet 
(TAF).  Construction was completed and filling started in 1998 as part of the Los Vaqueros 
Project to improve delivered water quality and emergency storage reliability for CCWD’s 
customers.  Releases from Los Vaqueros Reservoir are conveyed to the Contra Costa Canal via a 
pipeline. 

CCWD diverts approximately 127 TAF per year in total, of which approximately 110 TAF is 
CVP contract supply.  In winter and spring months when the Delta is relatively fresh (generally 
January through July), demand is supplied by direct diversion from the Delta.  In addition, when 
salinity is low enough, Los Vaqueros Reservoir is filled at a rate of up to 200 cfs from the Old 
River Intake.  However, the biological opinions for the Los Vaqueros Project and the Alternative 
Intake Project, CCWD’s memorandum of understanding with the DFG, and SWRCB D-1629 of 
the State Water Resources Control Board include fisheries protection measures consisting of a 
75-day period during which CCWD does not fill Los Vaqueros Reservoir and a concurrent 30-
day period during which CCWD halts all diversions from the Delta, provided that Los Vaqueros 
Reservoir storage is above emergency levels.  The default dates for the no-fill and no-diversion 
periods are March 15 through May 31 and April 1 through April 30, respectively.  The Service, 
NMFS and DFG can change these dates to best protect the subject species.  During the no-
diversion period, CCWD customer demand is met by releases from Los Vaqueros Reservoir. 
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In the late summer and fall months, CCWD releases water from Los Vaqueros Reservoir to blend 
with higher-salinity direct diversions from the Delta to meet CCWD water quality goals.   

In addition to the existing 75-day no-fill period (March 15-May 31) and the concurrent no-
diversion 30-day period , beginning in the February following the first operation of the 
Alternative Intake Project, CCWD shall not divert water to store in Los Vaqueros Reservoir for 
15 days from February 14 through February 28, provided that reservoir storage is at or above 90 
TAF on February 1; if reservoir storage is at or above 80 TAF on February 1 but below 90 TAF, 
CCWD shall not divert water to storage in Los Vaqueros Reservoir for 10 days from February 19 
through February 28; if reservoir storage is at or above 70 TAF on Feb 1, but below 80 TAF 
CCWD shall not divert water to storage in Los Vaqueros Reservoir for 5 days from February 24 
through February 28.   

Water Demands—Delta Mendota Canal (DMC) and San Luis Unit  
Water demands for the DMC and San Luis Unit are primarily composed of three separate types: 
CVP water service contractors, exchange contractors, and wildlife refuge contractors.  A 
significantly different relationship exists between Reclamation and each of these three groups.  
Exchange contractors “exchanged” their senior rights to water in the San Joaquin River for a 
CVP water supply from the Delta.  Reclamation thus guaranteed the exchange contractors a firm 
water supply of 840,000 AF per annum, with a maximum reduction under the Shasta critical year 
criteria to an annual water supply of 650,000 AF. 

Conversely, water service contractors did not have water rights.  Agricultural water service 
contractors also receive their supply from the Delta, but their supplies are subject to the 
availability of CVP water supplies that can be developed and reductions in contractual supply 
can exceed 25 percent.  Wildlife refuge contractors provide water supplies to specific managed 
lands for wildlife purposes and the CVP contract water supply can be reduced under critically 
dry conditions up to 25 percent. 

To achieve the best operation of the CVP, it is necessary to combine the contractual demands of 
these three types of contractors to achieve an overall pattern of requests for water.  In most years 
sufficient supplies are not available to meet all water demands because of reductions in CVP 
water supplies which are due to restricted Delta pumping capability.  In some dry or critically 
dry years, water deliveries are limited because there is insufficient storage in northern CVP 
reservoirs to meet all in-stream fishery objectives including water temperatures, and to make 
additional water deliveries via the Jones Pumping Plant.  The scheduling of water demands, 
together with the scheduling of the releases of water supplies from the northern CVP to meet 
those demands, is a CVP operational objective that is intertwined with the Trinity, Sacramento, 
and American River operations. 

East Side Division 

New Melones Operations  
The Stanislaus River originates in the western slopes of the Sierra Nevada and drains a 
watershed of approximately 900 square miles.  The average unimpaired runoff in the basin is 
approximately 1.2 MAF per year; the median historical unimpaired runoff is 1.1 MAF per year.  
Snowmelt contributes the largest portion of the flows in the Stanislaus River, with the highest 
runoff occurring in the months of April, May, and June. See map in Figure P-10. 
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Figure P-10 East Side System 

Currently, the flow in the lower Stanislaus River is primarily controlled by New Melones 
Reservoir, which has a storage capacity of about 2.4 MAF.  The reservoir was completed by the 
Corps in 1978 and approved for filling in 1983. New Melones Reservoir is located 
approximately 60 miles upstream from the confluence of the Stanislaus River and the San 
Joaquin River and is operated by Reclamation.  Congressional authorization for New Melones 
integrates New Melones Reservoir as a financial component of the CVP, but it is authorized to 
provide water supply benefits within the defined Stanislaus Basin per the 1980 ROD before 
additional water supplies can be used out of the defined Stanislaus Basin.  

New Melones Reservoir is operated primarily for purposes of water supply, flood control, power 
generation, fishery enhancement, and water quality improvement in the lower San Joaquin River. 
The reservoir and river also provide recreation benefits.  Flood control operations are conducted 
in conformance with the Corps’ operational guidelines.  

Another major water storage project in the Stanislaus River watershed is the Tri-Dam Project, a 
power generation project that consists of Donnells and Beardsley Dams, located upstream of 
New Melones Reservoir on the middle fork Stanislaus River, and Tulloch Dam and Powerplant, 
located approximately 6 miles downstream of New Melones Dam on the main stem Stanislaus 
River.  New Spicer Reservoir on the north fork of the Stanislaus River has a storage capacity of 
189,000 AF and is used for power generation. 
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Releases from Donnells and Beardsley Dams affect inflows to New Melones Reservoir. Under 
contractual agreements between Reclamation, the Oakdale Irrigation District (OID), and South 
San Joaquin Irrigation District (SSJID), Tulloch Reservoir provides afterbay storage to re-
regulate power releases from New Melones Powerplant.  The main water diversion point on the 
Stanislaus River is Goodwin Dam, located approximately 1.9 miles downstream of Tulloch Dam.  

Goodwin Dam, constructed by OID and SSJID in 1912, creates a re-regulating reservoir for 
releases from Tulloch Powerplant and provides for diversions to canals north and south of the 
Stanislaus River for delivery to OID and SSJID.  Water impounded behind Goodwin Dam may 
be pumped into the Goodwin Tunnel for deliveries to the Central San Joaquin Water 
Conservation District and the Stockton East Water District.  

Twenty ungaged tributaries contribute flow to the lower portion of the Stanislaus River, below 
Goodwin Dam.  These streams provide intermittent flows, occurring primarily during the months 
of November through April.  Agricultural return flows, as well as operational spills from 
irrigation canals receiving water from both the Stanislaus and Tuolumne Rivers, enter the lower 
portion of the Stanislaus River.  In addition, a portion of the flow in the lower reach of the 
Stanislaus River originates from groundwater accretions. 

Flood Control 
The New Melones Reservoir flood control operation is coordinated with the operation of Tulloch 
Reservoir.  The flood control objective is to maintain flood flows at the Orange Blossom Bridge 
at less than 8,000 cfs.  When possible, however, releases from Tulloch Dam are maintained at 
levels that would not result in downstream flows in excess of 1,250 cfs to 1,500 cfs because of 
seepage problems in agricultural lands adjoining the river associated with flows above this level.  
Up to 450,000 AF of the 2.4 MAF storage volume in New Melones Reservoir is dedicated for 
flood control and 10,000 AF of Tulloch Reservoir storage is set aside for flood control.  Based 
upon the flood control diagrams prepared by the Corps, part or all of the dedicated flood control 
storage may be used for conservation storage, depending on the time of year and the current 
flood hazard. 

Requirements for New Melones Operations 
The operating criteria for New Melones Reservoir are affected by (1) water rights, (2) in-stream 
fish and wildlife flow requirements (3) SWRCB D-1641 Vernalis water quality requirements, (4) 
dissolved oxygen (DO) requirements on the Stanislaus River, (5) SWRCB D-1641 Vernalis flow 
requirements, (6) CVP contracts, and (7) flood control considerations.  Water released from New 
Melones Dam and Powerplant is re-regulated at Tulloch Reservoir and is either diverted at 
Goodwin Dam or released from Goodwin Dam to the lower Stanislaus River. 

Flows in the lower Stanislaus River serve multiple purposes concurrently.  The purposes include 
water supply for riparian water right holders, fishery management objectives, and DO 
requirements per SWRCB D-1422.  In addition, water from the Stanislaus River enters the San 
Joaquin River where it contributes to flow and helps improve water quality conditions at 
Vernalis.  Requirement D-1422, issued in 1973, provided the primary operational criteria for 
New Melones Reservoir and permitted Reclamation to appropriate water from the Stanislaus 
River for irrigation and M&I uses.  D-1422 requires the operation of New Melones Reservoir 



 

 73

include releases for existing water rights, fish and wildlife enhancement, and the maintenance of 
water quality conditions on the Stanislaus and San Joaquin Rivers. 

Water Rights Obligations 
When Reclamation began operations of New Melones Reservoir in 1980, the obligations for 
releases (to meet downstream water rights) were defined in a 1972  Agreement and Stipulation 
among Reclamation, OID, and SSJID.  The 1972 Agreement and Stipulation required 
Reclamation release annual inflows to New Melones Reservoir of up to 654,000 AF per year for 
diversion at Goodwin Dam by OID and SSJID, in recognition of their prior water rights.  Actual 
historical diversions prior to 1972 varied considerably, depending upon hydrologic conditions.  
In addition to releases for diversion by OID and SSJID, water is released from New Melones 
Reservoir to satisfy riparian water rights totaling approximately 48,000 AF annually downstream 
of Goodwin Dam. 

In 1988, following a year of low inflow to New Melones Reservoir, the Agreement and 
Stipulation among Reclamation, OID, and SSJID was superseded by an agreement that provided 
for conservation storage by OID and SSJID.  The new agreement required Reclamation to 
release New Melones Reservoir inflows of up to 600,000 AF each year for diversion at Goodwin 
Dam by OID and SSJID.  

In years when annual inflows to New Melones Reservoir are less than 600,000 AF, Reclamation 
provides all inflows plus one-third the difference between the inflow for that year and 600,000 
AF per year.  The 1988 Agreement and Stipulation created a conservation account in which the 
difference between the entitled quantity and the actual quantity diverted by OID and SSJID in a 
year may be stored in New Melones Reservoir for use in subsequent years.  This conservation 
account has a maximum storage limit of 200,000 AF, and withdrawals are constrained by criteria 
in the agreement. 

In-stream Flow Requirements 
Under D-1422, Reclamation is required to release 98,000 AF of water per year, with a reduction 
to 69,000 AF in critical years, from New Melones Reservoir to the Stanislaus River on a 
distribution pattern to be specified each year by DFG for fish and wildlife purposes.  In 1987, an 
agreement between Reclamation and DFG provided for increased releases from New Melones to 
enhance fishery resources for an interim period, during which habitat requirements were to be 
better defined and a study of Chinook salmon fisheries on the Stanislaus River would be 
completed.  

During the study period, releases for in-stream flows would range from 98,300 to 302,100 AF 
per year.  The exact quantity to be released each year was to be determined based on a 
formulation involving storage, projected inflows, projected water supply, water quality demands, 
projected CVP contractor demands, and target carryover storage.  Because of dry hydrologic 
conditions during the 1987 to 1992 drought period, the ability to provide increased releases was 
limited.  The Service published the results of a 1993 study, which recommended a minimum in-
stream flow on the Stanislaus River of 155,700 AF per year for spawning and rearing. 
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Dissolved Oxygen Requirements 
SWRCB D-1422 requires that water be released from New Melones Reservoir to maintain DO 
standards in the Stanislaus River.  The 1995 revision to the WQCP established a minimum DO 
concentration of 7 milligrams per liter (mg/L), as measured on the Stanislaus River near Ripon. .  

Vernalis Water Quality Requirement 
SWRCB D-1422 also specifies that New Melones Reservoir must operate to maintain average 
monthly level total dissolved solids (TDS), commonly measured as a conversion from electrical 
conductivity, in the San Joaquin River at Vernalis as it enters the Delta.  SWRCB D-1422 
specifies an average monthly concentration of 500 parts per million (ppm) TDS for all months.  
Historically, releases were made from New Melones Reservoir for this standard, but due to 
shortages in water supply and high concentrations of TDS upstream of the confluence of the 
Stanislaus River, the D-1422 standard was not always met during the 1987-1992 drought.  
Reclamation has always met the D-1641 standard since 1995. 

In the past, when sufficient supplies were not available to meet the water quality standards for 
the entire year, the emphasis for use of the available water was during the irrigation season, 
generally from April through September. SWRCB D-1641 modified the water quality objectives 
at Vernalis to include the irrigation and non-irrigation season objectives contained in the 1995 
Bay-Delta WQCP.  The revised standard is an average monthly electric conductivity 0.7 
milliSiemens per centimeter (mS/cm) (approximately 455 ppm TDS) during the months of April 
through August, and 1.0 mS/cm (approximately 650 ppm TDS) during the months of September 
through March. 

Bay-Delta Vernalis Flow Requirements 
SWRCB D-1641 sets flow requirements on the San Joaquin River at Vernalis from February to 
June. These flows are commonly known as San Joaquin River base flows.  

Table P-8 San Joaquin base flows-Vernalis 

Water Year Class February-June Flow (cfs)* 

Critical 710-1140 
Dry 1420-2280 

Below Normal 1420-2280 
Above Normal 2130-3420 

Wet 2130-3420 

*the higher flow required when X2 is required to be at or west of Chipps Island 

 

Since D-1641 has been in place, the San Joaquin base flow requirements have at times, been an 
additional demand on the New Melones water supply beyond that provided for in the Interim 
Plan of Operation (IPO). 

CVP Contracts 
Reclamation entered into water service contracts for the delivery of water from New Melones 
Reservoir, based on a 1980 hydrologic evaluation of the long-term availability of water in the 
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Stanislaus River Basin.  Based on this study, Reclamation entered into a long-term water service 
contract for up to 49,000 AF per year of water annually (based on a firm water supply), and two 
long-term water service contracts totaling 106,000 AF per year (based on an interim water 
supply). Water deliveries under these contracts were not immediately available prior to 1992 for 
two reasons: 1) new diversion facilities were required to be constructed and prior to 1992 were 
not yet fully operational; and 2) water supplies were severely limited during the 1987 to 1992 
drought. 

New Melones Operations  
Since 1997, the New Melones IPO has guided CVP operations on the Stanislaus River. The IPO 
was developed as a joint effort between Reclamation and the Service, in conjunction with the 
Stanislaus River Basin Stakeholders (SRBS).  The process of developing the plan began in 1995 
with a goal to develop a long-term management plan with clear operating criteria, given a 
fundamental recognition by all parties that New Melones Reservoir water supplies are over-
committed on a long-term basis, and consequently, unable to meet all the potential beneficial 
uses designated as purposes.  Reclamation will continue to use the interim plan. 

The IPO defines categories of water supply based on storage and projected inflow. It then 
allocates annual water quantities for in-stream fishery enhancement (1987 DFG Agreement and 
CVPIA Section 3406(b)(2) management), SWRCB D-1641 San Joaquin River water quality 
requirements (Water Quality), SWRCB D-1641 Vernalis flow requirements (Bay-Delta), and use 
by CVP contractors.  

Table P-9  Inflow characterization for the New Melones IPO 

Annual water supply category 
March-September forecasted inflow plus end of 

February storage (TAF) 

Low 0 – 1400 

Medium-low 1400 – 2000 

Medium 2000 – 2500 

Medium-high 2500 – 3000 

High 3000 – 6000 

 

Table P-10  New Melones IPO flow objectives (in thousand AF) 

Storage 
plus inflow Fishery 

Vernalis 
water quality Bay-Delta 

CVP 
contractors 

From To From To From To From To From To 

1400 2000 98 125 70 80 0 0 0 0 

2000 2500 125 345 80 175 0 0 0 59 

2500 3000 345 467 175 250 75 75 90 90 

3000 6000 467 467 250 250 75 75 90 90 
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When the water supply condition is determined to be in the “Low” IPO designation, the IPO 
proposes no operations guidance.  In this case, Reclamation would meet with the SRBS group to 
coordinate a practical strategy to guide annual New Melones Reservoir operations under this 
very limited water supply condition.  In addition, the IPO is limited in its ability to fully provide 
for the D-1641 Vernalis salinity and base flow objectives using Stanislaus River flows in all year 
types.  If the Vernalis salinity standard cannot be met using the IPO designated Goodwin release 
pattern, then an additional volume of water is dedicated to meet the salinity standard.  This 
permit obligation is met before an allocation is made to CVPIA (b)(2) uses or CVP Eastside 
contracts. 
 
CVPIA Section 3406 (b)(2) releases from New Melones Reservoir consist of the portion of the 
fishery flow management volume utilized that is greater than the 1987 DFG Agreement and the 
volume used in meeting the Vernalis water quality requirements and/or Ripon dissolved oxygen 
requirements. 
New Melones Reservoir – Future Operations 
To provide a basis to develop a long-term operating plan, Reclamation sponsored updates to the 
San Joaquin River Basin component of CALSIM II to better represent and model how river 
flows and water quality in the San Joaquin River are likely to affect operations at New Melones 
Reservoir.  

This new information and the resulting CALSIM II model improvements were peer reviewed in 
2004 and additional refinements were made to the model based on that review.  The resulting 
model is considered by Reclamation to be the best representation of the significant hydrologic 
and water quality dynamics that currently affect New Melones operations.  

The relationships developed for the current model are significantly different than the 
assumptions used to develop the 1997 IPO.  Given that the 1997 IPO was only meant to be a 
temporary management tool and that water quality conditions are changing in the basin, the 
fundamental operating assumptions of the 1997 IPO are not entirely consistent with the 
improved CALSIM II model. 

As an important first step in evaluating the effects of a permanent operating plan for New 
Melones, Reclamation concludes that the following general assumptions best represents future 
New Melones operations for the purpose of this consultation.  These operational parameters 
recognize existing priorities in beneficial uses, and the 1928 to 1934 drought is used as the basis 
to evaluate risks associated with successive dry years.  The current analysis of future New 
Melones operations is based on two sets of project beneficial uses: a primary set of uses tied to 
pre-existing water rights and long-standing permit terms, and a secondary set of uses that came 
into effect after the primary set. 

The operational parameters for allocation to Eastside Division water service contracts and 
CVPIA (b)(2) are based on available yield over the 1928-34 drought period.  The available 
project quantity is allocated between water service contracts and CVPIA (b)(2) use.  
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Table P-11 Fundamental considerations used to define the New Melones Reservoir operations 
parameters. 

CVP Beneficial Uses (Prior to 1992). The pre-1992 long-term beneficial uses for 
Reclamation’s water supply/water rights at New Melones Reservoir are as follows: 

 Existing OID/SSJID Settlement Contract 
 D-1641 Vernalis Salinity Objective 
 Stanislaus River Dissolved Oxygen 
 1987 DFG Fishery Agreement 
CVP Beneficial Uses (After 1992). The beneficial uses for Reclamation’s water supply/water 
rights at New Melones Reservoir established after 1992 are as follows: 

 D-1641 Vernalis Feb-June Base Flow objective 
 CVPIA (b)(2) water to increase Goodwin Dam releases for AFRP instream flow objectives 
 CVP Eastside Division water services contracts 

Basic Allocation Bands. Similar to the 1997 IPO, the representation of future New Melones 
operations defines categories of water supply based on projected storage and inflows. 

1) High Allocation Years (Projected New Melones Carryover Storage greater than 1.7 MAF 
End of September) 

 DFG allocation is 302 TAF 
 Vernalis flow objectives are met 
 CVPIA (b)(2) water allocation is 155 TAF 
 CVP Eastside contract allocation is 155 TAF 
 Vernalis Salinity and Stanislaus River DO objectives are met 

2) Mid-Allocation Years  

 DFG allocation is 98.3 TAF 
 Vernalis flow objectives are met 
 CVPIA B2 water allocation to meet instream fishery needs is to be determined in 

coordination with USFWS, DFG and NMFS in a collaborative planning process 
 Vernalis Salinity and Stanislaus River DO objectives are met 
 CVP Eastside contract allocation is to be determined after all the instream needs are met 

3) “Conference Year” conditions - New Melones Index is less than 1.0 MAF.  

 As with the IPO, if the projected end of September New Melones Index (i.e. projected 
inflow plus storage) is less than 1.0 MAF, Reclamation would meet with USFWS 
stakeholders, DFG, and NMFS to coordinate a practical strategy to guide New Melones 
Reservoir operations to meet the most basic needs associated with Stanislaus River instream 
flows, DO, and Vernalis salinity. Allocation for CVPIA (b)(2) flows would be determined in 
coordination with USFWS, DFG and NMFS. 
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San Joaquin River Agreement/Vernalis Adaptive Management Plan (VAMP) 
Adopted by the SWRCB in D-1641, the San Joaquin River Agreement (SJRA) includes a 12-
year program providing for flows and exports in the lower San Joaquin River during a 31-day 
pulse flow period during April and May.  It also provides for the collection of experimental data 
during that time to further the understanding of the effects of flows, exports, and the barrier at 
the head of Old River on salmon survival.  This experimental program is commonly referred to 
as the VAMP (Vernalis Adaptive Management Plan).  The SWRCB indicates that VAMP 
experimental data will be used to create permanent objectives for the pulse flow period.  
Reclamation and DWR intend to continue a VAMP-like action for the foreseeable future or until 
the SWRCB adopts new permanent objectives that replace the current program.  It is anticipated 
that new SWRCB objectives will be as protective as the current program and that such 
protections will remain in place through 2030. 

Continuation of the VAMP operations for a period of time after the expiration of SJRA may be 
considered reasonably foreseeable because it could be accomplished using well established 
capabilities and authorities already available to Reclamation and DWR.  Specifically, flow 
increases to achieve VAMP targets could be provided using CVPIA section 3406 (b)(1), (b)(2), 
and (b)(3).  Export reductions would be provided by Reclamation using CVPIA section 3406 
(b)(1) or (b)(2), and by DWR using the substitution of the water supply acquired from the Yuba 
Accord flows.  The combination of those operations elements would enable Reclamation and 
DWR to meet VAMP objectives in most years.  Chapter 9 of the biological assessment contains 
an analysis of the capability of DWR to provide for export reduction during the VAMP pulse 
flow period, using the 48,000 acre feet of substitute supply assumed to be available from the 
Yuba Accord. 

Within the SJRA, the 1997 IPO has been assumed as the baseline operation for New Melones 
Reservoir, which forms part of the existing flow condition.  The existing flow condition is used 
to compute the supplemental flows which will be provided on the San Joaquin River to meet the 
target flows for the 31-day pulse during April and May.  These supplemental flows that will be 
provided from other sources in the San Joaquin River Basin under the control of the parties to the 
SJRA. 

The parties to the SJRA include several agencies that contribute flow to the San Joaquin, divert 
from or store water on the tributaries to the San Joaquin, or have an element of control over the 
flows in the lower San Joaquin River.  These include Reclamation; OID; SSJID; Modesto ID; 
Turlock ID; Merced ID; and the San Joaquin River Exchange Contractors.  The VAMP is based 
on coordination among these participating agencies in carrying out their operations to meet a 
steady target flow objective at Vernalis. 

The target flow at Vernalis for the spring pulse flow period is determined each year according to 
the specifications contained in the SJRA.  The target flow is determined prior to the spring pulse 
flows as an increase above the existing flows, and so “adapts” to the prevailing hydrologic 
conditions.  Possible target flows specified in the agreement are (1) 2000 cfs, (2) 3200 cfs, 
(3) 4450 cfs, (4) 5700 cfs, and (5) 7000 cfs. 
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The Hydrology Group of the SJRTC develops forecasts of flow at Vernalis, determines the 
appropriate target flow, devises an operations plan including flow schedules for each 
contributing agency, coordinates implementation of the VAMP flows, monitors conditions that 
may affect the objective of meeting the target flow, updates and adjusts the planned flow 
contributions as needed, and accounts for the flow contributions.  The Hydrology Group includes 
designees with technical expertise from each agency that contributes water to the VAMP.  
During VAMP, the Hydrology group communicates via regular conference calls, shares current 
information and forecasts via e-mail and an internet website.  The Hydrology group has two lead 
coordinators, one from Reclamation and one designated by the SJRG.  Subsequent to the end of 
the VAMP, a group similar to the Hydrology Group, with the same or similar role, will be 
maintained as part of the ongoing coordination of operations in the San Joaquin River basin. 

CVP-SWP operations forecasts include Vernalis flows that meet the appropriate pulse flow 
targets for the predicted hydrologic conditions.  The flows in the San Joaquin River upstream of 
the Stanislaus River are forecasted for the assumed hydrologic conditions.  The upstream of the 
Stanislaus River flows are then adjusted so when combined with the forecasted Stanislaus River 
flow based on the 1997 IPO, the combined flow would provide the appropriate Vernalis flows 
consistent with the pulse flow target identified in the SJRA.  An analysis of how the flows are 
produced upstream of the Stanislaus River is included in the SJRA Environmental Impact 
Statement /Environmental Impact Report. For purposes of CVP/SWP operations forecasts, the 
VAMP target flows are simply assumed to exist at the confluence of the Stanislaus and San 
Joaquin Rivers.  The assessment of the effects of CVP/SWP operations in the Delta begins 
downstream of that point. 

The VAMP program has two distinct components, a flow objective and an export restriction. The 
flow objectives were designed to provide similar protection to those defined in the WQCP. 
Fishery releases on the Stanislaus above that called for in the 1987 DFG Agreement are typically 
considered WQCP (b)(2) releases.  The export reduction involves a combined State and Federal 
pumping limitation on the Delta pumps.  The combined export targets for the 31 days of VAMP 
are specified in the SJRA: 1500 cfs (when target flows are 2000, 3200, 4450, or 7000 cfs), and 
2250 cfs (when target flow is 5700 cfs, or 3000 cfs [alternate export target when flow target is 
7000 cfs]). Pumping reductions which cannot be recovered by adjustments in CVP operations are 
considered a WQCP (b)(2) expense.  Reductions of SWP pumping are limited to the amount that 
can be recovered through operations adjustments and the export of up to 48 TAF of transferred 
water made available from the Yuba Accord.   

Water Temperatures 
Water temperatures in the lower Stanislaus River are affected by many factors and operational 
tradeoffs. These include available cold water resources in New Melones reservoir, Goodwin 
release rates for fishery flow management and water quality objectives, as well as residence time 
in Tulloch Reservoir, as affected by local irrigation demand.  

Reclamation intends to plan and manage flows to meet a 65° F water temperature objective at 
Orange Blossom Bridge for steelhead incubation and rearing during the late spring and summer.  
However, during critically dry years and low reservoir storages this objective cannot be met.  
The Service, in coordination with NMFS and DFG, identifies the schedule for Reclamation to 
provide fall pulse attraction flows for salmon.  The pulse flows are a combination of water 
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purchased under the San Joaquin River Agreement and CVPIA (b)(2) and (3) water.  This 
movement of water also helps to transport cold water from New Melones Reservoir into Tulloch 
Reservoir before the spawning season begins.  

San Felipe Division 

Construction of the San Felipe Division of the CVP was authorized in 1967 (Figure P-11). The 
San Felipe Division provides a supplemental water supply (for irrigation, M&I uses) in the Santa 
Clara Valley in Santa Clara County, and the north portion of San Benito County.  

The San Felipe Division delivers both irrigation and M&I water supplies. Water is delivered 
within the service areas not only by direct diversion from distribution systems, but also through 
in-stream and offstream groundwater recharge operations being carried out by local interests. A 
primary purpose of the San Felipe Division in Santa Clara County is to provide supplemental 
water to help prevent land surface subsidence in the Santa Clara Valley.  The majority of the 
water supplied to Santa Clara County is used for M&I purposes, either pumped from the 
groundwater basin or delivered from treatment plants.  In San Benito County, a distribution 
system was constructed to provide supplemental water to about 19,700 arable acres.  

The facilities required to serve Santa Clara and San Benito counties include 54 miles of tunnels 
and conduits, two large pumping plants, and one reservoir.  Water is conveyed from the Delta of 
the San Joaquin and Sacramento Rivers through the DMC.  It is then pumped into the San Luis 
Reservoir and diverted through the 1.8-mile long of Pacheco Tunnel inlet to the Pacheco 
Pumping Plant.  Twelve 2,000-horse-power pumps lift a maximum of 490 cfs a height varying 
from 85 feet to 300 feet to the 5.3-mile-long Pacheco Tunnel.  The water then flows through the 
tunnel and without additional pumping, through 29 miles of concrete, high-pressure pipeline, 
varying in diameter from 10 feet to 8 feet, and the mile-long Santa Clara Tunnel.  In Santa Clara 
County, the pipeline terminates at the Coyote Pumping Plant, which is capable of pumping water 
to into Anderson Reservoir or Calero Reservoir for further distribution at treatment plants or 
groundwater recharge. 

Santa Clara Valley Water District is the non-Federal operating entity for all the San Felipe 
Division facilities except for the Hollister Conduit and San Justo Reservoir.  The San Benito 
County Water District operates San Justo Reservoir and the Hollister Conduit  
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Figure P-11  West San Joaquin Division and San Felipe Division 

The Hollister Conduit branches off the Pacheco Conduit 8 miles from the outlet of the Pacheco 
Tunnel.  This 19.1-mile-long high-pressure pipeline, with a maximum capacity of 83 cfs, 
terminates at the San Justo Reservoir.  

The 9,906 AF capacity San Justo Reservoir is located about three miles southwest of the City of 
Hollister.  The San Justo Dam is an earthfill structure 141 feet high with a crest length of 
722 feet.  This project includes a dike structure 66 feet high with a crest length of 918 feet. This 
reservoir regulates San Benito County’s import water supplies, allows pressure deliveries to 
some of the agricultural lands in the service area, and provides storage for peaking of agricultural 
water.  

Friant Division 

This division operates separately from the rest of the CVP and is not integrated into the CVP 
OCAP. Friant Dam is located on the San Joaquin River, 25 miles northeast of Fresno where the 
San Joaquin River exits the Sierra foothills and enters the valley.  The drainage basin is 1,676 
square miles with an average annual runoff of 1,774,000 AF.  Completed in 1942, the dam is a 
concrete gravity structure, 319-feet high, with a crest length of 3,488 feet.  Although the dam 
was completed in 1942, it was not placed into full operation until 1951.  
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The dam provides flood control on the San Joaquin River, provides downstream releases to meet 
senior water rights requirements above Mendota Pool, and provides conservation storage as well 
as diversion into Madera and Friant-Kern Canals.  Water is delivered to a million acres of 
agricultural land in Fresno, Kern, Madera, and Tulare counties in the San Joaquin Valley via the 
Friant-Kern Canal south into Tulare Lake Basin and via the Madera Canal northerly to Madera 
and Chowchilla IDs.  A minimum of 5 cfs is required to pass the last water right holding located 
about 40 miles downstream near Gravelly Ford. 

Flood control storage space in Millerton Lake is based on a complex formula, which considers 
upstream storage in the Southern California Edison reservoirs.  The reservoir, Millerton Lake, 
first stored water on February 21, 1944. It has a total capacity of 520,528 AF, a surface area of 
4,900 acres, and is approximately 15-miles long.  The lake’s 45 miles of shoreline varies from 
gentle slopes near the dam to steep canyon walls farther inland.  The reservoir provides boating, 
fishing, picnicking, and swimming. 

At this time, the Friant Division is generally hydrologically disconnected from the Delta as the 
San Joaquin River is dewatered in two reaches between Friant Dam and the confluence of the 
Merced River, except in extremely wet years.  Under flood conditions, water is diverted into two 
bypass channels that carry flood flows to the confluence of the Merced River. 

In 2006, parties to NRDC v. Rodgers executed a stipulation of settlement that calls for, among 
other things, restoration of flows from Friant Dam to the confluence of the Merced River.  
Implementation of the settlement is not included in this consultation as it is a large project which 
has not been sufficiently developed to allow for analysis of the effects of implementation of 
settlement action on listed aquatic species at this time.  At some point in the future, consultation 
may need to be reinitiated to evaluate the effects of the Restoration Program on continued CVP 
and SWP operations. 

State Water Project 
The DWR holds contracts with 29 public agencies in Northern, Central and Southern California 
for water supplies from the SWP.  Water stored in the Oroville facilities, along with excess water 
available in the Sacramento-San Joaquin Delta is captured in the Delta and conveyed through 
several facilities to SWP contractors. 

The SWP is operated to provide flood control and water for agricultural, municipal, industrial, 
recreational, and environmental purposes.  Water is conserved in Oroville Reservoir and released 
to serve three Feather River area contractors and two contractors served from the North Bay 
Aqueduct, and to be pumped at the Harvey O. Banks Pumping Plant (Banks) in the Delta and 
delivered to the remaining 24 contractors in the SWP service areas south of the Delta.  In 
addition to pumping water released from Oroville Reservoir, the Banks pumps water from other 
sources entering the Delta.  
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Project Management Objectives 

Clifton Court Forebay 

Inflows to Clifton Court Forebay (CCF) are controlled by radial gates, whose real-time 
operations are constrained by a scouring limit (i.e. 12,000 cfs) at the gates and by water level 
concerns in the South Delta for local agricultural diverters.  An interim agreement between DWR 
and South Delta Water Agency specifies three modes, or “priorities” for CCF gate operation.  Of 
the three priorities, Priority 1 is the most protective of South Delta water levels.  Under Priority 
1, CCF gates are only opened during the ebb tides, allowing the flood tides to replenish South 
Delta channels.  Priority 2 is slightly less protective because the CCF gates may be open as in 
Priority 1, but also during the last hour of the higher flood tide and through most of the lower 
flood tide.  Finally, Priority 3 requires that the CCF gates be closed during the rising limb of the 
higher flood tide and also during the lowest part of the lower tide, but permits the CCF gates to 
be open at all other times. 

When a large head differential exists between the outside and the inside of the gates, theoretical 
inflow can be as high as 15,000 cfs for a very short time.  However, existing operating 
procedures identify a maximum design flow rate of 12,000 cfs, to minimize water velocities in 
surrounding South Delta channels, to control erosion, and to prevent damage to the facility. 

The SWP is managed to maximize the capture of water in the Delta and the usable supply 
released to the Delta from Oroville storage.  The maximum daily pumping rate at Banks is 
controlled by a combination of the D-1641, the real-time decision making to assist in fishery 
management process described previously, and permits issued by the Corps that regulate the rate 
of diversion of water into Clifton Court Forebay (CCF) for pumping at Banks.  This diversion 
rate is normally restricted to 6,680 cfs as a three-day average inflow to CCF and 6,993 cfs as a 
one-day average inflow to CCF.  CCF diversions may be greater than these rates between 
December 15 and March 15, when the inflow into CCF may be augmented by one-third of the 
San Joaquin River flow at Vernalis when those flows are equal to or greater than 1,000 cfs.  
Additionally, the SWP has a permit to export an additional 500 cfs between July 1 and 
September 30 (further details on this pumping are found later in the Project Description).  The 
purpose for the current permitted action is to replace pumping foregone for the benefit of Delta 
fish species, making the summer limit effectively 7,180 cfs.  

The hourly operation of the CCF radial gates is governed by agreements with local agricultural 
interests to protect water levels in the South Delta area.  The radial gates controlling inflow to the 
forebay may be open during any period of the tidal cycle with the exception of the two hours 
before and after the low-low tide and the hours leading up to the high-high tide each day.  CCF 
gate operations are governed by agreements and response plans to protect South Delta water 
users, and a more detailed discussion of these operations and agreement will follow under CCF 
and JPOD sections. 

Banks is operated to minimize the impact to power loads on the California electrical grid to the 
extent practical, using CCF as a holding reservoir to allow that flexibility.  Generally more pump 
units are operated during off-peak periods and fewer during peak periods.  Because the installed 
capacity of the pumping plant is 10,300 cfs, the plant can be operated to reduce power grid 
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impacts, by running all available pumps at night and a reduced number during the higher energy 
demand hours, even when CCF is admitting the maximum permitted inflow. 

There are years (primarily wetter years) when Banks operations are demand limited, and Banks 
is able to pump enough water from the Delta to fill San Luis Reservoir and meet all contractor 
demands without maximizing its pumping capability every day of the year.  This has been less 
likely in recent years, where the contractors request all or nearly all of their contract Table A 
amount every year.  Consequently, current Banks operations are more often supply limited. 
Under these current full demand conditions, Banks pumping plant is almost always operated to 
the maximum extent possible to maximize the water captured, subject to the limitations of water 
quality, Delta standards, and a host of other variables, until all needs are satisfied and all storage 
south of the Delta is full.  

San Luis Reservoir is an offstream storage facility located along the California Aqueduct 
downstream of Banks. San Luis Reservoir is used by both projects to augment deliveries to their 
contractors during periods when Delta pumping is insufficient to meet downstream demands. 

San Luis Reservoir operates like a giant regulator on the SWP system, accepting any water 
pumped from Banks that exceeds contractor demands, then releasing that water back to the 
aqueduct system when Banks pumping is insufficient to meet demands.  The reservoir allows the 
SWP to meet peak-season demands that are seldom balanced by Banks pumping.  

San Luis Reservoir is generally filled in the spring or even earlier in some years. When it and 
other SWP storage facilities south of the Delta are full or nearly so, when Banks pumping is 
meeting all current Table A demands, and when the Delta is in excess conditions, DWR will use 
any available excess pumping capacity at Banks to deliver Article 21 water to the SWP 
contractors. 

Article 21 water is one of several types of SWP water supply made available to the SWP 
contractors under the long-term SWP water supply contracts between DWR and the SWP 
contractors.  As its name implies, Article 21 water is provided for under Article 21 of the 
contracts3. Unlike Table A water, which is an allocated annual supply made available for 
scheduled delivery throughout the year, Article 21 water is an interruptible water supply made 
available only when certain conditions exist.  As with all SWP water, Article 21 water is 
supplied under existing SWP water rights permits, and is pumped from the Delta under the same 
environmental, regulatory, and operational constraints that apply to all SWP supplies. 

When Article 21 water is available, DWR may only offer it for a short time, and the offer may be 
discontinued when the necessary conditions no longer exist.  Article 21 deliveries are in addition 
to scheduled Table A deliveries; this supply is delivered to contractors that can, on relatively 
short notice, put it to beneficial use.  Typically, contractors have used Article 21 water to meet 

                                                 
3Article 21 provides, in part: “Each year from water sources available to the project, the State shall make available 
and allocate interruptible water to contactors. Allocations of interruptible water in any one year may not be carried 
over for delivery in a subsequent year, nor shall the delivery of water in any year impact a contractor’s approved 
deliveries of annual [Table A water] or the contractor’s allocation of water for the next year. Deliveries of 
interruptible water in excess of a contractor’s annual [Table A water] may be made if the deliveries do not adversely 
affect the State’s delivery of annual [Table A water] to other contractors or adversely affect project operations…”  



 

 85

needs such as additional short-term irrigation demands, replenishment of local groundwater 
basins, and storage in local surface reservoirs, all of which provide contractors with opportunities 
for better water management through more efficient coordination with their local water supplies.  
When Article 21 of the long-term water supply contracts was developed, both DWR and the 
contractors recognized that DWR was not capable of meeting the full contract demands in all 
years because not all of the planned SWP facilities had been constructed.  

Article 21 water is typically offered to contractors on a short-term (daily or weekly) basis when 
all of the following conditions exist: the SWP share4 of San Luis Reservoir is physically full, or 
projected to be physically full within approximately one week at permitted pumping rates; other 
SWP reservoirs south of the Delta are at their storage targets or the conveyance capacity to fill 
these reservoirs is maximized; the Delta is in excess condition; current Table A demand is being 
fully met; and Banks has export capacity beyond that which is needed to meet current Table A 
and other SWP operational demands.  The increment of available unused Banks capacity is 
offered as the Article 21 delivery capacity.  Contractors then indicate their desired rate of 
delivery of Article 21 water.  It is allocated in proportion to their Table A contractual quantities 
if requests exceed the amount offered.  Deliveries can be discontinued at any time, when any of 
the above factors change.  In the modeling for Article 21, deliveries are only made in months 
when the State share of San Luis Reservoir is full.  In actual operations, Article 21 may be 
offered a few days in advance of actual filling.  Article 21 water will not be offered until State 
storage in San Luis Reservoir is either physically full or projected to be physically full within 
approximately one week at permitted pumping rates.  Also, any carried-over EWA water asset 
stored in the State share of San Luis Reservoir (whether it be from the use of the 500 cfs or other 
operational assets) will not be considered part of the SWP storage when determining the 
availability of Article 21.  This will ensure that the carried-over EWA water asset does not result 
in increased Article 21 deliveries. 

During parts of April and May, the VAMP takes effect as described in the CVP section above. 
The state and federal pumps reduce their export pumping to benefit fish in the San Joaquin River 
system.  Around this same time, water demands from both agricultural and M&I contractors are 
increasing, Article 21 water is usually discontinued, and San Luis supplies are released to the 
SWP facilities to supplement Delta pumping at Banks, thereby meeting contractor demands.  The 
SWP intends to continue VAMP-type export reductions through 2030 to the extent that the 
limited EWA assets, (as described in an earlier section) will meet the associated water costs.  
Chapter 9 of the biological assessment includes an analysis of modeling results that illustrates the 
frequency on which assets are available under a limited EWA to meet the SWP portion of 
VAMP.   

Immediately following VAMP, a “post –VAMP shoulder” may occur.  This action is an 
extension of the reduced pumping levels that occur during VAMP depending on the availability 
of EWA and limited EWA assets.  Chapter 9 includes an analysis of modeling results that 
illustrates the frequency on which assets are available under a limited EWA to meet the “post – 
VAMP shoulder”.  

                                                 
4 Not including any carried-over EWA or limited EWA asset which may reside in the SWP share of San Luis 
Reservoir. 
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After VAMP and the “post-VAMP shoulder”, Delta pumping at Banks can be increased 
depending on Delta inflow and Delta standards.  By late May, demands usually exceed the 
restored pumping rate at Banks, and continued releases from San Luis Reservoir are needed to 
meet contractor demands for Table A water. 

During this summer period, DWR is also releasing water from Oroville Reservoir to supplement 
Delta inflow and allow Banks to export the stored Oroville water to help meet demand.  These 
releases are scheduled to maximize export capability and gain maximum benefit from the stored 
water while meeting fish flow requirements, temperature requirements, Delta water quality, and 
all other applicable standards in the Feather River and the Delta. 

DWR must balance storage between Oroville and San Luis Reservoirs carefully to meet flood 
control requirements, Delta water quality and flow requirements, and optimize the supplies to its 
contractors consistent with all environmental constraints.  Oroville Reservoir may be operated to 
move water through the Delta to San Luis Reservoir via Banks under different schedules 
depending on Delta conditions, reservoir storage volumes, and storage targets.  Predicting those 
operational differences is difficult, as the decisions reflect operator judgment based on many 
real-time factors as to when to move water from Oroville Reservoir to San Luis Reservoir.  

As San Luis Reservoir is drawn down to meet contractor demands, it usually reaches its low 
point in late August or early September.  From September through early October, demand for 
deliveries usually drops below the ability of Banks to divert from the Delta, and the difference in 
Banks pumping is then added to San Luis Reservoir, reversing its spring and summer decline. 
From early October until the first major storms in late fall or winter unregulated flow continues 
to decline and releases from Lake Oroville are restricted (due to flow stability agreements with 
DFG) resulting in export rates at Banks that are somewhat less than demand typically causing a 
second seasonal decrease in the SWP’s share of San Luis Reservoir.  Once the fall and winter 
storms increase runoff into the Delta, Banks can increase its pumping rate and eventually fill (in 
all but the driest years) the state portion of San Luis Reservoir before April of the following year.  

Water Service Contracts, Allocations, and Deliveries 

The following discussion presents the practices of DWR in determining the overall amount of 
Table A water that can be allocated and the allocation process itself.  There are many variables 
that control how much water the SWP can capture and provide to its contractors for beneficial 
use.  

The allocations are developed from analysis of a broad range of variables that include: 

 Volume of water stored in Oroville Reservoir 

 Flood operation restrictions at Oroville Reservoir 

 End-of-water-year (September 30) target for water stored in Oroville Reservoir 

 Volume of water stored in San Luis Reservoir 

 End-of-month targets for water stored in San Luis Reservoir 

 Snow survey results 
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 Forecasted runoff 

 Feather River flow requirements for fish habitat 

 Feather River service area delivery obligations 

 Feather River flow for senior water rights river diversions 

 Anticipated depletions in the Sacramento River basin  

 Anticipated Delta conditions 

 Precipitation and streamflow conditions since the last snow surveys and forecasts 

 Contractor delivery requests and delivery patterns  

From these and other variables, the Operations Control Office within DWR estimates the water 
supply available to allocate to contractors and meet other project needs.  The Operations Control 
Office transmits these estimates to the State Water Project Analysis Office, where staff enters the 
water supply, contractor requests, and Table A amounts into a spreadsheet and computes the 
allocation percentage that would be provided by the available water supply.  

The staffs of the Operations Control Office and State Water Project Analysis Office meet with 
DWR senior management, usually including the Director, to make the final decision on 
allocating water to the contractors.  The decision is made, and announced in a press release 
followed by Notices to Contractors.  

The initial allocation announcement is made by December 1 of each year.  The allocation of 
water is made with a conservative assumption of future precipitation, and generally in graduated 
steps, carefully avoiding over-allocating water before the hydrologic conditions are well defined 
for the year.  

Both the DWR and the contractors are conservative in their estimates, leading to the potential for 
significant variations between projections and actual operations, especially under wet hydrologic 
conditions. 

Other influences affect the accuracy of estimates of annual demand for Table A and the resulting 
allocation percentage.  One factor is the contractual ability of SWP contractors to carry over 
allocated but undelivered Table A from one year to the next if space is available in San Luis 
Reservoir.  Contractors will generally use their carryover supplies early in the calendar year if it 
appears that San Luis reservoir will fill.  By using the prior year’s carryover, the contractors 
reduce their delivery requests for the current year’s Table A allocation and instead schedule 
delivery of carryover supplies. 

Carryover supplies left in San Luis Reservoir by SWP contractors may result in higher storage 
levels in San Luis Reservoir at December 31 than would have occurred in the absence of 
carryover.  If there were no carryover privilege, contractors would seek to store the water within 
their service areas or in other storage facilities outside of their service areas.  As project pumping 
fills San Luis Reservoir, the contractors are notified to take or lose their carryover supplies.  If 
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they can take delivery of and use or store the carryover water, San Luis Reservoir storage then 
returns to the level that would have prevailed absent the carryover program. 

If the contractors are unable to take delivery of all of their carryover water, that water then 
converts to project water as San Luis Reservoir fills, and Article 21 water becomes available for 
delivery to contractors. 

Article 21 water delivered early in the calendar year may be reclassified as Table A later in the 
year depending on final allocations, hydrology, and contractor requests.  Such reclassification 
does not affect the amount of water carried over in San Luis Reservoir, nor does it alter pumping 
volumes or schedules.  The total water exported from the Delta and delivered by the SWP in any 
year is a function of a number of variables that is greater than the list of variables shown above 
that help determine Table A allocations.  

If there are no carryover or Article 21 supplies available, Table A requests will be greater in the 
January-April period, and there would be a higher percentage allocation of Table A for the year 
than if carryover and Article 21 were available to meet demand.  

Monterey Agreement 

In 1994, DWR and certain representatives of the SWP contractors agreed to a set of principles 
known as the Monterey Agreement, to settle long-term water allocation disputes, and to establish 
a new water management strategy for the SWP.  This project description only includes the 
system-wide water operations consistent with the Monterey Agreement and not the specific 
actions by DWR and State Water Contractors needed to implement the agreement.  

The Monterey Agreement resulted in 27 of the 29 SWP contractors signing amendments to their 
long-term water supply contracts in 1995, and the Monterey Amendment has been implemented 
as part of SWP operations for these 27 SWP contractors since 1996.  The original Environmental 
Impact Report prepared for the Monterey Agreement was challenged, and the EIR was required 
to be decertified. DWR is currently preparing an EIR on the Monterey Amendment following 
that litigation and approval of a settlement agreement with the plaintiffs in May 2003.  A draft of 
the new EIR was released in October 2007, the comment period closed in January 2008, and a 
final EIR is scheduled for completion in the fall of 2008. 

The alternatives evaluated in the EIR include continuation of the Monterey Amendment, certain 
No Project alternatives that would revert some contract terms to pre-Monterey Amendment 
terms, and two “court ordered no-project” alternatives that would impose a reduction in Table A 
supplies by implementing a permanent shortage provision together with an offsetting increase in 
the supply of Article 21 water. 

Adoption of any of the alternatives would not measurably change SWP Delta operations, 
although the internal classification of water provided to SWP contractors could change as to the 
balance between Table A and Article 21 water, as could the relative allocation of water between 
urban and agricultural contractors.  The Monterey Amendment provides for certain transfers of 
water from agricultural to urban contractors; impacts from those transfers are all south of the 
Delta and have no effect on the Delta.  

The only impact of Monterey Amendment operations on Delta exports is identified in the draft 
EIR as the facilitation of approval for out-of-service-area storage programs.  Because DWR had 
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previously approved water storage programs outside of individual SWP contractor’s service 
areas and many such storage programs now exist, this water management method is unlikely to 
be voided by future actions of DWR.  These increased exports can only occur if they are within 
the diversions permitted at the time.  None of the alternatives being considered would result in 
demand for added Delta diversions above currently assumed levels and all are subject to 
whatever regulatory restrictions are in force at the time.  

Changes in DWR’s Allocation of Table A Water and Article 21 Water 

The Monterey Amendment revised the temporary shortage provision that specified an initial 
reduction of supplies for agricultural use when requests for SWP water exceeded the available 
supply.  The Amendment specifies that whenever the supply of Table A water is less than the 
total of all contractors’ requests, the available supply of Table A water is allocated among all 
contractors in proportion to each contractor’s annual Table A amount.  

The Monterey Amendment amended Article 21 by eliminating the category of scheduled 
"surplus water," which was available for scheduled delivery and by renaming "unscheduled 
water" to "interruptible water."  Surplus water was scheduled water made available to the 
contractors when DWR had supplies beyond what was needed to meet Table A deliveries, 
reservoir storage targets, and Delta regulatory requirements.  Surplus water and unscheduled 
water were made available first to contractors requesting it for agricultural use or for 
groundwater replenishment.  Because of the contractors’ increasing demands for Table A water 
and the increasing regulatory requirements imposed on SWP operations, DWR is now able to 
supply water that is not Table A water only on an unscheduled, i.e., interruptible basis. 

Pursuant to the revised Article 21, DWR allocates the available interruptible supply to requesting 
contractors in proportion to their annual Table A amounts.  

The result of these contractual changes are that DWR now allocates Table A and interruptible 
water among contractors in proportion to annual Table A amounts without consideration of 
whether the water would be used for M&I or agricultural purposes.  Agricultural and M&I 
contractors share any reductions in deliveries or opportunities for surplus water in proportion to 
their annual Table A amounts. 

Historical Water Deliveries to Southern California 

The pumping from the Delta to serve southern California has been influenced by changes in 
available water supply sources to serve the region.  The Colorado River and the SWP have been 
the major supply sources for southern California. 

The Quantification Settlement Agreement (QSA) signed in 2003 resulted in a decrease in the 
amount of Colorado River water available to California.  To illustrate the impact of that decrease 
on demand from the Sacramento-San Joaquin Delta, it is instructive to look at the magnitude of 
the two imported supply sources available to MWDSC.  

During part of this period, MWDSC was also filling Diamond Valley Lake (810,000 acre-feet, 
late 1998-early 2002) and adding some water to groundwater storage programs.  In wetter years, 
demand for imported water may often decrease because local sources are augmented and local 
rainfall reduces irrigation demand.  Table P-12 below illustrates the effects of the wet years from 
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1995-1998 on demand for imported water and the effect of reduced Colorado River diversions 
under the QSA on MWDSC deliveries from the Delta.  

Table P-12 Wet Year effects  

Calendar 
Year 

Sacramento Valley 
Water Year Type 

Delta Supplies Colorado 
Supplies 

Total 

1994 Critically Dry    807,866 1,303,212 2,111,078 

1995 Wet    436,042    997,414 1,433,456 

1996 Wet    593,380 1,230,353 1,823,733 

1997 Wet    721,810 1,241,821 1,963,631 

1998 Wet    410,065 1,073,125 1,483,190 

1999 Wet    852,617 1,215,224 2,067,841 

2000 Above Normal 1,541,816 1,303,148 2,844,964 

2001 Dry 1,023,169 1,253,579 2,276,748 

2002 Dry 1,408,919 1,241,088 2,650,007 

2003 Above Normal 1,686,973    688,043 2,375,016 

2004 Below Normal 1,724,380    733,095 2,457,475 

2005 Above Normal 1,616,710    839,704 2,456,414 

2006 Wet 1,521,681*    594,544 2,116,225 

2007 Dry 1,395,827*    713,456* 2,109,283 

* - These figures are preliminary. 

Project Facilities 

Oroville Field Division 

Oroville Dam and related facilities comprise a multipurpose project. The reservoir stores winter 
and spring runoff, which is released into the Feather River to meet the Project's needs.  It also 
provides pumpback capability to allow for on-peak electrical generation, 750,000 acre-feet of 
flood control storage, recreation, and freshwater releases to control salinity intrusion in the 
Sacramento-San Joaquin Delta and for fish and wildlife protection. 

The Oroville facilities are shown in Figure P-12.  Two small embankments, Bidwell Canyon and 
Parish Camp Saddle Dams, complement Oroville Dam in containing Lake Oroville.  The lake 
has a surface area of 15,858 acres, a storage capacity of 3,538,000 AF, and is fed by the North, 
Middle, and South forks of the Feather River.  Average annual unimpaired runoff into the lake is 
about 4.5 million AF. 

A maximum of 17,000 cfs can be released through the Edward Hyatt Powerplant, located 
underground near the left abutment of Oroville Dam.  Three of the six units are conventional 
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generators driven by vertical-shaft, Francis-type turbines.  The other three are motor-generators 
coupled to Francis-type, reversible pump turbines.  The latter units allow pumped storage 
operations.  The intake structure has an overflow type shutter system that determines the level 
from which water is drawn. 

Approximately four miles downstream of Oroville Dam and Edward Hyatt Powerplant is the 
Thermalito Diversion Dam.  Thermalito Diversion Dam consists of a 625-foot-long, concrete 
gravity section with a regulated ogee spillway that releases water to the low flow channel of the 
Feather River. On the right abutment is the Thermalito Power Canal regulating headwork 
structure.  

 

Figure P-12  Oroville Facilities on the Feather River 

The purpose of the diversion dam is to divert water into the 2-mile long Thermalito Power Canal 
that conveys water in either direction and creates a tailwater pool (called Thermalito Diversion 
Pool) for Edward Hyatt Powerplant.  The Thermalito Diversion Pool acts as a forebay when 
Hyatt is pumping water back into Lake Oroville.  On the left abutment is the Thermalito 
Diversion Dam Powerplant, with a capacity of 600 cfs that releases water to the low-flow section 
of the Feather River. 
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Thermalito Power Canal hydraulically links the Thermalito Diversion Pool to the Thermalito 
Forebay (11,768 AF), which is the off-stream regulating reservoir for Thermalito Powerplant.  
Thermalito Powerplant is a generating-pumping plant operated in tandem with the Edward Hyatt 
Powerplant.  Water released to generate power in excess of local and downstream requirements 
is conserved in storage and, at times, pumped back through both powerplants into Lake Oroville 
during off-peak hours.  Energy price and availability are the two main factors that determine if a 
pumpback operation is economical.  A pumpback operation most commonly occurs when energy 
prices are high during the weekday on-peak hours and low during the weekday off-peak hours or 
on the weekend.  The Oroville Thermalito Complex has a capacity of approximately 17,000 cfs 
through the powerplants, which can be returned to the Feather River via the Afterbay’s river 
outlet. 

Local agricultural districts divert water directly from the afterbay.  These diversion points are in 
lieu of the traditional river diversion exercised by the local districts whose water rights are senior 
to the SWP.  The total capacity of afterbay diversions during peak demands is 4,050 cfs.  

The Feather River Fish Hatchery (FRFH), mitigation for the construction of Oroville Dam, 
produces Chinook salmon and steelhead and is operated by DFG.  The FRFH program, 
operations and production, is detailed in the FERC biological assessment for the Oroville Project 
and will be detailed in the NMFS FERC biological opinion.  Both indirect and direct take 
resulting from FRFH operations will be authorized through section 4(d) of the Endangered 
Species Act, in the form of NMFS-approved Hatchery and Genetic Management Plans 
(HGMPs).  DWR is preparing HGMPs for the spring and fall-run Chinook and steelhead 
production programs at the Feather River Fish Hatchery.  

Current Operations - Minimum Flows and Temperature Requirements 
Operation of Oroville will continue under existing criteria, consistent with past project 
descriptions, until a final decision is made in the FERC relicensing process.  The release 
temperatures from Oroville Dam are designed to meet Feather River Fish Hatchery and 
Robinson Riffle temperature schedules included in the 1983 DFG Agreement, “Agreement 
Concerning the Operation of the Oroville Division of the State Water Project for Management of 
Fish and Wildlife”, concerning the operations of the Oroville Division of the State Water Project 
for Management of Fish and Wildlife while also conserving the coldwater pool in Lake Oroville.  
Current operation indicates that water temperatures at Robinson Riffle are almost always met 
when the hatchery objectives are met.  Due to temperature requirements of endangered fish 
species and the hatchery and overriding meteorological conditions, the temperature requests for 
agriculture can be difficult to satisfy.  

Water is withdrawn from Lake Oroville at depths that will provide sufficiently cold water to 
meet the Feather River Fish Hatchery and Robinson Riffle temperature targets.  The reservoir 
depth from which water is released initially determines the river temperatures, but atmospheric 
conditions, which fluctuate from day to day, modify downstream river temperatures.  Altering 
the reservoir release depth requires installation or removal of shutters at the intake structures.  
Shutters are held at the minimum depth necessary to release water that meets the Feather River 
Fish Hatchery and Robinson Riffle criteria.  In order to conserve the coldwater pool during dry 
years, DWR has strived to meet the Robinson Riffle temperatures by increasing releases to the 
LFC rather than releasing colder water.  
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Additionally, DWR maintains a minimum flow of 600 cfs within the Feather River Low Flow 
Channel (LFC) (except during flood events when flows are governed by the Flood Operations 
Manual and under certain other conditions as described in the 1984 FERC order).  Downstream 
of the Thermalito Afterbay Outlet, in the High Flow Channel (HFC), a minimum release for 
flows in the Feather River is to be 1,000 cfs from April through September and 1,700 cfs from 
October through March, when the April-to-July unimpaired runoff in the Feather River is greater 
than 55 percent of normal.  When the April-to-July unimpaired runoff is less than 55 percent of 
normal, the License requires minimum flows of 1,000 cfs from March to September and 1,200 
cfs from October to February (Table P-13).  In practice, flows are maintained below 2,500 cfs 
from October 15 to November 30 to prevent spawning in the overbank areas. 

According to the 1983 Agreement, if during the period of October 15 to November 30, the 
average highest 1-hour flow of combined releases exceeds 2,500 cfs; with the exception of flood 
management, accidents, or maintenance; then the minimum flow must be no lower than 500 cfs 
less than that flow through the following March 31.  The 1983 Agreement also states that if the 
April 1 runoff forecast in a given year indicates that the reservoir level will be drawn down to 
733 feet, water releases for fish may be reduced, but not by more than 25 percent.  

Table P-13  Combined Minimum Instream Flow Requirements in the Feather River Below 
Thermalito Afterbay Outlet When Lake Oroville Elevation is Projected to be Greater vs. Less Than 
733’ in the Current Water Year  

Conditions Period Minimum Flows 

October - February 1,700 cfs 

March 1,700 cfs 

When Lake Oroville Elevation 
is Projected to be Greater Than 
733’ & the Preceding Water 
Year’s April – July Water 
Conditions are 

 > 55% of Normal (1) 
April - September 1,000 cfs 

 

October - February 1,200 cfs 

March 1,000 cfs 

When Lake Oroville Elevation 
is Projected to be Greater Than 
733’ & the Preceding Water 
Year’s April – July Water 
Conditions are  

< 55% of Normal (1) 
April - September 1,000 cfs 

 

October - February 900 cfs < Q < 1,200 cfs 

March 750 cfs < Q < 1,000 cfs 

When Lake Oroville Elevation 
is Projected to be Less Than 
733’ in the Current Water Year 
(2) 

April - September 750 cfs < Q < 1,000 cfs 

Notes:   
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1) Normal is defined as the Mean April – July Unimpaired Runoff of the Feather River near Oroville 
of 1,942,000 AF (1911 – 1960). 

2) In accordance with FERC’s Order Amending License dated September 18, 1984, Article 53 was 
amended to provide a third tier of minimum flow requirements defined as follows:  If the April 1 
runoff forecast in a given water year indicates that, under normal operation of Project 2100, the 
reservoir level will be drawn to elevation 733 feet (approximately 1,500,000 AF), releases for fish 
life in the above schedule may suffer monthly deficiencies in the same proportion as the 
respective monthly deficiencies imposed upon deliveries of water for agricultural use from the 
Project. However, in no case shall the fish water releases in the above schedule be reduced by 
more than 25 percent.  

 

Current operations of the Oroville Facilities are governed by water temperature requirements at 
two locations: the FRFH and in the LFC at Robinson Riffle.  DWR has taken various 
temperature management actions to achieve the water temperature requirements, including 
curtailing pumpback operations, removing shutters at intakes of the Hyatt Pumping-Generating 
Plant, releasing flow through the river valves (for FRFH only), and redirecting flows at the 
Thermalito Diversion Dam to the LFC (for Robinson Riffle only).  

To date, the river valves have been used infrequently. Prior to 1992, they were used twice: first 
in 1967 during the initial construction of the dam, and second in 1977 during the drought of 
record.  Since 1992, the river valves have only been used twice for temperature control: in 2001 
and 2002.  To ensure that the river valves will operate reliably, DWR exercises them annually.  
When operated to meet temperature criteria, DWR can and does operate the river valves at a 
flow rate up to the 1,500 cfs needed for FRFH temperature management purposes.  

Other than local diversions, outflow from the Oroville Complex is to the Feather River, 
combining flows from the LFC and Thermalito Afterbay.  Outflow typically varies from spring 
seasonal highs averaging 8,000 cfs to about 3,500 cfs in November.  The average annual outflow 
from the Project is in excess of 3 MAF to support downstream water supply, environmental, and 
water quality needs.  

Table P-14 shows an example of releases from Oroville for various downstream uses during dry 
hydrologic conditions (WYs 2001 and 2002).  As a practical matter, water supply exports are 
met with water available after Delta requirements are met.  Some of the water released for 
instream and Delta requirements may be available for export by the SWP after Delta standards 
have been met.  

Table P-14  Historical Records of Releases from the Oroville Facilities in 2001 and 2002, by 
Downstream Use 

Water Year 2001 Release Water Year 2002 Release  
Downstream Use Volume (TAF) Percentage  Volume (TAF) Percentage  

Feather River Service Area 1,024 46 925 34 
Instream and Delta Requirements 1,099 50 1,043 38 
Flood Management 0 0 0 0 
Support of Exports 93 4 773 28 

Total 2,216 100 2,741 100 
Source:  DWR SWP Operations Control Office 
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Feather River Flow Requirements  

The existing Feather River flow requirements below Oroville Dam are based on an August 1983 
Agreement between the DWR and DFG.  The 1983 Agreement established criteria and 
objectives for flow and temperatures in the LFC, FRFH, and HFC.  This agreement includes the 
following: 

 Established minimum flows between the Thermalito Afterbay Outlet and Verona that 
vary by WY type 

 Required flow changes under 2,500 cfs to be reduced by no more than 200 cfs during any 
24-hour period, except flood management operations 

 Required flow stability during the peak of the fall-run Chinook spawning season 

 Set an objective of suitable water temperature conditions during the fall months for 
salmon and during the later spring/summer months for shad and striped bass 

 Established a process whereby DFG would recommend each year, by June 1, a spawning 
gravel maintenance program to be implemented during that calendar year 

Low Flow Channel  
The 1983 Agreement specifies that DWR release a minimum of 600 cfs into the Feather River 
from the Thermalito Diversion Dam for fishery purposes.  This is the total volume of flows from 
the Diversion Dam Outlet, Diversion Dam Powerplant, and FRFH Pipeline.  

High Flow Channel 
Based on the 1983 Agreement, Table P-15 summarizes the minimum flow requirement for the 
HFC when releases would not draw Oroville Reservoir below elevation 733 feet above mean sea 
level (ft msl).  

Table P-15  High Flow Channel minimum flow requirements as measured downstream from the 
Thermalito Afterbay Outlet.  

Minimum Flow in HFC (cfs) Forecasted April-through- 
July unimpaired runoff 
(percent of normal1) October through February March April through September 

55 percent or greater 1,700 1,700 1,000 
Less than 55 percent 1,200 1,000 1,000 

Source: 1983 Agreement 
1 The preceding water year’s unimpaired runoff shall be reported in Licensee’s Bulletin 120, “Water 
Conditions in California-Fall Report.”  The term “normal” is defined as the April-through-July mean 
unimpaired runoff near Oroville of 1,942,000 AF in the period of 1911 through 1960. 
Key:  
cfs – cubic feet per second 
HFC – High Flow Channel 

 

If the April 1 forecast in a given WY indicates that Oroville Reservoir would be drawn down to 
elevation 733 ft msl, minimum flows in the HFC may be diminished on a monthly average basis, 
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in the same proportion as the respective monthly deficiencies imposed on deliveries for 
agricultural use of the Project.  However, in no case shall the minimum flow releases be reduced 
by more than 25 percent.  If between October 15 and November 30, the highest total 1-hour flow 
exceeds 2,500 cfs, DWR shall maintain a minimum flow within 500 cfs of that peak flow, unless 
such flows are caused by flood flows, or an inadvertent equipment failure or malfunction. 

Temperature Requirements 

Low Flow Channel 
NMFS has established a water temperature requirement for steelhead trout and spring-run 
Chinook salmon at Feather River RM 61.6 (Robinson Riffle in the LFC) from June 1 through 
September 30.  The water temperature should be maintained at less than or equal to 65°F on a 
daily average basis.  

High Flow Channel  
While no numeric temperature requirement currently exists for the HFC, the 1983 Agreement 
requires DWR to provide suitable Feather River water temperatures for fall-run salmon not later 
than September 15, and to provide for suitable water temperatures below the Thermalito 
Afterbay Outlet for shad, striped bass, and other warm water fish between May 1 and September 
15. 

Current FRFH intake water temperature, as required by the 1983 DFG and DWR Agreement are 
in Table P-16. 

Table P-16 Feather River Fish Hatchery Temperature Requirements 

Period Degrees F  
(± 4 ºF allowed) 

April 1 – November 30  
 April 1 – May 15 51 
 May 16 – May 31 55 
 June 1 – June 15 56 
 June 16 – August 15 60 
 August 16 – August 31 58 
 September 1 – September 30 52 
 October 1 – November 30 51 
December 1 – March 31 No greater than 55 

 

Table P-17 summarizes current flow and temperature management in the Feather River Fish 
Hatchery and the Lower Feather River below Oroville Dam.  These operational measures are in 
place in compliance with FERC license terms, agency agreements or ESA biological opinions 
and are provided to fully describe the baseline conditions. 
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Table P-17  Lower Feather River Flows and Temperature Management under Existing Conditions 

Type of Measure Title Description 
Minimum Release 
to Low Flow 
Channel (this 
includes water that 
returns from 
hatchery) 

Maintain minimum flow of 600 cubic feet per second (cfs) within the Feather River 
downstream of the Thermalito Diversion Dam and the Feather River Fish Hatchery. 
FERC 1984. [Low Flow Channel Flow Standard] 

Minimum Flows 

Minimum Release 
to High Flow 
Channel 

Release water necessary to maintain flows in the Feather River below the 
Thermalito Afterbay Outlet in accordance with the minimum flow schedule presented 
in the Federal Energy Regulatory Commission (FERC) order, provided that releases 
will not cause Lake Oroville to be drawn below elevation 733 feet (ft) (approximately 
1.5 million acre-feet [maf] of storage). If the April 1 runoff forecast in a given year 
indicates that the reservoir level will be drawn to 733 ft, water releases for fish may 
be reduced, but not by more than 25 percent. 

Maximum Flow into 
Feather River Fish 
Hatchery 

Maximum flow into Feather River Fish Hatchery from the Diversion Pool is 115 cfs 
year round. 

Maximum Flows (non-flood 
control) Maximum Flow in 

the High Flow 
Channel 

Maximum flow at Feather River below Thermalito Afterbay Outlet is 10,000 cfs 
when Lake Oroville inflow is less than 10,000 cfs. [High Flow Channel Flow 
Standard] When Lake Oroville inflow is greater than 10,000 cfs, the maximum flow 
in the river below Thermalito Afterbay Outlet will be limited to inflow. If higher flow 
releases coincide with Chinook spawning activity, the ramping rate used to return to 
the minimum flow requirement will be chosen to avoid redd dewatering. 

Ramping Rates Ramping Rate 
Criteria 

Flows less than 2,500 cfs cannot be reduced more than 300 cfs during any 24-hour 
period, except for flood releases, failures, etc.  

Releases from Lake 
Oroville 

Releases for water supply, flood control, Sacramento–San Joaquin Delta (Delta) 
water quality requirements, and instream flow requirements of an average of 
3 million acre-feet per year (maf/year) and approximately 1 maf/year to the Feather 
River Service Area (FRSA) for agricultural, municipal, and industrial uses in 
accordance with SWP contracts, DWR agreements, and water rights. Water Supply 

Diversions from 
Feather River 

Diversion of an estimated 60–70 thousand acre-feet per year (TAF/year) from the 
Feather River by senior water right holders per State Water Resources Control 
Board (SWRCB) licenses or permits for appropriative users. 
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Type of Measure Title Description 

Flood Protection/Management Flood Protection 

The Oroville Facilities are operated for flood control purposes in conformance with 
the flood management regulations prescribed by the Secretary of the Army under 
the provisions of an Act of Congress (58 Stat. 890; 33 United States Code [USC] 
709). 
- During floods, water releases from Oroville Dam and Thermalito Afterbay Dam will 
not increase floodflows above those prior to project existence. Operation of the 
project in the interest of flood control shall be in accordance with Section 204 of the 
Flood Control Act of 1958. 
- At high flows, fluctuate releases at least every couple of days to avoid 
riverbank/levee damage at one level. 
- Avoid extended periods of flow over the quantities listed above as much as 
possible to minimize the risk of seepage damage to orchards adjacent to the 
Feather River. 
- Maximum allowable flow is 180,000 cfs year round at the Feather River above the 
Yuba River. Maximum allowable flow is 300,000 cfs year round at the Feather River 
below the Yuba River. 
- Maximum allowable flow is 320,000 cfs year round at the Feather River below the 
Bear River.  
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Type of Measure Title Description 

At the Feather River 
Fish Hatchery and 
Robinson Riffle  

Water temperature at Robinson Riffle must be less than 65 degrees between June 
and September. 
Water temperature during the fall months, after September 15, should be suitable for 
fall-run Chinook salmon. 
Water temperature from May through August should be suitable for American shad, 
striped bass, etc. 
At the Feather River Fish Hatchery 
Temperature (+/- 4°F) 
April 1–May 15      51° 
May 16–May 31    55° 
June 1–June 15     56° 
June 16–August 15     60° 
August 16–August 31     58° 
September 1–September 30     52° 
October 1–November 30     51° 
December 1–March 31     no greater than 55° 

Temperature Criteria/Targets 

Thermalito Afterbay 
Temperature 
Control  

Operate facilities pursuant to the May 1968 Joint Water Agreement. 

Natural Salmonid Spawning and 
Rearing Habitat 

Salmonid Habitat 
Improvement – 
Endangered 
Species Act (ESA) 
Species Recovery 
Measures 

Maintain conditions in the Low Flow Channel pursuant to 1983 Operating 
Agreement between DFG and DWR which is to prevent damage to fish and wildlife 
resources from operations and construction of the project. 

Excerpt from Appendix B of the FERC Preliminary Draft Environmental Assessment, Oroville Facilities—FERC Project No. 2100 
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Flood Control 

Flood control operations at Oroville Dam are conducted in coordination with DWR’s 
Flood Operations Center and in accordance with the requirements set forth by the Corps.  
The Federal Government shared the expense of Oroville Dam, which provides up to 
750,000 AF of flood control space.  The spillway is located on the right abutment of the 
dam and has two separate elements: a controlled gated outlet and an emergency 
uncontrolled spillway.  The gated control structure releases water to a concrete-lined 
chute that extends to the river.  The uncontrolled emergency spill flows over natural 
terrain. 

Table P-18  Water Year/Days in Flood Control/40-30-30 Index 

Water Year Days in Flood Control 40-30-30 Index 

1981 0 D 
1982 35 W 
1983 51 W 
1984 16 W 
1985 0 D 
1986 25 W 
1987 0 D 
1988 0 C 
1989 0 D 
1990 0 C 
1991 0 C 
1992 0 C 
1993 8 AN 
1994 0 C 
1995 35 W 
1996 22 W 
1997 57 W 
1998 0 W 
1999 58 W 
2000 0 AN 
2001 0 D 
2002 0 D 

 

Feather River Ramping Rate Requirements  

Maximum allowable ramp-down release requirements are intended to prevent rapid 
reductions in water levels that could potentially cause redd dewatering and stranding of 
juvenile salmonids and other aquatic organisms.  Ramp-down release requirements to the 
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LFC during periods outside of flood management operations, and to the extent 
controllable during flood management operations, are shown in Table P-19. 

Table P-19 Lower Feather River Ramping Rates 

Releases to the Feather River   
Low Flow Channel  
(cfs) 

Rate of Decrease  
(cfs) 

5,000 to 3,501 1,000 per 24 hours 

3,500 to 2,501 500 per 24 hours 

2,500 to 600 300 per 24 hours 

Key: 
cfs = cubic feet per second 
Source:  NMFS 2004a 

 

Proposed Operational Changes with the Federal Energy Regulatory Commission 
(FERC) Relicensing of the Oroville Project– Near Term and Future Operations 
Until FERC issues the new license for the Oroville Project, DWR will not significantly 
change the operations of the facilities and when the FERC license is issued, it is assumed 
that downstream of Thermalito Afterbay Outlet, the future flows will remain the same.  

There is a great deal of uncertainty as to when the license will be issued and what 
conditions will be imposed by FERC and the State Water Resources Control Board 
(SWRCB).  The process that DWR has to go through to get the new license is as follows: 
DWR will finalize the Final Environment Impact Report in May 2008, the SWRCB will 
prepare the Clean Water Act Section 401 Certification (401 Cert) for the project which 
may take up to a year and the 401 Cert may have additional requirements for DWR 
operations of Oroville.  Once the 401 Cert is issued, FERC can issue the new license; 
however, in the interim, the documents or process may be challenged in court.  When the 
new FERC license is issued, additional flow or temperature requirements may be 
required.  At this time, DWR can only assume that the flow and temperature conditions 
required will be those in the FERC Settlement Agreement (SA); therefore, those are what 
DWR proposes for the near-term and future Oroville operations. 

The proposed future operations in the SA described in the Project Description include 
100-200 cfs increase in flows in the LFC of the Lower Feather River and reduced water 
temperatures at the Feather River Hatchery and in the Low Flow and High Flow 
channels, after further analysis of alternatives and construction of one or more 
temperature control facilities.  These are described in more detail in the SA.  The flows in 
the HFC downstream of the TAO will not change.  It is unlikely that either the proposed 
minor flow changes in the LFC or the reduced water temperatures will affect conditions 
in the Sacramento River downstream of the confluence but if they were detectable, they 
would be beneficial to anadromous fish in the Sacramento River. 
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The original FERC license to operate the Oroville Project expired in January 2007 and 
until a new license is issued, DWR will operate to the existing FERC license.  FERC has 
and will continue to issue an annual license until it is prepared to issue the new 50-year 
license.  In preparation for the expiration of the FERC license, DWR began working on 
the relicensing process in 2001.  As part of the process, DWR entered into a SA with 
State, federal and local agencies, State Water Contractors, Non-Governmental 
Organizations, and Tribal governments to implement improvements within the FERC 
Boundary.  The FERC boundary includes all of the Oroville Project facilities, extends 
upstream into the tributaries of Lake Oroville, includes portions of the LFC on the lower 
Feather River and downstream of the Thermalito Afterbay Outlet into the HFC.  In 
addition to the Settlement Agreement signed in 2006, a Habitat Expansion Agreement 
was negotiated to address the fish passage issue over Oroville Dam and NMFS and the 
Service’ Section 18 Authority under the Federal Power Act. FERC prepared an EIS for 
the proposed license and DWR prepared and EIR and biological assessments for FERC 
based on the terms and conditions in the Settlement Agreement.  The SWRCB is working 
on the Section 401 Certification process and when all the environmental documents and 
permits are complete, the new 50-year FERC license will be issued for the Oroville 
Project, possibly in 2009.  

FERC requested consultation with NMFS on the Oroville Project SA and DWR prepared 
and submitted the FERC biological assessment in June 2007 to NMFS and FERC.  The 
SA does not change the flows in the HFC although there will be a proposed increase in 
minimum flows in the LFC.  The SA includes habitat restoration actions such as side-
channel construction, structural habitat improvement such as boulders and large woody 
debris, spawning gravel augmentation, a fish counting weir, riparian vegetation and 
floodplain restoration, and facility modifications to improve coldwater temperatures in 
the low and high flow channels.  The SA and the FERC biological assessment provide 
substantial detail on the restoration actions in the Lower Feather River.  

Below is a summary of articles in the SA referred to by number and is by no means a 
complete description of the terms and conditions therein.  The numbering of the tables in 
this section is consistent with the numbering in the SA for direct comparison.   

Minimum Flows in the Low Flow and High Flow Channels 

When the FERC license is issued, DWR will release a minimum flow of 700 cfs into the 
LFC.  The minimum flow shall be 800 cfs from September 9 to March 31 of each year to 
accommodate spawning of anadromous fish, unless the NMFS, the Service, DFG, and 
California SWRCB provide a written notice that a lower flow (between 700 cfs and 800 
cfs) substantially meets the needs of anadromous fish.  If the DWR receives such a 
notice, it may operate consistent with the revised minimum flow.  HFC flows will remain 
the same as the existing license, consistent with the 1983 DWR and DFG Operating 
Agreement to continue to protect Chinook salmon from redd dewatering. 

Water Temperatures for the Feather River Fish Hatchery 
When the FERC license is issued, DWR will use the temperatures in Table P-20 as 
targets, and will seek to achieve them through the use of operational measures described 
below.  
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Table P-20  Maximum Mean Daily Temperatures,  

September 1-September 30 56 F 

October 1 – May 31 55 F 

June 1 – August 31 60F 

 

The temperatures in Table P-20 are Maximum Mean Daily Temperatures, calculated by 
adding the hourly temperatures achieved each day and dividing by 24. DWR will strive to 
meet Maximum Mean Daily Temperatures through operational changes including but not 
limited to (i) curtailing pump-back operation and (ii) removing shutters on Hyatt intake 
and (iii) after river valve refurbishment.  DWR will consider the use of the river valve up 
to a maximum of 1500 cfs; however these flows need not exceed the actual flows in the 
HFC, and should not be less than those specified in HFC minimum flows described 
above, which will not change with the new FERC license.  During this interim period, 
DWR shall not be in violation if the Maximum Mean Daily Temperatures are not 
achieved through operational changes.  

Prior to FERC license implementation, DWR agreed to begin the necessary studies for 
the refurbishment or replacement of the river valve.  On October 31, 2006, DWR 
submitted to specific agencies a Reconnaissance Study of Facilities Modification to 
address temperature habitat needs for anadromous fisheries in the Low Flow Channel and 
the HFC.  Under the provisions of Settlement Agreement Appendix B Section B108(a), 
DWR has begun a study to evaluate whether to refurbish or replace the river valve that 
may at times be used to provide cold water for the Feather River Fish Hatchery. 

Upon completion of Facilities Modification(s) as provided in A108, and no later than the 
end of year ten following license issuance, Table P-20 temperatures shall become 
requirements, and DWR shall not exceed the Maximum Mean Daily Temperatures in 
Table P-20 for the remainder of the License term, except in Conference Years as 
referenced in A107.2(d). 

During the term of the FERC license, DWR will not exceed the hatchery water 
temperatures in Table P-21.  There will be no minimum temperature requirement except 
for the period of April 1 through May 31, during which the temperatures shall not fall 
below 51 ºF.  

Table P-21  Hatchery Water Temperatures 

September 1-September 30 56 F 

October 1 – November 30 55 F 

December 1 – March 31 55 F 
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April 1 – May 15 55 F 

May 16-May 31 59F 

June 1-June 15 60F 

June 16- August 15 64F 

August 16 – August 31 62F 

 

Upon completion of Facilities Modification(s) as provided in A108 (discussed below), 
DWR may develop a new table for hatchery temperature requirements that is at least as 
protective as Table P-21.  If a new table is developed, it shall be developed in 
consultation with the Ecological Committee, including specifically the Service, NMFS, 
DFG, California SWRCB, and RWQCB.  The new table shall be submitted to FERC for 
approval, and upon approval shall become the temperature requirements for the hatchery 
for the remainder of the license term.  

During Conference Years, as defined in A108.6, DWR shall confer with the Service, 
NMFS, DFG, and California SWRCB to determine proper temperature and hatchery 
disease management goals.  

Water Temperatures in the Lower Feather River 
Under the SA, DWR is committing to a Feasibility Study and Implementation Plan to 
improve temperature conditions (Facilities Modification(s)) for spawning, egg 
incubation, rearing and holding habitat for anadromous fish in the Low Flow Channel and 
HFC (A108.4).  The Plan will recommend a specific alternative for implementation and 
will be prepared in consultation with the resource agencies.  

Prior to the Facilities Modification(s) described in Article A108.4, if DWR does not 
achieve the applicable Table P-22 Robinson Riffle temperature upon release of the 
specified minimum flow, DWR shall singularly, or in combination perform the following 
actions: 

(1) Curtail pump-back operation, 

(2) Remove shutters on Hyatt Intake, and  

(3) Increase flow releases in the LFC up to a maximum of 1500 cfs, consistent with 
the minimum flow standards in the HFC. Table P-22 temperatures are targets and 
if they are not met there is no license violation.  

If in any given year DWR anticipates that these measures will not achieve the 
temperatures in Table P-22, DWR shall consult with the NMFS, the Service, DFG, and 
California SWRCB to discuss potential approaches to best managing the remaining 
coldwater pool in Lake Oroville, which may result in changes in the way Licensee 
performs actions (1), (2), and (3) listed above.  
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Table P-22  LFC as Measured at Robinson Riffle.  

(all temperatures are in daily mean value (degrees F)) 

Month Temperature (° F)  

January 56 

February 56 

March 56 

April 56 

May 1-15 56-63* 

May 16-31 63 

June 1 – 15 63 

June 16 – 30 63 

July 63 

August 63 

September 1-8 63-58* 

September 9 – 30 58 

October 56 

November 56 

December 56 

* Indicates a period of transition from the first temperature to 
   the second temperature. 

 

After completion of the Facilities Modification(s), DWR shall no longer be required to 
perform the measures listed in (1), (2), and (3), unless Table P-22 temperatures are 
exceeded.  DWR shall operate the project to meet temperature requirements in Table P-
22 in the LFC, unless it is a Conference Year as described in Article 108.6.  The proposed 
water temperature objectives in Table P-23 (in Article 108), measured at the southern 
FERC project boundary, will be evaluated for potential water temperature improvements 
in the HFC.  DWR will study options for Facilities Modification(s) to achieve those 
temperature benefits. 

There would be a testing period of at least five years in length to determine whether the 
HFC temperature benefits are being realized (A108.5).  At the end of the testing period, 
DWR will prepare a testing report that may recommend changes in the facilities, 
compliance requirements for the HFC and the definition of Conference Years (those 
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years where DWR may have difficulties in achieving the temperature requirements due to 
hydrologic conditions.)  The challenges of implementing Table P-23 temperatures will 
require the phased development of the Table P-23 water temperature objective and likely, 
a revision to Table P-23 prior to Table P-23 becoming a compliance obligation. 

Table P-23  HFC as measured at Downstream Project Boundary 

(all temperatures are in daily mean value (degrees F)) 
Month Temperature 

January 56 

February 56 

March 56 

April 61 

May  64 

June 64 

July 64 

August 64 

September 61 

October 60 

November 56 

December 56 

 

Habitat Expansion Agreement  
The Habitat Expansion Agreement is a component of the 2006 SA to address DWR 
obligations in regard to blockage and fish passage issues in regard to the construction of 
Oroville Dam.  Because it deals with offsite mitigation it will not included in the new 
FERC license.  

Construction of the Oroville Facilities and Pacific Gas and Electric Company’s 
construction of other hydroelectric facilities on the upper Feather River tributaries 
blocked passage and reduced available habitat for Central Valley spring-run Chinook 
salmon and Central Valley steelhead.  The reduction in spring-run habitat resulted in 
spatial overlap with fall-run Chinook salmon and has led to increased redd 
superimposition, competition for limited habitat, and genetic introgression.  FERC 
relicensing of hydroelectric projects in the Feather River basin has focused attention on 
the desirability of expanding spawning, rearing and adult holding habitat available for 
Central Valley spring-run and steelhead.  The SA Appendix F includes a provision to 
establish a habitat enhancement program with an approach for identifying, evaluating, 
selecting and implementing the most promising action(s) to expand such spawning, 
rearing and adult holding habitat in the Sacramento River Basin as a contribution to the 



 

 107

conservation and recovery of these species.  The specific goal of the Habitat Expansion 
Agreement is to expand habitat sufficiently to accommodate an estimated net increase of 
2,000 to 3,000 spring-run or steelhead for spawning (Habitat Expansion Threshold).  The 
population size target of 2,000 to 3,000 spawning individuals was selected because it is 
approximately the number of spring-run and steelhead that historically migrated to the 
upper Feather River.  Endangered species issues will be addressed and documented on a 
specific project-related basis for any restoration actions chosen and implemented under 
this Agreement. 

Anadromous Fish Monitoring on the Lower Feather River 
Until the new FERC license is issued and until a new monitoring program is adopted, 
DWR will continue to monitor anadromous fish in the Lower Feather River in 
compliance with the project description set out in Reclamation’s 2004 OCAP biological 
assessment. 

As required in the FERC SA (Article A101), within three years following the FERC 
license issuance, DWR will develop a comprehensive Lower Feather River Habitat 
Improvement Plan that will provide an overall strategy for managing the various 
environmental measures developed for implementation, including the implementation 
schedules, monitoring, and reporting.  Each of the programs and components of the 
Lower Feather River Habitat Improvement Plan shall be individually evaluated to assess 
the overall effectiveness of each action within the Lower Feather River Habitat 
Improvement Plan.  

Delta Field Division 

SWP facilities in the southern Delta include Clifton Court Forebay, John E. Skinner Fish 
Facility, and the Banks Pumping Plant.  CCF is a 31,000 AF reservoir located in the 
southwestern edge of the Delta, about ten miles northwest of Tracy.  CCF provides 
storage for off-peak pumping, moderates the effect of the pumps on the fluctuation of 
flow and stage in adjacent Delta channels, and collects sediment before it enters the 
California Aqueduct.  Diversions from Old River into CCF are regulated by five radial 
gates.  

The John E. Skinner Delta Fish Protective Facility is located west of the CCF, two miles 
upstream of the Banks Pumping Plant.  The Skinner Fish Facility screens fish away from 
the pumps that lift water into the California Aqueduct (CA).  Large fish and debris are 
directed away from the facility by a 388-foot long trash boom.  Smaller fish are diverted 
from the intake channel into bypasses by a series of metal louvers, while the main flow of 
water continues through the louvers and towards the pumps.  These fish pass through a 
secondary system of screens and pipes into seven holding tanks, where a subsample is 
counted and recorded.  The salvaged fish are then returned to the Delta in oxygenated 
tank trucks. 

The Banks Pumping Plant is in the South Delta, about eight miles northwest of Tracy and 
marks the beginning of the CA.  By means of 11 pumps, including two rated at 375 cfs 
capacity, five at 1,130 cfs capacity, and four at 1,067 cfs capacity, the plant provides the 
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initial lift of water 244 feet into the CA.  The nominal capacity of the Banks Pumping 
Plant is 10,300 cfs. 

Other SWP operated facilities in and near the Delta include the North Bay Aqueduct 
(NBA), the Suisun Marsh Salinity Control Gates (SMSCG), Roaring River Distribution 
System (RRDS), and up to four temporary barriers in the South Delta.  Each of these 
facilities is discussed further in later sections. 

Clifton Court Forebay Aquatic Weed Control Program 
DWR will apply copper based herbicide complexes including copper sulfate 
pentahydrate, Komeen,® and Nautique® on an as-needed basis to control aquatic weeds 
and algal blooms in Clifton Court Forebay (Forebay). Komeen® is a chelated copper 
herbicide (copper-ethylenediamine complex and copper sulfate pentahydrate) and 
Nautique® is a copper carbonate compound (see Sepro product labels).  These products 
are used to control algal blooms so that such algae blooms do not degrade drinking water 
quality through tastes and odors and production of algal toxins.  Dense growth of 
submerged aquatic weeds, predominantly Egeria densa, can cause severe head loss and 
pump cavitation at Banks Pumping Plant when the stems of the rooted plant break free 
and drift into the trashracks.  This mass of uprooted and broken vegetation essentially 
forms a watertight plug at the trashracks and vertical louver array.  The resulting 
blockage necessitates a reduction in the pumping rate of water to prevent potential 
equipment damage through cavitation at the pumps.  Cavitation creates excessive wear 
and deterioration of the pump impeller blades.  Excessive floating weed mats also reduce 
the efficiency of fish salvage at the Skinner Fish Facility.  Ultimately, this all results in a 
reduction in the volume of water diverted by the State Water Project.  

Herbicide treatments will occur only in July and August on an as needed basis in the 
Forebay dependent upon the level of vegetation biomass in the enclosure.  However, the 
frequency of herbicide applications is not expected to occur more than twice per year.  
Herbicides are typically applied early in the growing season when plants are susceptible 
to the herbicides due to rapid growth and formation of plant tissues, or later in the season, 
when plants are mobilizing energy stores from their leaves towards their roots for over 
wintering senescence. Past use of aquatic herbicides is presented in Table P-24. 

Table P-24 Aquatic herbicide applications in Clifton Court Forebay, 1995- Present.  

Note: The past applications are provided to give the reader an indication of the frequency of herbicide 
applications in the past (baseline). 

Year Date 
Aquatic 
Herbicide 

1995 5/15/1995 Komeen® 

 1995 8/21/1995 Komeen® 

1996 6/11/1996 Komeen® 

 1996 9/10/1996 Komeen® 
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Year Date 
Aquatic 
Herbicide 

1997 5/23/1997 Komeen® 

 1997 7/14/1997 Komeen® 

1998 7/13/1998 Komeen® 

1999 6/11/1999 Komeen® 

2000 7/31/2000 Komeen® 

2001 6/29/2001 Nautique 

2002 6/24/2002 Komeen® 

2003 5/12/2003 Nautique 

2003 8/13/2003 Copper Sulfate 

2004 6/3/2004 Komeen® 

2004 7/22/2004 Copper Sulfate 

2005 5/3/2005 Komeen® 

2005 6/21/2005 Komeen® 

2006 6/1/2006 Komeen® 

2006 6/29/2006 Komeen® 

 

Additionally, copper sulfate pentahydrate was applied once in 2003 and 2004 by 
helicopter to control taste and odor producing benthic cyanobacteria.  

Aquatic weed management problems in the Forebay have to date been limited to about 
700 acres of the 2,180 total water surface acres.  Application of the herbicide is limited to 
only those areas in the Forebay that require treatment.  The copper based herbicides, 
Komeen® or Nautique, are applied by helicopter or boat to only those portions where 
aquatic weeds present a management problem to the State. 

To date, algal problems in the Forebay have been caused by attached benthic 
cyanobacteria which produce unpleasant tastes and odors in the domestic drinking water 
derived from the SWP operations.  Copper sulfate is applied to the nearshore areas of the 
Forebay when results of Solid phase microextraction (SPME) (APHA, 2005) analysis 
exceed the control tolerances (MIB < 5 ng/L and geosmin < 10 ng/L are not detected by 
consumers in drinking water supplies)(Aquatic Pesticide Application Plan, 2004).  
Highest biomass of taste and odor producing cyanobacteria was present in the nearshore 
areas but not limited to shallow benthic zone. Annually, application areas may vary 
considerably based on the extent of the algal infestation in the Forebay. 
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DWR receives Clean Water Act pollutant discharge coverage under the National 
Pollutant Discharge Elimination System (NPDES) Permit No. CAG990005 (General 
Permit) issued by the SWRCB for application of aquatic pesticides to the SWP 
aqueducts, forebays, and reservoirs when necessary to achieve management goals.  The 
State Board functions as the Environmental Protection Agency’s non-federal 
representative for implementation of the Clean Water Act in California.  

A Mitigated Negative Declaration was prepared by DWR to comply with CEQA 
requirements associated with regulatory requirements established by the SWRCB.  DWR, 
a public entity, was granted a Section 5.3 Exception by the SWRCB (Water Quality 
Order 2004-0009-DWQ) and is not required to meet the copper limitation in receiving 
waters during the exception period from March 1 to November 30 as described in the 
DWR’s Aquatic Pesticide Application Plan. .  

Proposed Measures to Reduce Fish Mortality  
Komeen® will be applied according to the product label directions as required by state 
and federal law. The Forebay elevation will be raised to +2 feet above mean sea level for 
an average depth of about 6 feet within the 700-water surface acre treatment zone. The 
herbicide will be applied at a rate of 13 gallons per surface acre to achieve a final 
operational concentration in the water body of 0.64 mg/L Cu2+. (640 ppb).  Application 
rate of 13 gallons per surface area is calculated based on mean depth. The product label 
allows applications up to 1 mg/L (1000 ppb or 1 ppm).  DWR applies Komeen in 
accordance with the specimen label that states, "If treated water is a source of potable 
water, the residue of copper must not exceed 1 ppm (mg/L)". 

In 2005, 770 surface acres were treated with Komeen®.  Clifton Court Forebay has a 
mean depth of 6 feet at 2 feet above mean sea level; thus the volume treated is 4620 acre-
feet. 

The concentration of the active ingredient (Cu2+) is calculated from the following 
equation: 

Cu2+ (ppm) = Komeen (gallon)/ (Mean Depth (feet) * 3.34)) Source: Komeen® Specimen 
Label EPA reg No. 67690-25 

The calculated concentration of Cu2+ for the 2005 application was 0.65 mg/L Cu2+. The 
copper level required to control Egeria densa (the main component of the Clifton Court 
Forebay aquatic plant community) is 0.5 - 0.75 mg/L Cu2+. Source: Komeen® Specimen 
Label. 

Prior to application of copper based herbicides, toxicity testing and literature review of 
LC-50 levels for salmon, steelhead, delta smelt, and green sturgeon may be conducted. 
Once applied, the initial stock copper concentration is reduced rapidly (hours) by dilution 
(Komeen® applied according to the Specimen Label (SePro Corporation) of the product 
in the receiving water to achieve final concentration levels.  Based on the treatment 
elevation of +2 feet, only about 20 percent (4,630 AF) of the 22,665 AF Forebay will be 
treated (AF = Acre-feet= volume).  The copper will be applied beginning on one side of 
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the Forebay allowing fish to move out of the treatment area.  In addition, Komeen® will 
be applied by boats at a slower rate than in previous years when a helicopter was used. 

In 2006 DWR proposed the following actions to reduce fish mortality in coordination 
with DFG and NMFS.  Also, the hydroacoustical aquatic plant survey was continued in 
2007 when no Komeen application was done.  A survey in 2008 is also planned.  These 
actions will continue to be followed in the future. 

1. Komeen® or copper sulfate will only be applied in July and August.  

2. The salvage of listed fish species at Skinner Fish Facility will be monitored prior 
to the Komeen® application.  

3. The intake (radial) gates at Clifton Court Forebay will be closed 24 hours prior to 
the scheduled application to improve fish passage out of the designated treatment 
areas. 

4. The radial gates will not be re-opened to allow inflow into the Forebay for 24 
hours following the end of the aquatic herbicide application. The Clifton Court 
intake gates will therefore be closed for 48 hours.  The Komeen® Specimen Label 
recommends a 12-24 hours contact with target weeds to provide effective control. 
Twenty-four hours is at the high end for recommended contact time according to 
the Komeen® Specimen Label. 

5. Komeen® will be applied by boat, first to the nearshore areas and then outwards 
in transects away from the shore. The application will be conducted by a private 
contractor and supervised by a California Certified Pest Control Advisor. 

6. The herbicide treatment will be scheduled and planned for minimizing the 
treatment area by using hydroacoustical plant mapping technology to locate and 
estimate the area of submerged vegetation beds.  The smallest possible area will 
be treated to minimize both the volume of aquatic herbicide applied and lessen the 
impacts to fish in the Forebay.  Examples of figures from the 2005 
hydroacoustical survey are enclosed. 

7. Copper monitoring and analysis will follow the procedures described in the DWR 
Quality Assurance Project Plan submitted to the State Water Resources Control 
Board in February 2002.  There are no plans to measure sediment and detrial 
copper concentrations.  The Quality Assurance Plan was submitted to the 
SWRCB on February 26, 2002 and no comments were received. 

North Bay Aqueduct Intake at Barker Slough 

The Barker Slough Pumping Plant diverts water from Barker Slough into the North Bay 
Aqueduct (NBA) for delivery in Napa and Solano Counties.  Maximum pumping 
capacity is 175 cfs (pipeline capacity).  During the past few years, daily pumping rates 
have ranged between 0 and 140 cfs.  The current maximum pumping rate is 140 cfs 
because an additional pump is required to be installed to reach 175 cfs.  In addition, 
growth of biofilm in a portion of the pipeline is also limiting the NBA ability to reach its 
full capacity. 
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The NBA intake is located approximately 10 miles from the main stem Sacramento River 
at the end of Barker Slough.  Per salmon screening criteria, each of the ten NBA pump 
bays is individually screened with a positive barrier fish screen consisting of a series of 
flat, stainless steel, wedge-wire panels with a slot width of 3/32 inch.  This configuration 
is designed to exclude fish approximately one inch or larger from being entrained.  The 
bays tied to the two smaller units have an approach velocity of about 0.2 ft/s.  The larger 
units were designed for a 0.5 ft/s approach velocity, but actual approach velocity is about 
0.44 ft/s.  The screens are routinely cleaned to prevent excessive head loss, thereby 
minimizing increased localized approach velocities. 

Delta smelt monitoring was required at Barker Slough under the March 6, 1995 OCAP 
BO.  Starting in 1995, monitoring was required every other day at three sites from mid-
February through mid-July, when delta smelt may be present and continued monitoring 
was stopped in 2005.  As part of the Interagency Ecological Program (IEP), DWR has 
contracted with the DFG to conduct the required monitoring each year since the 
biological opinion was issued.  Details about the survey and data are available on DFG’s 
website (http://www.delta.dfg.ca.gov/data/NBA).  

Beginning in 2008, the NBA larval sampling will be replaced by an expanded 20-mm 
survey (described at http://www.delta.dfg.ca.gov/data/20mm) that has proven to be fairly 
effective at tracking delta smelt distribution and reducing entrainment.  The expanded 
survey covers all existing 20-mm stations, in addition to a new suite of stations near 
NBA. The expanded survey also has an earlier seasonal start and stop date to focus on the 
presence of larvae in the Delta.  The gear type was a surface boom tow, as opposed to 
oblique sled tows that have traditionally been used to sample larval fishes in the San 
Francisco Estuary.  

Coordinated Facilities of the CVP and SWP 

Joint Project Facilities 

Suisun Marsh 

Since the early 1970's, the California Legislature, SWRCB, Reclamation, DFG, Suisun 
Resource Conservation District (SRCD), DWR, and other agencies have worked to 
preserve beneficial uses of Suisun Marsh in mitigation for perceived impacts of reduced 
Delta Outflow on the salinity regime.  Early on, salinity standards set by the SWRCB to 
protect alkali bulrush production, a primary waterfowl plant food.  The most recent 
standard under SWRCB D-1641 acknowledges that multiple beneficial uses deserve 
protection. 

A contractual agreement between DWR, Reclamation, DFG and SRCD contains 
provisions for DWR and Reclamation to mitigate the effects on Suisun Marsh channel 
water salinity from the SWP and CVP operations and other upstream diversions.  The 
Suisun Marsh Preservation Agreement (SMPA) requires DWR and Reclamation to meet 
salinity standards (Figure P-13), sets a timeline for implementing the Plan of Protection, 
and delineates monitoring and mitigation requirements.  In addition to the contractual 
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agreement, SWRCB D-1485 codified salinity standards in 1978, which have been carried 
forward to SWRCB D-1641.  

 

Figure P-13 Compliance and monitoring stations and salinity control facilities in Suisun Marsh. 

There are two primary physical mechanisms for meeting salinity standards set forth in D-
1641 and the SMPA:  (1) the implementation and operation of physical facilities in the 
Marsh; and (2) management of Delta outflow (i.e. facility operations are driven largely 
by salinity levels upstream of Montezuma Slough and salinity levels are highly sensitive 
to Delta outflow). Physical facilities (described below) have been operating since the 
early 1980s and have proven to be a highly reliable method for meeting standards.  
However, since Delta outflow cannot be actively managed by the Suisun Marsh Program, 
Marsh facility operations must be adaptive in response to changing salinity levels in the 
Delta.  

CALFED Charter for Development of an Implementation Plan for Suisun Marsh 
Wildlife Habitat Management and Preservation 
The goal of the CALFED Charter is to develop a regional plan that balances 
implementation of the CALFED Program, SMPA, and other management and restoration 
programs within Suisun Marsh.  This is to be conducted in a manner that is responsive to 
the concerns of stakeholders and based upon voluntary participation by private land 
owners.  The Habitat Management, Preservation, and Restoration Plan for the Suisun 
Marsh (Suisun Marsh Plan) and its accompanying Programmatic Environmental Impact 
Statement/Report will develop, analyze, and evaluate potential effects of various actions 
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in the Suisun Marsh.  The actions are intended to preserve and enhance managed seasonal 
wetlands, implement a comprehensive levee protection/improvement program, and 
protect ecosystem and drinking water quality, while restoring habitat for tidal marsh-
dependent sensitive species, consistent with the CALFED Bay-Delta Program's strategic 
goals and objectives.  The Service and Reclamation are NEPA co-leads while DFG is the 
lead state CEQA agency. 

 Suisun Marsh Salinity Control Gates 

The SMSCG are located on Montezuma Slough about 2 miles downstream from the 
confluence of the Sacramento and San Joaquin Rivers, near Collinsville.  Operation of 
the SMSCG began in October 1988 as Phase II of the Plan of Protection for the Suisun 
Marsh.  The objective of SMSCG operation is to decrease the salinity of the water in 
Montezuma Slough  The facility, spanning the 465 foot width of Montezuma Slough, 
consists of a boat lock, a series of three radial gates, and removable flashboards.  The 
gates control salinity by restricting the flow of higher salinity water from Grizzly Bay 
into Montezuma Slough during incoming tides and retaining lower salinity Sacramento 
River water from the previous ebb tide.  Operation of the gates in this fashion lowers 
salinity in Suisun Marsh channels and results in a net movement of water from east to 
west.  

When Delta outflow is low to moderate and the gates are not operating, tidal flow past 
the gate is approximately +/- 5,000-6,000 cfs while the net flow is near zero.  When 
operated, flood tide flows are arrested while ebb tide flows remain in the range of 5,000-
6,000 cfs.  The net flow in Montezuma Slough becomes approximately 2,500-2,800 cfs.  
The Corps of Engineers permit for operating the SMSCG requires that it be operated 
between October and May only when needed to meet Suisun Marsh salinity standards.  
Historically, the gate has been operated as early as October 1, while in some years (e.g. 
1996) the gate was not operated at all.  When the channel water salinity decreases 
sufficiently below the salinity standards, or at the end of the control season, the 
flashboards are removed and the gates raised to allow unrestricted movement through 
Montezuma Slough.  Details of annual gate operations can be found in “Summary of 
Salinity Conditions in Suisun Marsh During WYs 1984-1992", or the “Suisun Marsh 
Monitoring Program Data Summary” produced annually by DWR, Division of 
Environmental Services.  

The approximately 2,800 cfs net flow induced by SMSCG operation is effective at 
moving the salinity downstream in Montezuma Slough.  Salinity is reduced by roughly 
one-hundred percent at Beldons Landing, and lesser amounts further west along 
Montezuma Slough.  At the same time, the salinity field in Suisun Bay moves upstream 
as net Delta outflow (measured nominally at Chipps Island) is reduced by gate operation 
(Figure P-14).  Net outflow through Carquinez Strait is not affected.  Figure P-14 
indicates the approximate position of X2 and how is transported upstream when the gate 
is operated.  



 

 115

 

 

Figure P-14 Average of seven years salinity response to SMSCG gate operation in 
Montezuma Slough and Suisun Bay.  

Note: Magenta line is salinity profile 1 day before gate operation, blue line is salinity 10 days after gate 
operation. 

It is important to note that historical gate operations (1988 – 2002) were much more 
frequent than recent and current operations (2006 – May 2008).  Operational frequency is 
affected by many drivers (hydrologic conditions, weather, Delta outflow, tide, fishery 
considerations, etc).  The gates have also been operated for scientific studies.  Figure P-
15 shows that the gates were operated between 60 and 120 days between October and 
December during the early years (1988-2004).  Salmon passage studies between 1998 
and 2003 increased the number of operating days by up to 14 to meet study requirements.  
After discussions with NMFS based on study findings, the boat lock portion of the gate is 
now held open at all times during SMSCG operation to allow for continuous salmon 
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passage opportunity.  With increased understanding of the effectiveness of the gates in 
lowering salinity in Montezuma Slough, salinity standards have been met with less 
frequent gate operation since 2006.  Despite very low outflow in the fall of the two most 
recent WYs, gate operation was not required at all in fall 2007 and was limited to 17 days 
in winter 2008.  Assuming no significant, long-term changes in the drivers mentioned 
above, this level of operational frequency (10 – 20 days per year) can generally be 
expected to continue to meet standards in the future except perhaps during the most 
critical hydrologic conditions and/or other conditions that affect Delta outflow.  

 

 

 

Figure P-15 SMSCG operation frequency versus outflow since 1988. 

SMSCG Fish Passage Study  
The SMSCG were constructed and operate under Permit 16223E58 issued by the Corps, 
which includes a special condition to evaluate the nature of delays to migrating fish.  
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Ultrasonic telemetry studies in 1993 and 1994 showed that the physical configuration and 
operation of the gates during the Control Season have a negative effect on adult salmonid 
passage (Tillman et al 1996: Edwards et al 1996).  

DWR coordinated additional fish passage studies in 1998, 1999, 2001, 2002, 2003, and 
2004.  Migrating adult fall-run Chinook salmon were tagged and tracked by telemetry in 
the vicinity of the SMSCG to assess potential measures to increase the salmon passage 
rate and decrease salmon passage time through the gates. 

Results in 2001, 2003, and 2004 indicate that leaving the boat-lock open during the 
Control Season when the flashboards are in place at the SMSCG and the radial gates are 
tidally operated provides a nearly equivalent fish passage to the Non-Control Season 
configuration when the flashboards are out and the radial gates are open.  This approach 
minimizes delay and blockage of adult Sacramento River winter-run Chinook salmon, 
Central Valley spring-run Chinook salmon, and Central Valley steelhead migrating 
upstream during the Control Season while the SMSCG is operating.  However, the boat-
lock gates may be closed temporarily to stabilize flows to facilitate safe passage of 
watercraft through the facility.  

Reclamation and DWR are continuing to coordinate with the SMSCG Steering 
Committee in identifying water quality criteria, operational rules, and potential measures 
to facilitate removal of the flashboards during the Control Season that would provide the 
most benefit to migrating fish.  However, the flashboards would not be removed during 
the Control Season unless it was certain that standards would be met for the remainder of 
the Control Season without the flashboards installed. 

Roaring River Distribution System 
The Roaring River Distribution System (RRDS) was constructed during 1979 and 1980 
as part of the Initial Facilities in the Plan of Protection for the Suisun Marsh.  The system 
was constructed to provide lower salinity water to 5,000 acres of private and 3,000 acres 
of DFG managed wetlands on Simmons, Hammond, Van Sickle, Wheeler, and Grizzly 
Islands.  

The RRDS includes a 40-acre intake pond that supplies water to Roaring River Slough.  
Motorized slide gates in Montezuma Slough and flap gates in the pond control flows 
through the culverts into the pond. A manually operated flap gate and flashboard riser are 
located at the confluence of Roaring River and Montezuma Slough to allow drainage 
back into Montezuma Slough for controlling water levels in the distribution system and 
for flood protection.  DWR owns and operates this drain gate to ensure the Roaring River 
levees are not compromised during extremely high tides. 

Water is diverted through a bank of eight 60-inch-diameter culverts equipped with fish 
screens into the Roaring River intake pond on high tides to raise the water surface 
elevation in RRDS above the adjacent managed wetlands.  Managed wetlands north and 
south of the RRDS receive water, as needed, through publicly and privately owned 
turnouts on the system. 
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The intake to the RRDS is screened to prevent entrainment of fish larger than 
approximately 25 mm. DWR designed and installed the screens based on DFG criteria.  
The screen is a stationary vertical screen constructed of continuous-slot stainless steel 
wedge wire.  All screens have 3/32-inch slot openings.  After the listing of delta smelt, 
RRDS diversion rates have been controlled to maintain an average approach velocity 
below 0.2 ft/s at the intake fish screen.  Initially, the intake culverts were held at about 20 
percent capacity to meet the velocity criterion at high tide.  Since 1996, the motorized 
slide gates have been operated remotely to allow hourly adjustment of gate openings to 
maximize diversion throughout the tide. 

Routine maintenance of the system is conducted by DWR and primarily consists of 
maintaining the levee roads and fish screens.  RRDS, like other levees in the marsh, have 
experienced subsidence since the levees were constructed in 1980.  In 1999, DWR 
restored all 16 miles of levees to design elevation as part of damage repairs following the 
1998 flooding in Suisun Marsh.  In 2006, portions of the north levee were repaired to 
address damage following the January 2006 flooding. 

Morrow Island Distribution System 
The Morrow Island Distribution System (MIDS) was constructed in 1979 and 1980 in the 
south-western Suisun Marsh as part of the Initial Facilities in the Plan of Protection for 
the Suisun Marsh.  The contractual requirement for the Reclamation and DWR is to 
provide water to the ownerships so that lands may be managed according to approved 
local management plans.  The system was constructed primarily to channel drainage 
water from the adjacent managed wetlands for discharge into Suisun Slough and Grizzly 
Bay. This approach increases circulation and reduces salinity in Goodyear Slough (GYS).  

The MIDS is used year-round, but most intensively from September through June.  When 
managed wetlands are filling and circulating, water is tidally diverted from Goodyear 
Slough just south of Pierce Harbor through three 48-inch culverts.  Drainage water from 
Morrow Island is discharged into Grizzly Bay by way of the C-Line Outfall (two 36-inch 
culverts) and into the mouth of Suisun Slough by way of the M-Line Outfall (three 48-
inch culverts), rather than back into Goodyear Slough.  This helps prevent increases in 
salinity due to drainage water discharges into Goodyear Slough.  The M-Line ditch is 
approximately 1.6 miles in length and the C-Line ditch is approximately 0.8 miles in 
length. 

The 1997 Service biological opinion issued for dredging of the facility included a 
requirement for screening the diversion to protect delta smelt.  Due to the high cost of 
fish screens and the lack of certainty surrounding their effectiveness at MIDS, DWR and 
Reclamation proposed to investigate fish entrainment at the MIDS intake with regard to 
fishery populations in Goodyear Slough and to evaluate whether screening the diversion 
would provide substantial benefits to local populations of listed fish species.  

To meet contractual commitments, the typical MIDS annual operations are described in 
detail in the biological assessment.  There are currently no plans to modify operations. 
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South Delta Temporary Barriers Project 

The South Delta Temporary Barrier Project (TBP) was initiated by DWR in 1991.  
Permit extensions were granted in 1996 and again in 2001, when DWR obtained permits 
to extend the Temporary Barriers Project through 2007.  The Service has approved the 
extension of the permits through 2008.  Continued coverage by the Service for the TBP 
will be assessed under this biological opinion for the operational effects and under a 
separate Section 7 consultation for the construction and demolition effects.  The NMFS 
recently submitted a biological opinion to the Corps which provides incidental take 
coverage for the continuation of the TBP through 2010.  

The project consists of four rock barriers across South Delta channels. In various 
combinations, these barriers improve water levels and San Joaquin River salmon 
migration in the South Delta.  The existing TBP consists of installation and removal of 
temporary rock barriers at the following locations: 

 Middle River near Victoria Canal, about 0.5 miles south of the confluence of 
Middle River, Trapper Slough, and North Canal 

 Old River near Tracy, about 0.5 miles east of the DMC intake 

 Grant Line Canal near Tracy Boulevard Bridge, about 400 feet east of Tracy 
Boulevard Bridge 

 The head of Old River at the confluence of Old River and San Joaquin River 

The barriers on Middle River, Old River near Tracy, and Grant Line Canal are flow 
control facilities designed to improve water levels for agricultural diversions and are in 
place during the growing season.  Under the Service biological opinion for the 
Temporary Barriers, operation of the barriers at Middle River and Old River near Tracy 
can begin May 15, or as early as April 15 if the spring barrier at the head of Old River is 
in place. From May 16 to May 31 (if the barrier at the head of Old River is removed) the 
tide gates are tied open in the barriers in Middle River and Old River near Tracy.  After 
May 31, the barriers in Middle River, Old River near Tracy, and Grant Line Canal are 
permitted to be operational until they are completely removed by November 30.  

During the spring, the barrier at the head of Old River is designed to reduce the number 
of out-migrating salmon smolts entering Old River.  During the fall, this barrier is 
designed to improve flow and DO conditions in the San Joaquin River for the 
immigration of adult fall-run Chinook salmon.  The barrier at the head of Old River 
barrier is typically in place between April 15 to May 15 for the spring, and between early 
September to late November for the fall.  Installation and operation of the barrier also 
depends on San Joaquin flow conditions.  

Proposed Installation and Operations of the Temporary Barriers 
The installation and operation of the TBP will continue until the permanent gates are 
constructed.  The proposed installation schedule through 2010 will be identical to the 
current schedule.  However, because of recent court rulings to protect Delta smelt, the 
installation of the spring HOR barrier was prohibited in 2008.  As a result, the 
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agricultural barriers installations were delayed according to the current permits until mid-
May. 

To improve water circulation and quality, DWR in coordination with the South Delta 
Water Agency and Reclamation, began in 2007 to manually tie open the culvert flap 
gates at the Old River near Tracy barrier to improve water circulation and untie them 
when water levels fell unacceptably.  This operation is expected to continue in 
subsequent years as needed to improve  quality.  Adjusting the barrier weir heights is 
being considered to improve water quality and circulation.  DWR will consult with the 
Service and NMFS if changes in the height of any or all of the weirs is sought. 

As the permanent gates are being constructed, temporary barrier operations will continue 
as planned and permitted.  Computer model forecasts, real time monitoring, and 
coordination with local, State, and federal agencies and stakeholders will help determine 
if the temporary rock barriers operations need to be modified during the transition period.  

Conservation Strategies and Mitigation Measures 

Various measures and conditions required by regulatory agencies under past and current 
permits to avoid, minimize, and compensate for the TBP impacts have been complied 
with by DWR.  An ongoing monitoring plan is implemented each year the barriers are 
installed and an annual monitoring report is prepared to summarize the activities.  The 
monitoring elements include fisheries monitoring and water quality analysis, Head of Old 
River fish entrainment and Kodiak trawling study, salmon smolt survival investigations, 
barrier effects on SWP and CVP entrainment, Swainson’s Hawk monitoring, water 
elevation, water quality sampling, and hydrologic modeling.  DWR operates fish screens 
at Sherman Island. 

San Luis Complex 

Water in the mainstem of the California Aqueduct flows south by gravity into the San 
Luis Joint-Use Complex (Figure P-16), which was designed and constructed by the 
federal government and is operated and maintained by the DWR.  This section of the 
California Aqueduct serves both the SWP and the federal CVP.  
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Figure P-16  San Luis Complex 
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San Luis Reservoir, the nation’s largest offstream reservoir (it has no natural watershed), 
is impounded by Sisk Dam, lies at the base of the foothills on the west side of the San 
Joaquin Valley in Merced County, about two miles west of O’Neill Forebay.  The 
reservoir provides offstream storage for excess winter and spring flows diverted from the 
Delta. It is sized to provide seasonal carryover storage. The reservoir can hold 2,027,840 
AF, of which 1,062,180 AF is the state’s share, and 965,660 AF is the federal share.  
Construction began in 1963 and was completed in 1967.  Filled in 1969, the reservoir 
also provides a variety of recreational activities as well as fish and wildlife benefits.  

In addition to the Sisk Dam, San Luis Reservoir and O’Neill Dam and Forebay, the San 
Luis Complex consists of the following: (1) O’Neill Pumping-Generating Plant (Federal 
facility); (2) William R. Gianelli Pumping-Generating Plant (joint Federal-State 
facilities); (3) San Luis Canal (joint Federal-State facilities); (4) Dos Amigos Pumping 
Plant (joint Federal-State facilities); (5) Coalinga Canal (Federal facility); (6) Pleasant 
Valley Pumping Plant (Federal facility); and (7) the Los Banos and Little Panoche 
Detention Dams and Reservoirs (joint Federal-State facilities). 

The O’Neill Pumping-Generating Plant pumps water from the Delta-Mendota Canal to 
the O’Neill Forebay where it mixes with water from the California Aqueduct.  From 
O’Neill Forebay, the water can either be pumped up into San Luis Reservoir via Gianelli 
Pumping-Generating Plant or leave via the San Luis Canal.  The Dos Amigos Pumping 
Plant is located on the San Luis Canal and 18 miles southeast of Sisk Dam.  It lifts water 
113 feet from the Aqueduct as it flows south from O’Neill Forebay.  

Los Banos Detention Dam and Reservoir provide flood protection for San Luis Canal, 
Delta Mendota Canal, the City of Los Banos, and other downstream developments.  
Between September and March, 14,000 AF of space is maintained for flood control under 
specified conditions.  Little Panoche Detention Dam and Reservoir provide flood 
protection for San Luis Canal, Delta Mendota Canal and other downstream 
developments.  Water is stored behind the dam above dead storage of 315 AF only during 
the period that inflow from Little Panoche Creek exceeds the capacity of the outlet 
works.  

To provide water to CVP and SWP contractors: (1) water demands and anticipated water 
schedules for water service contractors and exchange contractors must be determined; (2) 
a plan to fill and draw down San Luis Reservoir must be made; and (3) Delta pumping 
and San Luis Reservoir use must be coordinated. 

The San Luis Reservoir has very little natural inflow.  Water is redirected during the fall, 
winter and spring months when the two pumping plants can divert more water from the 
Delta than is needed for scheduled demands.  Because the amount of water that can be 
diverted from the Delta is limited by available water supply, Delta constraints, and the 
capacities of the two pumping plants, the fill and drawdown cycle of San Luis Reservoir 
is an extremely important element of Project operations. 

Reclamation attempts to maintain adequate storage in San Luis Reservoir to ensure 
delivery capacity through Pacheco Pumping Plant to the San Felipe Division.  Delivery 
capacity is significantly diminished as reservoir levels drop to the 326 ft elevation 
(79,000 acre-feet), the bottom of the lowest Pacheco Tunnel Inlet pipe.  Lower reservoir 
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elevations can also result in turbidity and algal treatment problems for the San Felipe 
Division water users.  These conditions of reduced or impending interruption in San 
Felipe Division deliveries require operational responses by Santa Clara Valley Water 
District to reduce or eliminate water deliveries for in-stream and offstream groundwater 
recharge, and to manage for treatment plant impacts.  Depending on availability of local 
supplies, prolonged reduction or interruption in San Felipe Division deliveries may also 
result in localized groundwater overdraft. 

A typical San Luis Reservoir annual operation cycle starts with the CVP’s share of the 
reservoir storage nearly empty at the end of August.  Irrigation demands decrease in 
September and the opportunity to begin refilling San Luis Reservoir depends on the 
available water supply in the northern CVP reservoirs and the pumping capability at 
Jones Pumping Plant that exceeds water demands.  Jones Pumping Plant operations 
generally continue at the maximum diversion rates until early spring, unless San Luis 
Reservoir is filled or the Delta water supply is not available.  As outlined in the Interior’s 
Decision on Implementation of Section 3406 (b)(2) of the CVPIA, Jones Pumping Plant 
diversion rates may be reduced during the fill cycle of the San Luis Reservoir for fishery 
management.  

In April and May, export pumping from the Delta is limited during the SWRCB D-1641 
San Joaquin River pulse period standards as well as by the Vernalis Adaptive 
Management Program.  During this same time, CVP-SWP irrigation demands are 
increasing.  Consequently, by April and May the San Luis Reservoir has begun the 
annual drawdown cycle.  In some exceptionally wet conditions, when excess flood water 
supplies from the San Joaquin River or Tulare Lake Basin occur in the spring, the San 
Luis Reservoir may not begin its drawdown cycle until late in the spring.  

In July and August, the Jones Pumping Plant diversion is at the maximum capability and 
some CVP water may be exported using excess Banks Pumping Plant capacity as part of 
a Joint Point of Diversion operation.  Irrigation demands are greatest during this period 
and San Luis continues to decrease in storage capability until it reaches a low point late in 
August and the cycle begins anew. 

San Luis Unit Operation 

The CVP operation of the San Luis Unit requires coordination with the SWP since some 
of its facilities are entirely owned by the State and others are joint State and Federal 
facilities.  Similar to the CVP, the SWP also has water demands and schedules it must 
meet with limited water supplies and facilities.  Coordinating the operations of the two 
projects avoids inefficient situations (for example, one entity pumping water at the San 
Luis Reservoir while the other is releasing water). 

Total CVP San Luis Unit annual water supply is contingent on coordination with the 
SWP needs and capabilities.  When the SWP excess capacity is used to support additional 
pumping for the CVP JPOD allowance  it may be of little consequence to SWP 
operations, but extremely critical to CVP operations.  The availability of excess SWP 
capacity for the CVP is contingent on the ability of the SWP to meet its SWP contractors’ 
water supply commitments.  Generally, the CVP will utilize excess SWP capacity; 
however, there are times when the SWP may need to utilize excess CVP capacity. 
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Additionally, close coordination by CVP and SWP is required during this type of 
operation to ensure that water pumped into O’Neill Forebay does not exceed the CVP’s 
capability to pump into San Luis Reservoir or into the San Luis Canal at the Dos Amigos 
Pumping Plant.  

Although secondary to water management concerns, power scheduling at the joint 
facilities also requires close coordination.  Because of time-of-use power cost differences, 
both entities will likely want to schedule pumping and generation simultaneously.  When 
facility capabilities of the two projects are limited, equitable solutions are achieved 
between the operators of the SWP and the CVP.  

From time to time, coordination between the Projects is also necessary to avoid sustained 
rapid drawdown limit at San Luis Reservoir which can cause sloughing of the bank 
material into the reservoir, resulting in water quality degradation and requiring additional 
maintenance on the dam. 

With the existing facility configuration, the operation of the San Luis Reservoir could 
impact the water quality and reliability of water deliveries to the San Felipe Division, if 
San Luis Reservoir is drawn down too low.  Reclamation has an obligation to address this 
condition and may solicit cooperation from DWR, as long as changes in SWP operations 
to assist with providing additional water in San Luis Reservoir (beyond what is needed 
for SWP deliveries and the SWP share of San Luis Reservoir minimum storage) does not 
impact SWP allocations and/or deliveries.  If the CVP is not able to maintain sufficient 
storage in San Luis Reservoir, there could be potential impacts to resources in Santa 
Clara and San Benito Counties.  Solving the San Luis low point problem or developing 
an alternative method to deliver CVP water to the San Felipe Division would allow 
Reclamation to utilize the CVP share of San Luis Reservoir fully without impacting the 
San Felipe Division water supply.  If Reclamation pursues changes to the operation of the 
CVP (and SWP), such changes would have to be consistent with the operating criteria of 
the specific facility.  If alternate delivery methods for the San Felipe Division are 
implemented, it may allow the CVP to utilize more of it available storage in San Luis 
Reservoir, but may not change the total diversions from the Delta.  For example, any 
changes in Delta pumping that would be the result of additional effective storage capacity 
in San Luis Reservoir would be consistent with the operating conditions for the Banks 
and Jones Pumping Plants. 
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Banks and Jones Total Annual Pumping
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  Figure P-17 Total Annual Pumping at Banks and Jones Pumping Plant 1978-2007 (MAF) 

 

Table P-25 Total Annual Pumping at Banks and Jones Pumping Plant 1978-2007 (MAF) 

 Hydrologic  Banks   Jones  Contra CVP Total SWP Total CVP Shasta 

 Index SWP CVP Total SWP CVP Total Costa Delta Delta SOD-Ag Index 

WY 40-30-30        Pumping Pumping Allocation Critical 

1978 AN 2.01 0.04 2.05 0.00 2.26 2.26 0.08 2.38 2.01 100%  

1979 BN 1.76 0.23 1.98 0.00 2.30 2.30 0.09 2.61 1.76 100%  

1980 AN 2.17 0.34 2.52 0.00 2.00 2.00 0.09 2.43 2.17 100%  

1981 D 1.97 0.10 2.07 0.00 2.60 2.60 0.11 2.80 1.97 100%  

1982 W 2.43 0.20 2.63 0.00 1.97 1.97 0.08 2.25 2.43 100%  

1983 W 1.76 0.13 1.89 0.00 2.51 2.51 0.08 2.72 1.76 100%  

1984 W 1.40 0.25 1.65 0.00 2.19 2.19 0.10 2.54 1.40 100%  

1985 D 2.16 0.53 2.68 0.00 2.79 2.79 0.11 3.43 2.16 100%  

1986 W 2.46 0.21 2.67 0.00 2.62 2.62 0.11 2.94 2.46 100%  

1987 D 2.01 0.27 2.28 0.00 2.76 2.76 0.13 3.16 2.01 100%  

1988 C 2.32 0.38 2.71 0.00 2.90 2.90 0.14 3.42 2.32 100%  

1989 D 2.70 0.39 3.10 0.00 2.87 2.87 0.13 3.40 2.70 100%  

1990 C 2.85 0.24 3.09 0.00 2.70 2.70 0.14 3.07 2.85 50%  

1991 C 1.64 0.14 1.78 0.00 1.41 1.41 0.11 1.65 1.64 25% C 

1992 C 1.51 0.04 1.55 0.00 1.34 1.34 0.10 1.49 1.51 25% C 

1993 AN 2.53 0.02 2.56 0.00 2.11 2.11 0.10 2.22 2.53 50%  

1994 C 1.73 0.24 1.97 0.00 2.02 2.02 0.11 2.37 1.73 35% C 

1995 W 2.48 0.03 2.50 0.00 2.58 2.58 0.09 2.70 2.48 100%  

1996 W 2.60 0.01 2.61 0.06 2.57 2.63 0.10 2.68 2.66 95%  

1997 W 2.12 0.34 2.46 0.00 2.51 2.51 0.11 2.96 2.12 90%  

1998 W 2.07 0.04 2.11 0.01 2.46 2.47 0.16 2.66 2.09 100%  

1999 W 2.37 0.04 2.41 0.00 2.26 2.26 0.13 2.44 2.37 70%  

2000 AN 3.45 0.22 3.66 0.00 2.49 2.49 0.13 2.83 3.45 65%  



 

 126

 Hydrologic  Banks   Jones  Contra CVP Total SWP Total CVP Shasta 

 Index SWP CVP Total SWP CVP Total Costa Delta Delta SOD-Ag Index 

WY 40-30-30        Pumping Pumping Allocation Critical 

2001 D 2.37 0.23 2.60 0.01 2.31 2.32 0.10 2.65 2.38 49%  

2002 D 2.70 0.17 2.87 0.00 2.46 2.46 0.12 2.75 2.70 70%  

2003 AN 3.39 0.04 3.43 0.00 2.68 2.68 0.14 2.86 3.39 75%  

2004 BN 3.14 0.09 3.23 0.00 2.72 2.72 0.12 2.93 3.14 70%  

2005 AN 3.58 0.03 3.61 0.00 2.68 2.68 0.12 2.83 3.58 85%  

2006 W 3.50 0.01 3.51 0.00 2.62 2.62 0.12 2.74 3.50 100%  

2007 D 2.82 0.11 2.93 0.00 2.67 2.67 0.11 2.90 2.82 50%  

             

Source:  CVO Operations Data Base         

         

Transfers 

Parties seeking water transfers generally acquire water from sellers who have surplus 
reservoir storage water, sellers who can pump groundwater instead of using surface 
water, or sellers who will fallow crops or substitute a crop that uses less water in order to 
reduce normal consumptive use of surface diversions.  

Water transfers (relevant to this document) occur when a water right holder within the 
Delta or Sacramento-San Joaquin watershed undertakes actions to make water available 
for transfer by export from the Delta.  With the exception of the Component 1 water 
pursuant to the Yuba River Accord, this biological opinion does not address the upstream 
operations that may be necessary to make water available for transfer.  Also, this 
document does not address the impacts of water transfers to terrestrial species.  The flows 
for the Yuba River Accord may provide up to 60,000 acre feet annually for EWA, in the 
lower Yuba River (estimated to provide up to 48,000 acre feet of additional Delta export), 
and may provide additional water to the CVP and SWP and their contractors in drier 
years.  The upstream effects of other transfers and effects to terrestrial species would 
require a separate ESA consultation. 

Transfers requiring export from the Delta are done at times when pumping and 
conveyance capacity at Banks or Jones is available to move the water.  Additionally, 
operations to accomplish these transfers must be carried out in coordination with CVP 
and SWP operations, such that the capabilities of the Projects to exercise their own water 
rights or to meet their legal and regulatory requirements are not diminished or limited in 
any way.   

In particular, parties to the transfer are responsible for providing for any incremental 
changes in flows required to protect Delta water quality standards.  All transfers will be 
in accordance with all existing regulations and requirements.  

Purchasers of water for water transfers may include Reclamation, DWR, SWP 
contractors, CVP contractors, other State and Federal agencies, or other parties.  DWR 
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and Reclamation have operated water acquisition programs in the past to provide water 
for environmental programs and additional supplies to SWP contractors, CVP 
contractors, and other parties.  The DWR programs include the 1991, 1992, and 1994 
Drought Water Banks and Dry Year Programs in 2001 and 2002.  Reclamation operated a 
forbearance program in 2001 by purchasing CVP contractors’ water in the Sacramento 
Valley for CVPIA in-stream flows, and to augment water supplies for CVP contractors 
south of the Delta and wildlife refuges.  Reclamation administers the CVPIA Water 
Acquisition Program for Refuge Level 4 supplies and fishery in-stream flows.  The 
CALFED Ecosystem Restoration Program will, in the future, acquire water for fishery 
and ecosystem restoration.  DWR, and potentially Reclamation in the future, has agreed 
to participate in a Yuba River Accord that will provide fish flows on the Yuba River and 
also water supply that may be transferred at DWR and Reclamation Delta Facilities.  It is 
anticipated that Reclamation will join in the Accord and fully participate in the Yuba 
Accord upon completion of this consultation.  The Yuba River Accord water would be 
transferred to offset VAMP water costs.  

Also in the past, CVP and SWP contractors have also independently acquired water and 
arranged for pumping and conveyance through SWP facilities.  State Water Code 
provisions grant other parties access to unused conveyance capacity, although SWP 
contractors have priority access to capacity not being used by the DWR to meet SWP 
contract amounts. 

The Yuba River Accord includes three separate but interrelated agreements that would 
protect and enhance fisheries resources in the lower Yuba River, increase local water 
supply reliability, and provide DWR with increased operational flexibility for protection 
of Delta fisheries resources through Project re-operation, and provision of added dry-year 
water supplies to state and federal water contractors.  These proposed agreements are the: 

 Principles of Agreement for Proposed Lower Yuba River Fisheries Agreement 
(Fisheries Agreement) 

 Principles of Agreement for Proposed Conjunctive Use Agreements (Conjunctive 
Use Agreements) 

 Principles of Agreement for Proposed Long-term Transfer Agreement (Water 
Purchase Agreement) 

The Fisheries Agreement was developed by state, federal, and consulting fisheries 
biologists, fisheries advocates, and policy representatives.  Compared to the interim flow 
requirements of the SWRCB Revised Water Right Decision 1644, the Fisheries 
Agreement would establish higher minimum instream flows during most months of most 
WYs. 

To assure that Yuba County Water Agency’s (YCWA) water supply reliability would not 
be reduced by the higher minimum instream flows, YCWA and its participating Member 
Units would implement the Conjunctive Use Agreements.  These agreements would 
establish a comprehensive conjunctive use program that would integrate the surface water 
and groundwater supplies of the local irrigation districts and mutual water companies that 
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YCWA serves in Yuba County. Integration of surface water and groundwater would 
allow YCWA to increase the efficiency of its water management. 

Under the Water Purchase Agreement, DWR would enter into an agreement with YCWA 
to purchase water from YCWA to off-set water costs resulting from VAMP as long as 
operational and hydrological conditions allow.  Additional water purchased by DWR 
would be available for south-of-Delta CVP and SWP contractors in drier years. The 
limited EWA would take delivery of 60,000 AF (48,000 AF export) of water in every 
year; the CVP/SWP would receive additional water in the drier years.  In the future 
Reclamation may become a party to the Water Purchase Agreement.  

The Fisheries Agreement is the cornerstone of the Yuba Accord Alternative. To become 
effective, however, all three agreements (Fisheries, Conjunctive Use, and Water 
Purchase) must undergo CEQA and NEPA review and be fully approved and executed by 
the individual parties to each agreement.  Also, implementation of the Yuba Accord 
Alternative would require appropriate SWRCB amendments of YCWA’s water-right 
permits and SWRCB D-1644.  

Transfer Capacity 

Reclamation assumes as part of the project description that the water transfer programs 
for environmental and water supply augmentation will continue in some form, and that in 
most years (all but the driest), the scope of annual water transfers will be limited by 
available Delta pumping capacity, and exports for transfers will be limited to the months 
July-September.  As such, looking at an indicator of available transfer capacity in those 
months is one way of estimating an upper boundary to the effects of transfers on an 
annual basis. 

The CVP and SWP may provide Delta export pumping for transfers using pumping 
capacity at Banks and Jones beyond that which is being used to deliver project water 
supply, up to the physical maximums of the pumps, consistent with prevailing operations 
constraints such as E/I ratio, conveyance or storage capacity, and any protective criteria 
in effect that may apply as conditions on such transfers.  For example, pumping for 
transfers may have conditions for protection of Delta water levels, water quality, 
fisheries, or other beneficial uses. 

The surplus capacity available for transfers will vary a great deal with hydrologic 
conditions.  In general, as hydrologic conditions get wetter, surplus capacity diminishes 
because the CVP and SWP are more fully using export pumping capacity for Project 
supplies.  CVP’s Jones Pumping Plant, with no forebay for pumped diversions and with 
limited capability to fine tune rates of pumping, has little surplus capacity, except in the 
driest hydrologic conditions. SWP has the most surplus capacity in critical and some dry 
years, less or sometimes none in a broad middle range of hydrologic conditions, and 
some surplus again in some above normal and wet years when demands may be lower 
because contractors have alternative supplies.  

The availability of water for transfer and the demand for transfer water may also vary 
with hydrologic conditions.  Accordingly, since many transfers are negotiated between 
willing buyers and sellers under prevailing market conditions, price of water also may be 
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a factor determining how much is transferred in any year.  This document does not 
attempt to identify how much of the available and useable surplus export capacity of the 
CVP and SWP will actually be used for transfers in a particular year, but recent history, 
the expectations for the future limited EWA, and the needs of other transfer programs 
suggest a growing reliance on transfers.  

Under both the present and future conditions, capability to export transfers will often be 
capacity-limited, except in Critical and some Dry years.  In these Critical and some Dry 
years, both Banks and Jones have more available capacity for transfers, so export 
capacity is less likely to limit transfers.  Rather, either supply or demand for transfers 
may be a limiting factor.  During such years, low project exports and high demand for 
water supply could make it possible to transfer larger amounts of water.  

Proposed Exports for Transfers 

Although transfers may occur at any time of year, proposed exports for transfers apply 
only to the months July through September.  For transfers outside those months, or in 
excess of the proposed amounts, Reclamation and DWR would request separate 
consultation.  In consideration of the estimates of available capacity for export of 
transfers during July-September, and in recognition of the many other possible operations 
contingencies and constraints that may limit actual use of that capacity for transfers, the 
proposed use of SWP/CVP export capacity for transfers is as follows: 

 

   Water Year Class  Maximum Transfer Amount 

   Critical    up to 600 TAF 

   Dry (following Critical)  up to 600 TAF 

   Dry (following Dry)   up to 600 TAF 

   All other Years   up to 360 TAF 

 

Other Projects 
The following projects may not have final approval.  However, Reclamation believes 
they may be implemented in the near term.  Reclamation is including these actions in the 
project description so that the effects of these actions on aquatic species may be analyzed 
as it pertains to operations.  The analysis does not include any effects to terrestrial 
species.  These will be addressed in separate construction consultation. 

DMC/CA Intertie Proposed Action 

The proposed action, known as the DMC and CA Intertie (DMC/CA Intertie), consists of 
construction and operation of a pumping plant and pipeline connections between the 
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DMC and the CA. The DMC/CA Intertie alignment is proposed for DMC milepost 7.2 
where the DMC and the CA are about 500 feet apart.  

The DMC/CA Intertie would be used in a number of ways to achieve multiple benefits, 
including meeting current water supply demands, allowing for the maintenance and repair 
of the CVP Delta export and conveyance facilities, and providing operational flexibility 
to respond to emergencies.  The Intertie would allow flow in both directions, which 
would provide additional flexibility to both CVP and SWP operations.  The Intertie 
includes a 467 cfs pumping plant at the DMC that would allow up to 467 cfs to be 
pumped from the DMC to the CA.  Up to 900 cfs flow could be conveyed from the CA to 
the DMC using gravity flow.  The intertie will not be used to increase total CVP exports 
until certain criteria are in place. 

The DMC/CA Intertie will be operated by the San Luis and Delta-Mendota Water 
Authority (Authority).  A three-way agreement among Reclamation, DWR, and the 
Authority would identify the responsibilities and procedures for operating the Intertie.  
The Intertie would be owned by Reclamation. A permanent easement would be obtained 
by Reclamation where the Intertie alignment crossed State property. 

Location 

The site of the proposed action is an unincorporated area of Alameda County, west of the 
City of Tracy.  The site is situated in a rural area zoned for general agriculture and is 
under Federal and State ownership.  The DMC/CA Intertie would be located at milepost 
7.2 of the DMC, connecting with milepost 9.0 of the CA.  

Operations 

The Intertie would be used under three different scenarios: 

1. Up to 467 cfs would be pumped from the DMC to the CA to help meet water 
supply demands of CVP contractors.  This would allow Jones Pumping Plant to 
pump to its authorized capacity of up to 4,600 cfs, subject to all applicable export 
pumping restrictions for water quality and fishery protections.  

2. Up to 467 cfs would be pumped from the DMC to the CA to minimize impacts to 
water deliveries due to temporary restrictions in flow or water levels on the lower 
DMC (south of the Intertie) or the upper CA (north of the Intertie) for system 
maintenance or due to an emergency shutdown. 

3. Up to 900 cfs would be conveyed from the CA to the DMC using gravity flow to 
minimize impacts to water deliveries due to temporary restrictions in flow or 
water levels on the lower CA (south of the Intertie) or the upper DMC (north of 
the Intertie) for system maintenance or due to an emergency shutdown.  

The DMC/CA Intertie provides operational flexibility between the DMC and CA.  It 
would not result in any changes to authorized pumping capacity at Jones Pumping Plant 
or Banks Delta Pumping Plant.  
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Water conveyed at the Intertie to minimize reductions to water deliveries during system 
maintenance or an emergency shutdown on the DMC or CA could include pumping of 
CVP water at Banks Pumping Plant or SWP water at Jones Pumping Plant through use of 
JPOD.  In accordance with COA Articles 10(c) and 10(d), JPOD may be used to replace 
conveyance opportunities lost because of scheduled maintenance, or unforeseen outages.  
Use of JPOD for this purpose could occur under Stage 2 operations defined in SWRCB 
D-1641, or could occur as a result of a Temporary Urgency request to the SWRCB.  Use 
of JPOD in this case does not result in any net increase in allowed exports at CVP and 
SWP export facilities.  When in use, water within the DMC would be transferred to the 
CA via the Intertie.  Water diverted through the Intertie would be conveyed through the 
CA to O’Neill Forebay. 

Freeport Regional Water Project 

The Freeport Regional Water Project (FRWP) is currently under construction. Once 
completed FRWP will divert up to a maximum of about 286 cubic feet per second (cfs) 
from the Sacramento River near Freeport for Sacramento County (deliveries expected in 
2011) and East Bay Municipal Utility District (EBMUD) deliveries expected in late 
2009.  EBMUD will divert water pursuant to its amended contract with Reclamation.  
The County will divert using its water rights and its CVP contract supply.  This facility 
was not in the 1986 COA, and the diversions will result in some reduction in Delta export 
supply for both the CVP and SWP contractors.  Pursuant to an agreement between 
Reclamation, DWR, and the CVP and SWP contractors in 2003, diversions to EBMUD 
will be treated as an export in the COA accounting and diversions to Sacramento County 
will be treated as an in-basin use. 

Reclamation proposes to deliver CVP water pursuant to its respective water supply 
contracts with SCWA and EBMUD through the FRWP, to areas in central Sacramento 
County.  SCWA is responsible for providing water supplies and facilities to areas in 
central Sacramento County, including the Laguna, Vineyard, Elk Grove, and Mather 
Field communities, through a capital funding zone known as Zone 40. 

The FRWP has a design capacity of 286 cfs (185 millions of gallons per day [mgd]).  Up 
to 132 cfs (85 mgd) would be diverted under Sacramento County’s existing Reclamation 
water service contract and other anticipated water entitlements and up to 155 cfs (100 
mgd) of water would be diverted under EBMUD’s amended Reclamation water service 
contract.  Under the terms of its amendatory contract with Reclamation, EBMUD is able 
to take delivery of Sacramento River water in any year in which EBMUD’s March 1 
forecast of its October 1 total system storage is less than 500,000 AF.  When this 
condition is met, the amendatory contract entitles EBMUD to take up to 133,000 AF 
annually.  However, deliveries to EBMUD are subject to curtailment pursuant to CVP 
shortage conditions and project capacity (100 mgd), and are further limited to no more 
than 165,000 AF in any 3-consecutive-year period that EBMUD’s October 1 storage 
forecast remains below 500,000 AF.  EBMUD would take delivery of its entitlement at a 
maximum rate of 100 mgd (112,000 AF per year).  Deliveries would start at the 
beginning of the CVP contract year (March 1) or any time afterward.  Deliveries would 
cease when EBMUD’s CVP allocation for that year is reached, when the 165,000 AF 
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limitation is reached, or when EBMUD no longer needs the water (whichever comes 
first).  Average annual deliveries to EBMUD are approximately 23,000 AF. Maximum 
delivery in any one WY is approximately 99,000 AF. 

The primary project components are (1) an intake facility on the Sacramento River near 
Freeport, (2) the Zone 40 Surface Water Treatment Plant (WTP) located in central 
Sacramento County, (3) a terminal facility at the point of delivery to the Folsom South 
Canal (FSC), (4) a canal pumping plant at the terminus of the FSC, (5) an Aqueduct 
pumping plant and pretreatment facility near Comanche Reservoir, and (6) a series of 
pipelines carrying water from the intake facility to the Zone 40 Surface WTP and to the 
Mokelumne Aqueducts. The existing FSC is part of the water conveyance system.  See 
Chapter 9 for modeling results on annual diversions at Freeport in the American River 
Section, Modeling Results Section subheading. 

Alternative Intake Project 

CCWD’s Alternative Intake Project (AIP) consists of a new 250 cfs screened intake in 
Victoria Canal, and a pump station and ancillary structures, utilities, and access and 
security features; levee improvements; and a conveyance pipeline to CCWD’s existing 
conveyance facilities.  

CCWD will operate the intake and pipeline together with its existing facilities to better 
meet its delivered water quality goals and to better protect listed species.  Operations with 
the AIP will be similar to existing operations:  CCWD will deliver Delta water to its 
customers by direct diversion when salinity at its intakes is low enough, and will blend 
Delta water with releases from Los Vaqueros Reservoir when salinity at its intakes 
exceeds the delivered water quality goal.  Los Vaqueros Reservoir will be filled from the 
existing Old River intake or the new Victoria Canal intake during periods of high flow in 
the Delta, when Delta salinity is low.  The choice of which intake to use at any given time 
will be based in large part upon salinity, consistent with fish protection requirements in 
the biological opinions; salinity at the Victoria Canal intake site is at times lower than 
salinity at the existing intakes.  The no-fill and no-diversion periods described above will 
continue as part of CCWD operations, as will monitoring and shifting of diversions 
among the four intakes to minimize impacts to listed species. 

The AIP is a water quality project, and will not increase CCWD’s average annual 
diversions from the Delta.  However, it will alter the timing and pattern of CCWD’s 
diversions in two ways: winter and spring diversions will decrease while late summer and 
fall diversions increase because Victoria Canal salinity tends to be lower in the late 
summer and fall than salinity at CCWD’s existing intakes; and diversions at the 
unscreened Rock Slough Intake will decrease while diversions at screened intakes will 
increase.  It is estimated that with the AIP, Rock Slough intake diversions will fall to 
about 10 percent of CCWD’s total diversions, with the remaining diversions taking place 
at the other screened intakes.  About 88 percent of the diversions will occur at the Old 
River and Victoria Canal intakes, with the split between these two intakes largely 
depending on water quality. 
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The effects of the AIP are covered by the April 27, 2007 Service biological opinion for 
delta smelt (amended on May 16, 2007).  

Red Bluff Diversion Dam Pumping Plant 

Reclamation signed the ROD July 16, 2008 for RBDD pumping plant and plans to 
change the operation of the RBDD to improve fish passage problems. The project 
features construction of a new pumping plant and operation of the RBDD gates in the out 
position for approximately 10 months of the year.  Reclamation is calling for the 
construction of a pumping plant upstream from the dam that could augment existing 
capabilities for diverting water into the Tehama-Colusa Canal during times when gravity 
diversion is not possible due to the RBDD gates being out.  Reclamation completed ESA 
section 7 consultations with the Service and the NMFS to address construction of a new 
pumping plant at maximum capacity of 2,500 cfs. 

The new pumping plant would be capable of operating throughout the year, providing 
both additional flexibility in dam gate operation and water diversions for the Tehama-
Colusa Canal Authority (TCCA) customers.  In order to improve adult green sturgeon 
passage during their spawning migrations (generally March through July) the gates could 
remain open during the early part of the irrigation season and the new pumping plant 
could be used alone or in concert with other means to divert water to the Tehama-Colusa 
and Corning canals. 

Green sturgeon spawn upstream of the diversion dam and the majority of adult upstream 
and downstream migrations occur prior to July and after August.  After the new pumping 
plant has been constructed and is operational, Reclamation proposes to operate the Red 
Bluff Diversion Dam with the gates in during the period from four days prior to the 
Memorial Day weekend to three days after the holiday weekend (to facilitate the 
Memorial Day boat races in Lake Red Bluff), and between July 1 and the end of the 
Labor Day weekend.  This operation would provide for improved sturgeon and salmon 
passage. 

The pumping plant project will occur in three phases.  The first, completion of the 
NEPA/CEQA process has already been accomplished.  The design and permitting phase 
is commencing, subject to the availability of funding, and is anticipated to take about 18-
36 months.  As funding permits, property acquisition will also occur during this phase, 
and further funding commitments would be secured during this time.  The final phase, 
facilities construction, is anticipated to take approximately 18-36 months but this timeline 
will be updated during final design and permitting. 

South Delta Improvements Program Stage 1 

 The objectives of the SDIP are to: 1) reduce the movement of outmigrating salmon from 
the San Joaquin River into Old River, 2) maintain adequate water levels and circulation 
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in South Delta channels, and 3) increase water delivery and reliability to the SWP and 
CVP by increasing the diversion limit at Clifton Court Forebay to 8500 cfs.5 

The decision to implement the proposed action is being done in two stages.  Stage 1 will 
address the first two objectives and involves the construction and operation of gates at 
four locations in the South Delta channels.  A decision to implement Stage 2 would 
address increasing the water delivery reliability of the SWP and CVP by increasing the 
diversion limit at Clifton Court Forebay.  This decision has been deferred indefinitely. 

The Final EIR/EIS was completed in December 2006.  DWR certified the final EIR as 
meeting the requirements of the California Environmental Quality Act at that time.  The 
Department plans to issue a Notice of Determination to proceed with implementing Stage 
1 of the SDIP once the biological opinions on the continued long term operations of the 
CVP/SWP and the biological opinions for the dredging and construction of the gates are 
received. 

Reclamation and DWR are seeking to construct and operate the gates proposed for the 
four locations.  Key operational features of these gates are included as part of this project 
description.  Separate biological opinions will be conducted for the impacts of 
constructing the gates and the channel dredging contained in Stage 1. 

The permanent operable gates, which are planned to be constructed in the South Delta in 
late 2012, will be operated within an adaptive management framework, as described 
below under “Gate Operations Review Team,” so that the benefits from these gate 
operations can be maximized.  The gates can be opened or closed at any time in response 
to the local tidal level and flow conditions within the South Delta.  In this regard, they are 
very different from the temporary barriers that have been installed for the past several 
years. 

Because these operable gates are designed as “lift gates” that are hinged at the bottom of 
the channel, “closure” of the gates can be specified at any tidal level, leaving a weir 
opening for some tidal flow over the gate.  The ability to operate the tidal gates to a 
specified weir crest elevation (i.e., top of the gates) that is relatively precise provides a 
great deal of flexibility.  The top elevation of each individual gate can be slightly 
different (i.e., steps) to provide less weir flow as the tidal level declines.  The top 
elevation of the gates can also be slowly raised or lowered to adjust the tidal level and/or 
tidal flow in response to local South Delta conditions. 

South Delta Gates 

The proposed management of South Delta tidal level and tidal flow conditions involves 
the use of five gates: 

 CCF intake tidal gate (existing), 

                                                 
5 This project description does not include any aspect of the SDIP that is not explicitly identified in the text. 
Examples of SDIP actions that are not included are construction of the four permanent gates and dredging. 
Both of these activities will be covered by subsequent consultation. 
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 Grant Line Canal (at western end) flow control gate, 

 Old River at DMC flow control gate, 

 Middle River flow control gate, and 

 Head of Old River fish control gate. 

The CCF intake gate already exists and has been used since SWP began Banks operations 
in 1972 to control flows from Old River and maintain the water level inside of CCF.  
Unlike the existing CCF intake gate, the four other gates are proposed by SDIP and are 
not in place.  The operation of the CCF intake gate is directly related to SWP export 
operations, but the operation of the fish and flow control gates, will serve the primary 
purpose of protecting fisheries and beneficial uses. 

These five gates in the South Delta would be operated to accomplish the following 
purposes: 

1. Maintain a relatively high water level within the CCF to allow SWP to maximize 
Banks pumping during the off-peak (nighttime) hours.  The CCF level cannot be 
allowed to fall below –2 feet msl because of cavitation concerns at the SWP’s 
Banks pumps.  The CCF gates are closed when the outside tidal level in Old River 
drops below the CCF level (to avoid outflow from CCF).  As described earlier in 
this chapter, the CCF gates are also operated under three “gate priorities” to 
reduce water level impacts to other South Delta water users. 

2. Control the inflow to CCF below the design flow of about 15,000 cfs to prevent 
excessive erosion of the entrance channel.  The CCF gates are partially closed 
when the difference between the CCF level and Old River tidal level is more than 
1.0 foot to avoid inflow velocities of greater than 10 feet/sec. 

3. Maintain the high-tide conditions in the South Delta by not diverting into CCF 
during the flood-tide period that precedes the higher-high tide each day.  The CCF 
intake gates are closed for about 6 hours each day to preserve the high-tide level 
in Old River to supply sufficient water for Tom Paine Slough siphons.  This CCF 
tidal gate operation is referred to as priority 3 by DWR, as described earlier in this 
chapter. 

4. Control the minimum tidal level elevation upstream of the flow-control gates to 
be greater than a selected target elevation (i.e., 0.0 feet msl).  The flow-control 
gates can be closed (raised) to maintain a specified top elevation (e.g., 0.0 feet 
msl) as the upstream tidal level declines during ebb tide. 

5. Control the tidal flushing upstream of the flow-control gates with relatively low-
salinity water from Old River and Middle River downstream of the gates (i.e., 
high fraction of Sacramento River water).  The flow-control gates would remain 
fully open during periods of flood tide (i.e., upstream flow) and then two of the 
gates would be fully closed (i.e., top elevation of gates above upstream water 
surface) during periods of ebb tide (i.e., downstream flow).  The remaining gate 
(i.e., Grant Line) would be maintained at a lower elevation (i.e., 0.0 feet msl) to 
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allow the ebb tide flow to exit from the South Delta channels so that the flood-tide 
flow over the gates can be maximized during each tidal cycle.  

Control the San Joaquin River flow diversion into Old River.  This could increase the 
flow past Stockton and raise the low DO concentrations in the San Joaquin Deep Water 
Ship Channel. Reduced flow to Old River might also reduce salinity in the South Delta 
channels by limiting the volume of relatively high-salinity water from the San Joaquin 
River that enters the South Delta channels.  The head of Old River temporary barrier has 
been installed in October and November of many years to improve flow and DO 
conditions in the San Joaquin Deep Water Ship Channel for up-migrating Chinook 
salmon.  In recent years, the barrier has also been installed in April and/or May during a 
portion of the outmigration period to reduce the percentage of Chinook salmon smolts 
that are diverted into Old River and toward Banks and Jones.  The proposed SDIP gate 
operations will increase the tidal circulation in the South Delta channels.  Gate operations 
to promote circulation would raise the Old River at Tracy and Middle River gates at each 
high tide to produce a circulation of water in the South Delta channels down Grant Line 
Canal.  The Old River at Tracy and Middle River gates remain raised (closed) until the 
next flood-tide period when the downstream level is above the upstream water level.  
These gates are then lowered (opened) to allow flood-tide (upstream) flows across the 
gates.  Gate operations to promote circulation use a Grant Line gate weir crest at -0.5 feet 
msl during most periods of ebb tide (downstream flow) to protect the minimum level 
elevation of 0.0 feet msl.  All gates are lowered (i.e., opened) during floodtide periods as 
soon as the downstream tidal level is above the upstream water level.  

Head of Old River Fish Control Gate 

Spring Operations/ Real Time Decision Making 
Operation (closing) of the head of Old River fish control gate is proposed to begin on 
April 15.  Spring operation is generally expected to continue through May 15, to protect 
outmigrating salmon and steelhead.  During this time, the head of Old River gate would 
be fully closed, unless the San Joaquin River is flowing above 10,000 cfs or the GORT 
recommends a partial opening for other purposes.  The real time decision making process 
is described in detail previously. 

Summer and Fall Operations 
When the Spring operation is completed and through November 30, the head of Old 
River fish control gate would be operated to improve flow in the San Joaquin River, thus 
helping to avoid historically-present low dissolved oxygen conditions in the lower San 
Joaquin River near Stockton.  During this period, partial operation of the gate (partial 
closure to restrict flows from the San Joaquin River into Old River to approximately 500 
cfs) may also be warranted to protect water quality in the South Delta channels.  
Generally, water quality in the South Delta channels is acceptable through June.  

Operations during the months of October and November to improve flow and water 
quality conditions (i.e., low dissolved oxygen) in the San Joaquin River for adult 
migrating Chinook salmon is expected to provide a benefit similar to that achieved with 
the temporary barrier.  Operations would not occur if the San Joaquin River flow at 
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Vernalis is greater than 5,000 cfs because it is expected that this flow would maintain 
sufficient DO in the San Joaquin River.  

When the gate is not operated, it is fully lowered in the channel.  Operation of the gate is 
not proposed during the period December through March.   

Flow Control Gates 

The flow control gates in Middle River, Grant Line Canal, and Old River near the DMC, 
would be operated (closed during some portion of the tidal cycle) throughout the 
agricultural season of April 15 through November 30.  As with the head of Old River fish 
control gate, when the gates are not operated, they are fully lowered in the channel.  
Operation of the gates is not proposed during the period December through March.  Any 
operation of the gates proposed for the December-March period would require re-
initiation of ESA consultation. 

Spring Operations 
During April 15 through May 15 (or until the Spring operation of the head of Old River 
gate is completed), water quality in the South Delta is acceptable for the beneficial uses, 
but closure of the head of Old River fish control gate has negative impacts on water 
levels in the South Delta.  Therefore, the flow control gates would be operated to control 
minimum water levels in most year types. In the less frequent year types, dry or critically 
dry, when water quality in the South Delta is threatened by this static use of the gates, 
circulation may be induced to improve water quality in the South Delta channels.  
Circulation using the flow control gates is described in the summer operations section 
which follows.  During these times, Reclamation and DWR have committed to 
maintaining 0.0 foot msl water levels  in Old River near the CVP Tracy facility and at the 
west end of Grant Line Canal. 

Summer and Fall Operations 
When the Spring operation of the head of Old River fish control gate is completed and 
through November 30, the gates would be operated to control minimum water levels and 
increase water circulation to improve water quality in the South Delta channels.  
Reclamation and DWR have committed to maintaining water levels during these times at 
0.0 foot msl in Old River near the CVP Tracy facility, 0.0 foot msl at the west end of 
Grant Line Canal, and 0.5 foot msl in Middle River at Mowry Bridge.  It is anticipated 
that the target level in Middle River would be lowered to 0.0 foot msl following 
extension of some agricultural diversions.  

The proposed gate operations will increase the tidal circulation in the South Delta 
channels.  This is accomplished by tidal flushing upstream of the flow-control gates with 
relatively low-salinity water from Old River and Middle River downstream of the gates 
(i.e., high fraction of Sacramento River water).  The flow-control gates would remain 
fully open during periods of flood tide (i.e., upstream flow) and then two of the gates 
would be fully closed (i.e., top elevation of gates above upstream water surface) during 
periods of ebb tide (i.e., downstream flow).  The remaining gate (i.e., Grant Line) would 
be maintained at a lower elevation (i.e., 0.0 feet msl) to allow the ebb tide flow to exit 
from the South Delta channels so that the flood-tide flow over the gates can be 
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maximized during each tidal cycle.  This is the same operation described as Purpose 5 
earlier in the description of the SDIP gates. 

Gate Operations and Jones and Banks Exports 
Because of the hydraulic interconnectivity of the South Delta channels, the CCF, and the 
export facilities, the permanent operable gates would not be operated entirely 
independent of Banks and Jones exports.  The flow control gate opening and closing 
frequencies and durations would be adjusted to meet the water level and circulation 
objectives.  Furthermore, the head of Old River Fish Control Gate operation period and 
duration would be adjusted to address the presence of fish species and the water quality 
conditions in the San Joaquin River.  Opportunities to adjust gate operations in a manner 
that reduces entrainment and impingement of aquatic species or improves in-Delta water 
supply conditions that are associated with Delta exports could result.  

As described in the Flow Control Gates operations sections, the Middle River, Grant Line 
Canal, and Old River near DMC flow control gates are operated to improve stage and 
water quality in the South Delta.  The flow control gates increase the stage upstream of 
the barriers while Banks and Jones are all downstream of the permanent operable gates.  
The gates are designed to capture the flood tide upstream of the structures, and the 
operation of the flow control gates is not based on exports.  

ESA coverage for the SDIP operable gates is being accomplished through two 
consultation processes.  A separate biological opinion will address terrestrial and aquatic 
effects from channel dredging and construction and will be included in a separate 
consultation process.  

State Water Project Oroville Facilities 
 

Implementation of the new FERC license for the Oroville Project will occur when FERC 
issues the new license.  Because it is not known exactly when that will occur, it is 
considered a near term and future project.  The current, near term and future operations 
for the Oroville Facilities were previously described. 
 
 

Analytical Framework for the Jeopardy 
Determination 
 
The following analysis relies on four components to support the jeopardy determination 
for the delta smelt: (1) the Status of the Species, which evaluates the delta smelt’s range-
wide condition, the factors responsible for that condition, and its survival and recovery 
needs; (2) the Environmental Baseline, which evaluates the condition of the delta smelt in 
the action area, the factors responsible for that condition, and the role of the action area in 
the delta smelt’s survival and recovery; in this case the action area covers nearly the 
entire range of the delta smelt so the Status of the Species/Environmental Baseline 
sections are combined into one section; (3) the Effects of the Action, which determines 
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the direct and indirect impacts of the proposed Federal action and the effects of any 
interrelated or interdependent activities on the delta smelt; and (4) Cumulative Effects, 
which evaluates the effects of future, non-Federal activities in the action area on the delta 
smelt. 
 
In accordance with the implementing regulations for section 7 and Service policy, the 
jeopardy determination is made in the following manner: the effects of the proposed 
Federal action are evaluated in the context of the aggregate effects of all factors that have 
contributed to the delta smelt’s current status and, for non-Federal activities in the action 
area, those actions likely to affect the delta smelt in the future, to determine if 
implementation of the proposed action is likely to cause an appreciable reduction in the 
likelihood of both the survival and recovery of the delta smelt in the wild. 
 
The following analysis places an emphasis on using the range-wide survival and recovery 
needs of the delta smelt and the role of the action area in providing for those needs as the 
context for evaluating the significance of the effects of the proposed Federal action, taken 
together with cumulative effects, for purposes of making the jeopardy determination. 
 
 

Analytical Framework for the Adverse 
Modification Determination 
 
This biological opinion does not rely on the regulatory definition of “destruction or 
adverse modification” of critical habitat at 50 CFR 402.02.  Instead, we have relied upon 
the statutory provisions of the ESA to complete the following analysis with respect to 
critical habitat. 
 
The following analysis relies on four components to support the adverse modification 
determination: (1) the Status of Critical Habitat, which evaluates the range-wide 
condition of designated critical habitat for the delta smelt in terms of primary constituent 
elements (PCEs), the factors responsible for that condition, and the intended recovery 
function of the critical habitat overall, as well as the intended recovery function of 
discrete critical habitat units; (2) the Environmental Baseline, which evaluates the 
condition of the critical habitat in the action area, the factors responsible for that 
condition, and the recovery role of the critical habitat in the action area; in this case the 
action area covers nearly the entire range of delta smelt critical habitat so the Status of the 
Critical Habitat/Environmental Baseline sections are combined into one section; (3) the 
Effects of the Action, which determines the direct and indirect impacts of the proposed 
Federal action and the effects of any interrelated or interdependent activities on the PCEs 
and how that will influence the recovery role of affected critical habitat units; and (4) 
Cumulative Effects, which evaluates the effects of future, non-Federal activities in the 
action area on the PCEs and how that will influence the recovery role of affected critical 
habitat units. 
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In accordance with Service policy and guidance, the adverse modification determination 
is made in the following manner: the effects of the proposed Federal action on critical 
habitat are evaluated in the context of the aggregate effects of all factors that have 
contributed to the current status of the critical habitat range-wide and, for non-Federal 
activities in the action area, those actions likely to affect the critical habitat in the future, 
to determine if the critical habitat would remain functional (or retain the current ability 
for the PCEs to be functionally established in areas of currently unsuitable but capable 
habitat) to serve the intended recovery role for the species with implementation of the 
proposed Federal action. 
 
The following analysis places an emphasis on using the intended range-wide recovery 
function of delta smelt critical habitat and the role of the action area relative to that 
intended function as the context for evaluating the significance of effects of the proposed 
Federal action, taken together with cumulative effects, for purposes of making the 
adverse modification determination. 
 

Status of the Species/Environmental 
Baseline 
The action area for this consultation covers the entire range of the delta smelt, except for 
the Napa River.  For that reason, the Status of the Species and Environmental Baseline 
sections are combined into one section in this document. 

Delta Smelt 

Delta Smelt Species Description and Taxonomy 

The Service proposed to list the delta smelt as threatened with proposed critical habitat on 
October 3, 1991 (56 FR 50075).  The Service listed the delta smelt as threatened on 
March 5, 1993 (58 FR 12854), and designated critical habitat for this species on 
December 19, 1994 (59 FR 65256).  The delta smelt was one of eight fish species 
addressed in the Recovery Plan for the Sacramento–San Joaquin Delta Native Fishes 
(Service 1995).  A 5-year status review of the delta smelt was completed on March 31, 
2004 (Service 2004); that review affirmed the need to retain the delta smelt as a 
threatened species.  The Service is currently considering information to determine if the 
listing status of delta smelt should be upgraded from threatened to endangered.   

The delta smelt is a member of the Osmeridae family (northern smelts) (Moyle 2002) and 
is one of six species currently recognized in the Hypomesus genus (Bennett 2005).  The 
delta smelt is endemic to the San Francisco Bay/Sacramento-San Joaquin Delta Estuary 
(Bay-Delta) in California, and is restricted to the area from San Pablo Bay upstream 
through the Delta in Contra Costa, Sacramento, San Joaquin, Solano, and Yolo counties 
(Moyle 2002) (Figure S-1).  Their range extends from San Pablo Bay upstream to Verona 
on the Sacramento River and Mossdale on the San Joaquin River.  The delta smelt was 
formerly considered to be one of the most common pelagic fish in the upper Sacramento-
San Joaquin Estuary.   
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The delta smelt is a slender-bodied fish, generally about 60 to 70 millimeters (mm) (2 to 
3 inches (in)) long, although they can reach lengths of up to 120 mm (4.7 in) (Moyle 
2002).  Live delta smelt are nearly translucent and have a steely blue sheen to their sides.  
Delta smelt usually aggregate but do not appear to be a strongly schooling species.   

Genetic analyses have confirmed that H. transpacificus presently exists as a single 
intermixing population (Stanley et al. 1995; Trenham et al. 1998).  The most closely-
related species is the surf smelt (H. pretiosis), a marine species common along the 
western coast of North America.  Despite its morphological similarity, the delta smelt is 
less-closely related to wakasagi (H. nipponensis), an anadromous western Pacific species 
introduced into California Central Valley reservoirs in 1959 and now distributed in the 
historic range of the delta smelt (Trenham et al. 1998).  Genetic introgression among H. 
transpacificus and H. nipponensis is low.   
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Figure S-1 Map of the Delta with Delta Regions Identified 
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Existing Monitoring Programs 

Most research and monitoring of fish populations in the Bay-Delta is coordinated through 
the Interagency Ecological Program (IEP).  The IEP is a cooperative effort led by state 
and federal agencies with university and private partners.  There are currently 16 fish 
monitoring programs that are implemented year-round across the entire Bay-Delta system 
(Honey et al. 2004).  Figure S-2 shows the monitoring stations that are sampled in the 
Bay-Delta Estuary.  Each of these programs captures delta smelt to some degree, 
however, only a select few are commonly used to index the abundance or distribution of 
delta smelt, and only two are designed specifically to capture delta smelt.   

The Fall Midwater Trawl Survey (FMWT) and the Summer Townet Survey (TNS) are 
the two longest running IEP fish monitoring programs that are used to index delta smelt 
abundance.  They work well because they were originally designed to target age-0 striped 
bass, which have similar habitat requirements to delta smelt.  Two more recent programs, 
the 20-mm Survey and the Spring Kodiak Trawl Survey (SKT), were designed 
specifically to sample delta smelt and are also commonly used to evaluate relative 
abundance and distribution.  Each of these four sampling programs targets different life 
stages and encompasses the entire distribution of delta smelt for the given life stage and 
time of year.  The efficiency of sampling gears used for delta smelt is unknown.  
However, they were all designed to target open-water pelagic fishes and data from these 
programs have been used extensively in prior studies of delta smelt abundance and 
distribution (e.g., Stevens and Miller 1983; Moyle et al. 1992; Jassby et al. 1995; Dege 
and Brown 2004; Bennett 2005; Feyrer et al. 2007).   

Data from the FMWT are used to calculate indices of relative abundance for delta smelt.  
The program has been conducted each year since 1967, except that no sampling was done 
in 1974 or 1979.  Samples (10-minute tows) are collected at 116 sites each month from 
September to December throughout the Bay-Delta.  Detailed descriptions of the sampling 
program are available from Stevens and Miller (1983) and Feyrer et al. (2007).  The delta 
smelt recovery index includes distribution and abundance components and is calculated 
from a subset of the September and October FMWT sampling 
(http://www.delta.dfg.ca.gov/).  The details on the calculation of the recovery index can 
be found in the Delta Native Fishes Recovery Plan (Service 1995). 

Data from the TNS are used to calculate indices of abundance for young-of-year delta 
smelt during the summer.  The TNS has been conducted annually since 1959 (Turner and 
Chadwick 1972).  It involves sampling at up to 32 stations with three replicate tows to 
complete a survey.  A minimum of two surveys is conducted each year.  The delta smelt 
index is generated from the first two TNS surveys (Moyle et al. 1992).  The TNS 
sampling has had an average survey starting date of July 13, but surveys have been 
conducted as early as June 4 and as late as August 28 in some years (Nobriga et al. 2008). 

Data from the 20-mm survey are used to examine the abundance and distribution of 
young post-larval/early juvenile delta smelt during the spring (Dege and Brown 2004).  
The survey has been conducted each year since 1995, and involves the collection of three 
replicate samples at up to 48 sites; additional sites have been added in recent years.  A 
complete set of samples from each site is termed a survey and 5-9 surveys are completed 
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each year from approximately March though June.  This survey also simultaneously 
samples zooplankton with a Clarke-Bumpus net during one of the three sampling tows at 
each site.   

 

 

Figure S-2 Map of Bay Delta Estuary Sampling Locations for the TNS and 20-mm 
Survey (DFG Bay Delta website 2008) 

Data from the SKT are used to monitor and provide information on the pre-spawning and 
spawning distributions of delta smelt.  The survey also quantifies the reproductive 
maturity status of all adult delta smelt collected.  SKT sampling has been done since 2002 
at approximately 39 stations.  Sampling at each station is completed five or more times 
per year from January to May.  Supplemental surveys are often completed when 
additional information is requested by managers to assist with decisions relating to water 
project operations. 

An additional source of information on delta smelt comes from salvage operations at the 
Banks and Jones fish facilities.  Banks and Jones are screened with fish-behavioral 
louvers designed to salvage young Chinook salmon and striped bass before they enter the 
pumps (Brown et al. 1996).  In general, the salvage process consists of fish capture, 
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transport, and ultimately release at locations where they are presumed safe from further 
influence of Banks and Jones.  However, unlike some species, it is commonly 
acknowledged that delta smelt often do not survive the salvage process.  Data on the 
salvage of delta smelt is typically used to provide an index of entrainment into the 
diversion pumps, but not as an index of general population abundance.  However, there 
are a number of caveats with these data including unknown sampling efficiency, 
unknown pre-screen mortality in Clifton Court Forebay, and no sampling of fish smaller 
than 20mm (Kimmerer 2008).  Fortunately, some of this information may become 
available in the future because of targeted studies on efficiency and pre-screen mortality 
being conducted by the IEP and Reclamation.  Although monitoring from Banks and 
Jones is limited in geographic range compared to the other surveys, they sample 
substantially larger volumes of water, and therefore may have a greater likelihood to 
detect low densities of delta smelt larger than 20mm.   

Delta smelt entrainment is presently estimated (or indexed) by extrapolating catch data 
from periodic samples of salvaged fish (≥ 20 mm).  Fish are counted from a sub-sample 
of water from the facility holding tanks and numbers are extrapolated based on the 
volume of water diverted during collection of that sample to estimate the number of fish 
entrained into Banks and Jones during the sampling interval.  Intervals typically range 
from 1-24 hours depending on time of year, debris loads, etc. 

Overview of Delta Smelt’s Life Cycle 

The delta smelt life cycle is completed within the freshwater and brackish LSZ of the 
Bay-Delta.  Figure S-3 portrays the conceptual model used for delta smelt.  Delta smelt 
are moderately euryhaline (Moyle 2002).  However, salinity requirements vary by life 
stage.  Delta smelt are a pelagic species, inhabiting open waters away from the bottom 
and shore-associated structural features (Nobriga and Herbold, 2008).  Although delta 
smelt spawning has never been observed in the wild, clues from the spawning behavior of 
related osmerids suggests delta smelt use bottom substrate and nearshore features during 
spawning.  However, apart from spawning and egg-embryo development, the distribution 
and movements of all life stages are influenced by transport processes associated with 
water flows in the estuary, which also affect the quality and location of suitable open-
water habitat (Dege and Brown 2004; Feyrer et al. 2007; Nobriga et al. 2008). 
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Figure S-3 Lifecycle Conceptual Model For Delta Smelt.  The Larger the Arrow 
Size, the Stronger the Influence on the Process Box 
 
Delta smelt are weakly anadromous and undergo a spawning migration from brackish 
water to freshwater annually (Moyle 2002).  In early winter, mature delta smelt migrate 
from brackish, downstream rearing areas in and around Suisun Bay and the confluence of 
the Sacramento and San Joaquin rivers upstream to freshwater spawning areas in the 
Delta.  Delta smelt historically have also spawned in the freshwater reaches of Suisun 
Marsh.  In winters featuring high Delta outflow, the spawning range of delta smelt shifts 
west to include the Napa River (Hobbs et al. 2007).  
 
The upstream migration of delta smelt, which ends with their dispersal into river channels 
and sloughs in the Delta (Radtke 1966; Moyle 1976, 2002; Wang 1991), seems to be 
triggered or cued by abrupt changes in flow and turbidity associated with the first flush of 
winter precipitation (Grimaldo et al, accepted manuscript) but can also occur after very 
high flood flows have receded.  Grimaldo et al (accepted manuscript) noted salvage often 
occurred when total inflows exceeded over 25,000 cfs or when turbidity elevated above 
12 NTU (CCF station).  Delta smelt spawning may occur from mid-winter through 
spring; most spawning occurs when water temperatures range from about 120C to 180C 
(Moyle 2002).  Most adult delta smelt die after spawning (Moyle 2002).  However, some 
fraction of the population may hold over as two-year-old fish and spawn in the 
subsequent year.  
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During and after a variable period of larval development, the young fish migrate 
downstream until they reach the low-salinity zone (LSZ) (indexed as X2) where they 
reside until the following winter (Moyle 2002).  The location of the delta smelt 
population follows changes in the location of the LSZ which depends primarily on delta 
outflow.  
 
Biology and Life History 
 

Spawning 
 

Adult delta smelt spawn during the late winter and spring months, with most spawning 
occurring during April through mid-May (Moyle 2002).  Spawning occurs primarily in 
sloughs and shallow edge areas in the Delta.  Delta smelt spawning has also been 
recorded in Suisun Marsh and the Napa River (Moyle 2002).  Most spawning occurs at 
temperatures between 12-18°C.  Although spawning may occur at temperatures up to 
22°C, hatching success of the larvae is very low (Bennett 2005). 

Fecundity of females ranges from about 1,200 to 2,600 eggs, and is correlated with 
female size (Moyle 2002).  Moyle et al. (1992) considered delta smelt fecundity to be 
“relatively low.”  However, based on Winemiller and Rose (1992), delta smelt fecundity 
is fairly high for a fish its size.  In captivity, females survive after spawning and develop 
a second clutch of eggs (Mager et al. 2004); field collections of ovaries containing eggs 
of different size and stage indicate that this also occurs in the wild (Adib-samii 2008).  
Captive delta smelt can spawn up to 4-5 times.  While most adults do not survive to 
spawn a second season, a few (<5 percent) do (Moyle 2002; Bennett 2005).  Those that 
do survive are typically larger (90-110 mm SL) females that may contribute 
disproportionately to the population’s egg supply (Moyle 2002 and references therein).  
Two-year-old females may have 3-6 times as many ova as first year spawners.  

Most of what is known about delta smelt spawning habitat in the wild is inferred from the 
location of spent females and young larvae captured in the SKT and 20-mm survey, 
respectively.  In the laboratory, delta smelt spawned at night (Baskerville-Bridges et al. 
2000; Mager et al. 2004).  Other smelts, including marine beach spawning species and 
estuarine populations and the landlocked Lake Washington longfin smelt, are secretive 
spawners, entering spawning areas during the night and leaving before dawn.  If this 
behavior is exhibited by delta smelt, then delta smelt distribution based on the SKT, 
which is conducted during daylight hours in offshore habitats, may reflect general regions 
of spawning activity, but not actual spawning sites.   

Delta smelt spawning has only been directly observed in the laboratory and eggs have not 
been found in the wild.  Consequently, what is known about the mechanics of delta smelt 
spawning is derived from laboratory observations and observations of related smelt 
species.  Delta smelt eggs are 1 mm diameter and are adhesive and negatively buoyant 
(Moyle 1976, 2002; Mager et al. 2004; Wang 1986, 2007).  Laboratory observations 
indicate that delta smelt are broadcast spawners, discharging eggs and milt close to the 
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bottom over substrates of sand and/or pebble in current (DWR and Reclamation 1994; 
Brown and Kimmerer 2002; Lindberg et al. 2003; Wang 2007).   

The eggs of surf smelts and other beach spawning smelts adhere to sand particles, which 
keeps them negatively buoyant but not immobile, as the sand may move (“tumble”) with 
water currents and turbulence (Hay 2007; slideshow available at 
http://www.science.calwater.ca.gov/pdf/workshops/workshop_smelt_presentation_Hay_1
11508.pdf).  It is not known whether delta smelt eggs “tumble incubate” in the wild, but 
tumbling of eggs may moderately disperse them, which might reduce predation risk 
within a localized area.   

Presence of newly hatched larvae likely indicates regions where spawning has occurred.  
The 20-mm trawl has captured small (~5 mm Standard Length [SL]) larvae in Cache 
Slough, the lower Sacramento River, San Joaquin River, and at the confluence of these 
two rivers (e.g., 20-mm trawl survey 1 in 2005).  Larger larvae and juveniles (size > 23 
mm SL), which are more efficiently sampled by the 20-mm trawl gear, have been 
captured in Cache Slough (Sacramento River) and the Sacramento Deep Water Channel 
in July (e.g. 20-mm trawl survey 9 in 2008).  Because they are small fish inhabiting 
pelagic habitats with strong tidal and river currents, delta smelt larval distribution 
depends on both the spawning area from which they originate and the effect of transport 
processes caused by flows.  Larval distribution is further affected by water salinity and 
temperature.  Hydrodynamic simulations reveal that tidal action and other factors may 
cause substantial mixing of water with variable salinity and temperature among regions 
of the Delta (Monson et al 2007). This could result in rapid dispersion of larvae away 
from spawning sites. 

Sampling of larval delta smelt in the Bay-Delta in 1989 and 1990 suggested that 
spawning occurred in the Sacramento River; in Georgiana, Prospect, Beaver, Hog, and 
Sycamore sloughs; in the San Joaquin River adjacent to Bradford Island and Fisherman’s 
Cut; and possibly other areas (Wang 1991).  However, in recent years, the densest 
concentrations of both spawners and larvae have been recorded in the Cache 
Slough/Sacramento Deepwater Ship Channel complex in the North Delta.  Some delta 
smelt spawning occurs in Napa River, Suisun Bay and Suisun Marsh during wetter years 
(Sweetnam 1999; Wang 1991; Hobbs et al. 2007).  Early stage larval delta smelt have 
also been recorded in Montezuma Slough near Suisun Bay (Wang 1986). 

Larval Development 

Mager et al. (2004) reported that embryonic development to hatching takes 11-13 days at 
14-16º C for delta smelt, and Baskerville-Bridges et al. (2000) reported hatching of delta 
smelt eggs after 8-10 days at temperatures between 15-17º C.  Lindberg et al. (2003) 
reported high hatching rates of delta smelt eggs in the laboratory at 15º C, and Wang 
(2007) reported high hatching rates at temperatures between 14-17º C.  Bennett (2005) 
showed hatching success peaks near 15º C.  Swim bladder inflation occurring at 60-70 
days post-hatch at 16-17º C (Mager et al. 2004).   

At hatching and during the succeeding three days, larvae are buoyant, swim actively near 
the water surface, and do not react to bright direct light (Mager et al. 2004).  As 
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development continues, newly hatched delta smelt become semi-buoyant and sink in 
stagnant water.  However, larvae are unlikely to encounter stagnant water in the wild.   

In the laboratory, a turbid environment (>25 Nephelometric Turbidity Units [NTU]) was 
necessary to elicit a first feeding response (Baskerville-Bridges et al. 2000; Baskerville-
Bridges 2004).  Successful feeding seems to depend on a high density of food organisms 
and turbidity, and increases with stronger light conditions (Baskerville-Bridges et al. 
2000; Mager et al. 2004; Baskerville-Bridges et al. 2004).   

Growth rates of wild-caught delta smelt larvae are faster than laboratory-cultured 
individuals.  Mager et al. (2004) reported growth rates of captive-raised delta smelt 
reared at near-optimum temperatures (16ºC-17ºC).  Their fish were about 12 mm long 
after 40 days and about 20 mm long after 70 days.  In contrast, analyses of otoliths 
indicated that wild delta smelt larvae were 15-25 mm, or nearly twice as long at 40 days 
of age (Bennett 2005).  By 70 days, most wild fish were 30-40 mm long and beyond the 
larval stage.  This suggests there is strong selective pressure for rapid larval growth in 
nature, a situation that is typical for fish in general (Houde 1987). 

Laboratory-cultured delta smelt larvae have generally been fed rotifers at first-feeding 
(Baskerville-Bridges et al. 2004; Mager et al. 2004).  However, rotifers rarely occur in 
the guts of wild delta smelt larvae (Nobriga 2002).  The most common first prey of wild 
delta smelt larvae is the larval stages of several copepod species.  These copepod 
‘nauplii’ are larger and have more calories than rotifers.  This difference in diet may 
enable the faster growth rates observed in wild-caught larvae. 

The food available to larval fishes is constrained by mouth gape and status of fin 
development.  Larval delta smelt cannot capture as many kinds of prey as larger 
individuals, but all life stages have small gapes that limit their range of potential prey.  
Prey availability is also constrained by habitat use, which affects what types of prey are 
encountered.  Larval delta smelt are visual feeders.  They find and select individual prey 
organisms and their ability to see prey in the water is enhanced by turbidity (Baskerville-
Bridges et al. 2004).  Thus, delta smelt diets are largely comprised of small crustacea that 
inhabit the estuary’s turbid, low-salinity, open-water habitats (i.e., zooplankton).  Larval 
delta smelt have particularly restricted diets (Nobriga 2002).  They do not feed on the full 
array of zooplankton with which they co-occur; they mainly consume three copepods, 
Eurytemora affinis, Pseudodiaptomus forbesi, and freshwater species of the family 
Cyclopidae.  Further, the diets of first-feeding delta smelt larvae are largely restricted to 
the larval stages of these copepods; older, larger life stages of the copepods are 
increasingly targeted as the delta smelt larvae grow, their gape increases, and they 
become stronger swimmers. 

The triggers for and duration of delta smelt larval movement from spawning areas to 
rearing areas are not known.  Hay (2007) noted that eulachon larvae are probably flushed 
into estuaries from upstream spawning areas within the first day after hatching, but 
downstream movement of delta smelt larvae occurs much later.  Most larvae gradually 
move downstream toward the two parts per thousand (ppt) isohaline (X2).  X2 is scaled 
as the distance in kilometers from the Golden Gate Bridge (Jassby et al. 1995).  It is a 
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physical attribute of the Bay-Delta that is used as a habitat indicator and as a regulatory 
standard in the SWRCB D-1641, as described in the project description.   

At all life stages, delta smelt are found in greatest abundance in the water column and 
usually not in close association with the shoreline.  They inhabit open, surface waters of 
the Delta and Suisun Bay, where they presumably aggregate in loose schools where 
conditions are favorable (Moyle 2002).  In years of moderate to high Delta outflow 
(above normal to wet WYs), delta smelt larvae are abundant in the Napa River, Suisun 
Bay and Montezuma Slough, but the degree to which these larvae are produced by locally 
spawning fish but the degree to which they originate upstream and are transported by 
tidal currents to the bay and marsh is uncertain.   

Juveniles 

Young-of-the-year delta smelt rear in the LSZ from late spring through fall and early 
winter.  Once in the rearing area growth is rapid, and juvenile fish are 40-50 mm SL long 
by early August (Erkkila et al. 1950; Ganssle 1966; Radtke 1966).  They reach adult size 
(55-70 mm SL) by early fall (Moyle 2002).  Delta smelt growth during the fall months 
slows considerably (only 3-9 mm total), presumably because most of the energy ingested 
is being directed towards gonadal development (Erkkila et al. 1950; Radtke 1966).   

Nobriga et al. (2008) found that delta smelt capture probabilities in the TNS are highest at 
specific conductance levels of 1,000 to 5,000 μS cm-1 (approximately 0.6 to 3.0 practical 
salinity unit [psu]).  Similarly, Feyrer et al. (2007) found a decreasing relationship 
between abundance of delta smelt in the FMWT and specific conductance during 
September through December.  The location of the LSZ and changes in delta smelt 
habitat quality in the San Francisco Estuary can be indexed by changes in X2 (see effects 
section).  The LSZ historically had the highest primary productivity and is where 
zooplankton populations (on which delta smelt feed) were historically most dense 
(Knutson and Orsi 1983; Orsi and Mecum 1986).  However, this has not always been true 
since the invasion of the overbite clam (Kimmerer and Orsi 1996).  The abundance of 
many local aquatic species has tended to increase in years when winter-spring outflow 
was high and X2 was pushed seaward (Jassby et al. 1995), implying that the quantity and 
quality (overall suitability) of estuarine habitat increases in years when outflows are high.  
However, delta smelt is not one of the species whose abundance has statistically covaried 
with winter-spring freshwater flows (Stevens and Miller 1983; Moyle et al. 1992; 
Kimmerer 2002; Bennett 2005).  As presented in this biological opinion, there is 
evidence that X2 in the fall influences delta smelt population dynamics. 

Delta smelt seem to prefer water with high turbidity, based on a negative correlation 
between the frequency of delta smelt occurrence in survey trawls during summer, fall and 
early winter and water clarity.  For example, the likelihood of delta smelt occurrence in 
trawls at a given sampling station decreases with increasing Secchi depth at the stations 
(Feyrer et al. 2007, Nobriga et al. 2008).  This is very consistent with behavioral 
observations of captive delta smelt (Nobriga and Herbold 2008).  Few daylight trawls 
catch delta smelt at Secchi depths over one half meter and capture probabilities for delta 
smelt are highest at 0.40 m depth or less.  The delta smelt’s preference for turbid water 
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may be related to increased foraging efficiency (Baskerville-Bridges et al. 2004) and 
reduced risk of predation. 

Temperature also affects delta smelt distribution.  Swanson and Cech (1995) and 
Swanson et al. (2000) indicate delta smelt tolerate temperatures (<8o C to >25o C), 
however warmer water temperatures >25o C restrict their distribution more than colder 
water temperatures (Nobriga and Herbold 2008).  Delta smelt of all sizes are found in the 
main channels of the Delta and Suisun Marsh and the open waters of Suisun Bay where 
the waters are well oxygenated and temperatures are usually less than 25o C in summer 
(Nobriga et al. 2008).   

Foraging Ecology 

Delta smelt feed primarily on small planktonic crustaceans, and occasionally on insect 
larvae (Moyle 2002).  Juvenile-stage delta smelt prey upon copepods, cladocerans, 
amphipods, and insect larvae (Moyle 2002).  Historically, the main prey of delta smelt 
was the euryhaline copepod Eurytemora affinis and the euryhaline mysid Neomysis 
mercedis.  The slightly larger Pseudodiaptomus forbesi has replaced E. affinis as a major 
prey source of delta smelt since its introduction into the Bay-Delta, especially in summer, 
when it replaces E. affinis in the plankton community (Moyle 2002).  Another smaller 
copepod, Limnoithona tetraspina, which was introduced into the Bay-Delta in the mid-
1990s, is now one of the most abundant copepods in the LSZ, but not abundant in delta 
smelt diets.  Acartiella sinensis, a calanoid copepod species that invaded the Delta at the 
same time as L. tetraspina, also occurs at high densities in Suisun Bay and in the western 
Delta over the last decade.  Delta smelt eat these newer copepods, but Pseudodiaptomus 
remains a dominant prey (Baxter et al.  2008).   

River flows influence estuarine salinity gradients and water residence times and thereby 
affect both habitat suitability for benthos and the transport of pelagic plankton upon 
which delta smelt feed.  High tributary flow leads to lower residence time of water in the 
Delta, which generally results in lower plankton biomass (Kimmerer 2004).  In contrast, 
higher residence times, which result from low tributary flows, can result in higher 
plankton biomass but water diversions, overbite clam grazing (Jassby et al. 2002) and 
possibly contaminants (Baxter et al. 2008) remove a lot of plankton biomass when 
residence times are high.  These factors all affect food availability for planktivorous 
fishes that utilize the zooplankton in Delta channels.  Delta smelt cannot occupy much of 
the Delta anymore during the summer (Nobriga et al. 2008).  Thus, there is the potential 
for mismatches between regions of high zooplankton abundance in the Delta and delta 
smelt distribution now that the overbite clam has decimated LSZ zooplankton densities 
(see effects section). 

The delta smelt compete with and are prey for several native and introduced fish species 
in the Delta.  The introduced inland silverside may prey on delta smelt eggs and/or larvae 
and compete for copepod prey (Bennett and Moyle 1996; Bennett 2005).  Young striped 
bass also use the LSZ for rearing and may compete for copepod prey and eat delta smelt.  
Centrarchid fishes and coded wire tagged Chinook salmon smolts released in the Delta 
for survival experiments since the early 1980s may potentially also prey on larval delta 
smelt (Brandes and McLain 2001; Nobriga and Chotkowski 2000).  Studies during the 
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early 1960s found delta smelt were only an occasional prey fish for striped bass, black 
crappie and white catfish (Turner and Kelley 1966).  However, delta smelt were a 
comparatively rare fish even then, so it is not surprising they were a rare prey.  Striped 
bass appear to have switched to piscivorous feeding habits at smaller sizes than they 
historically did, following severe declines in the abundance of mysid shrimp (Feyrer et al. 
2003).  Nobriga and Feyrer (in press) showed that inland silverside, which is similar in 
size to delta smelt, was only eaten by subadult striped bass less than 400 mm fork length.  
While largemouth bass are not pelagic, they have been shown to consume some pelagic 
fishes (Nobriga and Feyrer 2007). 

Habitat 

The existing physical appearance and hydrodynamics of the Delta have changed 
substantially from the environment in which native fish species like delta smelt evolved.  
The Delta once consisted of tidal marshes with networks of diffuse dendritic channels 
connected to floodplains of wetlands and upland areas (Moyle 2002).  The in-Delta 
channels were further connected to drainages of larger and smaller rivers and creeks 
entering the Delta from the upland areas.  In the absence of upstream reservoirs, 
freshwater inflow from smaller rivers and creeks and the Sacramento and San Joaquin 
Rivers were highly seasonal and more strongly and reliably affected by precipitation 
patterns than they are today.  Consequently, variation in hydrology, salinity, turbidity, 
and other characteristics of the Delta aquatic ecosystem was greater in the past than it is 
today (Kimmerer 2002b).  For instance, in the early 1900s, the location of maximum 
salinity intrusion into the Delta during dry periods varied from Chipps Island in the lower 
Delta to Stockton along the San Joaquin River and Merritt Island in the Sacramento River 
(DWR Delta Overview).  Operations of upstream reservoirs have reduced spring flows 
while releases of water for Delta water export and increased flood control storage have 
increased late summer and fall inflows (Knowles 2002), though Delta outflows have been 
tightly constrained during late summer-fall for several decades (see Effects section).   

Channelization, conversion of Delta islands to agriculture, and water operations have 
substantially changed the physical appearance, water salinity, water clarity, and 
hydrology of the Delta.  As a consequence of these changes, most life stages of the delta 
smelt are now distributed across a smaller area than historically (Arthur et al. 1996, 
Feyrer et al. 2007).  Wang (1991) noted in a 1989 and 1990 study of delta smelt larval 
distribution that, in general, the San Joaquin River was used more intensively for 
spawning than the Sacramento River.  Though not restricting spawning per se, based on 
particle tracking modeling, export of water by the CVP and SWP would usually restrict 
reproductive success of spawners in the San Joaquin River by entraining most larvae 
during downstream transport from spawning sites to rearing areas (Kimmerer and 
Nobriga 2008).  There is one, non-wet year exception to this generalization: in 2008, 
delta smelt entrainment was managed under a unique system of restrictions imposed by 
the Court in NRDC v Kempthorne.  In 2008, CVP/SWP operations were constrained in 
accordance with recommendations formulated by the Service expressly to limit 
entrainment of delta smelt from the Central Delta. 
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Persistent confinement of the spawning population of delta smelt to the Sacramento River 
increases the likelihood that a substantial portion of the spawners will be affected by a 
catastrophic event or localized chronic threat.  For instance, large volumes of highly 
concentrated ammonia released into the Sacramento River from the Sacramento Regional 
County Sanitation District may affect embryo survival or inhibit prey production.  
Further, agricultural fields in the Yolo Bypass and surrounding areas are regularly 
sprayed by pesticides, and water samples taken from Cache Slough sometimes exhibited 
toxicity to Hyalella azteca (Werner et al. 2008).  The thresholds of toxicity for delta smelt 
for most of the known contaminants have not been determined, but the exposure to a 
combination of different compounds increases the likelihood of adverse effects.  The 
extent to which delta smelt larvae are exposed to contaminants varies with flow entering 
the Delta.  Flow pulses during spawning increase exposure to many pesticides (Kuivila 
and Moon 2004) but decrease ammonia concentrations entering the Delta from 
wastewater treatment plants.   

The distribution of juvenile delta smelt has also changed over the last several decades.  
During the years 1970 through 1978, delta smelt catches in the TNS survey declined 
rapidly to zero in the Central and South Delta and have remained near zero since.  A 
similar shift in FMWT catches occurred after 1981 (Arthur et al. 1996).  This portion of 
the Delta has also had a long-term trend increase in water clarity during July through 
December (Arthur et al. 1996; Feyrer et al. 2007; Nobriga et al. 2008).   

The position of the LSZ where delta smelt rear has also changed over the years.  Summer 
and fall environmental quality has decreased overall in the Delta because outflows are 
lower and water transparency is higher.  These changes may be due to increased upstream 
water diversions for flooding rice fields (Kawakami et. al. 2008).  The confluence of the 
Sacramento and San Joaquin rivers has, as a result, become increasingly important as a 
rearing location for delta smelt, with physical environmental conditions constricting the 
species range to a relatively narrow area (Feyrer et al. 2007; Nobriga et al. 2008).  This 
has increased the likelihood that most of the juvenile population is exposed to chronic 
and cyclic environmental stressors, or catastrophic events.  For instance, all seven delta 
smelt collected during the September 2007 FMWT survey were captured at statistically 
significantly higher salinities than what would be expected based upon historical 
distribution data generated by Feyrer et al. (2007).  During the same year, the annual 
bloom of toxic cyanobacteria (Microcystis aeruginosa) spread far downstream to the west 
Delta and beyond during the summer (Peggy Lehman, pers comm).  This has been 
suggested as an explanation for the anomaly in the distribution of delta smelt relative to 
water salinity levels (Reclamation 2008).   

Delta Smelt Population Dynamics and Abundance Trends 

The FMWT provides the best available long-term index of the relative abundance of delta 
smelt (Moyle et al. 1992; Sweetnam 1999).  The indices derived from these surveys 
closely mirror trends in catch per unit effort (Kimmerer and Nobriga 2005), but do not at 
present support statistically reliable population abundance estimates, though substantial 
progress has recently been made (Newman 2008).  FMWT derived data are generally 
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accepted as providing a reasonable basis for detecting and roughly scaling interannual 
trends in delta smelt abundance. 

The FMWT derived indices have ranged from a low of 27 in 2005 to 1,653 in 1970 
(Figure S-5).  For comparison, TNS-derived indices have ranged from a low of 0.3 in 
2005 to a high of 62.5 in 1978 (Figure S-4).  Although the peak high and low values have 
occurred in different year, the TNS and FMWT indices show a similar pattern of delta 
smelt relative abundance; higher prior to the mid-1980s and very low in the past seven 
years. 

From 1969-1981, the mean delta smelt TNS and FMWT indices were 22.5 and 894, 
respectively.  Both indices suggest the delta smelt population declined abruptly in the 
early 1980s (Moyle et al. 1992).  From 1982-1992, the mean delta smelt TNS and FMWT 
indices dropped to 3.2 and 272 respectively.  The population rebounded somewhat in the 
mid-1990s (Sweetnam 1999); the mean TNS and FMWT indices were 7.1 and 529, 
respectively, during the 1993-2002 period.  However, delta smelt numbers have trended 
precipitously downward since about 2000.  

Figure S-4. TNS abundance indices for delta smelt. 
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Figure S-4. FMWT abundance indices for delta smelt. 

 

Currently, the delta smelt population indices are two orders of magnitude smaller than 
historical highs (Figures S-4 and S-5) and recent population abundance estimates are up 
to three orders of magnitude below historical highs (Newman 2008).  After 1999 both the 
FMWT and the TNS population indices showed declines, and from 2000 through 2007 
the median FMWT index was 106.5.  The lowest FMWT abundance indices ever 
obtained were recorded during 2004-2007 (74, 27, 41, and 28, respectively; Figure S-5).  
The median TNS index during the period from 2000 through 2008 fell similarly to 1.6, 
and has also dropped to its lowest levels during the last four years with indexes of 0.3, 
0.4, 0.4, and 0.6 during 2005 through 2008, respectively (Figure S-4).  It is highly 
unlikely that the indices from 2004-2007 can be considered statistically different from 
one another (see Sommer et al. 2007), but they are very likely lower than at any time 
prior in the period of record.   
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The total number of delta smelt collected in the 20-mm Survey decreased substantially 
during the years from 2002 to 2008 (4917 to 587 fish) compared to the period 1995 
through 2001 (98 to 1084 fish) (Figure S-6).  Similarly, the number of delta smelt caught 
in the SKT has decreased steadily since the survey started in 2002 (Figure S-6) 
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Figure S-6.  Number of fish collected in the Spring Kodiak Trawl and the 20-mm surveys.  
Only the eight first 20-mm trawl surveys are included and only data from the four first full 
surveys of the SKT.  SKT data from DFG at http://www.delta.dfg.ca.gov/ and 20-mm trawl 
catch data provided by DFG. 

Since about 2002, delta smelt is one of four pelagic fish species subject to what has been 
termed the Pelagic Organism Decline or POD (Sommer et al. 2007).  The POD denotes 
the sudden, overlapping declines of San Francisco Estuary pelagic fishes first recognized 
in data collected from 2002-2004.  The POD species include delta smelt, longfin smelt, 
threadfin shad (Dorosoma petenense), and (age-0) striped bass (Morone saxatillis), which 
together account for the bulk of the resident pelagic fish biomass in the tidal water 
upstream of X2.  The year 2002 is often recognized as the start of the POD because of the 
striking declines of three of the four POD species between 2001 and 2002; however, 
statistical review of the data (e.g., Manly and Chotkowski 2006) has revealed that for at 
least delta smelt, the POD downtrend really began earlier (around 1999).  Post-2001 
abundance indices for the POD species have included record lows for all but threadfin 
shad.  The causes of the POD and earlier declines are not fully understood, but appear to 
be layered and multifactorial (Baxter et al. 2008).  Several analyses have concluded that 
the shift in pelagic fish species abundance in the early 1980s was caused by a decrease in 
habitat carrying capacity or production potential (Moyle et al. 1992, Bennett 2005; Feyrer 
et al. 2007). 

There is some evidence that the recruitment of delta smelt may have sometimes 
responded to springtime flow variation (Herbold et al. 1992; Kimmerer 2002).  However, 
the weight of evidence suggests that delta smelt abundance does not (statistically) 
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respond to springtime flow like the abundance of the species mentioned above (Stevens 
and Miller 1983; Jassby et al. 1995; Bennett 2005).  The number of days of suitable 
spawning temperature during spring is correlated with subsequent abundance indices in 
the autumn (Bennett 2005).  This is evidence that cool springs, which allow for multiple 
larval cohorts, can contribute to population resilience.  However, these relationships do 
not explain a large proportion of variance in autumn abundance.  Depending on which 
abundance index is used, the r2 are 0.24-0.29. 

The relationship between numbers of spawning fish and the numbers of young 
subsequently recruiting to the adult population is known as a stock-recruit relationship.  
Analysis of stock-recruit relationships using delta smelt survey data indicate that a weak 
density dependent effect has occurred during late summer/fall (Bennett 2005, 
Reclamation 2008), suggesting that delta smelt year-class strength has often been set 
during late summer and fall.  This is supported by studies suggesting that the delta smelt 
is food limited (Bennett 2005; IEP 2005) and evidence for density dependent mortality 
has been presented by Brown and Kimmerer (2001).  However, the number of days 
during the spring that water temperature remained between 15 ºC and 20 ºC, with a 
density-dependence term to correct for the saturating TNS-FMWT relationship 
(described above), predicts FMWT indices fairly well (r2 ≈ 0.70; p < 0.05; Bennett, 
unpublished presentation at the 2003 CALFED Science Conference).  This result shows 
that of the quantity of young delta smelt produced also contributes to future spawner 
abundance.  Bennett (2005) analyzed the relationship between delta smelt spawner 
population and spawner recruits using data before and after the 1980s decline.  He 
concluded that density dependence pre-1982 may have occurred at FMWT values of 600 
to 800 and at FMWT values of 400 to 500 for the period 1982 through 2002.   

Bennett (2005) also conducted extensive stock-recruit analyses using the TNS and 
FMWT indices.  He provided statistical evidence that survival from summer to fall is 
nonlinear (= density-dependent).  He also noted that carrying capacity had declined.  
Bennett (2005) surmised that density-dependence and lower carrying capacity during the 
summer and fall could happen in a small population if habitat space was smaller than it 
was historically.  This hypothesis was recently demonstrated to be true (Feyrer et al. 
2007).  Reduced Delta outflow during autumn has led to higher salinity in Suisun Bay 
and the Western Delta while the proliferation of submerged vegetation has reduced 
turbidity in the South Delta.  Together, these mechanisms have led to a long-term decline 
in habitat suitability for delta smelt.  High summer water temperatures also limit delta 
smelt distribution (Nobriga et al. 2008) and impair health (Bennett et al. 2008). 

A minimum amount of suitable habitat during summer-autumn may interact with a 
suppressed pelagic food web to create a bottleneck for delta smelt (Bennett 2005; Feyrer 
et al. 2007; Bennett et al. 2008).  Prior to the overbite clam invasion, the relative 
abundance of maturing adults collected during autumn was unrelated to the relative 
abundance of juveniles recruiting the following summer (i.e., the stock-recruit 
relationship was density-vague).  Since the overbite clam became established, autumn 
relative abundance explains 40 percent of the variability in subsequent juvenile 
abundance (Feyrer et al. 2007).  When autumn salinity is factored in, 60 percent of the 
variance in subsequent juvenile abundance is accounted for statistically. 
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Since 2000, the stock-recruit relationship for delta smelt has been stronger still (r2 = 0.88 
without autumn habitat metrics factored in; Baxter et al. 2008).  This has led to 
speculation about Allee effects.  Allee effects occur when reproductive output per fish 
declines at low population levels (Allee 1931, Berec et al. 2006).  Below a certain 
threshold the individuals in a population can no longer reproduce rapidly enough to 
replace themselves and the population spirals to extinction.  For delta smelt, possible 
mechanisms for Allee effects include mechanisms directly related to reproduction and 
genetic fitness such as difficulty finding enough males to maximize egg fertilization 
during spawning (e.g., Purchase et al. 2007).  Genetic problems arising from small 
population sizes like inbreeding and genetic drift also can contribute to Allee effects, but 
genetic bottlenecks occur after demographic problems like the example of finding enough 
mates (Lande 1988). Other mechanisms related to survival such as increased vulnerability 
to predation are also possible based on studies of other species. 

These data provide evidence that factors affecting juvenile delta smelt during summer-
autumn are also impairing delta smelt reproductive success.  Thus, the interaction of 
warm summer water temperatures, suppression of the food web supporting delta smelt, 
and spatially restricted suitable habitat during autumn affect delta smelt health and 
ultimately survival and realized fecundity (Figure S-3). 

Another possible contributing driver of reduced delta smelt survival, health, fecundity, 
and resilience that occurs during winter is the “Big Mama Hypothesis” (Bill Bennett, UC 
Davis, pers. comm. and various oral presentations).  As a result of his synthesis of a 
variety of studies, Bennett proposed that the largest delta smelt (whether the fastest 
growing age-1 fish or fish that manage to spawn at age-2) could have a large influence on 
population trends.  Delta smelt larvae spawned in the South Delta have high risk of 
entrainment under most hydrologic conditions (Kimmerer 2008), but water temperatures 
often warm earlier in the South Delta than the Sacramento River (Nobriga and Herbold 
2008).  Thus, delta smelt spawning often starts and ends earlier in the Central and South 
Delta than elsewhere.  This differential warming may contribute to the “Big Mama 
Hypothesis” by causing the earliest ripening females to spawn disproportionately in the 
South Delta, putting their offspring at high risk of entrainment.  Although water diversion 
strategies have been changed to better protect the ‘average’ larva, the resilience 
historically provided by variable spawn timing may be reduced by water diversions and 
other factors that covary with Delta inflows and outflows. 

Substantial increases in winter salvage at Banks and Jones that occurred 
contemporaneously with recent declines in delta smelt and other POD species (Kimmerer 
2008, Grimaldo et al. accepted manuscript) support the interpretation that entrainment 
played a role in the POD-era depression of delta smelt numbers.  Increased winter 
entrainment of delta smelt represents a loss of pre-spawning adults and all their potential 
progeny (Sommer et al. 2007).  Note that winter salvage levels subsequently decreased to 
very low levels for all POD species during the winters of 2005-2006 and 2006-2007, 
possibly due to the very low population sizes during those periods.  Reduced pumping for 
protection of delta smelt also substantially reduced OMR flow towards the pumps and 
subsequently reduced number of delta smelt entrained during the winters of 2006-2007 
and 2007-2008. 
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The hydrologic and statistical analyses of relationships between OMR flows and salvage 
suggest a reasonable mechanism by which winter entrainment increased with increased 
exports during the POD years; however, entrainment is not a substantial source of 
mortality every year.  Manly and Chotkowski (2006; IEP 2005) found that monthly or 
semi-monthly measures of exports or Old and Middle rivers flow had a reliable, 
statistically significant effect on delta smelt abundance; however, individually they 
explained a small portion (no more than a few percent) of the variability in the fall 
abundance index of delta smelt across the entire survey area and time period.  Kimmerer 
(2008) addressed delta smelt entrainment by means of particle tracking, and estimated 
historical entrainment rates for larvae and juvenile delta smelt to be as high as 40 percent; 
however, he concluded that non-entrainment mortality in the summer had effects on 
FMWT delta smelt numbers.  Hence, there are other factors that often mask the effect of 
entrainment loss on delta smelt fall abundance in these analyses.  Among them, 
availability and quality of summer and fall habitat (see Effects section) are clearly 
affected by CVP/SWP operations.   

We conclude that entrainment and habitat availability/quality jointly contribute to 
downward pressure on spawner recruitment in and one or both of these general 
mechanisms is operating throughout the year.  The intensity of constraints of the other 
threats affecting the delta smelt carrying capacity varies between years, and the 
importance of contributing stressors changes as outflow, export operations, weather, and 
the abundances of other ecosystem elements vary.  For instance, Bennett (2005) noted 
that seasonally low outflow and warmer water temperatures may concentrate delta smelt 
and other planktivorous fishes into relatively small patches of habitat during late summer.  
This would increase competition and limit food availability during low outflow.  Higher 
outflow that expands and moves delta smelt habitat downstream of the Delta is expected 
to improve conditions for delta smelt (Feyrer et al. 2007).  The high proportion of the 
delta smelt population that has been entrained during some years (Kimmerer 2008) would 
be expected to reduce the ability of delta smelt to respond to the improved conditions, 
thereby limiting the potential for increased spawner recruitment.  Further, the smaller 
sizes of maturing adults during fall may have affected delta smelt fecundity (Bennett, 
2005).  This would further reduce the species’ ability to respond to years with improved 
conditions.   

Factors Affecting the Species 

Water Diversions and Reservoir Operations 

Banks and Jones Export Facilities 

In 1951, the Tracy Pumping Plant (now referred to as the Jones Pumping Plant), with a 
capacity of 4,600 cfs, was completed along with the Delta Mendota Canal which conveys 
water from the Jones Pumping Plant (Jones) for use in the San Joaquin Valley.  
Simultaneously, Reclamation also constructed the Delta Cross Channel to aid in 
transferring water from the Sacramento River across the Delta to the Jones Pumping 
Plant.  From its inception and formulation, the CVP (inclusive of upstream reservoirs, 
river and Delta conveyance, the Jones Pumping Plant, Delta-Mendota Canal, and San 



 

 160

Luis Reservoir) was intended to function as an integrated system to deliver and export 
water, not as a grouping of separate or independent units.   

In 1968 the first stage of the Banks Pumping Plant for the SWP was completed with 
seven units having a combined capacity of 6,400 cfs.  In 1973, the California Aqueduct 
was completed.  In 1974 Clifton Court Forebay was completed.  In 1991 an additional 
four pumping units were added, increasing Banks Pumping plant capacity to 10,300 cfs.  
However, this diversion rate has historically been restricted to 6,680 cfs as a three-day 
average inflow to Clifton Court Forebay, although between December 15 and March 15, 
when the San Joaquin River is above 1,000 cfs, pumping in excess of 6680 at a rate equal 
to one-third of the San Joaquin River flow at Vernalis has historically been permissible.  
Furthermore, under the EWA, the SWP has been permitted to pump an additional 500 cfs 
between July 1 and September 30 to offset water costs associated with fisheries actions 
making the summer limit effectively 7,180 cfs.  The Army Corps of Engineers’ permit for 
increased pumping at Banks expired and is no longer authorized.  The completion and 
operation of the Jones and Banks pumping plants have increased Delta water exports 
(Figure P-18).   

Export of water from the Delta has long been recognized to have multiple effects on the 
estuarine ecosystem upon which species such as the delta smelt depend (Stevens and 
Miller 1983; Arthur et al. 1996; Bennett and Moyle 1996).  In general, water is conveyed 
to Jones and Banks via the Old and Middle River channels resulting in a net (over a tidal 
cycle or tidal cycles) flow towards Jones and Banks.  When combined water export 
exceeds San Joaquin River inflows, the additional water is drawn from the Sacramento 
River through the Delta Cross Channel, Georgina Slough, and Three-Mile Slough.  At 
high pumping rates, net San Joaquin River flow is toward Banks and Jones (Arthur et al. 
1996).  Combined flow in the Old and Middle Rivers is measured as “OMR” flows while 
flow in the San Joaquin River at Jersey Island is calculated as “Qwest” (Dayflow at 
http://www.iep.ca.gov/dayflow/).  Flow towards the pumps is characterized as negative 
flow for both measurements.  Further, OMR flow towards the pumps is increased 
seasonally by installation of the South Delta Temporary Barriers.  In particular, the Head 
of Old River barrier reduces flow from the San Joaquin River downstream into Old River 
so more water is drawn from the Central Delta via Old and Middle Rivers. 

Because large volumes of water are drawn from the Estuary, water exports and fish 
entrainment at Jones and Banks are among the best-studied sources of fish mortality in 
the San Francisco Estuary (Sommer et al. 2007).  As described in the Project Description, 
the Tracy Fish Collection Facility (CVP) and the Skinner Fish Facility (SWP) serve to 
reduce the mortality of fish entrained at Jones and Banks.  The export facilities are known 
to entrain all species of fish inhabiting the Delta (Brown et al. 1996), and are of particular 
concern in dry years, when the distribution of young striped bass, delta smelt, and longfin 
smelt shift upstream, closer to the diversions (Stevens et al. 1985; Sommer et al. 1997).  
As an indication of the magnitude of entrainment effects caused by Banks and Jones, 
approximately 110 million fish were salvaged at the Skinner Fish Facility screens and 
returned to the Delta over a 15-year period (Brown et al. 1996).  However, this number 
greatly underestimates the actual number of fish entrained.  It does not include losses 
through the guidance louvers at either facility.  For Banks in particular, it does not 
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account for high rates of predation on fish in CCF (Gingras 1997).  Fish less than 30 mm 
forklength (FL) are not efficiently collected by the fish screens (Kimmerer 2008).  

The entrainment of adult delta smelt at Jones and Banks occurs mainly during their 
upstream spawning migration between December and April (Figure S-7).  Entrainment 
risk depends on the location of the fish relative to the export facilities and the level of 
exports (Grimaldo et al. accepted manuscript).  The spawning distribution of adult delta 
smelt varies widely among years.  In some years a large proportion of the adult 
population migrates to the Central and South Delta, placing both spawners and their 
progeny in relatively close proximity to the export pumps and increasing entrainment 
risk.  In other years, the bulk of adults migrate to the North Delta, reducing entrainment 
risk.  In very wet periods, some spawning occurs west of the Delta. 
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Figure S-7, Adult delta smelt salvage December through March by WY and by 
hydrological variables and turbidity 
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The CVP and SWP water operations are thought to have a minor impact on delta smelt 
eggs because they remain attached to substrates or at least strongly negatively buoyant 
due to attached sand grains (see Spawning section above).  Shortly after hatching, larvae 
become subject to flow-mediated transport, and are vulnerable to entrainment.  However, 
delta smelt and other fish are not officially counted at Banks or Jones unless they are 20 
mm or greater in total length and transitioning to the juvenile stage.  Juvenile delta smelt 
are vulnerable to entrainment and are counted in salvage operations once they reach 20-
25 mm in length, but the fish facilities remain inefficient collectors of delta smelt until 
they surpass 30 mm in length (Kimmerer 2008).  Most salvage of juvenile delta smelt 
occurs from April-July with a peak in May-June (Grimaldo et al, accepted manuscript).  

High winter entrainment has been suspected as a contributing cause of both the early 
1980s (Moyle et al. 1992) and the POD-era declines of delta smelt (Baxter et al. 2008).  
To address the increases in winter salvage during 2002-2004, three key issues were 
evaluated.  First, there was an increase in exports during winter as compared to previous 
years, attributable to the SWP (Figure P-17).  Second, the proportion of tributary inflows 
shifted.  Specifically, San Joaquin River inflow decreased as a fraction of total inflow 
around 2000, while Sacramento River inflow increased (Figure 7-12, Reclamation 2008).   

Overall, these operational changes may have contributed to a shift in Delta 
hydrodynamics that increased fish entrainment.  The hydrodynamic change can be 
indexed using tidally averaged net flows through OMR that integrate changes in inflow, 
exports, and barrier operations (Monsen et al. 2007, Peter Smith, USGS, unpublished 
data).  Several analyses have revealed strong, non-linear inverse relationships between 
net OMR flow and winter salvage of delta smelt at the Banks and Jones (Fig. 7-6 in 
Reclamation 2008; P. Smith, unpublished data; Grimaldo et al accepted manuscript; 
Kimmerer 2008) (See Figure S-8).  While the specific details of these relationships vary 
by species and life stage, net OMR flow generally works very well as a binary switch: 
negative OMR is associated with some degree of entrainment, while positive OMR is 
usually associated with no, or very low, entrainment.  Particle tracking modeling (PTM) 
also shows that entrainment of particles and residence time is highly related to the 
absolute magnitude of negative OMR flows, and that the zone of influence of the pumps 
increases as OMR becomes more negative. The rapid increase in the extent of the zone of 
entrainment at high negative OMR likely accounts for the faster-than-linear increase in 
entrainment as OMR becomes more negative.  Adult delta smelt do not behave as passive 
particles, but they still use tidal flows to seek suitable staging habitats prior to spawning.  
When the water being exported is suitable staging habitat, for instance, when turbidity is 
> 12 NTU, delta smelt do not have a reason to avoid net southward transport toward the 
pumps so the OMR/entrainment relationship reinforces that tidally averaged net flow is 
an important determinant of the migratory outcome for delta smelt.   
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Figure S-8 – Relationship for the total number of adult delta smelt salvaged at the 
State and Federal fish facilities in the south Delta during the winter months of 
December through March with the combined, tidally averaged flow in Old and 
Middle Rivers near Bacon Island (AVG_OMRi).   

 

PTM that simulates water movement using particles injected at various stations in the 
Delta gives a fairly good representation of the relative likelihood of larval and juvenile 
delta smelt entrainment (Kimmerer 2008; Kimmerer and Nobriga 2008).  Predicted 
entrainment is high for the San Joaquin River region given recent winter and spring 
operations.  Depending on Delta conditions, up to 70 percent of small organisms in the 
Old River south of Franks Tract would be entrained within 30 days at moderate flows in 
San Joaquin River and an OMR of negative 3,000 cfs (SWG notes 2008).  Ten to twenty 
percent of larval delta smelt located in the San Joaquin River at Fisherman’s Cut would 
be expected to be entrained during the same period and OMR flows.  This percentage 
increases to about 30 percent if OMR net flow is negative 5,000 cfs (DWR March 4, 
2008, PTM runs: http://www.fws.gov/sacramento/). 

Larvae are not currently sampled effectively at the fish-screening facilities and very small 
larvae (< 15-20 mm) are not sampled well by IEP either.  Kimmerer and Nobriga (2008) 
and Kimmerer (2008) addressed larval delta smelt entrainment by coupling PTM with 20-
mm survey results to estimate historical larval entrainment.  These approaches suggest 
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that larval entrainment losses could exceed 50 percent of the population if low flow and 
high export conditions coincide with a spawning distribution that includes the San 
Joaquin River.  Although this does not occur every year, the effect of larval entrainment 
is substantial when it does.  Since delta smelt are an annual fish, one year with 
distribution within the footprint of entrainment by the pumps can lead to a serve 
reduction in that year’s production.  In order to minimize the entrainment of undetected 
larval delta smelt, export reductions have recently focused on the time period when larval 
smelt are thought to be in the South Delta (based on adult distributions) to proactively 
protect these fish.   

Salvage of delta smelt has historically been greatest in drier years when a high proportion 
of young of the year (YOY) rear in the Delta (Moyle et al. 1992; Reclamation and DWR 
1994; and Sommer et al. 1997).  In recent years however, salvage also has been high in 
moderately wet conditions (Nobriga et al. 2000; 2001; Grimaldo et al., accepted 
manuscript: springs of 1996, 1999, and 2000) even though a large fraction of the 
population was downstream of the Sacramento-San Joaquin River confluence. Nobriga et 
al. (2000; 2001) attributed recent high wet year salvage to a change in operations for the 
VAMP that began in 1996.  The VAMP provides a San Joaquin River pulse flow from 
mid-April to mid-May each year that probably improves rearing conditions for delta 
smelt larvae and also slows the entrainment of fish rearing in the Delta.  The high salvage 
events may have resulted from smelt that historically would have been entrained as larvae 
and therefore not counted at the fish salvage facilities growing to a salvageable size 
before being entrained.  However, a more recent analysis provides an additional 
explanation.  Delta smelt salvage in 1996, 1999, and 2000 was not outside of the 
expected historical range when three factors are taken into account, (1) delta smelt 
distribution as indexed by X2, and (2) delta smelt abundance as indexed by the TNS.  
Herbold, B. et al. (unpublished: 
http://198.31.87.66/pdf/ewa/EWA_Herbold_historical_patterns_113005.pdf) showed that 
salvage during 2003 through 2005 was relatively high compared to previous years given 
the low abundance indicated by the FMWT index (Figure S-9).  Therefore, it is uncertain 
that operations changes for VAMP have influenced delta smelt salvage dynamics as 
suggested by Nobriga et al. (2000).  In addition, assets from the EWA are often used 
during this time of year to further reduce delta smelt entrainment, though the temporary 
export curtailments from EWA have not likely decreased delta smelt entrainment by 
more than a few percent (Brown et al. 2008).  Although the population level benefits of 
these actions are ultimately sometimes minor, they have been successful at keeping delta 
smelt salvage under the limits set in the Service’s OCAP biological opinions (Brown and 
Kimmerer 2002). 



 

 166

0

0.01

0.02

0.03

0.04

0.05

1995 1997 1999 2001 2003 2005
 

Figure S-9.  Ratio of salvage density to the previous FMWT index.   

 

In 2007 and 2008, CVP and SWP implemented actions to reduce entrainment at the 
pumps, including maintaining higher (less negative) OMR flows (Smelt Working Group 
Notes and Water Operations Management Team Notes at http://www.fws.gov/).  During 
these two years estimated number of delta smelt salvaged decreased considerably.  
Estimated adult salvage was 60 and 350 in 2007 and 2008, respectively.  Total (adults 
and young-of-the-year) estimated salvage was 2,327 and 2,038 delta smelt, respectively.  
These were down from a high of 14,338 in 2003.   

Environmental Water Account  
The EWA, as described in the Project Description, was established in 2000. The EWA 
agencies acquired assets and determined how the assets should be used to benefit the at-
risk native fish species of the Bay-Delta estuary. The EWA reduced diversions of water 
at Banks and Jones when listed fish species were present in the Delta and prevented the 
uncompensated loss of water to SWP and CVP contractors. Typically the EWA replaced 
water lost due to curtailment of pumping by purchase of surface or groundwater supplies 
from willing sellers and by taking advantage of regulatory flexibility and certain 
operational assets.  These assets were moved through the Delta during the summer and 
fall, when entrainment effects to listed fish were minimal.   

Generally, under past actions, the EWA has reduced water exports out of the Delta during 
the winter and spring and increased exports during the summer and early winter.  These 
actions reduced entrainment at the facilities, but only by modest amounts (Brown et al. 
2008).  The movement of water in the summer and fall may have negatively influenced 
habitat suitability and prey availability (see effects section).  

500 cfs Diversion at Banks 
This operation allowed the maximum allowable daily diversion rate into CCF during the 
months of July, August, and September to increase from 13,870 AF to 14,860 AF and 
three-day average diversions from 13,250 AF to 14,240 AF.  The increase in diversions 
was permitted by the U.S. Army Corps of Engineers and has been in place since 2000. 
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The current permit expired on September 30, 2008 and DWR is currently seeking an 
extension. 

The purpose of this diversion increase into CCF was for the SWP to recover export 
reductions made due to the ESA or other actions like the EWA taken to benefit fisheries 
resources.  This increased capacity allowed EWA assets to be moved through the Delta 
during the summer, when entrainment of listed species was minimal.  This additional 
diversion rate was included as part of the EWA operating principles.  This additional 
pumping occurred during the summer and likely did not result in much direct entrainment 
of delta smelt, but did likely result in entrainment of food for delta smelt, such as 
Pseudodiaptomus and contributed to lower habitat suitability as summer-fall export to 
inflow ratios increased to high levels regardless of preceding winter-spring flows.   

CVP/SWP Actions Taken since the 2005 OCAP Biological Opinion was Issued 
After the issuance of the 2005 biological opinion, the SWG used the DSRAM 
(Attachment A) to provide guidance for when the group needed to meet to analyze the 
most recent real-time delta smelt abundance and distribution data.  Using the latest data, 
the SWG then determined if a recommendation to the Service to protect delta smelt from 
excessive entrainment was warranted.  For the 2006 WY, a wet WY, based on the 
Service’s recommendations, the Projects reduced exports to protect delta smelt by 
operating to an E/I ratio limit.  The export curtailment operated to an E/I ratio of 15 
percent beginning January 3 until February 21, 2006, when the E/I was expected to 
increase above 20  percent due to wet hydrologic conditions.  No further actions were 
taken to protect fish that season as the E/I ratio was maintained at about 10 percent 
because of high spring flows.  VAMP was implemented in May 2006, although the 
HORB was not installed due to high flows on the San Joaquin River.   

For the 2007 WY, a dry year, the Service recommended a winter pulse flow increasing 
OMR flows to a daily average of  negative 3500 cfs or if there were not Sacramento 
River flows above 25,000 cfs for three days, to moderate OMR to a range of  negative 
5000 cfs to negative 3500 cfs until February 15th . This action was implemented by the 
Projects, but since the Sacramento River never achieved 25,000 cfs for three days, the 
Projects operated to not exceed a 5-day average OMR flow of negative 4,000 cfs starting 
on January 15.  To protect pre-spawning adult delta smelt from becoming entrained and 
based on the Service’s recommendation, the Projects maintained OMR above negative 
4,000 cfs and on March 13 the Project operated to a 5-day average OMR of negative 
5,000 cfs. 

To protect larval and juvenile delta smelt from entrainment the Projects operated the 
export facilities to achieve a non-negative daily net OMR flow.  The Projects 
implemented the following actions: reduced combined Banks and Jones exports from 
1,500 cfs to combined 1,200 cfs (850 cfs at the CVP and 350 cfs at the SWP) and 
evaluated increasing New Melones releases to 1,500 cfs for steelhead emigration.  VAMP 
was then implemented and the HORB was removed on May15.  The South Delta 
agricultural barriers maintained their flap gates in the open position and Reclamation 
increased exports from 850 cfs to 1,200 cfs on June 13 while DWR maintained an export 
level of 400 cfs. 
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Water Year 2008 Interim Remedial Order Following Summary Judgment and 
Evidentiary Hearing (Wanger Order) 
For the 2008 WY, a dry WY, the Service, Reclamation and DWR implemented the 
direction contained in the Wanger Order.  

A modified Adaptive Process was used during 2008.  The SWG continued to use the 
DSRAM to identify the most recent delta smelt data and to help and provide a framework 
for the level of protection needed to protect delta smelt from entrainment.  The SWG 
provided guidance to the Service, who then made a recommendation to WOMT.  If 
WOMT did not agree to the Service’s determination, WOMT would develop a counter 
proposal which was then sent back to Service, who would decide if WOMT’s action was 
adequate to protect delta smelt or if the Service’s original determination should be 
implemented instead.   

For 2008, the fist action to protect delta smelt was a 10-day winter pulse flow that was 
implemented based on a turbidity trigger.  The turbidity trigger was exceeded on 
December 25 and by December 28, the CVP and SWP began to operate such that a daily 
OMR flow would not be more negative than 2,000 cfs.  This action was completed on 
January 6, 2008.   

Second, OMR flow was limited to provide a net daily upstream OMR flow not to exceed 
5,000 cfs to protect pre-spawning adult delta smelt from entrainment.  This flow was 
calculated based on a 7-day running average.  On January 7, 2008, immediately following 
the termination of the 10-day winter pulse flow, the CVP and SWP started to operate to 
achieve an average net upstream flow in OMR not to exceed 5,000 cfs over a 7-day 
running average period.   

Next, OMR was limited to provide a net daily net upstream OMR flow of 750 to 5000 cfs 
to protect larval and juvenile delta smelt.  These flows were determined by the Service, in 
consultation with Reclamation and DWR, on a weekly basis and were based upon the 
best available scientific and commercial information concerning delta smelt distribution 
and abundance.  The Service used a control point method using PTM to limit predicted 
entrainment at Station 815 to 1 percent.  When delta smelt abundances are low (the 2007 
delta smelt FMWT Index was 28), the control point method is an appropriate method to 
protect delta smelt from entrainment at Banks and Jones.  This is due in part because 
when delta smelt abundance is low, an accurate delta smelt distribution may not be 
determined from survey results.  The control point method also sets a limit of entrainment 
from the Central Delta and it does not need distributional data to be protective.  The CVP 
and SWP maintained OMR flow between -2000 and -3000 cfs, with an OMR flow agreed 
upon each week until June 20 (details on the OMR flow for each week can be found on 
the Sacramento Fish and Wildlife’s website at 
http://www.fws.gov/sacramento/Delta_popup.htm).  The CVP and SWP also 
implemented VAMP during this period, with San Joaquin River flows of 3,000 cfs and 
1,500 cfs export flows.  The HORB was not installed in 2008 and the SDTB maintained 
their flap gates in the open position. 
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Water Transfers 
As described in the Project Description, purchasers of water for transfers have included 
Reclamation, DWR, SWP contractors, CVP contractors, other State and Federal agencies, 
or other parties. To date, transfers requiring export from the Delta have been done at 
times when pumping and conveyance capacity at Banks or Jones is available to move the 
water. Exports for transfers can not infringe upon the capability of the Projects to comply 
with the terms of SWQCP D-1641 and the existing biological opinions. Parties to the 
transfer are responsible for providing for any incremental changes in flows required to 
protect Delta water quality standards. All transfers have been in accordance with all 
existing regulations and requirements. Recent transfer amounts were 1,000 TAF in 2001-
02, 608 TAF in 2002-03, 700 TAF in 2003-04, and 851 TAF in 2004-05 (DWR website: 
http://www.watertransfers.water.ca.gov).  Generally, water transfers occur in the summer 
(July-September), when entrainment of listed fish is minimized.  Most transfers have 
occurred at Banks because reliable capacity is generally only available at Jones in the 
driest 20 percent of years.   

Article 21 and changes to Water Deliveries to Southern California 
Changes in pumping in accordance with Article 21 and the associated changes in water 
deliveries have lead to recent increases in SWP water exports from the Delta.  Article 21 
deliveries are made when San Luis Reservoir is physically full or projected to be full and 
may result in export levels that are higher than if Article 21 was not employed.  Recent 
changes in how Article 21 is invoked and used have increased the amount of Article 21 
and Table A SWP water that has been pumped from the Delta. 

Diamond Valley Lake was completed in 1999 and provided Metropolitan Water District 
of Southern California (MWDSC) an additional location for water storage in Southern 
California.  Diamond Valley Lake holds 800,000 acre-feet of water, which makes it the 
largest reservoir in Southern California.  MWDSC began filling the reservoir in 
November 1999 and the lake was filled by early 2002.  Another factor involving water 
deliveries in southern California that changed Delta diversions is the Quantification 
Settlement Agreement (QSA) signed in 2003, which resulted in a decrease in the amount 
of Colorado River water available to California.   

Since 1999, MWDSC was filling Diamond Valley Lake and adding water to groundwater 
storage programs. Generally, in wetter years, demand for imported water decreases 
because local sources are augmented and local rainfall reduces irrigation demands.  
However, with the increased storage capacity in Southern California, the recent wet years 
did not result in lower exports from the Delta or the Colorado River.  Table P-12 
illustrates the demands for imported water during the recent wet years and the effect of 
reduced Colorado River diversions under the QSA on MWDSC deliveries from the Delta.  

Vernalis Adaptive Management Plan 

As described in the project description, VAMP was initiated in 2000 as part of the 
SWRCB D- 1641.  VAMP schedules and maintains pulse flows in the San Joaquin River 
and reduced exports at Banks and Jones for a one month period, typically from April 15-
May 15 (May 1-31 in 2005/06). Tagged salmon smolts released in the San Joaquin River 
are monitored as they move through the Delta in order to determine their fate. While 
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VAMP-related studies attempt to limit CVP and SWP impacts to salmonids, the 
associated reduction in exports reduces the upstream flows that occur in the South and 
Central Delta. This reduction limits the southward draw of water from the Central Delta, 
and thus reduces the Projects’ entrainment of delta smelt.  

Based on Bennett’s unpublished analysis, reduced spring exports resulting from VAMP 
have selectively enhanced the survival of delta smelt larvae spawned in the Central Delta 
that emerge during VAMP by reducing their entrainment.  Initial otolith studies by 
Bennett’s lab suggest that these spring-spawned fish dominate subsequent recruitment to 
adult life stages.  By contrast, delta smelt spawned prior to and after the VAMP have 
been poorly-represented in the adult stock in recent years.  The data suggests that the 
differential fate of early, middle and late cohorts affects sizes of delta smelt in fall 
because the later cohorts have a shorter growing season.  These findings suggest that 
direct entrainment of larvae and juvenile delta smelt during the spring are relevant to 
population dynamics.  

Other SWP/CVP Facilities 

North Bay Aqueduct 
The North Bay Aqueduct (NBA) diverts Sacramento River water from Barker Slough 
through Lindsay Slough.  The 1995 OCAP biological opinion included monitoring delta 
smelt  at the three stations in Barker Slough and the surrounding areas on a "recent-time" 
(within 72 hours) basis, and the posting of delta smelt information on the internet so that 
interested parties can use the information for water management decisions. 

DWR contracted with DFG for the monitoring from 1995-2004 to estimate and evaluate 
larval delta smelt loss at the NBA due to entrainment, and to monitor the abundance and 
distribution of larval delta smelt in the Cache Slough complex and near Prospect Island.  
The sampling season for this monitoring was mid-February to mid-July with high priority 
stations (Barker and Lindsey Sloughs) sampled every two days and the remaining stations 
(Cache and Miner sloughs, and the Sacramento Deep Water Channel) sampled every four 
days.   

NBA pumping was regulated by a weighted mean of the actual catch of delta smelt at the 
three Barker Slough stations. The weight assigned to each station was dependent on its 
proximity to the NBA intake.  Station 721 had a 50 percent weighting, 727 had a 30 
percent weighting and station 720 had a 20 percent weighting.  As stated in the Service’s 
1995 OCAP biological opinion, the diversions at NBA were restricted to a 5-day running 
average of 65 cfs for five days when delta smelt were detected.  In mathematical terms, 
the NBA restrictions were in place when the following equation was true: 

0.5*(Catch at 721) + 0.3*(Catch at 727) + 0.2*(Catch at 720) >= 1.0 

An entrainment estimate was then calculated as the weighted mean density of delta smelt 
multiplied by the total water exported for the sampling day and the day after.  Based on 
this method, estimated annual entrainment of delta smelt at NBA was as follows: 1995 = 
375; 1996 = 12,817; 1997 = 18,964; 1998 = 1,139; 1999 = 1,578; 2000 = 10,650; 2001 = 
32,323; 2002 = 10,814; 2003 = 9,978; and 2004 = 8,246.  However, a study of a fish 
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screen in Horseshoe Bend built to delta smelt standards excluded 99.7 percent of fish 
from entrainment even though most of these were only 15-25 mm long (Nobriga et al. 
2004).  Thus, the fish screen at NBA may protect many of the delta smelt larvae that do 
hatch and rear in Barker Slough, so actual entrainment was probably lower. 

In the Service’s 2005 OCAP biological opinion, a broader larval smelt survey was 
included in the Project Description in lieu of the NBA monitoring.  This change was 
suggested due to the low numbers of delta smelt caught in the NBA monitoring and it 
was thought that a broader sampling effort would be more helpful in determining where 
larval delta smelt are located.  This broader monitoring effort was conducted during the 
spring of 2006, and used a surface boom tow at the existing 20-mm survey stations.  The 
sampling was successful, and helped show that larval delta smelt could be caught in the 
Delta.  However, this monitoring was not continued after 2006.  Starting in 2009, an 
expanded larval survey in the Delta will be conducted.  As discussed above, the number 
of delta smelt entrained at the NBA is unknown, but it may be low so long as the fish 
screen is maintained properly.  There may be years, however, that large numbers of delta 
smelt are in the Cache Slough complex and could be subject the entrainment at the NBA.   

Contra Costa Water District (CCWD) 
CCWD diverts water from the Delta for irrigation and municipal and industrial uses in 
the Bay Area.  CCWD’s system includes intake facilities at Mallard Slough, Rock 
Slough, and Old River near State Route 4; the Contra Costa Canal and shortcut pipeline; 
and the Los Vaqueros Reservoir as described in the Project Description.  The total 
diversion by CCWD is approximately 127 TAF per year.  Most CCWD diversions are 
made through facilities that are screened; the Old River (80 percent of CCWD diversions) 
and Mallard Slough (3 percent of CCWD diversions) facilities have fish screens to 
protect delta smelt.  However, the fish screens on these facilities may not protect larval 
fish from becoming entrained.  For that reason, in part, there are also no-fill and no-
diversion periods at the CCWD facilities.   

Before 1998, the Rock Slough Intake was CCWD’s primary diversion point.  It has been 
used less since 1998 when Los Vaqueros Reservoir and the Old River Pumping Plant 
began operating and now only accounts for 17 percent of CCWD’s diversions.  To date, 
the Rock Slough Intake is not screened.  Reclamation, as described in the Project 
Description, is responsible for constructing a fish screen at this facility under the 
authority of the CVPIA.  Reclamation has received an extension for construction of the 
screen until 2008 and is seeking a further extension until 2013.  The diversion at the Rock 
Slough Intake headworks structure is currently sampled with a sieve net three times per 
week from January through June and twice per week from July through December.  A 
plankton net is fished at the headworks structure twice per week during times when larval 
delta smelt could be present in the area (generally March through June).  A sieve net is 
fished at Pumping Plant #1 two times per week from the time the first Sacramento River 
winter-run Chinook salmon is collected at the Jones and Banks (generally January or 
February) through June.  The numbers of delta smelt entrained by the facility since 1998 
have been extremely low, with only a single fish observed in February 2005 
(Reclamation 2008). 
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Other Delta Diversions and Facilities 

In 2006, the Service issued a biological opinion on the construction and operation of the 
Stockton Delta Water Supply Facility located on Empire Tract along the San Joaquin 
River.  This facility is expected to be completed and online by 2010.  The maximum 
diversion rate for this facility will be 101 AF per day.  Fish screens and pumping 
restrictions in the spring are expected to considerably limit entrainment of delta smelt.  
However, limited pumping will occur during the spring and the fish screens are not 
expected to fully exclude fish smaller than 20 mm TL, so delta smelt may be entrained at 
this facility.    

There are 2,209 known agricultural diversions in the Delta and an additional 366 
diversions in Suisun Marsh used for enhancement of waterfowl habitat (Herren and 
Kawasaki 2001).  The vast majority of these diversions do not have fish screens to protect 
fish from entrainment.  It has been recognized for many years that delta smelt are 
entrained in these diversions (Hallock and Van Woert 1959).  Determining the effect of 
this entrainment has been limited because previous studies either (1) did not quantify the 
volumes of water diverted (Hallock and Van Woert 1959, Pickard et al. 1982) or (2) did 
not sample at times when, or locations where, delta smelt were abundant (Spaar 1994, 
Cook and Buffaloe 1998).  Delta smelt primarily occur in large open-water habitats, but 
early life stages move downstream through Delta channels where irrigation diversions are 
concentrated (Herren and Kawasaki 2001).  At smaller spatial scales, delta smelt 
distribution can be influenced by tidal and diel cycles (Bennett et al. 2002), which also 
may influence vulnerability to shore-based diversions. 

In the early 1980s, delta smelt were commonly entrained in the Roaring River diversion 
in Suisun Marsh (Pickard et al. 1982), suggesting that it and similar diversions can 
adversely affect delta smelt.  However, delta smelt may not be especially vulnerable to 
many Delta agricultural diversions for several reasons.  First, adult delta smelt move into 
the Delta to spawn during winter-early spring when agricultural diversion operations are 
at a minimum.  Second, larval delta smelt only occur transiently in most of the Delta and 
now avoid the South Delta during summer when diversion demand peaks.  Third, 
Nobriga et al. (2004) examined delta smelt entrainment at an agricultural diversion in 
Horseshoe Bend during July 2000 and 2001, when much of the YOY population was 
rearing within one tidal excursion of the diversion.  Delta smelt entrainment was an order 
of magnitude lower than density estimates from the DFG 20-mm Survey. Low 
entrainment was attributed to the offshore distribution of delta smelt, and the extremely 
small hydrodynamic influence of the diversion relative to the channel it was in. Because 
Delta agricultural diversions are typically close to shore and probably take small amounts 
of water relative to what is in the channels they draw water from, delta smelt 
vulnerability may be low despite their small size and their poor performance near 
simulated fish screens in laboratory settings (Swanson et al. 1998; White et al. 2007).   

The impact on fish populations of individual diversions is likely highly variable and 
depends upon size, location, and operations (Moyle and Israel 2005).  Given that few 
studies have evaluated the effectiveness of screens in preventing losses of fish, much less 
declines in fish populations, further research is needed to examine the likely population-
level effects of delta smelt mortality attributed to agricultural diversions (Nobriga et al. 
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2004; Moyle and Israel 2005).  Note however, that most of the irrigation diversions are in 
the Delta, so low flow conditions that compel delta smelt to rear in the Delta 
fundamentally mediate loss to these irrigation diversions.  PTM evidence for this 
covariation of Delta hydrodynamics and cumulative loss to irrigation diversions was 
provided by Kimmerer and Nobriga (2008). 

Delta Power Plants 
There are two major power plants located near the confluence of the Sacramento and San 
Joaquin Rivers.  The upstream-most facility is commonly referred to as the Contra Costa 
Power Plant while the downstream-most facility is commonly referred to as the Pittsburg 
Power Plant.  Both facilities are located in the low salinity rearing habitats of delta smelt. 
The following assessment of the Contra Costa and Pittsburg Power Plants comes from 
information collected by Matica and Sommer (2005).   

The Contra Costa Power Plant is located 2.5 miles upstream from the city of Antioch.  
The first units were operational in June 1951. By 1975, with expansions, the power plant 
incorporated 7 main power-generating units and 3 smaller house units.  In 1995, Units 1-
5 were decommissioned. When all units were operating, the cooling water flows into 
Units 1-5 and Units 6-7 were up to 946 and 681 cfs, respectively. Cooling water was 
diverted by two separate intake arrangements. Water for Units 1-5 was taken from near 
the river bottom 410 feet offshore and for Units 6-7 from a shoreline intake system. 
Water was carried at 3.8 ft/sec to five recessed onshore traveling trash screens, with 3/8-
inch square-opening wire mesh. Calculated screen approach velocities averaged about 1.3 
ft/sec with velocities of 2.0 ft/sec through the mesh. Discharge canals return the heated 
water to the river. For Units 1-5 water was returned 750 ft west of its uptake and for 
Units 6-7 it is returned 750 ft east of its uptake. Under normal full-load operation the 
temperature of the discharge water was raised a mean of 16.2 °F and at peak loads the 
maximum differential between intake and discharge temperature was 21 °F, creating a 
thermal plume, concentrated near the surface and shoreline, extending over an area of 
approximately 100 acres.   

The Pittsburg Power Plant is located on the south shore of Suisun Bay just west of 
Pittsburg.  This steam generation plant consists of 7 power generating units. Construction 
began in 1953 and the 7 units were commissioned in 3 phases: Units 1-4 in 1954; Units 5 
and 6 in 1960; and Unit 7 in 1961.  Units 1-6 withdraw and return cooling water to 
Suisun Bay.  Their intake structures are located on the shoreline about 1,000 feet to the 
west of the discharge structure.  Discharge is located 10-30 feet offshore in about 10 feet 
of water.  Total cooling water flow for Units 1-6 when all pumps are running is 1,612 cfs. 
Entrainment effects may occur at the plants from large pressure decreases across the 
condenser at both power plants, and impingement on fish screens. 

Overall, the total maximum non-consumptive intake of cooling water for the two 
facilities is 3,240 cfs, which can exceed 10 percent of the total net outflow of the 
Sacramento and San Joaquin rivers, depending on hydrology.  However, pumping rates 
are often significantly lower under normal operation. Potential impacts to aquatic species 
include chemical and thermal pollution, and entrainment.  Chemical impacts may occur 
as a result of chlorination for control of “condenser slime”, which was historically 
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conducted weekly.  This treatment at Contra Costa Power Plant consumed a little over 1 
ton of chlorine a month, or 13 tons per year.  The discharge water was not historically 
dechlorinated or subject to regular monitoring for residual chlorine.  

Thermal pollution represents an additional concern for aquatic species.  Temperature 
objectives set by the California Regional Water Quality Control Board include: “No 
discharge shall cause a surface water temperature rise greater than 4 ºF above the natural 
temperature of the receiving water at any time or place”; and “The maximum temperature 
of thermal waste discharge shall not exceed 86 ºF.”  Both plants discharge water at 
temperatures in excess of 86 °F 10 percent of the time, and surface water temperature 
plumes in the receiving water at each plant exceed +4 °F for areas up to 100 acres.  The 
previous owner of these two plants, Pacific Gas and Electric (PG&E), sought and 
received exemptions to the above limitations.   

In 1951, DFG recognized the power plants presented a potential issue for the salmon and 
striped bass resources of the area as both plants were originally equipped with inefficient 
fish barriers.  At the time, DFG estimated that as many as 19 million small striped bass 
might pass through the Contra Costa plant and be killed each year between April and 
mid-August.  As a result of these concerns, DFG and PG&E conducted a monitoring 
study to evaluate entrainment.  In 1979, consultants estimated the total average annual 
entrainment to be 86 million smelt (delta smelt and longfin smelt not differentiated).  The 
total average annual impingement was estimated to be 178,000 smelt.  It’s unclear 
whether these numbers are relevant to current entrainment trends.  Further, power plant 
operations have been reduced such that the plants only operate to meet peak power needs.  
The current owner of the power plants, Mirant, is currently undergoing a monitoring 
program that is sampling entrainment and impingement at the Contra Costa and Pittsburg 
powerplants to compile more recent information on how many delta smelt are affected by 
the two plants.   

Delta Cross Channel 
When the DCC is open, water flows from the Sacramento River through the cross 
channel to channels of the lower Mokelumne and San Joaquin Rivers toward the Central 
Delta.  The closures for salmonid protection, as described in the Project Description, are 
likely to create more natural hydrologies in the Delta, by keeping Sacramento River flows 
in the Sacramento River and in Georgiana Slough, which may provide flow cues for 
migrating adult delta smelt.  Larval and juvenile delta smelt are probably not strongly 
affected by the DCC if it is closed or open.  Previous PTM modeling done for the SWG 
has shown that having the DCC open or closed does not significantly affect flows in the 
Central Delta (Kimmerer and Nobriga 2008).  There could be times, however, when the 
DCC closure affects delta smelt by generating flows that draw them into the South Delta. 

South Delta Temporary Barriers 
The SDTB was initiated by DWR in 1991.  The U.S. Army Corps of Engineers (Corps) 
permit extensions for this project were granted in 1996 and again in 2001, when DWR 
obtained permits to extend the Project through 2007. The Service has approved the 
extension of the permits through 2008. Continued coverage by Service for the SDTB will 



 

 175

be assessed in this biological opinion for the operational effects and under a separate 
Section 7 consultation for the construction and demolition effects.  

Under the Service’s 2001 biological opinion for the SDTB, operation of the barriers at 
Middle River and Old River near Tracy can begin May 15 or as early as April 15 if the 
spring barrier at the head of Old River is in place. From May 16 to May 31 (if the barrier 
at the head of Old River is removed) the tide gates are tied open in the barriers in Middle 
River and Old River near Tracy. After May 31, the barriers in Middle River, Old River 
near Tracy, and Grant Line Canal are permitted to be operational until they are 
completely removed by November 30.  

During the spring, the HORB is designed to reduce the number of out-migrating salmon 
smolts entering Old River. During the fall, this barrier is designed to improve flow and 
DO conditions in the San Joaquin River for the immigration of adult fall-run Chinook 
salmon. The HORB is typically in place from April 15 to May 15 in the spring, and from 
early September to late November in the fall. Installation and operation of the barrier also 
depends on San Joaquin River flow conditions.  

The SDTB cause changes in the hydraulics of the Delta that affect fish. The SDTB cause 
hydrodynamic changes within the interior of the Delta.  When the HORB is in place, 
most water flow is effectively blocked from entering Old River. This, in turn, increases 
the flow to the west in Turner and Columbia cuts, two major Central Delta channels that 
flow toward Banks and Jones.   

Susiun Marsh Salinity Control Gates 
When Delta outflow is low to moderate and the SMSCG are not operating, tidal flow past 
the gates is approximately +/- 5,000-6,000 cfs while the net flow is near zero.  When 
these gates are operated, flood tide flows are arrested while ebb tide flows remain in the 
range of 5,000-6,000 cfs.  The net flow moves into Suisun Marsh via Montezuma Slough 
at approximately 2,500-2,800 cfs. The Army Corps of Engineers permit for operating the 
SMSCG requires that it be operated between October and May only when needed to meet 
Suisun Marsh salinity standards set forth in SWRCB D-1641.  Historically, the gates 
have been operated as early as October 1, while in some years (e.g., 1996) the gates were 
not operated at all.  When the channel water salinity decreases sufficiently below the 
salinity standards, or at the end of the control season, the flashboards are removed and the 
gates are raised to allow unrestricted fish movement through Montezuma Slough. 

The approximately 2,800 cfs net flow induced by SMSCG operation is effective at 
repelling the salinity in Montezuma Slough.  Salinity is reduced by roughly one-hundred 
percent at Beldons Landing, and lesser amounts further west along Montezuma Slough.  
At the same time, the salinity field in Suisun Bay moves upstream as net Delta outflow is 
reduced by SMSCG operation.  Net outflow through Carquinez Strait is not 
demonstratably affected.  

It is important to note that historical gate operations (1988-2002) were much more 
frequent than recent and current operations (2006-May 2008).  Operational frequency is 
affected by many factors (e.g., hydrologic conditions, weather, Delta outflow, tide, 
fishery considerations, etc).  The gates have also been operated for scientific studies.  
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Salmon passage studies between 1998 and 2003 increased the number of operating days 
by up to 14 to meet study requirements.  After discussions with NMFS based on study 
findings, the boat lock portion of the gates are now held open at all times during SMSCG 
operation to allow for continuous salmon passage opportunity.  With increased 
understanding of the effectiveness of the gates in lowering salinity in Montezuma Slough, 
salinity standards have been met with less frequent gate operation since 2006.  Despite 
very low outflow in the fall of the two most recent WYs, gate operation was not required 
at all in fall of 2007 and was limited to 17 days in the winter 2008.  When the SMSCG 
are operated or closed frequently, delta smelt may become trapped behind the gates in 
Montezuma Slough, which may prevent delta smelt from migrating upstream into the 
Delta to spawn.  Salinity changes in Montezuma Slough could also affect delta smelt by 
changing or masking flow cues in the Delta which delta smelt use to migrate.  However, 
the recent reduced operations likely have resulted in few adverse effects to delta smelt, 
since the reduced closures have minimized the migration blockage and salinity changes.   
 
Upstream Diversion and Reservoir Operations 
 
Construction and operation of reservoirs and water delivery systems upstream of the 
Delta, including CVP and SWP reservoirs, have changed the historical timing and 
quantity of flows through the Delta.  The past and current operations of upstream 
diversions and reservoirs combined with the Delta water diversions affect the net Delta 
outflow and the location of the LSZ.   
   
Delta smelt lives its entire life in the tidally-influenced fresh- and brackish waters of the 
San Francisco Estuary (Moyle 2002).  It is an open-water species and does not associate 
strongly with structure.  It may use nearshore habitats for spawning, but free-swimming 
life stages mainly occupy offshore waters.  Thus, the population is strongly influenced by 
river flows because the quantity of fresh water flowing through the estuary changes the 
amount and location of suitable low-salinity, open-water habitat (Feyrer et al. 2007; 
Nobriga and Herbold 2008).  Outflow plays a prominent role in delta smelt population 
dynamics year-round (Nobriga and Herbold 2008).  X2 is an indicator of delta outflow 
(Jassby et al. 1995) and a useful metric by which to determine effects on delta smelt 
distribution and habitat suitability. 
 
Trinity River 
 
The Trinity River Division includes facilities to divert water to the Sacramento River 
Basin. The mean annual inflow to Trinity Lake from the Trinity River is about 1.2 MAF 
per year. Historically, an average of about two-thirds of the annual inflow has been 
diverted to the Sacramento River Basin (1991-2003).  
 
Diversion of Trinity water to the Sacramento Basin provides limited water supply and 
hydroelectric power generation for the CVP and assists in water temperature control in 
the Trinity River and upper Sacramento River. The seasonal timing of Trinity exports is a 
result of determining how to make best use of a limited volume of Trinity export (in 
concert with releases from Shasta) to help conserve cold water pools and meet 
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temperature objectives on the upper Sacramento and Trinity rivers, as well as power 
production economics.  
 
The diversions from the Trinity River have been reduced in recent years after the Trinity 
River Main-stem Fishery Restoration ROD, dated December 19, 2000, which mandated 
368,600 to 815,000 AF is allocated annually for Trinity River flows. This amount is 
scheduled in coordination with the Service to best meet habitat, temperature, and 
sediment transport objectives in the Trinity Basin. These higher flows in the Trinity River 
system mean less water diverted to the Sacramento River.  This reduced water results in 
less flexibility in releases for Sacramento River flows and can result in increased releases 
from Shasta Lake.   
 
Seasonal Life History of Delta Smelt 
 
Winter (December-February) 
 
Adult delta smelt are generally distributed in low salinity habitats of the greater Suisun 
Bay region and the Sacramento and San Joaquin River confluence during fall.  Variation 
in outflow appears to initiate their migration from Suisun Bay upstream to freshwater 
habitats for spawning.  This is because initial catches upstream normally occur in close 
association with increased turbidity associated with the first strong flow pulse of the 
winter (Grimaldo et al. accepted manuscript). As a result, entrainment of adult delta smelt 
at Banks and Jones is also closely associated with factors controlled by outflow or X2 
(Grimaldo et al. accepted manuscript).  Specifically, salvage of adult delta smelt is 
significantly negatively associated with flows in OMR flows, and when the flows are 
highly negative the starting location of the fish indexed by X2 the month prior to 
entrainment also has an effect (Grimaldo et al. accepted manuscript).   
Outflow during winter also affects the entrainment of early-spawned larvae when their 
distribution is within the hydrodynamic zone affected by pumping operations (Kimmerer 
2008).  Winter outflow also affects the distribution of spawning fish in major regions.  
For example, the Napa River is used for spawning only in years when outflow is 
sufficient to connect the Napa River with low salinity habitat in the estuary (Hobbs et al. 
2007).   
 
Spring (March-May) 
 
During spring, YOY delta smelt generally move from upstream spawning locations 
downstream into low salinity rearing habitats.  There is some evidence that recruitment 
variability of delta smelt may have sometimes responded to springtime flow variation 
(Herbold et al. 1992; Kimmerer 2002).  For example, the number of days X2 is in Suisun 
Bay during spring is weakly positively correlated with abundance as measured by the 
FMWT index.  However, the weight of evidence suggests that delta smelt abundance does 
not statistically respond to springtime flow in a similar manner to other species for which the 
spring X2 requirements were developed (Stevens and Miller 1983; Jassby et al. 1995; 
Bennett 2005).  
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However, studies have demonstrated that outflow has a strong effect on the distribution of 
YOY delta smelt (Dege and Brown 2004) and that it therefore also ultimately influences 
entrainment at Jones and Banks (Kimmerer 2008).  Dege and Brown (2004) found that 
X2 had a strong influence on the geographic distribution of delta smelt, but distribution 
with respect to X2 was not affected, indicating that distribution is closely associated with 
habitat conditions proximal to X2.  YOY delta smelt are consistently located just 
upstream of X2 in freshwater until they become juveniles and enter the low salinity 
habitats of Suisun Bay later in the year. 
 
Outflow affects the entrainment of YOY delta smelt at the Jones and Banks facilities in 
several ways.  First, because outflow affects adult spawning migration and juvenile 
distribution, it affects their position relative to the hydrodynamic influence of the 
diversions (Kimmerer 2008).  Second, OMR is the best predictor of salvage and 
entrainment for adult delta smelt and it is also relevant to larval and juvenile entrainment 
when considered in the context of X2 (see effects section).  In general, the more water 
that is exported relative to that which is dedicated to outflow enhances negative flows in 
OMR flow towards the diversions, which in turn increases salvage (Baxter et al. 2008; 
Kimmerer 2008; Grimaldo et al accepted manuscript).   
 
Summer (June-August) 
 
Summer represents a primary growing season for delta smelt while they are distributed in 
low salinity habitats of the estuary.  X2 affects delta smelt distribution during summer 
(Sweetnam 1999).  Food supply and habitat suitability are currently believed to be 
important factors for delta smelt during summer (Bennett 2005; Baxter et al. 2008; 
Nobriga and Herbold 2008).  The CVP/SWP affect summer habitat suitability and might 
affect summer prey co-occurrence through their effect on Delta hydrodynamics.    
 
Fall 
 
During fall, delta smelt are typically fully distributed in low salinity rearing habitats 
located around the confluence of the Sacramento and San Joaquin Rivers.  Suitable 
abiotic habitat for delta smelt during fall has been defined as relatively turbid water 
(Secchi depths < 1.0 m) with a salinity of approximately 0.6-3.0 psu (Feyrer et al. 2007).  
The amount of suitable abiotic habitat available for delta smelt, measured as hectares of 
surface area, is negatively related to X2 (see effects section).  The average X2 during fall 
has exhibited a long-term increasing trend (movement further upstream), which has 
resulted in a corresponding reduction the amount and location of suitable abiotic habitat 
(Feyrer et al. 2007, 2008).   
 
The available data provide evidence to suggest that the amount of suitable abiotic habitat 
available for delta smelt during fall affects the population in a measurable way.  There is 
a statistically significant stock-recruit relationship for delta smelt in which pre-adult 
abundance measured by the FMWT positively affects the abundance of juveniles the 
following year in the TNS (Bennett 2005; Feyrer et al. 2007).  Incorporating suitable 
abiotic habitat into the stock-recruit model as a covariate improves the model by 
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increasing the amount of variability explained by 43 percent, r-squared values improved 
from 46 percent to 66 percent (Feyrer et al. 2007).   
 
It is likely that changes in X2 and the corresponding amount of suitable abiotic habitat 
are important to the long-term decline of delta smelt but may have been of lesser 
importance in the more recent POD.  Over the long-term, the amount of suitable abiotic 
habitat for delta smelt during fall has decreased anywhere from 28 percent to 78 percent, 
depending on the specific habitat definitions that are considered (Feyrer et al. 2008).  The 
majority of this habitat loss has occurred along the periphery, limiting the distribution of 
delta smelt mainly to a core region in the vicinity of the confluence of the Sacramento 
and San Joaquin Rivers (Feyrer et al. 2007).  Concurrently, delta smelt abundance as 
measured by the FMWT decreased by 63 percent.  This correspondence and the 
significant stock-recruit relationship with the habitat covariate strongly suggest that delta 
smelt have been negatively affected by long-term changes in X2 and habitat.  However, 
at the onset of the POD, delta smelt abundance and suitable abiotic habitat had already 
declined to a point where it was unlikely that Feyrer’s two variable definition of habitat 
was the primary limiting factor constraining the population.   
 
Nevertheless, X2 (Figure S-10) and inflow-corrected X2 (Figure S-11) during fall in the 
years following the POD (2000-2005) was several km upstream compared to that for the 
pre-pod years (1995-1999).  This suggests that operations in the Delta have exported 
more water relative to inflow, which has had a negative effect on X2 by moving it 
upstream.  This is confirmed by a long-term positive trend in the E:I ratio for all months 
from June through December (Figure S-12).  In fact, long-term trends in X2 (Figure S-
13), inflow-corrected X2 Figure S-14), and the E:I ratio (Figure S-12) indicate this 
pattern has been in effect for many years and likely one of the factors responsible for the 
long-term decline in habitat suitability for delta smelt.  
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Figure S-10.  X2 in years preceding and immediately following the Pelagic 
Organism Decline. 
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Figure S-11.  Inflow-corrected X2 in years preceding and immediately following the 
Pelagic Organism Decline. 
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Figure S-12.  Monthly time trends of the ratio of project exports to Delta inflow. 

0.8

0.4

0.0

201019901970 201019901970

0.8

0.4

0.0

201019901970

0.8

0.4

0.0

201019901970

1

Year

E:
I 

ra
ti

o 
(c

fs
)

2 3 4

5 6 7 8

9 10 11 12

Time trend of exports:inflow (e:i ratio) by month

 

Figure S-13. Monthly time trends of X2. 
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Figure S-14. Monthly time trends of inflow-corrected X2. 
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Other Stressors 

Aquatic Macrophytes 

In the last two decades, the interior Delta has been extensively colonized by submerged 
aquatic vegetation. The dominant submerged aquatic vegetation is Egeria densa, a non-
native from South America that thrives under warm water conditions. Research suggests 
that Egeria densa has altered fish community dynamics in the Delta, including increasing 
habitat for centrarchid fishes including largemouth bass (Nobriga et al. 2005; Brown and 
Michniuk 2007), reducing habitat for native fishes (Brown 2003; Nobriga et al. 2005; 
Brown and Michniuk 2007), and supporting a food web pathway for centrarchids and 
other littoral fishes (Grimaldo et al in review). Egeria densa has increased its surface area 
coverage by up to 10  percent per year depending on hydrologic conditions and water 
temperature (Erin Hestir personal communication University of California Davis).  

Egeria densa and other non-native submerged aquatic vegetation (e.g., Myriophyllum 
spicatum) can affect delta smelt in direct and indirect ways. Directly, submerged aquatic 
vegetation can overwhelm littoral habitats (inter-tidal shoals and beaches) where delta 
smelt may spawn making them unsuitable for spawning. Indirectly, submerged aquatic 
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vegetation decreases turbidity (by trapping suspended sediment) which has contributed to 
a decrease in both juvenile and adult smelt habitat (Feyrer et al. 2007; Nobriga et al. 
2008).  Increased water transparency may delay feeding and may also make delta smelt 
more susceptible to predation pressure. 

Predators 

Delta smelt is a rare fish and has been a rare fish (compared to other species) for at least 
the past several decades (Nobriga and Herbold 2008).  Therefore, it has also been rare in 
examinations of predator stomach contents.  Delta smelt were occasional prey fish for 
striped bass, black crappie and white catfish in the early 1960s (Turner and Kelley 1966) 
but went undetected in a recent study of predator stomach contents (Nobriga and Feyrer 
2007). Striped bass are likely the primary predator of juvenile and adult delta smelt given 
their spatial overlap in pelagic habitats.  Despite major declines in age-0 abundance, there 
remains much more biomass of striped bass in the upper estuary than delta smelt.  This 
means it is not possible for delta smelt to support any significant proportion of the striped 
bass population.  It is unknown whether incidental predation by striped bass (and other 
lesser predators) represents a substantial source of mortality for delta smelt. 

Delta smelt may experience high predation mortality around water diversions where 
smelt are entrained and predators aggregate. The eggs and newly-hatched larvae of delta 
smelt are thought to be prey for inland silversides in littoral habitats (Bennett 2005). 
Other potential predators of eggs and larvae of smelt in littoral habitats are yellowfin 
goby, centrarchids, and Chinook salmon.   

The Delta-wide increase in water transparency may have intensified predation pressures 
on delta smelt and other pelagic fishes in recent years.  It is widely documented that 
pelagic fishes, including many smelt species, experience lower predation risks under 
turbid water conditions (Thetmeyer and Kils 1995; Utne-Palm 2002; Horpilla et al. 
2004). There has been limited research to address predation of pelagic fishes in offshore 
habitats. Stevens (1966) examined diets of striped bass in pelagic habitats, finding that 
they varied by geographical area and prey abundance but no information was provided on 
the physical variables that may have influenced predation rates. Research is underway to 
determine the specific factors responsible for increased water transparency in the Delta 
(David Schoelhammer, personal communication, University of California at Davis) but 
recent findings suggest the trend is related to the submerged aquatic vegetation invasion 
in recent years.  

Competition 

It has been hypothesized that delta smelt are adversely affected by competition from 
other introduced fish species that use overlapping habitats, including inland silversides, 
(Bennett and Moyle 1995) striped bass, and wakasagi (Sweetnam 1999).  Laboratory 
studies show that delta smelt growth is inhibited when reared with inland silversides 
(Bennett 2005) but there is no empirical evidence to support the conclusion that 
competition between these species is a factor that influences the abundance of delta smelt 
in the wild. There is some speculation that the overbite clam competes with delta smelt 
for copepod nauplii (Nobriga and Herbold 2008).  It is unknown how intensively overbite 
clam grazing and delta smelt directly compete for food, but overbite clam consumption of 
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shared prey resources does have other ecosystem consequences that appear to have 
affected delta smelt indirectly.   

Delta Smelt Feeding  

The DRERIP conceptual model for delta smelt (summarized in figure S-3) provides a 
thorough summary of delta smelt feeding behavior (Nobriga and Herbold 2008), much of 
which is described in this section and the Delta food web section. Delta smelt are visual 
feeders that select prey individually rather than by filtering-feeding. Juvenile and adult 
smelt primarily eat copepods, but they are also known to prey on cladocerans, mysids, 
amphipods, and larval fish (Moyle et al. 1992; Lott 1998; Feyrer et al. 2003).  During the 
1970s and 1980s, delta smelt diets were dominated by Eurytemora affinis, Neomysis 
mercedis, and Bosmina longirostus (Moyle et al. 1992; Feyrer et al. 2003), however, none 
of these are important prey now (Steve Slater personal communication California 
Department of Fish and Game).  When delta smelt diets were examined again between 
1988 and 1996, they were consistently dominated by the copepod Pseudodiaptomus 
forbesi, which was introduced and became abundant following the overbite clam invasion 
(Lott 1998).  Pseudodiaptomus forbesi was introduced into the San Francisco Bay-Delta 
in 1988 and became a significant part of the summertime zooplankton assemblage and is 
now an important prey item for Delta smelt and other small fishes (Kimmerer and Orsi 
1996; Nobriga 2002; Hobbs et al. 2006; Bryant and Arnold 2007).  Recent diet studies 
have shown that Pseudodiaptomus forbesi (all lifestages) remains an important prey for 
juvenile delta smelt during summer, but that several other copepods introduced into the 
system in the mid-1990s, are also frequently being eaten (Steven Slater unpublished data 
California Department of Fish and Game).   

Delta Food Web  

Suisun Bay Region 

Following the introduction of the overbite clam into the lower Estuary in 1986, a 
dramatic decline in primary production in the Estuary was documented (Alpine and 
Cloern 1992; Jassby et al 2002).  The overbite clam is a highly efficient grazer with a 
wide salinity range.  It does not encroach into freshwater but its grazing effect does, 
presumably due to tides (Jassby et al. 2002).  With a high metabolism, the overbite clam 
has been able to reduced standing stocks of phytoplankton to fractions of historic levels.  
As a consequence, many zooplankton and fish species experienced sharp declines in 
abundance (Kimmerer and Orsi 1996, Kimmerer 2002, Kimmerer 2007). Clam grazing 
on copepod nauplii also may affect copepods directly.  Despite its impact on the estuarine 
pelagic food web, to date, there is no direct evidence linking the effects of overbite clam 
grazing to adverse effects to delta smelt (Kimmerer 2002; Bennett 2005).  It has been 
noted that delta smelt fork lengths have decreased since 1990, but it is uncertain whether 
this is a direct consequence of the overbite clam.  The Feyrer (2007) effect of fall habitat 
assumes delta smelt have been chronically food-limited since the overbite clam invasion. 

There have been two notable zooplankton introductions into the estuarine food web in 
recent years that have the potential to adversely affect delta smelt trophic dynamics.  In 
the mid 1990s, the estuary was invaded by Limnoithona tetraspina and Acartiella 
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sinensis, both which originated from Asia and are believed to have been introduced via 
ballast water. Limnoithona tetraspina is now the most abundant copepod in the LSZ but 
evidence suggests that it is not an important food item for delta smelt and other pelagic 
fishes because of its small size, generally sedentary behavior, and predator-avoidance 
capability (Bouley and Kimmerer 2006).  The consequences of these copepod invasions 
on the diet of delta smelt feeding remains unknown, but the likely effect is fewer calories 
per unit when delta smelt prey on Limnoithona tetraspina.  Experimental studies are 
currently under way to determine the feeding dynamics of delta smelt on the newly 
introduced invaders in relation to the current zooplankton fauna of the Delta/Estuary 
(Lindsay Sullivan RTC 2008 CALFED Science Conference Presentation).  

Delta  

Water diversions represent one of the major factors controlling lower trophic level 
production in the Delta (Jassby et al. 2002).  Water diversions directly entrain 
zooplankton and phytoplankton biomass which might impact food availability to delta 
smelt.  Entrainment impacts to lower trophic level production are of concern during the 
spring and summer when newly hatched delta smelt larvae and juveniles are vulnerable to 
starvation and thermal stress; food limitation may lead to disease, poor growth, or death 
(Bennett 2005; Bennett et al. 2008).  

Water diversions can also influence the residence time of water in the Eastern and Central 
Delta that can greatly influence phytoplankton production (Jassby 2005).  Low export 
conditions can result in a doubling of primary production in the Eastern Delta.  However, 
during periods of high exports, such as the summer (Figure S-15), much of the lower 
trophic level production is entrained rather than dispersed downstream to Suisun Bay.  
Summer entrainment of phytoplankton and zooplankton could therefore adversely affect 
delta smelt if food supplies are not transported to the LSZ. Preliminary evidence shows 
that the abundance of Pseudodiaptomus forbesi, a dominant prey of delta smelt in the 
summer, has steadily declined in the lower Estuary since 1995, while its numbers have 
increased in the South Delta (Figure 7-19 in the biological assessment; Kimmerer et al. in 
prep.).  This copepod has blooms that originate in the Delta.  Thus, its availability to delta 
smelt rearing to the west of the summer blooms may be impaired by high export to inflow 
ratios. 

As stated above, clam grazing represents another major factor influencing primary and 
secondary production in the Delta.  In the Western Delta, the food web may be 
compromised by overgrazing effects of the overbite clam (Kimmerer and Orsi 1996, 
Jassby et al. 2002).  Within the Central Delta, grazing by the introduced river clam 
(Corbicula fluminea) can deplete resident phytoplankton biomass, especially in flooded 
island areas (Lucas et al 2002; Lopez et al 2006).  Given that the food web supporting 
delta smelt depends on phytoplankton, these effects are likely to adversely affect its 
survival and reproduction by limiting food resources.   
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Microcystis 

Large blooms of toxic blue-green alga, Microcystis aeruginosa, were first detected in the 
Delta during the summer of 1999 (Lehman et al. 2005).  Since then, M. aeruginosa has 
bloomed each year, forming large colonies throughout most of the Delta and increasingly 
down into eastern Suisun Bay.  Blooms typically occur between late spring and early fall 
(peak in the summer) when temperatures are above 20 oC.  Microcystis aeruginosa can 
produce natural toxins that pose animal and human health risks if contacted or ingested 
directly.  Preliminary evidence indicates that the toxins produced by local blooms are not 
toxic to fishes at current concentrations.  However, it appears that M. aeruginosa is toxic 
to copepods that delta smelt eat (Ali Ger 2008 CALFED Science Conference).  In 
addition, M. aeruginosa could out-compete diatoms for light and nutrients. Diatoms are a 
rich food source for zooplankton in the Delta (Mueller-Solger et al. 2002).  Studies are 
underway to determine if zooplankton production is compromised during M. aerguinosa 
blooms to an extent that is likely to adversely affect delta smelt.  Microcystis blooms may 
also decrease dissolved oxygen to lethal levels for fish (Saiki et al. 1998), although delta 
smelt do not strongly overlap the densest Microcystis concentrations, so dissolved oxygen 
is not likely a problem.  Microcystis blooms are a symptom of eutrophication and high 
ammonia to nitrate ratios in the water. 

Contaminants 

Contaminants can change ecosystem functions and productivity through numerous 
pathways. However, contaminant loading and its ecosystem effects within the Delta are 
not well understood.  Although a number of contaminant issues were first investigated 
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during the POD years, concern over contaminants in the Delta is not new.  There are 
long-standing concerns related to mercury and selenium levels in the watershed, Delta, 
and San Francisco Bay (Linville et al. 2002; Davis et al. 2003).  Phytoplankton growth 
rate may, at times, be inhibited by high concentrations of herbicides (Edmunds et al. 
1999).  New evidence indicates that phytoplankton growth rate is chronically inhibited by 
ammonium concentrations in and upstream of Suisun Bay (Wilkerson et al. 2006, 
Dugdale et al. 2007). Contaminant-related toxicity to invertebrates has been noted in 
water and sediments from the Delta and associated watersheds (e.g., Kuivila and Foe 
1995, Giddings 2000, Werner et al. 2000, Weston et al. 2004). Undiluted drainwater from 
agricultural drains in the San Joaquin River watershed can be acutely toxic (quickly 
lethal) to fish and have chronic effects on growth (Saiki et al. 1992).  Evidence for 
mortality of young striped bass due to discharge of agricultural drainage water containing 
rice herbicides into the Sacramento River (Bailey et al. 1994) led to new regulations for 
water discharges.  Bioassays using caged Sacramento sucker (Catostomus occidentalis) 
have revealed deoxyribonucleic acid strand breakage associated with runoff events in the 
watershed and Delta (Whitehead et al. 2004).  Kuivila and Moon (2004) found that peak 
densities of larval and juvenile delta smelt sometimes coincided in time and space with 
elevated concentrations of dissolved pesticides in the spring. These periods of co-
occurrence lasted for up to 2-3 weeks, but concentrations of individual pesticides were 
low and much less than would be expected to cause acute mortality. However, the effects 
of exposure to the complex mixtures of pesticides actually present are unknown.  

The POD investigators initiated several studies beginning in 2005 to address the possible 
role of contaminants and disease in the declines of Delta fish and other aquatic species. 
Their primary study consists of twice-monthly monitoring of ambient water toxicity at 
fifteen sites in the Delta and Suisun Bay.  In 2005 and 2006, standard bioassays using the 
amphipod Hyalella azteca had low (<5 percent) frequency of occurrence of toxicity 
(Werner et al. 2008).  However, preliminary results from 2007, a dry year, suggest the 
incidence of toxic events was higher than in the previous (wetter) years. Parallel testing 
with the addition of piperonyl butoxide, an enzyme inhibitor, indicated that both 
organophosphate and pyrethroid pesticides may have contributed to the pulses of toxicity.  
Most of the tests that were positive for H. azteca toxicity have come from water samples 
from the lower Sacramento River.  Pyrethroids are of particular interest because use of 
these insecticides has increased within the Delta watershed (Ameg et al. 2005, Oros and 
Werner 2005) as use of some organophosphate insecticides has declined.  Toxicity of 
sediment-bound pyrethroids to macroinvertebrates has also been observed in small, 
agriculture-dominated watersheds tributary to the Delta (Weston et al. 2004, 2005).  The 
association of delta smelt spawning with turbid winter runoff and the association of 
pesticides including pyrethroids with sediment is of potential concern.   

In conjunction with the POD investigation, larval delta smelt bioassays were conducted 
simultaneously with a subset of the invertebrate bioassays.  The water samples for these 
tests were collected from six sites within the Delta during May-August of 2006 and 2007.  
Results from 2006 indicate that delta smelt are highly sensitive to high levels of 
ammonia, low turbidity, and low salinity.  There is some preliminary indication that 
reduced survival may be due to disease organisms (Werner et al. 2008).  No significant 
mortality of larval delta smelt was found in the 2006 bioassays, but there were two 
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instances of significant mortality in June and July of 2007.  In both cases, the water 
samples were collected from sites along the Sacramento River and had relatively low 
turbidity and salinity levels and moderate levels of ammonia.  It is also important to note 
that no significant H. azteca mortality was detected in these water samples.  While the H. 
azteca tests are very useful for detecting biologically relevant levels of water column 
toxicity for zooplankton, interpretation of the H. azteca test results with respect to fish 
should proceed with great caution.  The relevance of the bioassay results to field 
conditions remains to be determined.  

The POD investigations into potential contaminant effects also include the use of 
biomarkers that have been used previously to evaluate toxic effects on POD fishes 
(Bennett et al. 1995, Bennett 2005).  The results to date have been mixed.  
Histopathological and viral evaluation of young longfin smelt collected in 2006 indicated 
no histological abnormalities associated with exposure to toxics or disease (Foott et al. 
2006).  There was also no evidence of viral infections or high parasite loads.  Similarly, 
young threadfin shad showed no histological evidence of contaminant effects or of viral 
infections (Foott et al. 2006).  Parasites were noted in threadfin shad gills at a high 
frequency but the infections were not considered severe.  Both longfin smelt and 
threadfin shad were considered healthy in 2006.  Adult delta smelt collected from the 
Delta during the winter of 2005 also were considered healthy, showing little 
histopathological evidence for starvation or disease (Teh et al., unpublished data).  
However, there was some evidence of low frequency endocrine disruption.  In 2005, 9 of 
144 (6 percent) of adult delta smelt males sampled were intersex, having immature 
oocytes in their testes (Teh et al., unpublished data).  

In contrast, preliminary histopathological analyses have found evidence of significant 
disease in other species and for POD species collected from other areas of the estuary. 
Massive intestinal infections with an unidentified myxosporean were found in yellowfin 
goby Acanthogobius flavimanus collected from Suisun Marsh.  Severe viral infection was 
also found in inland silverside and juvenile delta smelt collected from Suisun Bay during 
summer 2005.  Lastly, preliminary evidence suggests that contaminants and disease may 
impair survival of age-0 striped bass.  Baxter et al. 2008 found high occurrence and 
severity of parasitic infections, inflammatory conditions, and muscle degeneration in 
young striped bass collected in 2005; levels were lower in 2006.  Several biomarkers of 
contaminant exposure including P450 activity (i.e., detoxification enzymes in liver), 
acetylcholinesterase activity (i.e., enzyme activity in brain), and vitellogenin induction 
(i.e., presence of egg yolk protein in blood of males) were also reported from striped bass 
collected in 2006 (Ostrach 2008).  

Climate Change 

There is currently no quantitative analysis of how ongoing climate change is currently 
affecting delta smelt and the Delta ecosystem.  Climate change could have caused shifts 
in the timing of flows and water temperatures in the Delta which could lead to a change 
in the timing of migration of adult and juvenile delta smelt.   
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Summary of Delta Smelt Status and 
Environmental Baseline 
Given the long list of stressors discussed, the rangewide status of the delta smelt is 
currently declining and abundance levels are the lowest ever recorded.  This abundance 
trend has been influenced by multiple factors, some of which are affected or controlled 
by CVP and SWP operations and others that are not.  Although it is becoming 
increasingly clear that the long-term decline of the delta smelt was very strongly affected 
by ecosystem changes caused by non-indigenous species invasions and other factors 
influenced, but not controlled by CVP and SWP operations, The CVP and SWP have 
played an important direct role in that decline, especially in terms of entrainment and 
habitat-related impacts that add increments of additional mortality to the stressed delta 
smelt population.  Further, past CVP and SWP operations have played an indirect role in 
the decline of the delta smelt by creating an altered environment in the Delta that has 
fostered both the establishment of non-indigenous species and habitat conditions that 
exacerbate their adverse influence on delta smelt population dynamics.  Past CVP and 
SWP operations have been a primary factor influencing delta smelt abiotic and biotic 
habitat suitability, health, and mortality.   

Survival and Recovery Needs of Delta Smelt 
Based on the above discussion of the current condition of the delta smelt, the factors 
responsible for that condition, and the final Recovery Plan for the Delta Smelt (Service 
1995), the Service has identified the following survival and recovery needs for this 
species: 

 Increase the abundance of the adult population and the potential for recruitment of 
juveniles into the adult population. 

 

 Increase the quality and quantity of spawning, rearing, and migratory habitat with 
respect to turbidity, temperature, salinity, freshwater flow, and adequate prey 
availability by mimicking natural (i.e., pre-water development) water and 
sediment transport processes in the San Francisco Bay-Delta watershed to 
enhance reproduction and increase survival of adults and juveniles. 

 
 Reduce levels of contaminants and other pollutants in smelt habitat to increase 

health, fecundity and survival of adults and juveniles. 
 

 Reduce delta smelt exposure to disease and toxic algal blooms to increase health, 
fecundity and survival of adults and juveniles. 

 

 Reduce entrainment of adult, larval, and juvenile delta smelt at CVP-SWP 
pumping facilities, over and above reductions achieved under the Vernalis 
Adaptive Management Plan and the Environmental Water Account, to increase 
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the abundance of the spawning adult population and the potential for recruitment 
of juveniles into the adult population.  Best available information indicates that 
delta smelt entrainment at CVP-SWP pumping facilities can be substantially 
reduced by maintaining a positive flow in the Old and Middle rivers.  Entrainment 
reduction at other water diversion-related structures within the Bay-Delta where 
delta smelt adults or juveniles are known or likely to be entrained might also be 
needed to increase the adult population and the potential for recruitment of 
juveniles into the adult population, but there are secondary to reducing Banks and 
Jones entrainment. 

 

 Restore the structure of the food web in the Bay-Delta to a condition that 
enhances diatom-based pelagic food chains in the LSZ. 

 
 Maximize the resilience of the delta smelt population to the adverse effects of 

ongoing climate change.  Achieving the above conditions should help with this 
need.  In general, the management of CVP-SWP water storage and delivery 
facilities could have an important role to play in tempering the adverse effects of 
climate change on the Bay-Delta ecosystem upon which the delta smelt depends.   

 
 

Delta Smelt Critical Habitat 
The action area for this consultation covers nearly the entire range of delta smelt critical 
habitat.  For that reason, the Status of Critical Habitat and Environmental Baseline 
sections are combined into one section in this document. 

The Service designated critical habitat for the delta smelt on December 19, 1994 (59 FR 
65256).  The geographic area encompassed by the designation includes all water and all 
submerged lands below ordinary high water and the entire water column bounded by and 
contained in Suisun Bay (including the contiguous Grizzly and Honker Bays); the length 
of Goodyear, Suisun, Cutoff, First Mallard (Spring Branch), and Montezuma sloughs; 
and the existing contiguous waters contained within the legal Delta (as defined in section 
12220 of the California Water Code) (USFWS 1994).   

Description of the Primary Constituent Elements  

In designating critical habitat for the delta smelt, the Service identified the following 
primary constituent elements essential to the conservation of the species:  

 

1. “Physical habitat” is defined as the structural components of habitat.  Because 
delta smelt is a pelagic fish, spawning substrate is the only known important 
structural component of habitat.  It is possible that depth variation is an important 
structural characteristic of pelagic habitat that helps fish maintain position within 
the estuary’s LSZ (Bennett et al. 2002). 
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2. “Water” is defined as water of suitable quality to support various delta smelt life 
stages with the abiotic elements that allow for survival and reproduction.  Delta 
smelt inhabit open waters of the Delta and Suisun Bay.  Certain conditions of 
temperature, turbidity, and food availability characterize suitable pelagic habitat 
for delta smelt and are discussed in detail in the Status of the 
Species/Environmental Baseline section, above.  Factors such as high entrainment 
risk and contaminant exposure can degrade this PCE even when the basic water 
quality is consistent with suitable habitat. 

 

3. “River flow” is defined as transport flow to facilitate spawning migrations and 
transport of offspring to LSZ rearing habitats.  River flow includes both inflow to 
and outflow from the Delta, both of which influence the movement of migrating 
adult, larval, and juvenile delta smelt.  Inflow, outflow, and OMR influence the 
vulnerability of delta smelt larvae, juveniles, and adults to entrainment at Banks 
and Jones (refer to Status of the Species/Environmental Baseline section, above).  
River flow interacts with the fourth primary constituent element, salinity, by 
influencing the extent and location of the highly productive LSZ where delta 
smelt rear. 

 
4.  “Salinity” is defined as the LSZ nursery habitat.  The LSZ is where freshwater 

transitions into brackish water; the LSZ is defined as 0.5-6.0 psu (parts per 
thousand salinity; Kimmerer 2004).  The 2 psu isohaline is a specific point within 
the LSZ where the average daily salinity at the bottom of the water is 2 psu 
(Jassby et al. 1995).  By local convention the location of the LSZ is described in 
terms of the distance from the 2 psu isohaline to the Golden Gate Bridge (X2); X2 
is an indicator of habitat suitability for many San Francisco Estuary organisms 
and is associated with variance in abundance of diverse components of the 
ecosystem (Jassby et al. 1995; Kimmerer 2002).  The LSZ expands and moves 
downstream when river flows into the estuary are high.  Similarly, it contracts and 
moves upstream when river flows are low.   

During the past 40 years, monthly average X2 has varied from as far downstream 
as San Pablo Bay (45 km) to as far upstream as Rio Vista on the Sacramento 
River (95 km).  At all times of year, the location of X2 influences both the area 
and quality of habitat available for delta smelt to successfully complete their life 
cycle (see Biology and Life History section above).  In general, delta smelt habitat 
quality and surface area are greater when X2 is located in Suisun Bay.  Both 
habitat quality and quantity diminish the more frequently and further the LSZ 
moves upstream, toward the confluence.   

Conservation Role of Delta Smelt Critical Habitat 
The Service’s primary objective in designating critical habitat was to identify the key 
components of delta smelt habitat that support successful spawning, larval and juvenile 
transport, rearing, and adult migration.  Delta smelt are endemic to the Bay-Delta and the 
vast majority only live one year.  Thus, regardless of annual hydrology, the Delta must 
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provide suitable habitat all year, every year.  Different regions of the Delta provide 
different habitat conditions for different life stages, but those habitat conditions must be 
present when needed, and have sufficient connectivity to provide migratory pathways and 
the flow of energy, materials and organisms among the habitat components.  The entire 
Delta and Suisun Bay are designated as critical habitat; over the course of a year, the 
entire habitat is occupied. 

Overview of Delta Smelt Habitat Requirements and the Primary 
Constituent Elements 
As previously described in the Status of the Species/Environmental Baseline section, 
Delta smelt live their entire lives in the tidally-influenced fresh- and brackish waters of 
the San Francisco Estuary (Moyle 2002).  Delta smelt are an open-water, or pelagic, 
species.  They do not associate strongly with structure.  They may use nearshore habitats 
for spawning (PCE #1), but free-swimming life stages mainly occupy offshore waters 
(PCE #2).  Thus, the distribution of the population is strongly influenced by river flows 
through the estuary (PCE #3) because the quantity of fresh water flowing through the 
estuary changes the amount and location of suitable low-salinity, open-water habitat 
(PCE #4).  This is true for all life stages.  During periods of high river flow into the 
estuary, delta smelt distribution can transiently extend as far west as the Napa River and 
San Pablo Bay.  Delta smelt distribution is highly constricted near the Sacramento-San 
Joaquin river confluence during periods of low river flow into the estuary (Feyrer et al. 
2007). 

In the 1994 designation of critical habitat, the best available science held that the delta 
smelt population was responding to variation in spring X2.  In the intervening 14 years, 
the scientific understanding of delta smelt habitat has improved.  The current 
understanding is that X2 and OMR both must be considered to manage entrainment and 
that X2 indexes important habitat characteristics throughout the year. 

Conservation Function of Primary Constituent Elements by Life 
History Stage 
 
The conservation function and important attributes of each constituent element in each 
life stage are further described below. 
 

Spawning  
Spawning delta smelt require all four PCEs, but spawners and embryos are the only life 
stages of delta smelt that are known to require specific structural components of habitat 
(PCE # 1; see Biology and Life History section).  Spawning delta smelt require sandy or 
small gravel substrates for egg deposition.  Migrating, staging, and spawning delta smelt 
also require low-salinity and freshwater habitats, turbidity, and water temperatures less 
than 20ºC (68ºF) (attributes of PCE #2 and #4 for spawning).  The developing embryos 
likewise may remain associated with sandy substrate until they hatch.  Hatching success 
is only about 20 percent at 20ºC in the laboratory and declines to zero at higher 
temperatures (Bennett 2005). 
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Laboratory observations indicate that delta smelt are broadcast spawners, discharging 
eggs and milt close to the bottom over substrates of sand or pebble (DWR and 
Reclamation 1994; Lindberg et al. 2003; Wang 2007).  Rather than stick to immobile 
substrates, the adhesive eggs might adhere to sand particles, which keeps them negatively 
buoyant but not immobile (Hay 2007).   
 
Spawning occurs primarily during April through mid-May (Moyle 2002) in sloughs and 
shallow edge areas in the Delta.  Spawning also has been recorded in Suisun Marsh and 
the Napa River (Hobbs et al. 2007).  Historically, delta smelt ranged as far up the San 
Joaquin River as Mossdale, indicating that areas of the lower San Joaquin and its 
tributaries support conditions appropriate for spawning.  Little data exists on delta smelt 
spawning activity in the lower San Joaquin region.  Larval and young juvenile delta smelt 
collected at South Delta stations in DFG’s 20-mm Survey, indicate that appropriate 
spawning conditions exist there.  However, the few delta smelt that are collected in the 
lower San Joaquin region is a likely indicator that changes in flow patterns entrain 
spawning adults and newly-hatched larvae into water diversions (Moyle et al 1992).   
 
Once the eggs have hatched, larval distribution depends on both the spawning area from 
which they originate (PCE#1 and PCE#2) and the effect of Delta hydrodynamics on 
transport (PCE#3).  Larval distribution is further affected by salinity and temperature 
(attributes of PCE#4 and #3).  Tidal action and other factors may cause substantial 
mixing of water with variable salinity and temperature among regions of the Delta 
(Monson et al. 2007), which in some cases might result in rapid dispersal of larvae away 
from spawning sites. 

In the laboratory, a turbid environment (>25 NTU) was necessary to elicit a first feeding 
response (Baskerville-Bridges et al. 2000; Baskerville-Bridges 2004) (attribute of 
PCE#2).  Successful feeding depends on a high density of food organisms and turbidity.  
The ability of delta smelt larvae to see prey in the water is enhanced by turbidity 
(Baskerville-Bridges et al. 2004).  Their diet is comprised of small planktonic crustaceans 
that inhabit the estuary’s turbid, low-salinity, open-water habitats (attribute of PCE#2).   

Larval and Juvenile Transport   

Delta smelt larvae require PCEs # 2-4.  The distribution of delta smelt larvae follows that 
of the spawners; larvae emerge near where they are spawned.  Thus, they are distributed 
more widely during high outflow periods.  Delta smelt larvae mainly inhabit tidal 
freshwater at temperatures between 10ºC-20ºC (Bennett 2005).  The center of distribution 
for delta smelt larvae < 20 mm is usually 5-20 km upstream of X2, but larvae move 
closer to X2 as the spring progresses into summer (Dege and Brown 2004).  The primary 
influences the water projects have on larval delta smelt critical habitat are that they 
influence water quality, the extent of the LSZ, and larval transport via capture of runoff 
in reservoirs and subsequent manipulation of Delta inflows and exports that affect OMR 
flows, and resultant Delta outflows that affect X2. 

Changes to delta smelt larval and juvenile transport attributable to the SWP and CVP 
include water diversions that create net reverse flows in the Delta that entrain larval and 
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juvenile delta smelt; permanent and temporary barrier installations and operation that 
change Delta hydrology and salinity and increase entrainment risk; and diminished river 
inflows that seasonally bring the LSZ into the Delta for increasingly longer periods of 
time, resulting in lower quality and quantity of rearing habitat. 

Juvenile Rearing 

Rearing juvenile delta smelt mainly require PCEs # 2 and # 4.  Juvenile delta smelt are 
most abundant in the LSZ, specifically at the upstream edge of the LSZ where salinity is 
< 3 psu, water transparency is low (Secchi disk depth < 0.5 m), and water temperatures 
are cool (< 24ºC) (Feyrer et al. 2007; Nobriga et al. 2008).  Because high freshwater 
inflows that push X2 well into Suisun Bay are not sustained through the juvenile stage 
(July-December), many juvenile delta smelt rear near the Sacramento-San Joaquin river 
confluence.  This reflects a long-term change in distribution.  During surveys in the latter 
1940s, juvenile delta smelt reared throughout the Delta during summer (Erkkila 1950).  
Currently, young delta smelt rear throughout the Delta into June or the first week of July, 
but thereafter, distribution shifts to the Sacramento-San Joaquin river confluence where 
water temperatures are cooler and water transparencies are lower (Feyrer et al. 2007; 
Nobriga et al. 2008).  Note that this change in distribution has often been 
mischaracterized as a migration into brackish water. 

 The primary influences the water projects have on juvenile delta smelt critical 
habitat are that they influence water quality, the extent of the LSZ, and early 
summer (June) transport via capture of runoff in reservoirs and subsequent 
manipulation of Delta inflows and exports that affect OMR flows, and resultant 
Delta outflows that affect X2.  The projects are the primary influence on 
freshwater inflows and outflows during the juvenile stage.  The SWP and CVP 
control almost all Delta inflow during summer-fall.  The primary effects these 
highly controlled flows have on juvenile delta smelt are a possible impact on 
summertime prey availability in the LSZ and a strong effect on the extent of the 
LSZ and dilution flows and thus, habitat suitability during fall (see Effects 
section). 
 

 Estuarine turbidity varies with Delta outflow and it is higher during periods of 
high outflow (Kimmerer 2004).  The interannual variation in peak flows to the 
estuary is not always controlled by the projects, so they have little effect on 
interannual variation in estuary turbidity during delta smelt’s spawning season.  
The CVP/SWP have had a long-term influence on turbidity in the estuary because 
project dams have retained sediment originating in project tributaries, especially 
in the Sacramento River basin (Wright and Schoelhamer 2004).  However, the 
CVP/SWP have not been shown to have influenced shorter-term decreases in 
turbidity due to the proliferation of aquatic plants like Egeria densa. 

 
 The water projects have little if any ability to affect water temperatures in the 

Estuary (Kimmerer 2004).  Estuarine and Delta water temperatures are driven by 
air temperature.  Water temperatures at Freeport can be cooled up to about 3ºC by 
high Sacramento River flows, but only by very high river flows that cannot be 
sustained by the projects.  Note also that the cooling effect of the Sacramento 
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River is not visible in data from the west Delta at Antioch (Kimmerer 2004) so 
the area of influence is limited. 

 

Adult Migration 

Successful delta smelt adult migration habitat is characterized by conditions that attract 
migrating adult delta smelt, attributes of PCE #2, #3, and #4, and that help them migrate 
to spawning habitats (PCE #3).  Delta smelt are weakly anadromous and move from the 
LSZ into freshwater to spawn, beginning in late fall or early winter and likely extending 
at least though May (see Delta Smelt Life Cycle section in the Status and Baseline).  
Although the physiological trigger for the movement of delta smelt up the Estuary is 
unknown, movement is associated with pulses of freshwater inflow, which are cool, less 
saline and turbid (attributes of PCE #2 and #4 for adult migration).  As they migrate, 
delta smelt increase their vulnerability to entrainment if they move closer to Banks and 
Jones (Grimaldo et al accepted manuscript).  Analyses indicate that delta smelt become 
less vulnerable to entrainment when reverse flows in the Delta are minimized.  Inflows in 
early winter must be of sufficient magnitude to provide the cool, fresh and highly turbid 
conditions needed to attract migrating adults and of sufficient duration to allow 
connectivity with the Sacramento and San Joaquin river channels and their associated 
tributaries, including Cache and Montezuma sloughs and their tributaries (attributes of 
PCE #2 for adult migration).  These areas are vulnerable to physical disturbance and flow 
disruption during migratory periods.  Once adults have moved into the Delta, freshwater 
inflows must remain of sufficient magnitude to minimize their vulnerability to 
entrainment. 

Changes to delta smelt adult migration habitat include water diversions that have 
increased net negative OMR flows that entrain migrating adult smelt and reservoir 
operations that reduce seasonal inflow that provides flow and turbidity cues for 
migration.  In addition, the proliferation of nonnative aquatic plants that trap sediment 
has reduced overall turbidity and may have increased the deposition of fine sediments in 
historical spawning habitats. 
 

Current Condition of Delta Smelt Critical Habitat and Factors that 
Contribute to that Condition 
 
As stated in the previous section on the status of the delta smelt, the physical appearance, 
salinity, water clarity, and hydrology of the Delta have been modified significantly by 
channelization, conversion of Delta islands to agriculture, and water operations.  As a 
consequence of these changes, most life stages of the delta smelt are now distributed 
across a smaller area than historically (Arthur et al. 1996, Baxter et al. 2008). 
In general, the CVP/SWP operations have decreased springtime flows (PCE #3) relative 
to the natural hydrograph, as reservoir operations change over from flood management to 
water storage (Kimmerer 2004).  Further, summer and early fall inflows (PCE #2, #3, and 
#4) may be increased over the natural hydrograph as reservoirs release stored water to 
support export operations.  Changes in inflow affect the location of the historically 
highly-productive LSZ, affecting habitat volume and quality (effect on PCE #2, #3 and 
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#4).  The combined influence of these changes since the 1980s and earlier has had the 
effect of distributing delta smelt narrowly and in areas with high risk of mortality from 
many known sources (e.g., entrainment in water diversions large and small) and plausible 
sources (intensified predation loss, sublethal contaminant exposure, etc.)  (combined 
effect on the condition of PCE #2, #3, and #4).  Second, a more upstream distribution of 
maturing adult delta smelt places them at greater vulnerability to entrainment by CVP 
and SWP export operations once they begin their spawning migration (Grimaldo et al, 
accepted manuscript) (combined effect on the condition of PCE #2, #3, and #4). 

PCE #1 - Physical Habitat for Spawning 
We are aware of no conditions attributable to SWP and CVP operations that limit the 
availability of spawning substrate. 

Routine dredging of various Delta channels to facilitate shipping periodically may disrupt 
or eliminate spawning substrate availability, but is not known to substantially modify 
location, extent, or quality of available spawning substrate (PCE #1) for delta smelt.  

Nonnative submerged aquatic vegetation, particularly Egeria densa, overwhelms littoral 
habitats (inter-tidal shoals and beaches) where delta smelt spawn, possibly making them 
unsuitable for spawning. 

The cumulative effects of locally small or isolated losses or degradations of physical 
habitat associated with construction and maintenance of water conveyance facilities, 
together with increasing exposure in physical habitat to chemical pollutants from other 
sources, and the increase of nonnative submerged aquatic vegetation likely have reduced 
both the quality and extent of physical habitat.  Overall, this primary constituent element 
remains capable of fulfilling its intended conservation function, but the trend is 
downward and will likely remain so unless ways are found to control Egeria. 

PCE #2 - Water for All Life Stages (Suitable Quality) 
The condition of PCE #2 has been substantially reduced.  Pelagic habitat in the Delta has 
been highly altered and degraded by many factors discussed in the Baseline and Effects 
Sections. The historic Delta consisted primarily of tidal freshwater marshes, tributary 
river channels and their associated floodplains, and sloughs.  The current Delta has little 
(< 1 percent) of its historic intertidal marsh habitat, its patterns of sloughs and channels 
have been modified, changing its hydrodynamic characteristics, and the pattern and 
quantity and inflow to, through and out of the estuary has been altered.  When compared 
to estuaries around the world, the Delta is unique in its low levels of productivity 
(Clipperton and Kratville, in review).  Current conditions for larval and juvenile 
transport, rearing, and adult migration in particular have been modified to an extent that 
this primary constituent element is substantially impaired in its ability to fulfill its 
conservation function at least seasonally in all water year-types.  Special management is 
needed to address the degraded condition of this primary constituent element.  Many 
factors that have contributed to the current condition are described below. 
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Factors that Impair/Degrade the Function of PCE #2 

  CVP and SWP   
Operations of the Banks and Jones (inclusive of 500 cfs diversion at Banks, Article 21, 
upstream diversion and reservoir operations, North Bay Aqueduct, South Delta 
Temporary Barriers and Permanent Operable Gates, pumping plants water transfers) have 
diminished the ability of PCE #2 to fulfill its intended conservation purpose.  
Disconnecting inflow and outflow via water exports in the South Delta probably 
represents the single largest stressor for this primary constituent element.  The 
manipulation of inflow and outflow with a goal of maintaining “balanced conditions” 
also has adversely affected the functionality of the other primary constituent elements and 
is discussed in more detail under each of the primary constituent elements.  Though not 
restricting spawning per se, export of water by the CVP and SWP has usually restricted 
reproductive success of spawners in the San Joaquin River portion of the Delta as many 
adults and most larvae have been entrained and lost during transport to and from 
spawning sites to rearing areas (see Effects Section).  Persistent confinement of the 
effective spawning population of delta smelt to the Sacramento River increases the 
likelihood that a substantial portion of the spawning population could be adversely 
affected by catastrophic event or localized chronic threat, such as localized contaminant 
releases. 

The additional interaction of PCE #2 with salinity, PCE #4, has resulted in a lengthening 
seasonal shift in the distribution of delta smelt to areas that are generally upstream of 
where they once occurred.  See additional discussion below in the section on Rearing. 

Preliminary evidence shows that the abundance of Pseudodiaptomus forbesi, a dominant 
prey of delta smelt in the summer, has steadily declined in the lower Estuary since 1995, 
while its numbers have increased in the Southern Delta (Kimmerer et al. in prep.).  This 
copepod has blooms that originate in the Delta.  Its availability to delta smelt rearing to 
the west of the summer blooms may be impaired by pumping at Banks and Jones. 

The operation of upstream diversions and reservoirs can, depending on how they are 
managed, substantially influence the pelagic environment in the Delta by controlling 
timing and volume of releases.  Over time, the operation of project dams and diversions 
has had the additional effect of making water in the Delta more clear by trapping 
sediment behind dams and diverting sediment that otherwise would be transported to the 
Delta (effect on the condition of PCE #2).  Delta smelt seem to prefer water with high 
turbidity (see Baseline Section).  In the absence of upstream reservoirs, freshwater inflow 
from smaller rivers and creeks and the Sacramento and San Joaquin River was highly 
seasonal and more strongly and reliably affected by precipitation that it is today.  
Consequently, variation in hydrology, salinity, turbidity, and other characteristics of 
Delta water was larger then than now (Kimmerer 2002b).  Operations of upstream 
reservoirs have reduced spring flows while releases of water for Delta water export and 
increased flood control storage have increased late summer and fall inflows, but through 
time more and more of the summer-fall inflow and been exported, reducing outflows.   
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  Aquatic Macrophytes 
As stated in the Status and Baseline Section, research suggests that the nonnative South 
American aquatic plant Egeria densa has altered fish community dynamics in the Delta.  
In addition to the above-mentioned effect of overwhelming spawning habitat (PCE #1), 
Egeria and other submerged aquatic vegetation decreases turbidity by trapping suspended 
sediment, thereby decreasing juvenile and adult smelt habitat (Feyrer et al. 2007; Nobriga 
et al. 2008).  Increased water transparency may also make delta smelt more susceptible to 
predation.  It appears that aquatic macrophytes may have a role in degrading pelagic 
habitat to the extent that the Delta’s ability to fulfill its intended conservation purpose 
continues to diminish.  Egeria has the additional effect of decreasing turbidity, described 
above as important to successful feeding of newly-hatched larval delta smelt.  However, 
there is still enough turbidity in the Central and South Delta to initiate larval feeding 
responses because larvae collected in the South Delta have comparatively high growth 
rates.  So while Egeria may reduce or eliminate the extent and quality of spawning 
habitat for delta smelt, it is not at this time considered to have detectable effects on 
spawning or early feeding success. 

  Contaminants 
While contaminants are thought to reduce habitat quality and thus reduce the ability of 
PCE #2 to fulfill its intended conservation function, contaminant loading and its 
ecosystem effects within the Delta are still not well understood.  There are long-standing 
concerns related to methyl mercury and selenium levels in the watershed, Delta, and San 
Francisco Bay (Linville et al. 2002; Davis et al. 2003).  There is evidence that 
contaminants may inhibit phytoplankton growth rates at times (Wilkerson et al. 2006; 
Dugdale et al. 2007).  Pulses of sediment-bound pesticides can co-occur in space and 
time with delta smelt reproduction (Kuivila and Moon 2004).  There is also recent 
evidence of low frequency of intersex delta smelt suggesting exposure to estrogenic 
chemicals (Teh 2008). 

  Nonnative Species 
Within the Delta, grazing by the introduced clams Corbula amurensis and Corbicula 
fluminea can deplete resident phytoplankton biomass (Jassby et al. 2002; Lucas et al. 
2002; Lopez et al. 2006).  The former has had a demonstrable effect on phytoplankton 
standing stock and zooplankton abundance throughout the estuary (Kimmerer and Orsi 
1996), but the effect of the latter is mainly limited to freshwater flooded island areas 
(Lucas et al. 2002; Lopez et al. 2006).  Given that phytoplankton help support the 
production of prey items eaten by delta smelt, these nonnative species are likely to 
adversely affect the ability of PCE #2 to fulfill its intended conservation function, which 
results in degraded condition.   
 
PCE #3 - River Flow for Larval and Juvenile Transport, Rearing, and 
Adult Migration 
 
Management of Delta inflows results in conditions for river flow that frequently do not 
meet the intended conservation function of this primary constituent element in certain 
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WYs.  PCE #3 is probably the most significantly degraded of all the PCEs, and requires 
the most intensive management in order for it to continue to fulfill its intended 
conservation role.  The primary factors that have contributed to this condition are 
discussed below. 
 
Factors that Impair/Degrade the Function of PCE #3 
 
  CVP and SWP 
 
Operations of the CVP and SWP manipulate inflows, outflows and OMR flows.  This 
probably represents the single largest stressor for PCE #3.  Banks and Jones entrain delta 
smelt and delta smelt food items, thereby affecting the quality of PCE #2 as well.  While 
tides and climate affect flow into and within the Delta, Banks and Jones are the single 
most prominent factor in determining whether transport flows are sufficient to allow 
larval and juvenile delta smelt to move out of the Central and South Delta before water 
temperatures reach lethal levels.  Baseline operation of the CVP/SWP represents a 
downward trend in the ability of this primary constituent element to fulfill its intended 
conservation function. 
 
Management of Article 21 water at the SWP has changed since 2000.  The result is more 
water exported than historically during the late fall and winter months, and increasing 
SWP exports overall relative to historic conditions (Table P-12).  This additional 
pumping has contributed to the downward trend in the ability of PCE #3 to meet its 
intended conservation function by increasing the entrainment risk of adults migrating 
upstream to spawn. 
 
Operations of upstream reservoirs have reduced spring flows while releases of water for 
Delta water export and increased flood control storage have increased late summer and 
fall inflows.  Reservoir operations have played a significant role in modifying conditions 
in the Delta to the extent that this primary constituent element is unable to fulfill its 
intended conservation purpose in most years.  The SWRCB D-1641 has helped provide 
Delta outflow during the spring, but outflows are reduced during other times by increased 
pumping at Jones and Banks. 
 
  Environmental Water Account 
 
Implementation of the EWA provided brief export cutbacks in winter and spring, but also 
increased exports during early winter and summer, and it contributed to increased exports 
in summer and fall to levels that would not have occurred if EWA assets had not been 
purchased.  This may have negatively affected habitat suitability and prey availability for 
delta smelt (see Effects Section).  So while EWA was intended to moderate effects of 
CVP and SWP operations, its ability to do so measured over time was small (Brown et al. 
2008).  While EWA may have provided short-term transport opportunities in the early 
part of the year, it contributed to low outflows during other times of the year, which 
diminished the ability of this primary constituent element to fulfill its intended 
conservation purpose. 
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Special Management for PCE #3 
 

Vernalis Adaptive Management Plan 
 
VAMP represents one of the management measures that has been applied to CVP and 
SWP operations to assist this primary constituent element in fulfilling its intended 
conservation role.  VAMP flows are thought to have selectively enhanced survival of 
delta smelt larvae that emerge in the Central Delta during VAMP by reducing 
entrainment.  VAMP has enhanced the ability of this primary constituent element to 
fulfill its intended conservation purpose for 31 days each year. 
 
PCE #4 - Salinity for Rearing 
 
Summer and fall environmental quality, represented by PCE #4, has decreased overall in 
the Delta, but less so for the Sacramento River-San Joaquin River confluence.  The 
rivers’ confluence has, as a result, become increasingly important as a rearing location, as 
delta smelt’s range has been restricted to an increasingly small area (Feyrer et al. 2007; 
Nobriga et al. 2008).  This has increased the likelihood that juvenile and maturing adult 
delta smelt are exposed to chronic and cyclic environmental stressors, or localized 
catastrophic events.  The many changes imposed on the Delta have had the effect of 
concentrating the distribution of delta smelt to an area that is generally upstream of where 
they once were.  This upstream location of rearing habitat has reduced habitat quantity 
and quality, making larval and juvenile delta smelt more susceptible to marginal water 
temperatures, cyanobacterium blooms, and other habitat-related effects. 
 
Delta smelt cannot occupy much of the Delta anymore during the summer (Nobriga et al. 
2008).  Thus, there is the potential for mismatches between regions of high zooplankton 
abundance in the Delta and delta smelt distribution now that the overbite clam has 
decimated historical delta smelt prey in the LSZ. A minimum amount of suitable habitat 
during summer-autumn may interact with a suppressed pelagic food web to create a 
bottleneck for delta smelt (Bennett 2005; Feyrer et al. 2007; Bennett et al. 2008).  As 
discussed in the preceding section on Population Dynamics-Abundance Trends, there is 
evidence that factors affecting juvenile delta smelt during summer-autumn are strongly 
impairing delta smelt reproductive success.  The interaction of warm summer water 
temperatures, suppression of the food web supporting delta smelt, and spatially restricted 
suitable habitat during autumn all affect delta smelt health and ultimately survival and 
realized fecundity.  The preceding factors have contributed to the current condition of 
seasonally low outflow and the inability of PCE #4 to fulfill its intended conservation 
purpose in most years.  
 
Factors that Impair/Degrade the Function of PCE #4 
 

CVP and SWP  
 
Operations of the CVP and SWP pumping plants manipulate outflow and represent 
probably the single largest factor affecting the condition of this primary constituent 
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element.  The facilities entrain delta smelt and delta smelt food items.  While tides and 
climate affect flow into and within the Delta, the export facilities are the single most 
prominent factor in determining whether transport flows for migrating larvae, juveniles, 
and adults are sufficient to move fish out of the Central Delta before water temperatures 
reach lethal levels, are sufficient to maintain rearing habitat  at a more downstream 
position where smelt also are not at risk of entrainment from export facilities, and are 
sufficient to cue adults to migrate to upstream spawning habitat without being entrained 
at the export facilities.  Baseline operation of these facilities represents a downward trend 
in the ability of this primary constituent element to fulfill its intended conservation 
purpose with the possible exception of specific actions taken recently, the results of 
which, however, remain uncertain. 
 
Management of Article 21 water at the SWP has changed since 2000.  The result is more 
water exported than historically during the late fall and winter months when Article 21 
water normally is moved, and increasing SWP exports overall relative to historic 
conditions.  This additional pumping has contributed considerably to the downward trend 
in the ability of this primary constituent element to meet its intended conservation 
purpose. 
 
Operations of upstream reservoirs have reduced spring flows while releases of water for 
Delta water export and increased flood control storage and in some years may increase 
late summer and fall inflows.  Reservoir operations have played a significant role in 
modifying conditions in the Delta to the extent that this primary constituent element is 
unable to fulfill its intended conservation purpose in most years. 
 
  Environmental Water Account 
 
Implementation of the EWA provided brief export cutbacks in winter and spring, but also 
increased exports during early winter and summer, and it contributed to increased exports 
in summer and fall to levels that would not have occurred if EWA assets had not been 
purchased.  This may have negatively affected habitat suitability and prey availability for 
delta smelt (see Effects Section).  So while EWA was intended to moderate effects of 
CVP and SWP operations, its ability to do so measured over time was small (Brown et al. 
2008).  While EWA may have provided short-term transport opportunities in the early 
part of the year, it contributed to low outflows during other times of the year, which 
diminished the ability of this primary constituent element to fulfill its intended 
conservation purpose. 
 
Other Factors that May Influence the Condition of PCE #4 
 

Aquatic Macrophytes 
 

As stated in the preceding section on Other Stressors, research suggests that the nonnative 
South American aquatic plant Egeria densa has altered fish community dynamics in the 
Delta.  However, we are not aware of evidence that aquatic macrophytes such as Egeria, 
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affect flows.  Thus, this factor is considered to have no influence on the current condition 
of PCE #4 
 
  Nonnative Species 
 
A dramatic decline in primary production in the Estuary was documented following the 
introduction of the overbite clam into the lower Estuary in 1986 (Alpine and Cloern 
1992; Jassby et al 2002).   
 
In the Western Delta, the food web may be compromised by overgrazing by overbite 
clam that can suppress phytoplankton biomass, and the abundance of delta smelt’s prey 
(Kimmerer and Orsi 1996, Jassby et al 2002). The chronic low outflow conditions during 
summer and fall may increase the reproductive success and upstream range of overbite 
clam. 
 
  Climate Change 
 
There are currently no published analyses of how ongoing climate change has affected 
the current condition of any of the primary constituent elements of delta smelt critical 
habitat.  Climate change could have caused shifts in the timing of flows and water 
temperatures in the Delta which could lead to a change in the timing of migration of adult 
and juvenile delta smelt.   
 
 

Effects of the Proposed Action 
 
Introduction 
 
The Status of the Species/Environmental Baseline section of this document described the 
multitude of factors that affect delta smelt population dynamics including predation, 
contaminants, introduced species, entrainment, habitat suitability, food supply, aquatic 
macrophytes, and microcystis.  The extent to which these factors adversely affect delta 
smelt is related to hydrodynamic conditions in the Delta, which in turn are controlled to a 
large extent by CVP and SWP operations.  Other sources of water diversion (NBA, 
CCWD, local agricultural diversions, power plants) adversely affect delta smelt largely 
through entrainment (see following discussion), but when taken together do not control 
hydrodynamic conditions throughout the Delta to any degree that approaches the 
influence of the Banks and Jones export facilities.  So while many of the other stressors 
that have been identified as adversely affecting delta smelt were not caused by CVP and 
SWP operations, the likelihood and extent to which they adversely affect delta smelt is 
highly influenced by how the CVP/SWP are operated in the context of annual and 
seasonal hydrologic conditions.  While research indicates that there is no single primary 
driver of delta smelt population dynamics, hydrodynamic conditions driven or influenced 
by CVP/SWP operations in turn influence the dynamics of delta smelt interaction with 
these other stressors (Bennett and Moyle 1996).   
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The following analysis focuses on the subset of factors that is affected or controlled by 
CVP/SWP operations, and includes a discussion of other factors to the extent they 
modulate or otherwise affect the CVP/SWP-related factors affecting delta smelt.  
Although it is becoming increasingly clear that the long-term decline of delta smelt has 
been affected by ecosystem changes caused by non-indigenous species invasions and 
other non-CVP/SWP factors, the CVP and SWP have played an important direct role in 
that decline.  The CVP and SWP have also played an indirect role in the delta smelt’s 
decline by creating an altered environment in the Delta that has fostered the 
establishment of non-indigenous species and exacerbates these and other stressors that 
are adversely impacting delta smelt.  This analysis and others show that every day the 
system is in balanced conditions, the CVP and SWP are a primary driver of delta smelt 
abiotic and biotic habitat suitability, health, and mortality.  However, the Service is 
relying on the findings of Bennett and Moyle (1996) and Bennett (2005), and the 
consensus emerging from the POD investigation (Sommer et al. 2007, Baxter et al. 
2008), by assuming that delta smelt abundance trends have been driven by multiple 
factors, some of which are affected or controlled by CVP/SWP operations and others that 
are not.  The decline of delta smelt cannot be explained solely by the effects of 
CVP/SWP operations. 
 
This analysis of the effects of proposed CVP/SWP operations on delta smelt differs from 
the 2005 biological opinion in that it analyzes CVP/SWP-related effects in the context of 
a life-cycle model for delta smelt (Table E-1).  In the following discussion, the effects of 
proposed CVP/SWP operations on delta smelt are organized in a seasonal context from 
winter through fall over the course of the annual delta smelt life cycle.  Although all 
types of effects are covered, there is a specific focus on three major seasonally-occurring 
categories of effects: entrainment of delta smelt, habitat restriction, and entrainment of 
Pseudodiaptomus forbesi, the primary prey of delta smelt during summer-fall.   
 
The following analysis assumes that the proposed CVP/SWP operations affect delta smelt 
throughout the year either directly through entrainment or indirectly through influences 
on its food supply and habitat suitability.  During December-June, when delta smelt are 
commonly entrained at Banks and Jones, their habitat and co-occurring food supply also 
are being entrained, so CVP/SWP-related effects on habitat and food supply are only 
examined explicitly during July-December when delta smelt entrainment is rare.  Delta 
smelt entrainment is rare from about mid-July through mid-December each year mainly 
because environmental conditions in the San Joaquin River and its distributaries are not 
appropriate to support delta smelt.  The water is too warm and clear, so delta smelt 
actively avoid the Central and South Delta during summer and fall (Feyrer et al. 2007; 
Nobriga et al. 2008).   
 
Our analysis also assumes that any of these three major categories of effects described 
above will adversely affect delta smelt, either alone or in combinations.  This approach is 
also consistent with Rose (2000), who used several different individual-based models to 
show how multiple interacting stressors can result in fish population declines that would 
not be readily discernable using linear regression-based approaches.   
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Table E-1. The distribution of three categories of effects caused by proposed CVP/SWP 
operations over the life cycle of delta smelt. 
Season Delta smelt 

entrainment 
Pseudodiaptomus 

entrainment/retention
Habitat suitability 

Winter X (adults)a   
Spring X 

(larvae/juveniles)b 
  

Summer  Xc  
Fall   Xd 
a  Historical hydrodynamic data are DAYFLOW 1967-2007; OMR was measured 1993-
2007 and estimated using regression on DAYFLOW variables by Cathy Ruhl (USGS) for 
1967-1992; historical delta smelt salvage data are 1993-2007, the period when the data 
are considered most reliable. 
b  Historical hydrodynamic data are DAYFLOW 1967-2007 (except OMR as noted in the 
previous footnote); direct estimates of larval-juvenile entrainment are 1995-2005. 
(Kimmerer 2008); Entrainment was estimated statistically for 1967-1994 and 2006-2007 
c  Historical hydrodynamic data (DAYFLOW; except OMR 1988-1992, see footnote a) 
and Pseudodiaptomus density data (IEP monitoring) are 1988-2006 because 
Pseudodiaptomus was introduced in 1988. 
d  Historical hydrodynamic data are DAYFLOW 1967-2007. 
 

Data and Models used in the Analysis 
This analysis of the effects of proposed CVP and SWP operations on the delta smelt and 
its critical habitat uses a combination of available tools and data, including the CALSIM 
II model outputs provided in the appendices of Reclamation’s 2008 biological 
assessment, historical hydrologic data provided in the DAYFLOW database, statistical 
summaries derived from 936 unique 90-day particle tracking simulations published by 
Kimmerer and Nobriga (2008), and statistical summaries and derivative analyses of 
hydrodynamic and fisheries data published by Feyrer et al. (2007), Kimmerer (2008), and 
Grimaldo et al. (accepted manuscript). 
 
The biological assessment suggested using CALSIM II study 7.0 as the current baseline, 
and 6.1 as the historical baseline but the CALSIM monthly simulation model does not 
capture a precise Delta operation.  When Study 6.1 was modeled, changes were expected 
between Study 6.1 and Studies 7.0 and 7.1 but the results in the August 2008 biological 
assessment were nearly identical (which differed from the May 2008 biological 
assessment model outputs where there had been a difference between those study runs).  
On page 9-32 of the 2008 biological assessment there is discussion of the various studies, 
including study 6.1 taken from the text: “Study 6.1 – This study represents the previous 
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OCAP biological assessment 2004 assumptions also within the new CALSIM  II model 
framework.  Conditions for water demands, facilities, and water project-operational 
policy are duplicated, to the extent possible, to Study 3a, but this is simulated only 
through the CVPIA (b)(2) step.  This study is identical to Study 6.0 in the OCAP 
biological assessment May 2008 issue and is included to emulate pre-POD conditions.  
Study 6.1 is an imperfect representation of the pre-POD and supplemental analysis 
should be evaluated to compensate for this modeling limitation (discussed in Chapter 13: 
CVP and SWP Delta Effects). ”  The modeling done in the 2004 OCAP biological 
assessment is shown in Table E-2. 
 
Table E-2. Summary of assumptions in the 2004 OCAP CALSIM II runs. 

 

 
Level of 

Development 
Article 

21 
Refuge 

Deliveries 

Trinity 
Required 

Flows D1485 
Winter-

Run B.O. D1641 

CVPIA 
3406 
(b)(2) EWA 

Study A 
D1485 (1991) 

2001  Historical 
Level 2 

340,000 
af/yr 

X     

Study B 
D1485 w/ 
Refuge Firm 
Level 2 
(1992) 

Same as above  Firm Level 
2 

Same as 
above 

X     

Study C 
D1485 w/ 
Refuge Firm 
Level 2, and 
Winter Run 
B.O. (1993) 

Same as above  Same as 
above 

Same as 
above 

X X    

Study D 
D1641 (1994) 

Same as above  Same as 
above 

Same as 
above 

 X X   

Study 1 
D1641 w/ 
CVPIA 3406 
(b)(2) (1997) 

Same as above X Same as 
above 

Same as 
above 

 X X X  

Study 3 
Today 
CVPIA 3406 
(b)(2) with 
EWA (2004) 

Same as above X Same as 
above 

369,000-
453,000 

af/yr 

 X X X X 

 
A number of CALSIM II model updates and changes in assumptions have been revised 
from the 2004 biological assessment to the 2008 biological assessment.  A summary of 
these changes are provided the Table E-3.   
 
Table E-3.  Changes in CALSIM II model updates and assumptions from 2004 to 
2008. 
 

Major Model updates 
Area 2004 BA 2008 BA 

Hydrology  73 years (1922-1994) 82 years (1922-2003) 
San Joaquin River  Derived from older logic Water Quality and 

hydrology Updated 
Yuba   Timeseries from DWR’s 

HEC-5 external model 
Timeseries from updated, 
YCWA external model 
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Colusa Basin Colusa Basin within 
Hydrology 

Improved Hydrology and 
more explicit operation 

Sacramento River 
Hydrology 

No explicit rice 
decomposition, within 
hydrology 

Included Rice 
Decomposition water 

State Project Assumed variable Table A 
demand and some Article 
21 

Updated 3 pattern with 
Article 56 and more 
accurate Table A and 
Article 21 split 

ANN – Delta Salinity 
Estimate 

2004 version of ANN  Training of ANN improved 
between DSM2 by 
including tidal energy and 
now using DSM2 trained 
X2 

Level of Development Current 2001 & Future 
2020 

Current 2005 & Future 
2030 

Major Assumptions 2004 BA 2008 BA 
American River Demands 
 

Future demands based on 
Water Forum assumptions 

Future demands based on 
full contract amounts 

State Demands Future Table A 3.3-4.1 
MAF and Article 21 
demand 134 TAF/month 
(Dec-Mar) 

Future Full Table A (4.2 
MAF) and Article 21 
demand 314 TAF/month 
(Dec-Mar) 

EWA Future with Full EWA and 
different logic for assets, 
debts, and actions  

Future with Limited EWA 
with updated more explicit 
asset, debt, and action logic  

Refuge Firm Level 2 Recent Historic (existing), 
Firm Level 2 (future)  

San Joaquin River Fixed Annual demands Updated land based demand 
Trinity Note Flows 340 TAF in current 

or 369-453 TAF and 369-
815 in ROD for future 

Trinity current level is 369-
815 from the ROD 

  
The inaccuracies in CALSIM lead us to use actual data to develop an empirical baseline.  
We also developed historical time series data for hydrologic variables used in this effects 
analysis based on the DAYFLOW database (http://iep.water.ca.gov/dayflow/index.html) 
and OMR data obtained from USGS.  We calculated monthly or multiple month averages 
or medians based on these daily hydrology data sets.  The historical time series are 
intended to show where changes in water project operations have caused or contributed to 
changed Delta hydrology and to serve as an empirical baseline of SWP and CVP 
operations for comparison to proposed futures modeled using CALSIM II.  We used 
WYs 1967-2007 as the “historical” period for all hydrologic variables.  Note that OMR 
has only been measured empirically since 1987.  The OMR data for 1981-1986 were 
estimated by Ruhl et al. (2006).  The OMR flows for 1967-1980 were estimated using 
DAYFLOW variables with the following equation: (-600) – (0.0065*EAST) – 
(0.851*EXPORT) + (0.506*SJR).  The equation used by Ruhl et al. (2006) did not 
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include the “EAST” term accounting for flows from the Delta’s east side tributaries.  
Note however that the r2 between the Ruhl equation and the one including the “EAST” 
term is 0.99. 
 
The CALSIM II model is a mathematical simulation model developed for statewide water 
planning.  It has the ability to estimate water supply, streamflows, and Delta water export 
capability, keeping within “rules” such as water quality standards that limit model 
outputs to plausibly achievable system operations.  CALSIM II is DWR’s and 
Reclamation’s official SWP and CVP planning tool.  The CALSIM II model is applied to 
the SWP, the CVP, and the Sacramento and San Joaquin Delta. The model is used to 
evaluate the performance of the CVP and SWP systems for: existing or future levels of 
land development, potential future facilities, and current or alternative operational 
policies and regulatory environments.  Key model output includes reservoir storage 
levels, instream river flow, water delivery, Delta exports and conditions, biological 
indicators such as X2, and operational and regulatory metrics. 
 
CALSIM II simulates 82 years of hydrology for the Central Valley region spanning WYs 
1922-2003. The model employs an optimization algorithm to find ways to move water 
through the SWP and CVP in order to meet assumed water demands on a monthly time 
step. The movement of water in the system is governed by an internal weighting structure 
that ensures regulatory and operational priorities are met. The Delta is also represented in 
CALSIM II by DWR’s Artificial Neural Network (ANN), which simulates flow and 
salinity relationships. Delta flow and electrical conductivity are output for key regulatory 
locations. Details of the level of land development (demands) and hydrology are 
discussed in Appendix D of the biological assessment (Reclamation 2008), as are details 
of how the model simulates flexible operations like (b)(2) and EWA allocations.  Most of 
the model data used in this analysis were direct output from CALSIM II simulations for 
the biological assessment.  However, certain Delta flow indicators, most notably OMR 
flows, were estimated by inputting CALSIM II outputs into the DSM-2 HYDRO model, 
which can predict OMR based on the hydrologic data output by CALSIM II. 
 
This effects analysis analyzes outputs from the following subset of studies presented in 
the biological assessment: 7.0, 7.1, 8.0, and 9.0-9.5.   
 
Study 7.0 was the model run that Reclamation and DWR thought best represented current 
operations, and was thus intended as a “current baseline.”  However, due to limitations of 
CALSIM II to accurately model actual operations, we also used the 1967-2007 
DAYFLOW summaries described above to compare against CALSIM II outputs.  Study 
7.0 modeled represents a 2005 level of development with (b)(2) allocations and a full 
EWA.  The full EWA was represented in the CALSIM II framework as up to 50,000 
acre-feet of water export reductions during December-February, the VAMP pulse flow, 
and export reductions following VAMP (mid-May into June) when CALSIM II predicted 
the EWA had surplus water (i.e., collateral exceeded debt).   
 
Study 7.1 also represents a 2005 level of development with (b)(2) allocations, but with a 
limited EWA, which as described in the Project Description above consists mainly of 
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water provided under the Yuba Accord.  In the limited EWA, there were no export 
reductions in February and June, but export reductions were possible during December to 
January and late May.  The VAMP pulse flow was modeled in the same way as in the full 
EWA.   
 
Study 8.0 estimates SWP and CVP operations with a 2030 level of development, (b)(2) 
allocations and the limited EWA.  Note that the 2030 level asked CALSIM II to try to 
provide 100 percent of the CVP’s contract demand and 100 percent of the SWP’s Table 
A contract demand, in all WY types but deliveries are shorted based on hydrology.   
 
Study 9.0 represents a future condition to serve as a basis of comparison of the effects of 
climate change to sea level rise for the sensitivity evaluation.  Neither (b)(2) actions or 
EWA were added to these steps.   
 
Study 9.1 represents a future scenario in which sea level is assumed to be one foot higher 
than present, resulting in a four-inch higher tidal elevation at Martinez, California.   
 
Studies 9.2-9.5 represent ‘bookends’ of climate change scenarios with the 2030 level of 
development.  These bookends cannot be summarized simply except in qualitative terms.  
The bookends represent 10th and 90th percentiles of predicted changes in precipitation and 
temperature for the period 2010 to 2030 relative to 1971 to 2000 conditions.  Generally, 
climate change models outputs indicate that the Central Valley will be warmer in the 
future, but are indeterminate as to whether precipitation will increase or decrease (e.g., 
Dettinger 2005).  Thus, the climate change bookends include drier and wetter 
possibilities, but do not include cooler futures relative to current conditions.  Thus, the 
temperature bookends can be called ‘less warming’ and ‘more warming’ or ‘warmer’ and 
‘warmer still’.  Study 9.2 is a wetter and warmer simulation, 9.3 is a wetter and warmer 
still simulation, 9.4 is a drier and warmer simulation, and 9.5 is a drier and warmer still 
simulation.  These climate change scenarios were not intended to be directly compared to 
studies 7.0-8.0.  However, for simplicity all model output summaries were plotted 
together. 
 
Study 9.5 represents the “worst-case scenario” among all simulations presented in the 
biological assessment because drier conditions are expected to result in more frequent 
conflicts over limited water resources.  Further, springtime water temperatures influence 
the length of the spawning season for delta smelt (Bennett 2005) and summertime water 
temperature conditions already can be marginal for delta smelt (e.g., Nobriga et al. 2008).  
For those reasons, all warmer future scenarios are expected to further stress delta smelt, 
but the warmer still scenarios have the highest potential for detrimental effects.   
 

Effects Analysis Methods 
The effects analyses range from qualitative descriptions and conceptual models of project 
effects to quantitative analyses.  The effects of Banks and Jones pumping on adult delta 
smelt entrainment, larval-juvenile delta smelt entrainment, and fall habitat suitability and 
its predicted effect on the summer townet survey abundance index are quantitatively 
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analyzed.  The remainder of proposed action elements and effects are not analyzed 
quantitatively because data are not available to do so or it is the opinion of the FWS that 
they have minor effects on delta smelt.  For maximum clarity, analytical details are 
provided in the relevant sections. 
 

Migrating and Spawning Adults (~ December 
through March) 

Water Diversions and Reservoir Operations 

 

Upstream Reservoirs and Diversions 
 
The following CVP/SWP project elements are included in the modeling results and are 
not specifically discussed in this analysis, rather the effects of these project elements are 
included in the “Adult Entrainment Effects” and the “Habitat Suitability Effects” sections 
below: Trinity River Operations, Whiskeytown Operations, Clear Creek Operations, 
Shasta Lake and Keswick Dam Operations, Red Bluff Diversion Dam Operations, 
Oroville Dam and Feather River Operations, Folsom and Nimbus Dam Operations, New 
Melones Reservoir Operations, and Freeport Diversion Operations.  
 
Banks and Jones Pumping Plants 
 
  Entrainment  
 
The entrainment of delta smelt into the Banks and Jones pumping plants is a direct effect 
of SWP and CVP operations.  See Brown et al. (1996) for a description of fish salvage 
operations.  Total entrainment is calculated based upon estimates of the number of fish 
salvaged (Kimmerer 2008).  However, these estimates are indices - most entrained fish 
are not observed (Table E-4), so most of the fish are not salvaged and therefore do not 
survive.  Many, if not most, of the entrained delta smelt likely die due (Bennett 2005).  
Recent studies also indicate that delta smelt predation and mortality across CCF may be 
high (Castillo et al. 2008).  Additional studies will further explore this issue.  The effects 
of NBA and CCWD operations on delta smelt are presented separately below. 
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Table E-4. Factors affecting delta smelt entrainment and salvage. 
 Adults Larvae < 20 mm Larvae > 20 mm 

and juveniles 
Predation prior to 
encountering fish 
salvage facilities 

unquantified unquantified unquantified 

Louver efficiency 
(based on Kimmerer 
2008) 

Limited data 
indicate an 
efficiency of about 
13 percent for the 
CVP facility; no 
equivalent data are 
available for the 
SWP facility 

~ 0 percent Likely < 13 percent 
at any size; << 13 
percent at less than 
30 mm 

Collection screens 
efficiency  

~ 100 percent ~ 0 percent < 100 percent until 
at least 30 mm 

Identification 
protocols 

Identified from 
subsamples, then 
expanded in salvage 
estimates 

Not identified Identified from 
subsamples, then 
expanded in salvage 
estimates 

Fish survival after 
Handling, trucking 
and release back 
into the Delta 

Study in progress 0 percent Study in progress 

 
The population-level effects of delta smelt entrainment vary; delta smelt entrainment can 
best be characterized as a sporadically significant influence on population dynamics.  
Kimmerer (2008) estimated that annual entrainment of the delta smelt population (adults 
and their progeny combined) ranged from approximately 10 percent to 60 percent per 
year from 2002-2006.  Major population declines during the early 1980s (Moyle et al. 
1992) and during the recent POD years (Sommer et al. 2007) were both associated with 
hydrodynamic conditions that greatly increased delta smelt entrainment losses as indexed 
by numbers of fish salvaged.  However, currently published analyses of long-term 
associations between delta smelt salvage and subsequent abundance do not support the 
hypothesis that entrainment is driving population dynamics year in and year out (Bennett 
2005; Manly and Chotkowski 2006; Kimmerer 2008). 
 

Adult Entrainment 
 
Adult delta smelt have been salvaged at Banks and Jones as early in the WY as 
November and as late as June, but most of the recent historical salvage has occurred 
between mid-December and March (www.delta.dfg.ca.gov).  Delta smelt salvage usually 
occurs in a prolonged event that has one major peak.  This is evidence that the maturing 
population makes a spawning migration into the Delta.  The migration is cued by pulses 
of freshwater flow into the estuary, otherwise known as “first flush” events (Grimaldo et 
al. accepted manuscript).  The physiological mechanism that cues migration is unknown 
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but salvage of adults typically begins when turbidities elevate over 12 NTU (Clifton 
Court Forebay Station) and total Delta inflow generally increases to over 25,000 cfs.  
During extreme flow events (total inflow > 100,000 cfs), delta smelt spawn downstream 
of the Delta and in critically dry years they often spawn in the North Delta. 
 
Annual winter salvage is best explained by OMR flow, whereby salvage increases with 
reverse OMR flow (Figure E-1). Kimmerer (2008) calculated that entrainment losses of 
adult delta smelt in the winter removed 1 to 50 percent of the estimated population and 
were proportional to OMR flow, though the high entrainment case might overstate actual 
entrainment.  Given there are demonstrated relationships between smelt entrainment and 
salvage with OMR flows (Kimmerer 2008; Grimaldo et al. accepted manuscript), this 
effects analysis evaluates the proposed action operations by comparing the long-term 
trends in OMR flows to OMR flows in the CALSIM II modeling presented in the 
biological assessment.  For both approaches, predictions of salvage and total entrainment 
losses were made using OMR flow since it was the best explanatory variable of each.  
The effects of proposed operations were determined by comparing actual salvage and 
entrainment losses with predictions of these parameters under modeled OMR flows. As 
was done in the biological assessment (Reclamation 2008, Chapter 13), we have not 
attempted to separate the effects of SWP and CVP.  The hydrodynamic effects of 
pumping that cause reverse OMR flow result from the combined action of both facilities.  
 
The salvage and adult effects analysis was determined for each December to March 
period (i.e., winter period).  We defined the December to March period to be consistent 
with recent analyses (Kimmerer 2008, Grimaldo et al. accepted manuscript) as this is the 
period when the majority of adults migrate upstream to spawn And therefore vulnerable 
to export operations.  We compared salvage and population losses over the full winter 
period and not on a month-by-month basis to account for the cumulative effects of the 
proposed operations on the adult life stage of delta smelt.  
 

OMR Flows  
 
Overall, there has been a downward trend in average winter OMR flows in these years 
(Figure E-2a).  In contrast, winter total inflows have remained constant (Figure E-2b). 
The increase in negative OMR flow is mostly driven by a steady increase in winter 
exports over the last four decades (Figure E-2c).  The modeling results show OMR flows 
much more negative than historic years for all WY types except for critical dry years 
(Figure E-3). 

 

Salvage and Entrainment Loss Predictions 
 
Salvage loss estimates were derived from the linear model from Grimaldo et al. (accepted 
manuscript).  In that paper, the authors identified that OMR flow was the best 
explanatory variable of salvage between 1993 and 2005.  The equation from this 
relationship (salvage = 3757 – 0.4657*OMR flow; adjusted R2 = 0.31) was used to 
generate salvage for the proposed action operations by WY type (Table E-5b).  Predicted 
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salvage numbers are not reported since it is unknown how the population size will vary in 
future years.  Instead, the predicted percentage increase or decrease in salvage are 
reported as a more meaningful method to assess effects of proposed operations on 
salvage given an OMR value.  

 
To quantitatively predict population losses of delta smelt, a suite of hydrodynamic 
variables were explored with adult entrainment loss estimates from Kimmerer (2008; 
Kimmerer (2008) calculated adult entrainment losses (Dec-Mar) using Kodiak trawl data 
for 2002-2005 and FMWT (November-December) for 1995-2005.  For this analysis, the 
adult entrainment estimates from the FMWT estimates were used since they encompass a 
longer period by which to explore meaningful relationships.  The model that explained 
adult entrainment losses (Dec-Mar) was the following: adult entrainment loss = 6.243 – 
0.000957*OMR Flow (Dec-Mar). The adjusted R2 for this model was 0.36.  For 
comparative analyses, predictions of population losses from 1967-1994 were generated 
from this equation, (Figure E-4) whereby loss estimates from 1995-2006 were taken from 
Kimmerer (2008).  Note much of the variability in both the salvage and population loss 
model is left unexplained but the predictions in the models do follow the trend that 
salvage and population losses increase as OMR flows decrease.  In part, the variation is 
not captured because adult salvage and entrainment is not solely explained by OMR 
flows. Entrainment is also related to the number of adults that migrate into the vicinity of 
Banks and Jones.  Although WY type may sometimes affect the spawning distribution 
(Sweetnam 1999), there is wide, apparently random variation in the use of the Central 
and South Delta by spawning delta smelt.  For example, there are years when a greater 
proportion of the smelt population moves into the vicinity of the export facilities, which 
may lead to larger salvage and population loss.  Leaving aside differences due to 
spawning migration variability, the approach used here provides expected salvage and 
entrainment losses given an OMR flow.  The percent differences between historic winter 
salvage and predicted winter salvage from modeled studies were examined for each WY.   

 

Predicted Salvage and Entrainment 
 
The median OMR flows from the CALSIM II modeled scenarios were more negative 
than historic OMR flow for all WY types except critically dry years (Figure E-3; see 
Table E-5b for all differences).  Overall, proposed OMR flows are likely to generate 
increases in population losses compared to historic years (Figure E-5 and Figure E-6). 
For example, the frequency of years when population losses are less than 10 percent from 
most modeled studies (except studies 7.0 and 8.0) is less than 24 percent compared to 
historic estimates that only exceed 10 percent in approximately half of the years.  
 
The most pronounced differences occur during wet years, where median OMR flows are 
projected to be approximately 400 to 600 percent (-7100 to -3678 cfs)  higher than 
historical wet years (-1032 cfs).  Generally, wet years are marked by low salvage and 
population losses.  However, the proposed operations during wet year are predicted to 
cause up to a 65 percent increase in smelt salvage and lower probability that population 
losses will be below 10 percent.  
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The proposed operation conditions likely to have the greatest impact on delta smelt are 
those modeled during above normal WYs.  The modeled OMR flows for the above 
normal WYs ranged between -8155 and -6242 cfs, a 33 to 57 percent decrease from the 
historic median of -5178 cfs.  Though the predicted salvage would only be about 15-20  
percent higher than historic salvage during these years (Table E-5c), the modeled OMR 
flows in these years would increase population losses compared to historic years.  
 
In below normal and dry WYs, proposed OMR flows are also modeled to decrease from 
historic medians. Predicted salvage levels are likely to increase between 2 and 44  
percent. More importantly, the modeled median flows from all studies in these WY types 
range between -5747 and -7438 cfs.  Modeled OMR flows at these levels are predicted to 
increase salvage and increase the population losses from historic levels as well.  
 
During critically dry years, the median OMR flows for studies 7.0, 7.1, 8.0, 9.1, 9.4, and 
9.5 are less than -5,000 cfs. These studies have predicted salvage lower than historic 
salvage and are not likely to generate larger population losses compared to historic years.  
The models might overestimate salvage during critical dry years when smelt are unlikely 
to migrate towards the Central Delta due to lack of turbidity or first flush.  Thus, the 
effects of critical dry operations on delta smelt take are probably small and lower than 
estimated.   
 
In summary, adult entrainment is likely to be higher than it has been in the past under 
most operating scenarios, resulting in lower potential production of early life history 
stages in the spring in some years.  While the largest predicted effects occur in Wet and 
Above Normal WYs, there are also likely adverse effects in Below Normal and Dry 
WYs.  Only Critically Dry WYs are generally predicted to have lower entrainment than 
what has occurred in the recent past.   
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Table E-5a. Historic and CALSIM II modeled median winter (Dec-Mar) OMR flows by water year type        
                      
Water year type Historic  7 7.1 8 9 9.1 9.2 9.3 9.4 9.5 

Wet -1033 -5256 -5498 -5699 -5684 -5500 -3999 -3678 -7066 -6100 
Above Normal -5178 -7209 -7923 -8073 -8156 -7595 -6863 -6934 -7861 -7723 
Below Normal -2405 -6461 -7208 -7009 -6599 -6420 -5647 -6736 -6721 -6343 

Dry -5509 -6443 -6931 -6692 -6620 -6353 -6831 -7438 -5785 -5760 
Critical -5037 -4547 -4931 -4980 -5051 -4588 -5320 -5194 -4260 -3845 

                      
Table E-5b. Winter OMR Flow percent difference from historic median value to CALSIM II model median value     
                      
Water year type 7 7.1 8 9 9.1 9.2 9.3 9.4 9.5   

Wet 408.92% 432.37% 451.84% 450.36% 432.50% 287.16% 256.13% 584.15% 490.63%   
Above Normal 39.21% 53.01% 55.90% 57.49% 46.67% 32.53% 33.91% 51.80% 49.13%   
Below Normal 168.62% 199.68% 191.41% 174.35% 166.90% 134.75% 180.05% 179.42% 163.72%   

Dry 16.95% 25.81% 21.48% 20.17% 15.32% 24.01% 35.02% 5.01% 4.57%   
Critical -9.74% -2.12% -1.14% 0.27% -8.92% 5.61% 3.11% -15.44% -23.68%   

                      
                      

Table E-5c. Percent difference from historic median salvage to predicted salvage based on Dec-Mar OMR flows from CALSIM II 
studies   
                      

Water year type Study 7 Study 7.1 Study 8 Study 9 Study 9.1 Study 9.2 Study 9.3 Study 9.4 Study 9.5   
Wet 45.64% 48.26% 50.43% 50.26% 48.27% 32.05% 28.59% 65.20% 54.76%   

Above Normal 15.15% 20.49% 21.60% 22.22% 18.04% 12.57% 13.10% 20.02% 18.99%   
Below Normal 38.17% 45.20% 43.33% 39.46% 37.78% 30.50% 40.76% 40.61% 37.06%   

Dry 6.80% 10.36% 8.62% 8.09% 6.15% 9.63% 14.05% 2.01% 1.83%   
Critical -3.70% -0.81% -0.43% 0.10% -3.39% 2.13% 1.18% -5.87% -9.00%   
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Article 21 
 
The analysis of Banks Article 21 pumping is qualitative because the CALSIM II 
modeling, as shown in the biological assessment, does not simulate two major South of 
the Delta storage facilities, the Kern Water Bank and Diamond Valley Lake.  Both of 
these facilities have been used to store water moved under Article 21.  As such, the full 
effects of Article 21 pumping is underestimated by the modeling.  The modeling 
assumptions assume that Article 21 water demand would be 314 TAF for each month 
December through March and up to 214 TAF per month in all other months.  As shown 
in Figure P-17 and Table P-12, there has been an increase in SWP pumping 
corresponding to an increase of the use of Article 21.  This increased pumping at the 
SWP from the year 2000 to present corresponds to the recent declines in the delta smelt 
population, currently being studied by the IEP.  This pumping is included in the exports 
at Banks, so Article 21 effects to delta smelt are included in the adult entrainment, larval-
juvenile entrainment, and fall habitat effects sections.  However, as described above, the 
modeling underestimates these effects and the amounts of water that would be moved to 
south of Delta storage facilities.  The previous section showed that the proposed action 
would result in increased adult entrainment during winter.  As shown below, Article 21 
pumping in the fall contributes to habitat degradation and Article 21 pumping in the 
spring (if it occurred) would contribute to higher larval-juvenile entrainment than what 
occurred from 1995-2007. 
 
The export of Article 21 appears to be one of the factors that increase entrainment in the 
months of December through March, demonstrated by the large increases of pumping at 
Banks.  The highest amounts of Article 21 water are pumped in the months when adult 
delta smelt entrainment is also highest.   
 
The Service is concerned with the WY type in which Article 21 water is pumped.  In the 
2004 OCAP biological assessment and the Service’s 2005 biological opinion, Article 21 
pumping was only assumed to occur during wet and above normal WYs.  In the modeling 
for the 2004 biological assessment, Article 21 was assumed to be 50 TAF/month for 
MWDSC in December through March and up to 84 TAF/month for other water users for 
a total of 134 TAF/month from December through March.  The 2005 biological opinion 
stated this would be an infrequent occurrence.  However, from 2004 to 2007, Article 21 
has been used in more than in the wet years.  In 2004, a below normal WY when Article 
21 should not have been pumped according to the 2005 biological opinion, 209 TAF 
(which was higher than the maximum assumed amount of 134 TAF) of Article 21 was 
pumped in March.  The maximum assumed Article 21 pumping from the biological 
opinion was also exceeded in 2005 (167 TAF in February, 219 TAF in March and 147 
TAF in April) and 2006 (260 TAF in February and 184 TAF in March).   
 
The effects of pumping of Article 21 water to adult delta smelt would be most severe 
during below normal and dry years.  Even though Article 21 may not be called often in 
these water types, San Luis Reservoir can be filled in dryer years (for example if the 
preceding year was wet).  It is during these types of years that the increased pumping 
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associated with Article 21 would have the most detrimental effects to delta smelt and 
significant adult entrainment may occur.   
 

DMC-CA Intertie 
 
As described in the Project Description, the DMC-CA Intertie would provide operational 
flexibility between the DMC and the CA.  CALSIM II-modeling results show that the 
Jones pumping plant capacity increases from 4,200 cfs in Study 7.0 to 4,600 cfs in Study 
8.0.  While the specific effects of the intertie on delta smelt cannot be analytically 
distinguished, the increased capacity of the Jones pumping plant is included in the adult 
entrainment effects discussion above and can result in higher entrainment of adult, larval 
and juvenile delta smelt at Jones.  In addition, increased pumping at Jones can have 
indirect effects to delta smelt by entraining their food source and reducing their available 
habitat, as discussed below in the habitat suitability section.     
 

NBA Diversion 
 
North Bay Aqueduct diversions have had no clear trend in most months since 2000 
(Source: Dayflow), though annualized average NBA pumping was higher (83 cfs) in WY 
2007 than in any previous year.  Seasonal pumping rates during 2005-2007 were 109 cfs 
in Summer (Jun-Aug), 94 in Fall (Sep-Nov), 39 in Winter (Dec-Feb), and 36 in Spring 
(Mar-May).  These recent historical numbers are substantially below values produced by 
CALSIMII Study 7.0 in the Winter and Spring months.  For example, the 2005-2007 
December pumping rate of 52 cfs is 44 percent of the Study 7.0 December pumping rate 
(116 cfs); the historical April pumping rate during the same period was 31 cfs, or 23 
percent of the Study 7.0 rate of 133 cfs.  Because some of these differences are large, the 
actual historical values are discussed in each seasonal subsection below. 
 
Modeled North Bay Aqueduct diversions are highest during the winter months. The 
diversion rate for study 8 in December (142 cfs) was higher than diversion rate for 
studies 7.0 (116 cfs).  The actual average December through February pumping in 2005-
2007 was 39 cfs.  The SCWA hydrodynamic modeling of NBA diversions indicates that 
the majority of water diverted under historical pumping rates originates from Campbell 
Lake and Calhoun Cut during the winter. As previously mentioned, delta smelt migrate 
up into the Delta during the winter months. Modeled diversion rates in Studies 7.0 and 
8.0 for the winter months may create hydrodynamic conditions that entrain substantial 
numbers of delta smelt into Barker Slough if delta smelt are present in that region.  
 
In some years, delta smelt will begin spawning in February when temperatures reach 
about 12 oC (Bennett 2005). In some years, delta smelt larvae may be entrained at the 
NBA diversions. However since the majority of water diverted originates from Campbell 
Lake during the winter under historical pumping conditions, these effects were likely 
minimal. During years when the Yolo Bypass floods, the entrainment risk of larvae into 
the NBA was also probably extremely localized under historical pumping conditions 
because of a hydrodynamic “plug” that forms between Barker and Lindsay sloughs with 



 

 217

Cache Slough. When this happens, hydrodynamic mixing between Cache Slough and 
Lindsay/Barker sloughs decreases, causing spikes in turbidity and organic carbon in 
Barker and Lindsay Sloughs (DWR, North Bay Aqueduct Water Quality Report). 
Entrainment vulnerability would be greatest during dry years when the NBA diversions 
entrain a large portion of water from Barker and Lindsay Sloughs and are often years 
when delta smelt will spawn in the North Delta (Sweetnam 1999).  This vulnerability 
could be higher under pumping rates associated with Studies 7.0 and 8.0.  The fish screen 
at the NBA diversion was designed to exclude delta smelt larger than 25 mm.  However, 
a study of a fish screen in Horseshoe Bend built to delta smelt standards excluded 99.7 
percent of fish from entrainment even though most of these were only 15-25 mm long 
(Nobriga et al. 2004).  On that basis, the fish screen at NBA may protect many, if not 
most, of the delta smelt larvae that do hatch and rear in Barker Slough. 
 
CCWD Diversions 
 
As described in the Project Description, CCWD diverts water from three different intakes 
in the Delta.  All CCWD facilities are subject to no-fill and no-diversion periods to 
protect delta smelt from entrainment.  With implementation of proposed CVP/SWP 
operations, water demands of the CCWD are anticipated to increase from 135 TAF/year 
in study 7.0 to 195 TAF/year in study 8.0.   

 

  Old River intake 
CCWD currently diverts water using the Old River intake for its supplies directly from 
the Delta.  In addition, when salinity is low enough, Los Vaqueros Reservoir is filled at a 
rate of up to 200 cfs from the Old River Intake.  However, since this facility is fully 
screened to meet delta smelt fish screening criteria, adult entrainment is not a concern.  
Diversion from this facility may affect OMR flows.   
 

  Rock Slough 
The Rock Slough Intake is presently unscreened.  As described in the Project 
Description, Reclamation is required to screen this diversion and is seeking an extension 
for the completion of the fish screen. 
 
Catches of delta smelt at the Rock Slough diversion are low based on sampling conducted 
using a sieve net three times per week from January through June and twice per week 
from July through December and using a plankton net at the headworks structure twice 
per week during times when larval delta smelt could be present in the area (generally 
March through June).  The numbers of delta smelt entrained by the facility since 1998 
have been extremely low based on this monitoring, with only a single fish taken in 
February 2005.  Most water diversions at the Rock Slough intake now occur during the 
summer months, so adult delta smelt entrainment is not likely to be high.  In addition, 
Rock Slough is a dead-end slough with poor habitat for delta smelt, so the numbers of 
delta smelt using Rock Slough are usually low.   
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  Alternative Intake 
Total entrainment at CCWD’s facilities is likely to be reduced when the CCWD’s 
Alternative Intake Project is completed.  This diversion is going to be screened according 
to delta smelt fish screening criteria and will likely reduce diversions from the 
unscreened Rock Slough diversion.  Because the Alternative Intake diversion is fully 
screened, adult delta smelt entrainment is not likely to be high.  Diversion from this 
facility may affect OMR flows.   
 

Suisun Marsh Salinity Control Gates 
 
The SMSCG are generally operated, as needed, from September through May to meet 
State salinity standards in the marsh.  The number of days the SMSCG are operated in 
any given year varies.  Historically, the SMSCG were operated 60-120 days between 
October and May (for the period 1988-2004).  With an increased understanding of the 
effectiveness of the SMSCG in lowering salinity in Montezuma Slough, salinity 
standards have been met with less frequent gate operations.  In 2006 and 2007, the gates 
were operated periodically between 10-20 days annually.  It is expected that this level of 
operational frequency (10-20 days per year) will continue in the future. 
 
It is possible for delta smelt and other fishes to be entrained behind the SMSCG in 
Montezuma Slough and Suisun Marsh when the SMSCG is closed.  Fish may enter 
Montezuma Slough from the Sacramento River when the gates are open to draw 
freshwater into the marsh and then may not be able to move back out when the gates are 
closed.  It is not known whether this harms delta smelt in any way, but they could be 
exposed to predators hovering around the SMSCG or they could have an increased risk of 
exposure to water diversions in the marsh (Culberson et al. 2004).  It is possible that if 
delta smelt are indeed entrained into Montezuma Slough and Suisun Marsh that they may 
be more vulnerable to water diversion such as DWR’s MIDS.  Entrainment into MIDS 
from the Sacramento River may be unlikely based on particle tracking studies that have 
demonstrated low entrainment vulnerability for particles released at random locations 
throughout Suisun Marsh (3.7 percent), and almost no vulnerability (<0.1 percent) to 
particles released at Rio Vista (Culberson et al. 2004).  Moreover, fish entrainment 
monitoring at MIDS showed very low entrainment of delta smelt (one larva in 2.3 million 
m3 of water sampled over a two-year period) because salinity in Suisun Slough was 
usually too high for delta smelt when the MIDS diversion needed to operate (Enos et al. 
2007).  The degree to which movement of delta smelt around the LSZ is constrained by 
opening and closing the SMSCG is also unknown.   
 
Indirectly, operations of the SMSCG may influence delta smelt habitat suitability and 
entrainment vulnerability.  When the SMSCG are opened, the draw of freshwater into the 
marsh effectively moves the Suisun Bay salinity field upstream.  In some years, the 
salinity field indexed by X2 may be shifted as far as 3 km upstream.  Thus, depending on 
the tidal conditions during and after gate operations, X2 may be transported upstream 
nominally about 20 days per year.  The consequence of this shift decreases the extent of 
delta smelt habitat and moves the distribution of delta smelt upstream (Feyrer et al. 2007; 
see delta smelt habitat effects section below for further discussion).  Because juvenile 
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delta smelt production decreases when X2 moves upstream during the fall (Feyrer et al. 
2007), any attributable shift in X2 between September to November (December during 
low outflow years) caused by operation of the SMSCG can be a concern. However, a 3-
km shift in X2 happening 20 days per year is far less significant than the 10-20 km shifts 
that have occurred for up to 120 or more days per year during late summer through early 
winter due to South Delta diversions (see habitat effects section below). 
 
During January through March, most delta smelt move into spawning areas in the Delta.  
Grimaldo et al (accepted manuscript) found that prior to spawning entrainment 
vulnerability of adult delta smelt increased at the SWP and CVP when X2 was upstream 
of 80 km.  Thus, any upstream shift in X2 from SMSCG operations may influence 
entrainment of delta smelt at the CVP and SWP, especially during years of low outflow 
or periods of high CVP/SWP exports.  However, between January and June the SWP and 
CVP operate to meet the X2 standards in SWRCB D-1641, thus the effects of the 
SMSCG on X2 during this period are negligible.  Therefore, SMSCG operations from 
January to May are not likely to affect delta smelt entrainment vulnerability.  In addition, 
because delta smelt move upstream between December and March, operations of the 
SMSCG are unlikely to adversely affect delta smelt habitat suitability during this period.   
 

Larval and Juvenile Delta Smelt (~ March-June) 
Water Diversions and Reservoir Operations 

Banks and Jones 
 
As stated previously, larval and juvenile delta smelt are free-swimming and pelagic; they 
do not associate strongly with structure or shorelines.  Delta smelt use a variety of 
swimming behaviors to maintain position within suitable habitats – even in regions of 
strong tidal currents and net seaward flows (Bennett et al. 2002).  Since the water 
exported during spring and early summer (mainly March-June) from the Central and 
South Delta is suitable habitat, young delta smelt do not have a cue to abandon areas 
where water is flowing toward Banks and Jones.  Combinations of Delta inflows and 
export flows or variables like Delta outflow and OMR are good predictors of larval and 
young juvenile delta smelt entrainment (Kimmerer 2008).  This effects analysis evaluates 
the proposed action operations by exploring long-term trends in Delta outflow, or X2, 
and OMR flows during March-June and comparing these to hydrodynamic conditions 
expected based on CALSIM II modeling presented in the biological assessment.  The 
analysis uses the larval-juvenile entrainment estimates provided by Kimmerer (2008) and 
flow and export projections from the biological assessment to estimate the annual 
percentages of the larval/juvenile delta smelt population expected to be entrained. 
 
This section examines the effects of entrainment on larval and juvenile delta smelt during 
the months of March-June.  The analysis is based on comparison of historical (1967-
2007) OMR and X2 to the proposed action’s predictions of these variables provided in 
the biological assessment for studies 7.0, 7.1, 8.0, and 9.0-9.5.  The hydrologic data are 
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examined in light of recent estimates of larval/juvenile delta smelt entrainment 
(Kimmerer 2008) that are reproduced well by Delta outflow (or X2) and OMR (Figure E-
7).  All analyses examine two sets of spring months; March-June, which encompasses 
most of the spawning season and April-May, which encompasses the empirical hatch 
dates of most fish surviving to the fall in recent years (Hobbs and Bennett, 2008).  The 
reason for using two spring averaging periods was to demonstrate that the conclusions are 
robust with regard to choice of averaging period; the predicted entrainment is very 
similar. 
 
Kimmerer (2008) proposed a method for estimating the percentage of the larval-juvenile 
delta smelt population entrained at Banks and Jones each year.  These estimates were 
based on a combination of larval distribution data from the 20-mm survey, estimates of 
net efficiency in this survey, estimates of larval mortality rates, estimates of spawn 
timing, particle tracking simulations from DWR’s DSM-2 particle tracking model, and 
estimates of Banks and Jones salvage efficiency for larvae of various sizes.  Kimmerer 
estimated larval-juvenile entrainment for 1995-2005.  We used Kimmerer’s entrainment 
estimates to develop multiple regression models to predict the proportion of the larval-
juvenile delta smelt population entrained based on a combination of X2 and OMR.  Using 
Kimmerer’s method, larval-juvenile is predicted to be 0 during periods of very high 
outflow.  For instance, Kimmerer predicted entrainment loss was 0 percent in 1995 and 
1998.  For simplicity, we estimated the relationship between X2, OMR, and larval-
juvenile entrainment without 1995 and 1998 in the model because the relationship 
between these variables is linear when only years that had entrainment higher than 0 were 
modeled.  As mentioned above, we developed two separate models, one for the March-
June averaging period and one for the April-May averaging period. The reason for using 
two spring averaging periods was to demonstrate that the conclusions are robust with 
regard to choice of averaging period; the predicted entrainment is very similar.  The 
equations are: March-June percent entrainment = (0.00933*March-June X2) - 
(0.0000207*March-June OMR) – 0.556 and April-May  percent entrainment = 
(0.00839*April-May X2) - (0.000029*April-May OMR) – 0.487.  The adjusted R2 on 
these equations are 0.90 and 0.87, respectively.  These equations were used to predict 
historical springtime entrainment (1967-1994 and 2006-2007).  We also used the above-
mentioned regression equations to predict larval-juvenile entrainment based on the 
hydrologic predictions provided in the biological assessment.  We used these estimates to 
compare historical entrainment effects predicted from the CALSIM II studies.  Because 
the equations were based only on data that had non-zero entrainment, they predict 
entrainment proportions are negative during periods of very high outflow.  The negative 
entrainment predictions were changed to 0 percent before summary analysis. 
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Historical Data (1967-2007) 
 

Combined Old and Middle River Flow 
 
There has been no clear long term trend in OMR for either the March-June or April-May 
averaging periods (Figures E-8 and E-9).  Since the early 1990s, minimum OMR flows 
during April-May have been higher (less negative) than 1967-1990 (Figure E-9). 
 

Delta Outflow 
 
Delta outflows generally declined from 1967-1990, but Delta outflows have generally 
been higher and comparable to 1970s levels since 1990.  This is true for both the March-
June and April-May averaging periods (Figures E-10 and E-11).  Since the early 1990s, 
minimum Delta outflows flows during April-May have usually been slightly higher than 
1967-1990.  This is likely due to the combination of the X2 standard and the VAMP 
pulse flow. 
 

Predicted entrainment 
 
Predicted entrainment is a function of both X2 and OMR, therefore higher flows and 
lower exports translate into lower entrainment of delta smelt.  Predicted larval-juvenile 
entrainment was often higher prior to the implementation of the X2 standard in 1995 than 
it has been since (Figure E-16).  The predictions for entrainment range from 0 to about 40 
percent for 1967-1994 and 0 to about 30 percent for 1995-2007.  However, the upper 
confidence limits reach substantially higher levels, ranging from 0 to about 65 percent 
between 1967 and 1994 and 0 to about 40 percent during 1995-2007.  The effect of the 
X2 standard on larval-juvenile entrainment can be seen in Figure E-17.  The frequency of 
years in which 0 percent-10 percent of the larval-juvenile population was estimated to 
have been entrained was similar between 1967-1994 and 1995-2005 because very high 
spring outflows have always pushed X2 far downstream resulting in delta smelt 
distributions distant from the influence of Banks and Jones.  However, there are 
substantial differences between the 1967-1994 and 1995-2005 time periods in terms of 
how frequently larger percentages of the larval-juvenile population were entrained.  For 
instance, it is estimated that less than 20 percent of the larval-juvenile population was 
entrained in 67 percent of years from 1995-2005, but only 44 percent of years from 1967-
1994 (Figure E-17).  Further, predicted entrainment sometimes exceeded 30 percent 
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during 1967-1994, but was never that high during 1995-2005.  Note that we did not 
attempt to carry the confidence limits on entrainment estimates through these 
calculations.  See Figure E-16 for estimates of the confidence intervals. 
 
Proposed Action 
 
Combined Old and Middle River Flow 
 
The biological assessment proposes that Banks and Jones pumping will cause March-
June OMR flows to be more negative than 1967-2007 in wet and above normal years and 
will cause April-May OMR flows to be more negative than 1967-2007 wet years (Figures 
E-12 and E-13).  It is also anticipated there will be less variation in OMR during wet and 
above normal years than there was historically.  The predicted OMR flows are predicted 
to be higher (hovering near 0 cfs on average) in dry and critical years.  This is true for 
both averaging periods.  These patterns do not change in the climate change scenarios 
(Studies 9.0-9.5).   
 
X2  
 
Most of the projected operations result in average March-June and average April-May X2 
that are further downstream than 1967-2007 averages (Figures E-14 and E-15).  As stated 
previously, this is likely due to the full implementation of the X2 standard and VAMP 
export reduction in projected operations.  The exception is wet years.  In wet years, 
projected X2 is generally very similar to historical in both averaging periods except that 
the boxplots indicate no occurrences of X2 further downstream than 50 km.  This is 
probably due to the proposed decreases in wet year OMR flows (Figures E-8 and E-9).  
The climate change scenarios predict April and May X2 will be further downstream in 
dry and critical years, but the differences are modest (< 5 km) and again likely due 
primarily to the modeling assumptions of meeting the X2 standard and providing an 
export reduction during VAMP. 
 
Effects of Forecasted Operations 
 
Note that we did not attempt to carry the confidence limits on entrainment estimates 
through these calculations.  See Figure E-16 for estimates of the uncertainty surrounding 
the following.  The biological assessment’s assumptions of a continued X2 standard and 
an EWA-related export reduction during April-May, keep the frequency of years with 
larval-juvenile entrainment higher than 20 percent consistent with 1995-2005 
expectations regardless of operational assumptions (Figure E-18).  However, the 
proposed action will decrease the frequency of years in which estimated entrainment is ≤ 
15 percent.  Thus, over a given span of years, the project as proposed will increase larval-
juvenile entrainment relative to 1995-2005 levels.  This will have an adverse effect on 
delta smelt based on their current low population levels. 
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Article 21 
 
The effects from Article 21 on larval and juvenile delta smelt would be similar to those 
described for adult delta smelt (See previous effects discussion on Article 21 in the adult 
delta smelt section).  While Article 21 pumping during March through June is usually 
lower than in the winter, larval and juvenile delta smelt could become entrained during 
March through June when Article 21 pumping is occurring.   
 
VAMP 
 
VAMP, as described in the Project Description and the Status of the Species and 
Environmental Baseline section, has beneficial effects to larval and juvenile delta smelt 
because it simultaneously provides a pulse flow on the San Joaquin River and an export 
reduction at Banks and Jones.  This combination has provided 31 days of improved 
transport flows in the Central Delta since 2000.  Also as discussed above in the Status of 
the Species/Environmental Baseline section, Bennett (unpublished analysis) found that 
most delta smelt that survived to be pre-adults in the FMWT hatched during VAMP.  The 
Service considers this evidence that VAMP has selectively enhanced the survival of delta 
smelt larvae that emerge during the flow pulse and export reduction by reducing the 
entrainment of larvae from the Central Delta.   
 
VAMP is an experiment, and it is only projected to continue until 2009.  As described in 
the Project Description, after VAMP ends, Reclamation has committed to maintaining the 
export curtailment portion of VAMP.  However, since VAMP also contains a San 
Joaquin River flow component, which would not be continued past 2009, maintaining 
only the export curtailment is not expected to provide the same benefits to larval and 
juvenile delta smelt as the complete VAMP experiment.  In order for delta smelt spawned 
in the Central Delta during the VAMP period to survive to the fall, the export 
curtailments and the VAMP flows would be needed.   
 
According to the Project Description, DWR proposes to continue the export reductions at 
Banks as long as there are assets available from the Yuba Accord Water Transfer to 
compensate the SWP for lost pumping.  Because the export reductions may cost more 
than the Yuba Accord provides, the export curtailments at Banks may be smaller and 
therefore provide less benefit to larval and juvenile delta smelt.  Also, as mentioned 
above, the export reductions at Jones and Banks are only part of VAMP, and the San 
Joaquin River (i.e., Vernalis) flow pulse is also important for protection of delta smelt 
from entrainment.   
 
Therefore, the reduced protections during VAMP by only providing the export 
curtailment portion of VAMP and not the San Joaquin River flow component is likely to 
adversely effect delta smelt.  Larval and juvenile delta smelt in the Central and South 
Delta would be protected from entrainment at Banks and Jones during this period, but the 
lack of San Joaquin River flow would not help them to move to the Western Delta and 
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Suisun Bay.  Without the flow component, the larval and juvenile delta smelt would 
remain in the Central and South Delta, where they could be exposed to lethal water 
temperatures, entrainment at Banks and Jones after the VAMP export curtailment period, 
or succumb to predation or microcystis blooms.   
 
Intertie 
 
The effects from the intertie on larval and juvenile delta smelt would be similar to those 
described for adult delta smelt.  See previous effects discussion on the intertie in the adult 
delta smelt section.   
 
NBA Diversion 
 
The differences in NBA diversions during the spring were as follows:  For April, study 
8.0 had a diversion rate of 145 cfs, which is approximately 10 percent higher than the 
April diversion rates in studies 7.0 (133 cfs) (Chapter 12). For May, study 8.0 also had a 
diversion rate of 145 cfs, which is approximately 25 percent higher than the May 
diversion rates in studies 7.0 (116 cfs).  For June, study 8.0 assumed a diversion rate of 
148 cfs, about 18 percent higher than the June diversion rates in studies 7.0 (126 cfs)  The 
actual average March through May pumping in 2005-2007 was 36 cfs.  Overall, spring 
represents the period of greatest entrainment risk for delta smelt larvae at the NBA, 
especially in dry years when delta smelt spawn in the North Delta 
(http://www.delta.dfg.ca.gov/data/NBA/).  Entrainment risk at the pumping rates 
modeled in Studies 7.0 and 8.0 could be substantially higher than risks that existed under 
historical pumping rates.  As described above, based on Nobriga et al. 2004, the fish 
screen at NBA may protect many, if not most of the delta smelt larvae that hatch and rear 
in Barker Slough.  However, as the NBA diversions increase, as proposed in study 8.0, 
the small effect of the NBA diversion may become more significant.   

 
CCWD Diversions 
 
  Old River Intake 

 
In addition to the Old River diversion being screened to protect adult delta smelt, all 
CCWD diversions implement fishery protection measures to minimize larval delta smelt 
from becoming entrained at CCWD facilities.  These measures consist of a 75-day period 
during which CCWD does not fill Los Vaqueros Reservoir and a concurrent 30-day 
period during which CCWD halts all diversions from the Delta, provided that Los 
Vaqueros Reservoir storage is above emergency levels.  The default dates for the no-fill 
and no-diversion periods are March 15 through May 31 and April 1 through April 30, 
respectively; the Service, NMFS and DFG can change these dates to best protect the 
subject species.  Larval fish may occur at this facility outside of the no-fill and no-
diversion periods, and may be subject to entrainment.  However, larval fish monitoring 
behind the screens has shown very few larval fish become entrained (Reclamation 2008) 
and, as stated above for the NBA, the fish screens at this facility may protect fish smaller 
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than intended by the screens’ designs.  Diversion from this facility may affect OMR 
flows. 
 
  Rock Slough 

 
Although most water diversions at the Rock Slough intake now occur during the summer 
months, the Rock Slough diversion is also subject to the no-fill and no-diversion periods 
that all CCWD diversions are operated under.  Like the Old River diversion, larval delta 
smelt may occur at this facility outside of the no-fill and no-diversion periods, and may 
be subject to entrainment.  Since the Rock Slough diversion is not screened, larval fish 
entrainment at this facility may be a concern.  However, larval fish monitoring behind the 
headworks has not shown that large numbers of larval fish become entrained 
(Reclamation 2008). 
 
  Alternative Intake 

 
Like the Old River diversion, the Alternative intake is screened to protect adult delta 
smelt from entrainment.  Since larval smelt are not protected by these fish screens, the 
Alternative intake is also proposed to operate in accordance with the no-fill and no-
diversion periods to minimize larval fish from entrainment.  Like the other two CCWD 
diversions discussed above, larval delta smelt may occur at this facility outside of the no-
fill and no-diversion periods, and may be subject to entrainment.  Larval fish may also 
become entrained at this facility, but as stated above for the NBA, the fish screens at this 
facility may protect fish smaller than intended by the screens’ designs.  Diversion from 
this facility may affect OMR flows.   
 
South Delta Temporary Barriers 
 
  Hydrodynamic Effects 
 
The TBP does not alter total Delta outflow, or the position of X2.  However, the TBP 
causes changes in the hydraulics of the Delta, which may affect delta smelt.  The HORB 
blocks San Joaquin River flow, which prevents it from entering Old River at that point. 
This situation increases the flow toward Banks and Jones from Turner and Columbia 
cuts, which can increase the predicted entrainment risk for particles in the East and 
Central Delta by up to about 10 percent (Kimmerer and Nobriga 2008).  In most 
instances, net flow is directed towards the Banks and Jones pumps and local agricultural 
diversions.  Computer simulations have shown that placement of the barriers changes 
South Delta hydrodynamics, increasing Central Delta flows toward the export facilities 
(Reclamation 2008).  In years with substantial numbers of adult delta smelt moving into 
the Central Delta, increases in negative OMR flow caused by installation of the SDTBs 
can increase entrainment.  The directional flow towards the Banks and Jones increases 
the vulnerability of fish to entrainment.  Larval and juvenile delta smelt are especially 
susceptible to these flows.  
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The varying proposed operational configurations of the TBP, natural variations in fish 
distribution, and a number of other physical and environmental variables limit statistical 
confidence in assessing fish salvage when the TBP is operational versus when it is not.  
In 1996, the installation of the spring HORB caused a sharp reversal of net flow in the 
South Delta to the upstream direction. Coincident with this change was a strong peak in 
delta smelt salvage (Nobriga et al. 2000).  This observation indicates that short-term 
salvage can significantly increase when the HORB is installed in such a manner that it 
causes a sharp change or reversal of positive net daily flow in the South and Central 
Delta.  The physical presence of the TBP may attract piscivorous fishes and influence 
predation on delta smelt.  However, past studies by the DFG TBP Fish Monitoring 
Program indicated that such predation is negligible (DWR 2000a). 
 
  Vulnerability to Local Agricultural Diversions 
 
Fish that may become trapped upstream of the TBP agricultural barriers may suffer 
increased vulnerability to local agricultural diversions.  However, the risk of entrainment 
(Kimmerer and Nobriga 2008) or death from unsuitable water quality (as inferred from 
lack of delta smelt occurrence in the South Delta during summer; see Nobriga et al. 2008) 
is so high for delta smelt trapped in the South Delta that loss to irrigation diversions in 
this region is likely to be negligible. 
 
  Effects to Potential Fish Prey Items 
 
The extent to which the distribution and abundance of delta smelt prey organisms is 
influenced by the conditions created by the TBP is difficult to determine.  Because the 
TBP does not influence X2, organisms that exhibit a strong abundance-X2 relationship 
(e.g., mysid shrimp) (Jassby et al.1995), are not likely to be affected. However, the 
barriers might influence the flux of Pseudodiaptomus from the Delta to the LSZ. 
 
South Delta Permanent Operable Gates 
 
  Hydrodynamic Effects 
 
As described in the Project Description, the South Delta Permanent Operable Gates 
(Operable Gates) are expected to be constructed in late 2012.  The Operable Gates are 
expected to operate during similar time periods as the TBP, with the gate closing starting 
in April and operating thorough the winter.  The Head of Old River Gate would operate 
in April and May and in the fall.   
 
The effects of the Operable Gates on larval and juvenile delta smelt are expected to be 
similar to those caused by the TBP.  The Operable Gates will open daily to maintain 
water levels at 0.0 foot mean sea level in Old River near the Jones pumping plant, and 
these daily openings would provide passage for delta smelt.  Like the TBP, the operations 
of the Operable Gates are not expected to decrease Delta outflows, but the risk of larval 
and juvenile delta smelt entrainment at Banks and Jones is expected to remain about the 
same as with the TBP.  Also, OMR flows would be affected by the Operable Gates and 
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may result in more negative OMR flows which could increase the risk of larval and 
juvenile delta smelt entrainment. 
 
If the Operable Gates are operated during periods when the TBP have not been installed, 
additional effects to delta smelt could occur.  For example, if the Operable Gates are 
closed during the winter (December through March), flow cues from the San Joaquin 
River may be disrupted and may affect adult delta smelt migration into the Delta.  Also, if 
the Operable Gates are closed during this period, the available habitat for delta smelt 
would be reduced.  The South Delta can be suitable habitat for delta smelt in some years; 
if this habitat is inaccessible to the delta smelt due to the Operable Gates being closed, 
adverse effects to the delta smelt and their habitat would occur.   
 
  Vulnerability to Local Agricultural Diversions 
 
Under the proposed operations of the Operable Gates, delta smelt are likely to be affected 
in a manner similar to that caused by operation of the TBP, although delta smelt may be 
less susceptible to entrainment at local agricultural diversion since the Operable Gates are 
likely to be opened more often.  As discussed above, the risk of entrainment or death 
from unsuitable water quality is so high for delta smelt trapped in the South Delta that 
loss to irrigation diversions in this region is likely to be negligible. 
 
  Effects to Potential Fish Prey Items 
 
Under the proposed operations of the Operable Gates, delta smelt are likely to be affected 
in a manner similar to that caused by operation of the TBP, although delta smelt may be 
less affected because the Operable Gates will be open more than the TBP. 

 
Suisun Marsh Salinity Control Gates 
 
The effects from the SMSCG on larval and juvenile delta smelt would be similar to those 
described for adult delta smelt.  See previous effects discussion on the SMSCG in the 
adult delta smelt section.   
 
American River Demands 
 
Based on CALSIM II model study 8.0 results, total American River Division annual 
demands on the American and Sacramento rivers are estimated to increase from about 
324,000 acre-feet in 2005 to 605,000 acre-feet in 2030, without the Freeport Regional 
Water Project maximum of 133,000 acre-feet during drier years.  These increases in 
demands and diversions are included in the modeling results.  The effects of these 
demands on delta smelt are discussed below in the section dealing with the effects of 
CVP/SWP operation on habitat suitability.   
 
Delta Cross Channel 
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The DCC will be closed for fishery protection as described in the Project Description.  
This action is not expected to change in the future.  The effects of the DCC on Delta 
hydrodynamics are included in the CALSIM II modeling results and are discussed below 
in the section dealing with the effects of CVP/SWP operation on habitat suitability.   
 
Juveniles and Adults (~ July-December) 
 

Entrainment of Pseudodiaptomus forbesi (June-September) 
 
Historically, the diet of juvenile delta smelt during summer was dominated by the 
copepod Eurytemora affinis and the mysid shrimp Neomysis mercedis (Moyle et al. 1992; 
Feyrer et al. 2003).  These prey bloomed from within the estuary’s LSZ and were 
decimated by the overbite clam Corbula amurensis (Kimmerer and Orsi 1996), so delta 
smelt switched their diet to other prey.  Pseudodiaptomus forbesi has been the dominant 
summertime prey for delta smelt since it was introduced into the estuary in 1988 (Lott 
1998; Nobriga 2002; Hobbs et al. 2006).  Unlike Eurytemora and Neomysis, 
Pseudodiaptomus blooms originate in the freshwater Delta (John Durand San Francisco 
State University, oral presentation at 2006 CALFED Science Conference).  This 
freshwater reproductive strategy provides a refuge from overbite clam grazing, but 
Pseudodiaptomus has to be transported to the LSZ during summer to co-occur with most 
of the delta smelt population.  This might make Pseudodiaptomus more vulnerable to 
pumping effects from the export facilities than Eurytemora and Neomysis were.  By 
extension, the projects might have more effect on the food supply available to delta smelt 
than they did before the overbite clam changed the LSZ food web.  As evidence for this 
hypothesis, the IEP Environmental Monitoring Program zooplankton data show the 
summertime density of Pseudodiaptomus is generally higher in the South Delta than in 
Suisun Bay.  The ratio of South Delta Pseudodiaptomus density to Suisun Bay 
Pseudodiaptomus density was greater than one in 73 percent of the collections from June-
September 1988-2006.  The average value of this ratio is 22, meaning that on average 
summer Pseudodiaptomus density has been 22 times higher in the South Delta than 
Suisun Bay.  Densities in the two regions are not correlated (P > 0.30).  This 
demonstrates that the presence of high copepod densities in the South Delta which delta 
smelt do not occupy during summer months, do not necessarily occur simultaneously in 
the LSZ where delta smelt rear. 
 
There is statistical evidence suggesting that the co-occurrence of delta smelt and 
Pseudodiaptomus forbesi has a strong statistical influence on the survival of young delta 
smelt from summer to fall (Miller 2007).  In addition, recent histopathological 
evaluations of delta smelt have shown possible evidence of food limitation in delta smelt 
during the summer (Bennett 2005; Bennett et al. 2008).  However, the glycogen depletion 
of the delta smelt livers reported in these studies can also arise from thermal stress due to 
high summer water temperatures (Bennett et al. 2008). 
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Water Transfers 

 
Water transfers would increase Delta exports by 0 to 360,000 acre-feet (af) in most years 
(the wettest 80 percent of years) and by up to 600,000 AF in Critical and some Dry years 
(approximately the driest 20 percent years).  Most transfers will occur at Banks (SWP) 
because reliable capacity is not likely to be available at Jones except in the driest 20 
percent of years.  Although transfers can occur at any time of year, the exports for 
transfers described in this assessment would occur only in the months July-September.  
Delta smelt are rarely present in the Delta in these months, so no increase in salvage due 
to water transfers during these months is anticipated, but as described above, these 
transfers might affect delta smelt prey availability. 
 

Post-processing of Model Data for Transfers  

 

This section shows results from post-processed available pumping capacity at Banks and 
Jones for the Study 8.0 . Results from the Existing Conditions CVP-OCAP study 
alternatives do not differ greatly from those of Study 8.0, and produce similar 
characteristics and tendencies regarding the opportunities for transfers over the range of 
study years.  The assumptions for the calculations are: 
 

 Capacities are for the Late-Summer period July through September total.  
 
 The pumping capacity calculated is up to the allowable E:I ratio and is limited by 

either the total physical or permitted capacity, and does not include restrictions 
due to ANN salinity requirements with consideration of carriage water costs.  

 
 The quantities displayed on the graph do not include the additional 500 cfs of 

pumping capacity at Banks (up to 7,180 cfs) that is proposed to offset reductions 
previously taken for fish protection.  This could provide up to a maximum about 
90 TAF of additional capacity for the July-September period, although 60 TAF is 
a better estimate of the practical maximum available from that 500 cfs of capacity, 
allowing for some operations contingencies.  

 
 Figure 13-59 and Figure 13-60 in the biological assessment show the available 

export capacity from Study 8.0 (Future Conditions-2030) at Banks and Jones, 
respectively, with the 40-30-30 WY type on the x-axis and the WY labeled on the 
bars.  The SWP allocation or the CVP south of Delta Agriculture allocation is the 
allocation from CALSIM II output from the WY.  

 
From Figure 13-59 of the biological assessment, Banks will have the most ability to 
move water for transfers in Critical and certain Dry years (driest 20 percent of study 
years) which generally have the lowest water supply allocations, and reflect years when 
transfers may be higher to augment water supply to export contractors.  For all other 
study years (generally the wettest 80 percent) the available capacity at Banks for transfer 
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ranges from about 0 to 500 TAF (not including the additional 60 TAF accruing from the 
proposed permitted increase of 500 cfs at Banks.  But, over the course of the three 
months July-September other operations constraints on pumping and occasional 
contingencies would tend to reduce capacity for transfers.  In consideration of those 
factors, proposed transfers would be up to 360 TAF in most years when capacity is 
limiting.  In Critical and some Dry years, when capacity would not be a limiting factor, 
exports for transfers could be up to 600 TAF (at Banks and Jones combined).  Transfers 
at Jones (Figure 13-60 of the biological assessment) are probably most likely to occur 
only in the driest of years (Critical years and some Dry years) when there is available 
capacity and low allocations. 
 

Limitations 
 
The analysis of transfer capacity available derived from the CALSIM II study results 
shows the capacity at the export pumps and does not reflect the amount of water available 
from willing sellers or the ability to move through the Delta.  The available capacity for 
transfer at Banks and Jones is a calculated quantity that should be viewed as an indicator, 
rather than a precise estimate.  It is calculated by subtracting the respective project 
pumping each month from that project’s maximum pumping capacity.  That quantity may 
be further reduced to ensure compliance with the Export/Inflow ratio required.  In actual 
operations, other contingencies may further reduce or limit available capacity for 
transfers: for example, maintenance outages, changing Delta outflow requirements, 
limitations on upstream operations, water level protection criteria in the South Delta, and 
fishery protection criteria.  For this reason, the available capacity should be treated as an 
indicator of the maximum available for use in transfers under the assumed study 
conditions.  
 

 

Proposed Exports for Transfers 
 

In consideration of the estimated available capacity for transfers, and in recognition of the 
many other operations contingencies and constraints that might limit actual use of 
available capacity, for this assessment proposed exports for transfers (months July-
September only) are as follows: 
 
   Water Year Type  Maximum Amount of Transfer 
   Critical   up to 600 kaf 
   Consecutive Dry  up to 600 kaf 
   Dry after Critical  up to 600 kaf 
   All other Years  up to 360 kaf 
 
Therefore, effects of water transfers are not expected to have direct entrainment effects to 
adult delta smelt since the proposed transfer window is a time when delta smelt are 
distributed the western Delta.  However, water transfers could have adverse effects to 
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delta smelt habitat or food items by increased pumping during the summer or fall.  These 
habitat effects are captured in CALSIM II modeling and the Habitat Suitability Section.  
 

JPOD 
 
JPOD, as described in the Project Description and included in the SWRCB’s D-1641, 
gives Reclamation and DWR the ability to use/exchange each Project’s diversion 
capacity capabilities to enhance the beneficial uses of both Projects.  There are a number 
of requirements outlined in D-1641 that restrict JPOD to protect Delta water quality and 
fisheries resources.  The effects of JPOD are included in the CALSIM II modeling results 
and in the habitat suitability section.   
 

500 cfs at Banks 

 
Under the 500 cfs increased diversion, the maximum allowable daily diversion rate into 
CCF during the months of July, August, and September would increase from 13,870 AF 
up to 14,860 AF and three-day average diversions would increase from 13,250 AF up to 
14,240 AF. This increased diversion over the three-month period would result in an 
amount not to exceed 90,000 AF each year. Maximum average monthly SWP exports 
during the three-month period from Banks Pumping Plant would increase to 7,180 cfs. 
Variations to hydrologic conditions coupled with regulatory requirements may limit the 
ability of the SWP to fully utilize the proposed increased diversion rate. Also, facility 
capabilities may limit the ability of the SWP to fully utilize the proposed increased 
diversion rate.  This increased pumping may reduce the suitable habitat available for delta 
smelt and may result in entrainment of Pseudodiaptomus as described above.   
 

 

NBA Diversion 

 
The summer pumping rates of NBA diversions in study 7.0 (average rate was 115 cfs) 
was 18  percent lower than study 8.0 (average 135 cfs) (Chapter 12). The actual average 
June-August pumping in 2005-2007 was 109 cfs.  Hydrodynamic modeling results from 
the Solano County Water Agency (SCWA) indicate that at recent (post-2004) actual 
pumping rates, the major water source pumped by the NBA during normal water years is 
Campbell Lake, a small non-tidal lake north of Barker Slough that receives local 
drainage. Thus under most summer-time conditions the entrainment effects are likely to 
have been low, especially since delta smelt move downstream by July (Nobriga et al. 
2008). In dry seasons and at higher pumping rates described in Study 7 and the future 
Studies, the NBA entrains water from Barker and Lindsay sloughs (SCWA), indicating a 
potential entrainment risk for delta smelt.  Historically, delta smelt densities have been 
low in Barker and Lindsay sloughs, but the modeling data suggest that delta smelt could 
exhibit some level of entrainment vulnerability.  North Bay aqueduct diversions are 
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lowest in the fall (Chapter 12), averaging 101 cfs in study 7.0, and 123 in study 8.0. The 
actual average September through November pumping in 2005-2007 was 94 cfs.  As 
discussed previously, delta smelt reside in the Suisun Bay to Sherman Island region 
during the fall months and are not likely to be entrained. Thus, there are no expected 
direct effects of the NBA on delta during this period.  Because pumping rates are low and 
the hydrodynamic models indicate only a small percentage of water entrained enters from 
Barker Slough, it is unlikely the NBA has any measurable indirect effects during this 
period.  
 
CCWD Diversions 
 
The effects of CCWD diversions on delta smelt during the summer and fall would be 
similar to those described for larval and juvenile delta smelt.  See previous effects 
discussion on effects of CCWD diversions in the larval and juvenile delta smelt section.   
 
Temporary Agricultural Barriers 
 
The effects of the TBP on delta smelt during the summer and fall would be similar to 
those described for larval and juvenile delta smelt.  See previous effects discussion on 
effects of the TBP in the larval and juvenile delta smelt section.   
 
Permanent Operable Gates 
 
The effects of the permanent gates on delta smelt during the summer and fall would be 
similar to those described for larval and juvenile delta smelt.  See previous effects 
discussion on the effects of the permanent operable gates in the larval and juvenile delta 
smelt section.   
 
 
 
American River Demands 
 
The effects of increased American River demands on delta smelt during the summer and 
fall would be similar to those described for larval and juvenile delta smelt.  See previous 
effects discussion on increased American River demands in the larval and juvenile delta 
smelt section.   
 
Delta Cross Channel 
 
The effects DCC operations on delta smelt during the summer and fall would be similar 
to those described for larval and juvenile delta smelt.  See previous effects discussion on 
the effects of the DCC in the larval and juvenile delta smelt section. 
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Entrainment Effects 
 
Water Diversions and Reservoir Operations 
 
  Banks and Jones 
 
Entrainment effects during July through November are not expected to be significant.  
Delta smelt are not present during this time of year, so direct entrainment during this time 
of year is not likely a concern.   
 
  Intertie 
 
The effects the intertie on delta smelt during the summer and fall would be similar to 
those described for larval and juvenile delta smelt.  See previous effects discussion on the 
effects of the intertie in the larval and juvenile delta smelt section. 
 
Suisun Marsh Salinity Control Gates 
 
The effects of the SMSCG on delta smelt during the summer and fall would be similar to 
those described for larval and juvenile delta smelt.  See previous effects discussion on the 
effects of the SMSCG in the larval and juvenile delta smelt section. 
  
Habitat Suitability (Sept-Dec) 
 
All fishes depend on healthy suitable habitats to survive and reproduce.  Because the 
upper San Francisco Estuary constitutes the sole habitat for delta smelt, a healthy suitable 
estuary and delta are critical to the long-term health and persistence of the species.  The 
biological assessment and the Baseline section of this biological opinion provide details 
on the habitat requirements for the different life stages of delta smelt.  This element of the 
Effects Analysis covers the effects of habitat for delta smelt during the fall months of 
September through December.  During this time period, delta smelt are maturing pre-
adults that rely heavily on suitable habitat conditions in the low salinity portion of the 
estuary.  Suitable habitat for delta smelt during this time period can be briefly defined as 
the abiotic and biotic components of habitat that allow delta smelt to survive and grow to 
adulthood.  Biotic components of habitat include suitable amounts of food resources and 
sufficiently low predation pressures.  Abiotic components of habitat include the physical 
characteristics of water quality parameters, especially salinity and turbidity.  
 
Interactions between the amount or area of suitable abiotic habitat available for delta 
smelt and the biotic components of habitat can have great consequences on density-
dependent effects on population dynamics.  Density-dependence is a fundamental 
concept in fish population dynamics.  Compensatory density-dependence is a negative 
feedback on population size and therefore tends to stabilize the population (Rose et al. 
2001).  Depensatory density-dependence is a positive feedback on the population and 
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therefore tends to destabilize the population (Liermann and Hilborn 2001).  Both of these 
mechanisms are important in delta smelt population dynamics.  Compensatory density-
dependence has been statistically detected in delta smelt at high population levels 
(Bennett 2005).  However, the current record low levels of abundance of delta smelt 
make the species extremely vulnerable to the effects of depensatory density-dependence 
(Baxter et al. 2008).   
 
Depensatory density-dependence can manifest in four ways: decreased probability of 
fertilization, impaired group dynamics, conditioning of the environment, and predator 
saturation (Liermann and Hilborn 2001).  Patterns in the stock-recruit relationship since 
2000 suggest that impaired group dynamics and the probability of fertilization are likely 
to be currently affecting the delta smelt population (Allee effects; Baxter et al. 2008).  As 
discussed below, there is substantial evidence to suggest that delta smelt is vulnerable to 
environmental conditioning and predator saturation because the amount of suitable 
abiotic habitat for maturing pre-adult delta smelt has been seriously depleted and 
stabilized by CVP/SWP operations.  The fact that delta smelt are subject to the effects of 
all four elements of depensatory density-dependence creates a situation where it might be 
extremely difficult for the population to recover under the present environmental 
conditions in the Estuary.   
 
The Service’s examination of habitat suitability during fall is derived from published 
literature and unpublished information linking X2 to the amount of suitable abiotic 
habitat for delta smelt (Feyrer et al 2007, 2008).  Under balanced conditions, CVP/SWP 
operations control the position of X2 and therefore are a primary driver of delta smelt 
habitat suitability. As a result, this analysis relies on the effects of proposed CVP/SWP 
operations on fall X2, how that affects the surface area of suitable abiotic habitat for delta 
smelt, and finally how that affects delta smelt abundance given current delta smelt 
population dynamics.  Supporting background material on the effect of fall X2 on the 
amount of suitable abiotic habitat and delta smelt abundance is available in Feyrer et al. 
(2007, 2008).   
 
During the fall, when delta smelt are nearing adulthood, the amount of suitable abiotic 
habitat for delta smelt is positively associated with X2.  This results from the effects of 
Delta outflow on salinity distribution throughout the Estuary.  Fall X2 also has a 
measurable effect on recruitment of juveniles the following summer in that it has been a 
significant covariate in delta smelt’s stock-recruit relationship since the invasion of the 
overbite clam.  Potential mechanisms for the observed effect are two-fold.  First, 
positioning X2 seaward during fall provides a larger habitat area which presumably 
lessens the likelihood of density-dependent effects (e.g., food availability) on the delta 
smelt population.  Second, a more confined distribution may increase the impact of 
stochastic events that increase mortality rates of delta smelt.  For delta smelt, this 
includes predation and anthropogenic effects such as contaminants and entrainment 
(Sommer et al. 2007).   
 
This evaluation of habitat suitability considered three specific elements: X2, total area of 
suitable abiotic habitat, and the predicted effect on delta smelt abundance the following 
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summer.  Effects of proposed CVP/SWP operations were determined by comparing X2, 
the area of suitable abiotic habitat, and the effect of these two variables on delta smelt 
abundance across the operational scenarios characterized by the CALSIM II model runs, 
and also as they compare to actual historic values from 1967 to the present.  The modeled 
scenarios include: Study 7.0, Study 7.1, Study 8.0, and Studies 9.0-9.5.  This section 
concludes with additional observations of the historic and modeled data with a discussion 
of the potential underlying mechanisms.   
 

X2  
The first step of the evaluation examined the effect of proposed CVP/SWP operations on 
X2 (km) during fall, as determined by the CALSIM II model results.  These model results 
are presented in a monthly time step and are provided in the appendices to the biological 
assessment.  In order to be consistent with previous analyses (Feyrer 2007, 2008), X2 
during the fall was calculated as the average of the monthly X2 values from September 
through December obtained from the CALSIM II model results.  The data were also 
differentiated by WY type according to that of the previous spring.  
  
The median X2 across the CALSIM II modeled scenarios were 10-15 percent further 
upstream than actual historic X2 (Figure E-19).  Median historic fall X2 was 79km, while 
median values for the CALSIM II modeled scenarios ranged from 87 to 91km.  The 
CALSIM II modeled scenarios all had an upper range of X2 at about 90km.  The 
consistent upper cap on X2 shows that water quality requirements for the Delta ultimately 
constrain the upper limit of X2 in the simulations.  These results were also consistent 
across WY types (Figure E-19) with the differences becoming much more pronounced as 
years became drier.  Thus, the proposed action operations will affect X2 by shifting it 
upstream in all years, and the effect is exacerbated in drier years.   
 

Area of Suitable Abiotic Habitat 
 
The second step of the evaluation used the modeled X2 to estimate the total surface area 
of suitable abiotic habitat available for delta smelt.  Feyrer et al. (2008) examined three 
different definitions of habitat suitability for delta smelt that were subsequently used to 
generate the hectares (ha) of suitable abiotic habitat.  The three habitat criteria examined 
by Feyrer et al. (2008) were based on the statistical probability of delta smelt occurring in 
a sample due to water salinity and clarity characteristics at the time of sampling.  The 
probabilities of occurrence they examined and compared were > 10 percent, > 25 percent, 
and  > 40 percent.  This evaluation applied their intermediate definition of 25 percent to 
avoid potentially over- or under-estimating the effect.  The quantitative model relating 
X2 to area of suitable abiotic habitat is presented in Figure E-20. 
 
The median amounts of suitable abiotic habitat based upon X2 values generated across 
the CALSIM II modeled scenarios were 49-57 percent smaller than that predicted by 
actual historic X2 (Figure E-21).  The median historic amount of suitable abiotic habitat 
was 9,164 ha, while median values for the CALSIM II modeled scenarios ranged from 
3,995 to 4,631 ha.  These results were also consistent across WY types (Figure E-21), 
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with the differences becoming much more pronounced in drier years.  Thus, the proposed 
action operations affect the amount of suitable abiotic habitat by decreasing it as a result 
of moving X2 upstream, and the effect is exacerbated in drier years. 
 

Effect on Delta Smelt Abundance   
 
The third step of the evaluation was to use the modeled X2 to estimate the effect on delta 
smelt abundance.  The model relating X2 to delta smelt abundance was updated from that 
developed by Feyrer et al. (2008) by adding the most recent year of available data (Figure 
E-22).  This model incorporates X2 as a covariate in the standard stock-recruit (FMWT 
index-TNS index the following year; Bennett (2005)) relationship for delta smelt.  The 
model is based on data available since 1987 and therefore represents current delta smelt 
population dynamics (Feyrer et al. 2007).  Note that although the regression model is 
highly significant and explains 56 percent of the variability in the data set, the residuals 
are not normally distributed.  The pattern of the residuals suggests that some type of 
transformation of the data would help to define a better fitting model (Figure E-22).  This 
analysis did not explore different data transformations.  For generating predictions, the 
FMWT values in the model were held constant at 280, the median value over which the 
model was built.  This was done for all iterations in order to make the results comparable 
across the scenarios examined.  In plots that show “historic” TNS categories, the values 
are those predicted with the model using actual historic X2 values from 1967 to the 
present.  This approach was necessary in order to examine the likely effects of the 
different scenarios on present-day delta smelt population dynamics.  
   
The median values for the predicted TNS index based upon X2 values generated across 
the CALSIM II modeled scenarios were 60-80 percent smaller than those predicted from 
actual historic X2 (Figure E-23).  The median value for the TNS index predicted based 
upon historic X2 was 5, while median values predicted from X2 values generated from 
the CALSIM II modeled scenarios ranged from 1 to 2.  These results were also consistent 
across WY types (Figure E-23) with the differences becoming much more pronounced as 
years became drier.  Thus, the proposed action operations are likely to negatively affect 
the abundance of delta smelt.   
 

Additional Long-term Trends and Potential Mechanisms 
 
There has been a long-term shift upstream for actual X2 during fall that is associated with 
a similar upstream shift in the E:I ratio (Figure E-24).  X2 is largely determined by Delta 
outflow, which in turn is largely determined by the difference between total delta inflow 
and the total amount of water exported, commonly referred to as the E:I ratio.  During 
fall, the E:I ratio directly affects X2, slightly less so when the E:I ratio reaches 
approximately 0.45 (Figure E-24).  The leveling off is due to the need to meet D-1641 
salinity standards.  Thus, the long-term positive trend in X2 and the associated negative 
affects on area of suitable abiotic habitat and predicted delta smelt abundance appear to 
be related to the long-term positive trend in E:I ratio.  X2 in the time series for each of the 
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CALSIM II model runs is even greater than the peak of the actual historic values (Figure 
E-25).  Based on the proposed operations, the upstream X2 shift will persist.   
 
While the above results demonstrate the likely effects of project operations on X2 
averaged over the fall period, the modeling scenarios indicate that X2 in individual 
months will vary by WY type classification and by the specific modeling scenario 
(Figure E-26).  In wetter years of Studies 7.0, 7.1, and 8.0 (wet and above average WY 
types), X2 tends to diverge from historic conditions in that it shifts upstream in 
September, October, and November, and shifts downstream in December.  This pattern is 
much less pronounced in the climate change scenarios, Studies 9.0-9.5.  In all model 
studies there is also a general decrease in interannual variability across all of the months.  
In drier years (below normal to critical WY types), the model scenarios indicate that for 
all months X2 will generally be shifted upstream and that much of the interannual historic 
variability will be lost. 
 
The effects of project operations outlined above on X2 during the fall months have 
considerably altered the hydrodynamics of the estuary in two important ways other than 
which have already been described.  First, the long-term upstream shift in fall X2 has 
created a situation where all fall seasons regardless of WY type now resemble dry or 
critical years (Figure E-27).  In other words, all fall seasons have now been converted 
into uniform, low flow periods.  Second, the effects have also manifested in a divergence 
between X2 during fall and X2 during the previous spring (April-July spring averaging 
period), and the modeling studies indicate this condition will persist in the future (Figure 
E-28).   
 
Combined, these effects of project operations on X2 will have significant adverse direct 
and indirect effects on delta smelt.  Directly, these changes will substantially decrease the 
amount of suitable abiotic habitat for delta smelt, which in turn has the possibility of 
affecting delta smelt abundance through the depensatory density-dependant mechanisms 
outlined above.  Because current abundance estimates are at such historic low levels, 
depensatory density-dependence can be a serious threat to delta smelt despite the fact that 
the population may not be perceived to be habitat limited.  It is clear from published 
research that delta smelt has become increasingly habitat limited over time and that this 
has contributed to the population declining to record-low abundance levels (Bennett 
2005; Baxter et al. 2008; Feyrer et al. 2007, 2008; Nobriga et al. 2008).  Therefore, the 
continued loss and constriction of habitat proposed under future project operations 
significantly threatens the ability of a self-sustaining delta smelt population to recover 
and persist in the Estuary at abundance levels higher than the current record-lows.   
 
Indirectly, changes such as the extremely stable low outflow conditions resembling dry or 
critical years proposed for the fall across all WY types will likely a) contribute to higher 
water toxicity (Werner et al. 2008) because the proposed flows are always low in all WY 
types, b) contribute to the potential suppression of phytoplankton production by ammonia 
entering the system from wastewater treatment plants (Wilkerson et al. 2006; Dugdale et 
al. 2007) because diluting flows are minimal, c) increase the reproductive success of 
overbite clams allowing them to establish year-round populations further east because 
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salinity is consistently high with low variability (Jan Thompson, USGS, unpublished 
data), d) correspond with high E:I ratios resulting in elevated entrainment of lower 
trophic levels, e) increase the frequency with which delta smelt encounter unscreened 
agricultural irrigation diversions in the Delta (Kimmerer and Nobriga 2008) because the 
eastward movement of X2 will shift the distribution of delta smelt upstream, and provide 
environmental conditions for nonnative fishes that thrive in stable conditions (Nobriga et 
al. 2005).  Although there is no single driver of delta smelt population dynamics (Baxter 
et al. 2008), these indirect effects will exacerbate any direct effects on delta smelt and 
hinder the ability of the population to recover and maintain higher levels of abundance in 
the future (Bennett and Moyle 1996; Bennett 2005; Feyrer et al. 2007). 
 

American River Demands 
The effects of increased American River demands on delta smelt during the summer and 
fall would be similar to those described for larval and juvenile delta smelt.  See previous 
effects discussion on the effects of increased American River demands in the larval and 
juvenile delta smelt section. 
 

Komeen Treatment 
 
The Department of Boating and Waterways (DBW) prepared an Environmental Impact 
Report (2001) for a two-year Komeen research trial in the Delta. They determined there 
were potential effects to fish from Komeen treatment despite uncertainty as to the 
likelihood of occurrence. Uncertainties exist as to the direct impact that Komeen and 
Komeen residues may have on fish species. “The target concentration of Komeen is 
lower than that expected to result in mortality to most fish species, including delta smelt.” 
However, there is evidence that, at target concentrations, Komeen could adversely impact 
some fish species. The possibility exists that Komeen concentrations could be lethal to 
some fish species, especially during the first nine hours following application. Although 
no tests have examined the toxicity of Komeen to Chinook salmon, LC50 data for 
rainbow trout suggest that salmonids would not be affected by use of Komeen at the 
concentrations proposed for the research trials. No tests have been conducted to 
determine the effect of Komeen on splittail, green sturgeon, pacific lamprey or river 
lamprey.” (DBW, 2001) or delta smelt. 
 
In 2005, no fish mortality or stressed fish were reported during or after the treatment. The 
contractor, Clean Lakes, Inc was looking for dead fish during the Komeen application. In 
addition, no fish mortality was reported in any of the previous Komeen or Nautique 
applications. In 2005, catfish were observed feeding in the treatment zone at about 3 PM 
on the day of the application (Scott Schuler, SePro). No dead fish were observed. DWR 
complied with the NPDES permit that requires visual monitoring assessment.  Due to the 
uncertainty of the impact of Komeen on fish that may be in the Forebay, we will assume 
that all delta smelt in the Forebay at the time of application are taken. The daily loss 
values vary greatly within treatments, between months and between years. Figure E-29 
illustrates the presence of delta smelt in the Forebay during treatments. There are no loss 
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estimates for delta smelt, so the relationship between salvage and true loss of delta smelt 
in the Forebay in unknown.  However, since the treatments will only be during July and 
August, delta smelt are not expected to be present in the Forebay during this time, so 
adverse effects to delta smelt are unlikely.   
 
 

Effects to Delta Smelt Critical Habitat 

Primary Constituent Elements 
 
Due to the interrelationship between the PCEs and the intended conservation role they 
serve for different delta smelt life stages, some effects are similar and overlap across the 
PCEs.  For instance, Delta outflow determines the extent and location of the LSZ and the 
areas of physical habitat delta smelt are able to utilize at all times of the year.  Therefore, 
many of the effects described below for the PCEs are difficult to separate so some effects 
are repeated for multiple PCEs.  
 

Spawning Habitat 
 

PCE 1 – Physical Habitat 
 
Delta smelt require physical habitat only during spawning.  The major impact to 
spawning habitat from the CVP/SWP projects would be from dredging proposed as part 
of construction of the South Delta Improvements Program Stage 1.  However, any 
dredging activities will be covered through a separate section 7 consultation.  Upstream 
reservoirs such as Shasta, Folsom and Oroville Dams reduce gravel and sediment 
recruitment into the rivers and estuary.  However, this impact is expected to remain 
relatively unchanged for delta smelt.  The TBP will impact the physical habitat during the 
construction of the barriers which again is not covered within this biological opinion. 
 

 

PCE 2 – Water 
 
As described in the Effects Section, the CVP/SWP alter the hydrologic conditions within 
spawning habitat throughout the spawning period for delta smelt by impacting various 
abiotic factors including the distributions of turbidity, food, and contaminants.  Article 
21, DMC-CA Intertie, NBA, and CCWD Diversions effects are included within the 
affects of the CVP/SWP.  The TBP and the SMSCG modify circulation within the Delta 
and Suisun Marsh which may have a small impact on delta smelt spawning habitat. The 
South Delta Permanent Operable Gates should have less of an impact than the TBP if 
operated only within the time period, as described in the Project Description. 
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 PCE 3 – River Flow 
 
The CVP and SWP, as analyzed in the Effects Section, directly influence the location and 
the amount of suitable spawning habitat, especially in drier WYs . Further, through 
upstream depletions and alteration of river flows, the CVP/SWP has played a role in 
altering the environment of the Delta.  This has resulted in adverse effects to delta smelt 
spawning habitat availability and may mobilize contaminants.  The contaminant effects 
may be generated or diluted by flow depending on the amount of flow, the type of 
contaminant, the time of the year, and relative concentrations. 
 
Article 21 has increased in total volume recently (see Baseline section). This increase of 
pumping for Article 21 has occurred in December through March which coincides with 
the spawning of delta smelt.  The DMC-CA Intertie, NBA, and CCWD Diversions are 
smaller diversions that are captured within the effects of the CVP/SWP.  As described in 
the Project Description, CCWD operations are managed for fishery concerns during the 
spawning and rearing period for delta smelt through the no-fill and no-diversion 
requirements.   
 

PCE 4 – Salinity 
 
The LSZ expands and moves downstream when river flows are high. By capturing river 
flows, reservoirs can contribute to upstream movement of the LSZ which reduces habitat 
quality and quantity.  Banks and Jones pumping likewise can result in upstream 
movement of the LSZ.  Model results in the biological assessment show that in the future 
the location of the LSZ will generally be further upstream than occurred historically.  
This will result in a reduction in the amount and quality of spawning habitat available to 
delta smelt.  These changes are primarily due to proposed future increases in upstream 
depletions and changes to reservoir operations and export pumping from the CVP/SWP.  
  
Habitat quality will continue to be adversely affected by contaminants and increasing 
numbers of non-native invasive species.   
 

Larval and Juvenile Transport 
 

PCE 1 – Physical Habitat 
 
Physical habitat is needed only during the spawning season and is not associated with 
larval and juvenile transport. 
 

PCE 2 – Water 
 
As described in the Effects Section, the CVP/SWP alter the hydrologic conditions within 
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spawning habitat throughout the spawning period for delta smelt by impacting various 
abiotic factors including distributions of turbidity, food, and contaminants.  Article 21, 
DMC-CA Intertie, NBA, and CCWD Diversions effects are included within the effects of 
the CVP/SWP.  The TBP and the SMSCG modify circulation within the Delta and Suisun 
Marsh which may have a small impact on delta smelt spawning habitat. The South Delta 
Permanent Operable Gates should have less of an impact than the TBP if operated only 
within the time period, as described in the Project Description. 
 

PCE 3 – River Flows 
 
The CVP/SWP, as analyzed in the Effects Section, directly influence river flows 
especially in years when releases from CVP/SWP reservoirs make up a higher percentage 
flows into the Delta from the Sacramento River.  
 
In addition, pumping at Banks and Jones can alter flows within the Delta.  This results in 
a corresponding alteration of larval and juvenile transport.  Instead of tidal and 
downstream transport within suitable rearing areas, operations result in upstream 
transport that entrains delta smelt.  Since the water exported during the spring and early 
summer (mainly March-June) from the Central and South Delta is suitable habitat, the 
effect of the action results in loss of suitable habitat.  Unfortunately, young delta smelt do 
not have a cue to abandon areas where water is flowing toward Banks and Jones. 
 
Reservoir releases and export reductions during VAMP have resulted in enhanced 
survival of delta smelt.  However, the future of VAMP is uncertain.  
 
The TBP increases the flux of delta smelt into the zone of entrainment.  As described in 
the Effects Section, significant entrainment of delta smelt has occurred when the TBP 
operates coincident with high export levels.  The South Delta Permanent Operable Gates 
should have less impact than the TBP if operated only within the time period specified in 
the Project Description (April 15-May 15 for the HOR Gate and April 15-November 30 
for the flow control gates). The SMSCG can alter flows that interrupt the transport of 
larval and juvenile delta smelt in Montezuma Slough and Suisun Marsh when the 
SMSCG is closed. 
 

PCE 4 – Salinity 
 
As described previously, the CVP/SWP alters the location of the LSZ by modifying both 
the Sacramento and San Joaquin river flows which reduces habitat quality and quantity.  
Model results in the biological assessment show the location of the LSZ will be further 
upstream in the future than occurred historically.  This will result in less suitable habitat 
for larval and juvenile delta smelt.  These changes are primarily due to proposed future 
increases in upstream depletions and changes to reservoir operations.  In addition, habitat 
quality will continue to be adversely affected by many associated factors like non-native 
invasive species and contaminants. The SMSCG, when in operation, modifies the salinity 
within Suisun Marsh and when in operation, there can be upstream movement of X2.  
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However, the SMSCG have been operated less frequently in recent years. 
 

Rearing Habitat 
 

PCE 1 – Physical Habitat 
 
Physical habitat is needed only during the spawning season and is not associated with 
rearing habitat. 
 

PCE 2 – Water 
 
As described in the Effects Section, the CVP/SWP alter the hydrologic conditions within 
rearing habitat throughout the spawning period for delta smelt by impacting various 
abiotic factors including distributions of turbidity, food, and contaminants.  Article 21, 
DMC-CA Intertie, NBA, and CCWD Diversions effects are included within the effects of 
the CVP/SWP.  As described in the Project Description, CCWD operations are managed 
during the spawning and rearing period for delta smelt through the no-fill and no-
diversion requirements.  The TBP and the Suisun Marsh Salinity Control Gates modify 
circulation within the Delta and Suisun Marsh which may have a small adverse impact on 
delta smelt rearing habitat. The South Delta Permanent Operable Gates should have less 
of an adverse impact than the TBP if operated only within the time period (April 15-May 
15 for the HOR Gate and April 15-November 30 for the flow control gates), as described 
in the Project Description. 
 

PCE 3 – River Flows 
 
The CVP and SWP, as analyzed in the Effects Section, directly influence river flows.  
 
Pumping at Banks and Jones alters flows within the Delta.  As described in the Effects 
Section, negative flows can result in an increase risk of entrainment when rearing habitat 
includes the South Delta.  In addition, when rearing habitat includes the Central and 
South Delta, as temperatures increase in May and June, altered river flows can further 
degrade rearing habitat suitability. Rearing habitat in the South Delta may also be 
impacted indirectly through increases in contaminant concentrations and entrainment of 
zooplankton.  
 
The TBP alter flows within rivers and channels which can increase the risk of 
entrainment.  As described in the Effects Section, in the past with operation of the TBP 
and with high export levels, significant spikes in delta smelt entrainment have occurred at 
Jones and Banks. The South Delta Permanent Operable Gates should have less impact 
than the TBP if operated only within the time period (April15-May 15 for the HOR Gate 
and April 15-November 30 for the flow control gates), as described in the Project 
Description. The SMSCG can alter flows that interrupt and alter flows in Montezuma 
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Slough and Suisun Marsh when the SMSCG is closed. 
 

PCE 4 – Salinity 
 
As stated previously, the CVP/SWP alters the extent and location of the LSZ by 
modifying both the Sacramento and San Joaquin river flows which reduces habitat 
quality and quantity.  Model results in the biological assessment show that in the future 
the location of the LSZ will be further upstream in the future than occurred historically.  
This will result in less suitable habitat for larval and juvenile delta smelt.  These changes 
are primarily due to proposed future increases in upstream depletions and changes to 
reservoir operations and exports at Banks and Jones.  In addition, habitat quality will 
continue to be adversely affected by mobilizing and concentrating contaminants within 
the Delta and creating hydrologic conditions that favor non-native invasive species over 
native species. The SMSCG, when in operation, modifies the salinity within Suisun 
Marsh and when the SMSCG is in operation there can be upstream movement of X2.  
However, the Gates have been operated less frequently in recent years. 
 

Adult Migration 
 

PCE 1 – Physical Habitat 
 
Physical habitat is needed only during the spawning season and is not associated with 
adult migration per se. 
 

PCE 2 – Water 
 
As described previously, the CVP/SWP alters Delta hydrodynamics in ways that 
adversely affect delta smelt migration.  Article 21, DMC-CA Intertie, NBA, and CCWD 
Diversions effects are included within the affects of the CVP/SWP.  The TBP and the 
SMSCG modify circulation within the Delta and Suisun Marsh which may have a small 
impact on delta smelt migration. The South Delta Permanent Operable Gates should have 
less of an impact than the TBP if operated only within the time period, as described in the 
Project Description. 
 

PCE 3 – River Flows 
 
The CVP and SWP, as analyzed in the Effects Section, directly influence river flows 
especially during low flow periods when releases from CVP and SWP reservoirs make up 
a higher percentage of river flows into the Delta from the Sacramento River.  
 
River flows in combination with an increase in turbidity cues the upstream migration of 
delta smelt for spawning.  
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In addition, Banks and Jones can alter flows within rivers and channels within the Delta.  
These alterations can interrupt the migration of pre-spawning and spawning adult delta 
smelt resulting in entrainment of delta smelt.  As described in the Effects Section, adult 
entrainment is likely to be higher than it has been in the past under most operating 
scenarios, resulting in lower potential production of larval and juvenile delta smelt.   
 
The South Delta Permanent Operable Gates would only have adverse effect to adult 
migration if they are operated during the winter months. The SMSCG can alter flows that 
interrupt movements of adult delta smelt in Montezuma Slough and Suisun Marsh when 
the gate is closed. 
 

PCE 4 – Salinity 
 
The CVP/SWP alters the location of the LSZ by modifying both the Sacramento and San 
Joaquin river flows which reduces habitat quality and quantity.  Model results in the 
biological assessment show that in the future the location of the LSZ will be further 
upstream than occurred historically.  This will result in less suitable habitat for pre-
spawning and spawning delta smelt.  These changes are primarily due to the proposed 
future increases in upstream depletions and changes to reservoir operations.  The 
SMSCG, when in operation, modifies the salinity within Suisun Marsh and when the 
Gates is in operation there can be upstream movement of X2.  However, the Gates have 
been operated less frequently in recent years. 
 

Summary of Effects of the Action on Delta Smelt Critical Habitat 
 
Implementation of the proposed action, primarily the volume of diversions at Banks and 
Jones relative to proposed Delta inflows, will prevent critical habitat from serving its 
intended conservation role.  It is imperative that suitable habitat conditions, as defined by 
the co-occurring PCEs, immediately be provided over the designated critical habitat.  
This is based on the extremely low numbers of delta smelt; their annual life cycle, and the 
fact that delta smelt spend their entire life within the influence of the CVP/SWP. The 
proposed actions only provide as conservation measures VAMP and flows from the Yuba 
Water Accord (identified in the Project Description as “limited EWA”).  In the past, 
VAMP has benefited delta smelt.  However, equivalent flows may not be provided in all 
WYs.   
 

Cumulative Effects 
 

Cumulative effects include the effects of future State, Tribal, local, or private actions that 
are reasonably certain to occur in the area considered in this biological opinion. Future 
Federal actions that are unrelated to the proposed action are not considered in this 
section, because they require separate consultation pursuant to section 7 of the Act.  
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On-going non-Federal diversions of water within the action area (e.g., municipal and 
industrial uses, as well as diversions through intakes serving numerous small, private 
agricultural lands) are not likely to entrain very many delta smelt based on the results of a 
study by Nobriga et al. (2004).  Nobriga et al. reasoned that the littoral location and low-
flow operational characteristics of these diversions reduced their risk of entraining delta 
smelt.  A study of the Morrow Island Distribution System by DWR produced similar 
results, with one demersal species and one species that associates with structural 
environmental features together accounting for 97-98 percent of entrainment; only one 
delta smelt was observed to be entrained during the two years of the study (DWR 2007).  
 
State or local levee maintenance may also destroy or adversely affect delta smelt 
spawning or rearing habitat and interfere with natural, long term spawning habitat-
maintaining processes.  Operation of flow-through cooling systems on the Mirant 
electrical power generating plants that draw water from and discharge into the action area 
may also adversely affect delta smelt in the form of entrainment and locally increased 
water temperatures. 
 
Adverse effects to delta smelt and its critical habitat may result from point and non-point 
source chemical contaminant discharges within the action area.  These contaminants 
include, but are not limited to ammonia and free ammonium ion, numerous pesticides and 
herbicides, and oil and gasoline product discharges.  Oil and gasoline  product discharges 
may be introduced into Delta waterways from shipping and boating activities and from 
urban activities and runoff.  Implicated as potential stressors of delta smelt, these 
contaminants may adversely affect fish reproductive success and survival rates.  
 
Two wastewater treatment plants (one located on the Sacramento River near Freeport and 
the other on the San Joaquin River near Stockton) have received special attention because 
of their discharge of ammonia.  The Sacramento Regional County Sanitation District 
(SRCSD) wastewater treatment facility near Freeport discharges more than 500,000 cubic 
meters of treated wastewater containing more than 10 tons of ammonia into the 
Sacramento River each day (http://www.sacbee.com/378/story/979721.html).  
Preliminary studies commissioned by the IEP POD investigation and the Central Valley 
Regional Water Quality Control Board are evaluating the potential for elevated levels of 
Sacramento River ammonia associated with the discharge to adversely affect delta smelt 
and the Delta ecosystem.  The Freeport location of the SRCSD discharge places it 
upstream of the confluence of Cache Slough and the mainstem Sacramento River, a 
location just upstream of where delta smelt have been observed to congregate in recent 
years during the spawning season.  The potential for exposure of a substantial fraction of 
delta smelt spawners to elevated ammonia levels has heightened the importance of this 
investigation.  Ammonia discharge concerns have also been expressed with respect to the 
City of Stockton Regional Water Quality Control Plant, but its remoteness from the parts 
of the Estuary frequented by delta smelt and its recent upgrades suggest that it is more a 
potential issue for migrating salmonids than for delta smelt. 
 
Other future, non-Federal actions within the action area that are likely to occur and may 
adversely affect delta smelt and its critical habitat include: the dumping of domestic and 
industrial garbage that decreases water quality; construction and maintenance of golf 
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courses that reduce habitat and introduce pesticides and herbicides into the aquatic 
environment; oil and gas development and production that may affect aquatic habitat and 
may introduce pollutants into the water; agricultural activities, including burning or 
removal of vegetation on levees that reduce riparian and wetland habitats that contribute 
to the quality of habitat used by delta smelt; and livestock grazing activities that may 
degrade or reduce riparian and wetland habitats that contribute to the quantity and quality 
of habitat used by delta smelt. 
 
Future actions that implement planning efforts such as the Bay-Delta Conservation Plan 
or the Governor’s Delta Vision may have adverse effects to delta smelt or its critical 
habitat, but these projects would have a federal nexus and would be the subject of future 
ESA consultations, as appropriate.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 247

Figures referenced in the Effects Section  
 
Figure E-1.  Relationship between average December-March flow in Old and Middle 
rivers and the salvage of delta smelt in the same averaging period. 
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Figure E-2.  Average winter (Dec-Mar) OMR flow (A), total Delta inflow (B), and 
combined SWP/CVP exports (C) by year.  The data were fitted with lowess splines to 
show trends.  
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Figure E-3.  Boxplot summary of CALSIM II operations study outputs of average winter 
(Dec-Mar) OMR flow for five water year types and the actual historic data (1967-2007). 
The boxes depict the interquartile range which is the distance between the 25th and 75th 
percentiles.  
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Figure E-4.  Time series of estimated percentages (with 95  percent error bars) of the 
adult delta smelt population entrained in the SWP and CVP South Delta water export 
diversion facilities estimated from Kimmerer (2008). OMR flow is plotted on the 
secondary y-axis. 
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Figure E-5.  Frequency distribution of predicted adult delta smelt entrained at Banks and 
Jones for predicted estimates from historic data (1967-1994), actual estimates from 
Kimmerer (2008) for years 1995-2006, and those estimated from CALSIM II model data 
by study.  
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Figure E-6.  Same as E-5 but by water year type.  Kimmerer (2008) estimates did not 
include below normal or critical dry water year types.   
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Figure E-7.  Scatterplot of average flow in Old and Middle rivers (upper panel = March – 
June; lower panel = April – May) and the percentage of the larval and juvenile delta smelt 
population entrained in the SWP and CVP export pumps.  The entrainment estimates 
were taken from Kimmerer (2008).  The bubble sizes are scaled to the average Delta 
outflow for the same averaging periods as the OMR 
flows.
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Figure E-8.  Time trend in average March – June flow Old and Middle river flow, 1967-
2007.  Data for 1980-2006 are empirical data based on ADCP measurements.  Data for 
1967-1979 and 2007 are estimated as described in the text.  The spline is a LOWESS 
regression 
line.
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Figure E-9.  Time trend in average April-May OMR flow, 1967-2007.  Data for 1980-
2006 are empirical data based on ADCP measurements.  Data for 1967-1979 and 2007 
are estimated as described in the text.  The spline is a LOWESS regression line. 

 
 



 

 256

 
Figure E-10.  Time trend in average March – June Delta outflow, 1967-2007.  The spline 
is a LOWESS regression line. 
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Figure E-11.  Time trend in average April - May Delta outflow, 1967-2007.  The spline is 
a LOWESS regression line. 
 

 
 
 



 

 258

 
Figure E-12.  Boxplot summary of CALSIM II operations study outputs of average 
March – June flows in Old and Middle rivers for five WY types.  The boxes depict the 
interquartile range which is the distance between the 25th and 75th percentiles.  The lines 
within the boxes show the medians, more extreme values are shown by the lines and 
asterisks. “Actual” is estimated and measured OMR flows from 1967-2007. 
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Figure E-13.  Boxplot summary of CALSIM II operations study outputs of average April 
– May flows in Old and Middle rivers for five WY types. The boxes depict the 
interquartile range which is the distance between the 25th and 75th percentiles.  The lines 
within the boxes show the medians, more extreme values are shown by the lines and 
asterisks. “Actual” is estimated and measured OMR flows from 1967-2007. 
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Figure E-14.  Boxplot summary of CALSIM II operations study outputs of average 
March – June X2 positions for five WY types.  The boxes depict the interquartile range 
which is the distance between the 25th and 75th percentiles.  The lines within the boxes 
show the medians, more extreme values are shown by the lines and asterisks. “Actual” is 
X2 from 1967-2007. 
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Figure E-15.  Boxplot summary of CALSIM II operations study outputs of average April 
– May X2 positions for five WY types. The boxes depict the interquartile range which is 
the distance between the 25th and 75th percentiles.  The lines within the boxes show the 
medians, more extreme values are shown by the lines and asterisks.  “Actual” is X2 from 
1967-2007. 
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Figure E-16.  Time series of estimated percentages of the larval-juvenile delta smelt 
population entrained in the SWP and CVP South Delta water export diversion facilities. 
Error bars were estimated by linear regression of Kimmerer’s (2008) entrainment 
estimates versus the upper and lower 95 percent confidence intervals of the estimates. 
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Figure E-17.  Frequency distribution of estimated proportions of larval-juvenile delta 
smelt entrained at Banks and Jones for 1967-1994 and 1995-2007.  The data were 
extrapolated to an 82-year period to make them comparable to the CALSIM II outputs in 
the biological assessment. 
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Figure E-18.  Same as Figure 17, but including estimates based on X2 and OMR 
summaries from studies 7.0, 7.1, 8.0, 9.0-9.5 from the biological assessment. 
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Figure E-19.  X2 (km) during September to December based on historic data and 
CALSIM II model results.  The center line in the box is the median and the outer box 
boundaries are the first and third quartiles. 
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Figure E-20.  Summary statistics for the model relating the effect of X2 on the area of 
suitable abiotic habitat (ha) for delta smelt during September to December. 
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Figure E-21.  Area of suitable abiotic habitat (ha) during September to December) based 
on historic data and CALSIM II model results for X2. The center line in the box is the 
median and the outer box boundaries are the first and third quartiles..   
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Figure E-22.  Summary statistics for the stock-recruit model for delta smelt that 
incorporates X2 position during September to December as a covariate.   
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Figure E-23.  Predicted Summer Townet Index for delta smelt based on historic and 
CALSIM II-modeled values of X2 position. The center line in the box is the median and 
the outer box boundaries are the first and third quartiles.    
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Figure E-24.  Time series of historic X2 and E:I ratio for fall (September-December) in 
the upper panels and their relationship in the lower panel. 
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Figure E-25.  Smoothed trend lines for the time series of historic and CALSIM II-
modeled fall X2.  
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Figure E-26.  X2 (km) during individual fall months for historic data and CALSIM II 
model results. The center line in the box is the median and the outer box boundaries are 
the first and third quartiles. 
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Figure E-27.  Time series of fall X2 (September-December) with years noted by WY type 
for the previous spring. 
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Figure E-28.  Top panel: Time series of fall (September-December) and spring (April-
July) X2.  Lower panel: Smoothed time series of the difference between fall and spring 
X2 based on historic data and the CALSIM II model results. 
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Figure E-29.  May-September delta smelt salvage at the SWP Banks Pumping Plant, 
1996-2005, with the start and end dates of Komeen or Nautique aquatic weed treatment 
indicated by the red diamonds.   
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Conclusion 
Delta Smelt 

After reviewing the current status of the delta smelt, the effects of the proposed action 
and the cumulative effects, it is the Service’s biological opinion that the coordinated 
operations of the CVP and SWP, as proposed, are likely to jeopardize the continued 
existence of the delta smelt.  The Service reached this conclusion based on the following 
findings, the basis for which is presented in the preceding Status of the 
Species/Environmental Baseline, Effects of the Action, and Cumulative Effects sections of 
this document.   
 
1.  Diversions of water from the Delta have increased since 1967 when the SWP began 
operation in conjunction with the CVP.  Past and present CVP/SWP operations have 
significantly altered hydro-dynamics throughout the Bay-Delta ecosystem.  This 
alteration has resulted in numerous direct and indirect adverse effects on the delta smelt, 
including: (a) entrainment of migrating adults, larvae, and juveniles caused by pumping 
at the Banks and Jones water export facilities; (b) a reduction in the extent of available 
rearing and foraging habitat caused by CVP/SWP export of high proportions of Delta 
inflows that causes net negative flows in the South and Central Delta; and (c) a reduction 
in the frequency, duration and magnitude of high Delta outflows that has altered the 
location of the LSZ, which is a crucial component of the delta smelt’s habitat, and may 
have facilitated the invasion of dense populations of exotic species that have significantly 
changed delta smelt prey dynamics.  Increased pumping at the Banks and Jones export 
facilities (see Table P-12 and Figure P-17 in the biological assessment) corresponds to 
the decline of the delta smelt population during the period both prior to and following its 
listing under the Act.   
 
2.  The delta smelt is currently at its lowest level of abundance since monitoring began in 
1967.  A significant decline in the abundance of the delta smelt and other pelagic fish 
species began in about the year 2000 in conjunction with the POD.  Since 2004, the 
FMWT index has varied from 26 to 74, but at such low levels that true differences in 
population abundance cannot be determined.  On that basis, the Service concludes that 
resilience of the delta smelt population is currently at or near its lowest level since 
abundance monitoring began in 1967.   
 
3.  Under the proposed CVP/SWP operations, inflows to the Delta are likely to be further 
reduced, as water demands upstream of the Delta increase, most notably on the American 
River.  Additionally, in Modeling Study 8.0, exports at the Banks and Jones export 
facilities are projected to increase over Study 7.0.  These effects are likely to cause 
increased relative entrainment of adult delta smelt in the winter and spring, and of larval 
and juvenile delta smelt in the spring.  OMR flows are expected to become more negative 
as a result of the proposed action.  This is expected to result in higher entrainment of 
delta smelt, as well as affect the transport of larval and juvenile delta smelt into essential 
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rearing habitat in the Central and South Delta.  The full suite of proposed operations will 
reduce Delta outflows, resulting in chronically lower suitability of delta smelt habitat. 
 
4.  Other baseline stressors will continue to adversely affect the delta smelt, such as 
contaminants, microcystis, aquatic macrophytes, and invasive species.  Available 
information is inconclusive regarding the extent, magnitude and pathways by which delta 
smelt may be affected by these stressors independent of CVP/SWP operations.  However, 
the operation of the CVP/SWP, as proposed, is likely to reduce or preclude seasonal 
flushing flows, substantially reduce the natural frequency of upstream and downstream 
movement of the LSZ, and lengthen upstream shifts of the LSZ to an extent that may 
increase the magnitude and frequency of adverse effects to the delta smelt from these 
stressors. 
 
5.  To survive and recover, delta smelt need: 
 
(a) a substantially more abundant adult population; 
 
(b) an increase in the quality and quantity of its spawning, rearing, and migratory habitat 
with respect to turbidity, temperature, salinity, escape cover, freshwater flow, and prey 
availability as a result of active or passive management of water and sediment processes 
in the San Francisco Bay-Delta ecosystem that mimics more natural (i.e., pre-water 
development) conditions.  Improved habitat quality within the Bay-Delta should enhance 
the reproduction of adult delta smelt and increase the survival of both adults and 
juveniles; 
 
(c) a reduction in the levels of contaminants and other pollutants within its habitat to 
increase survival of adults, larvae and juveniles; 
 
(d) a reduction in exposure to disease and toxic algal blooms to increase survival of 
adults, larvae, and juveniles; a reduction in entrainment of adult and juvenile delta smelt 
at CVP/SWP pumping facilities, over and above reductions achieved under the VAMP 
and the EWA, to increase the abundance of the spawning adult population and the 
potential for recruitment of juveniles into the adult population; 
 
(e) a reduction in entrainment at other water diversion-related structures within the Bay-
Delta where delta smelt adults, larvae, or juveniles are known or are likely to be entrained 
to increase the adult population and the potential for recruitment of juveniles into the 
adult population;  
 
(f) restoration of the structure of the food web in the Bay-Delta to a condition that more 
closely mimics the natural environment to increase survival of adults and juveniles; and 
 
(g) to maximize its population resilience in the face of the potential adverse effects of 
ongoing climate change that are occurring in Bay-Delta ecosystem.   
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Relative to these survival and recovery needs, the effects of the proposed action are likely 
to: decrease the abundance of delta smelt; decrease the quality and quantity of its habitat; 
maintain or increase high levels of entrainment; contribute to a degraded food web in the 
Delta; and reduce the population resilience of delta smelt. 
 
6.  On the basis of findings (1)-(5) above, the Service concludes that the effects of the 
proposed action, taken together with cumulative effects, are likely to appreciably reduce 
the likelihood of both the survival and recovery of delta smelt in the wild by reducing its 
reproduction, abundance, and distribution. 
 

Delta Smelt Critical Habitat 

After reviewing the current status of delta smelt critical habitat, the effects of the 
proposed action and the cumulative effects, it is the Service’s biological opinion that the 
coordinated operations of the CVP and SWP, as proposed, are likely to adversely modify 
delta smelt critical habitat.  The Service reached this conclusion based on the following 
findings, the basis for which is presented in the preceding Status of Critical 
Habitat/Environmental Baseline, Effects of the Action, and Cumulative Effects sections of 
this document.  
 
1.  The conservation role of delta smelt critical habitat is to provide migration, spawning 
and rearing habitat conditions necessary for successful delta smelt recruitment at levels 
that will provide for the conservation of the species.  Appropriate physical habitat (PCE 
1), water (PCE 2), river flows (PCE 3), and salinity (PCE 4) are essential for successful 
delta smelt spawning and survival.   
 
2.  The past and present operations of the CVP/SWP have degraded these habitat 
elements (particularly PCEs 2-4) to the extent that their co-occurrence at the appropriate 
places and times is insufficient to support successful delta smelt recruitment at levels that 
will provide for the species’ conservation. 
 
3.  Implementation of the proposed action is expected to perpetuate the very limited co-
occurrence of PCEs at appropriate places and times by: (a) altering hydrologic conditions 
in a manner that adversely affects the distribution of abiotic factors such as turbidity and 
contaminants; (b) altering river flows to an extent that increases delta smelt entrainment 
at Banks and Jones, as well as reduces habitat suitability in the Central and South Delta; 
and (c) altering the natural pattern of seasonal upstream movement of the LSZ to an 
extent that is likely to reduce available habitat for the delta smelt within areas designated 
as critical habitat. 
 
The proposed action does include a provision for VAMP to address augmentation of river 
flow but future implementation of this provision is not well defined, making its beneficial 
effects on the PCEs of delta smelt critical habitat uncertain.   
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4.  On the basis of findings (1)-(3) above, the Service concludes that implementation of 
the proposed action is likely to prevent delta smelt critical habitat from serving its 
intended conservation role. 
 

Reasonable and Prudent Alternative 

The regulations (50 CFR 402.02) implementing section 7 of the Act define reasonable 
and prudent alternatives (RPA) as alternative actions, identified during formal 
consultation, that: 1) can be implemented in a manner consistent with the intended 
purpose of the action; 2) can be implemented consistent with the scope of the action 
agency’s (i.e.Reclamation’s) legal authority and jurisdiction; 3) are economically and 
technologically feasible; and, 4) would, the Service believes, avoid the likelihood of 
jeopardizing the continued existence of listed species or resulting in the destruction or 
adverse modification of critical habitat.   
 
The Service has developed the following RPA that includes four components to be 
implemented using an adaptive approach within specific constraints.  The fifth 
component includes monitoring and reporting requirements.  The components presented 
below are based on the best available scientific information regarding what is necessary 
to adequately provide for successful delta smelt migration and spawning, and larval and 
juvenile survival, growth, rearing, and recruitment within the Bay-Delta.   
 
The specific flow requirements, action triggers and monitoring stations prescribed in the 
RPA will be continuously monitored and evaluated consistent with the adaptive process.  
As new information becomes available, these action triggers may be modified without 
necessarily requiring re-consultation on the overall proposed action. 
 
The following actions are necessary to ensure that implementation of the long term 
operations of the CVP/SWP does not appreciably reduce the likelihood of both the 
survival and recovery of the delta smelt and does not preclude the intended conservation 
role of its critical habitat through: 1) preventing/reducing entrainment of delta smelt at 
Jones and Banks; 2) providing adequate habitat conditions that will allow the adult delta 
smelt to successfully migrate and spawn in the Bay-Delta; 3) providing adequate habitat 
conditions that will allow larvae and juvenile delta smelt to rear; and 4) providing 
suitable habitat conditions that will allow successful recruitment of juvenile delta smelt to 
adulthood.  In addition, it is essential to monitor delta smelt abundance and distribution 
through continued sampling programs through the IEP. 
 
Detailed descriptions of the adaptive process, its framework, and the rationale for each of 
the RPA components are presented in Attachment B of this biological opinion.  
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Process for Determining Specific Actions within Components 1 and 2 
 
1. Within one day after the SWG recommends an action should be initiated, 

changed, suspended or terminated, the SWG shall provide to the Service a written 
recommendation and a biological justification.  The SWG shall use the process 
described in Attachments A and B to provide a framework for their 
recommendations.  The Service shall determine whether the proposed action 
should be implemented, modified, or terminated; and the OMR flow needed to 
achieve the protection.  The Service shall present this information to the WOMT.   

 
2. The WOMT shall either concur with the recommendation or provide a written 

alternative to the recommendation to the Service within one calendar day.  The 
Service shall then make a final determination on the proposed action to be 
implemented, which shall be documented and posted on the Sacramento Fish and 
Wildlife Service’s webpage. 

 
3. Once the Service makes a final determination to initiate a new action, it shall be 

implemented within two calendar days by Reclamation and DWR, and shall 
remain in effect until the need for the action ends or the OMR flow is changed, as 
determined by the Service, consistent with the RPA and described within 
Attachment B.  Data demonstrating the implementation of the action shall be 
provided by Reclamation to the Service on a weekly basis. 

  
4. If the Service determines that an OMR flow change is required while an action is 

ongoing, Reclamation and DWR shall adjust operations to manage to the new 
OMR flow within two days of receipt of the Service’s determination.  This new 
OMR flow shall be used until it is adjusted or the action is changed or terminated 
based on new information, as described in the RPA and Attachment B.  

 
RPA Component 1: Protection of the Adult Delta Smelt Life Stage 
 
Delta smelt are entrained at the fish facilities each year.  These actions are designed to 
reduce the delta smelt entrainment losses.  The objective of Component 1 (Actions 1 and 
2 in Attachment B) is to reduce entrainment of pre-spawning adult delta smelt during 
December to March by controlling OMR flows during vulnerable periods.  Action 1 is 
designed to protect upmigrating delta smelt.  Action 2 is designed to protect adult delta 
smelt that have migrated upstream and are residing in the Delta prior to spawning.  
Overall, RPA Component 1 will increase the suitability of spawning habitat for delta 
smelt by decreasing the amount of Delta habitat affected by the projects’ export pumping 
plants’ operations prior to, and during, the critical spawning period.  
 
Beginning in December of each year, the Service shall review data on flow, turbidity, 
salvage, and other parameters that have historically predicted the timing of delta smelt 
migration into the Delta.  On an ongoing basis, and consistent with the parameters 
outlined below and in Attachment B, the SWG shall recommend to the Service OMR 
flows that are expected to minimize entrainment of adult delta smelt.  Throughout the 
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implementation of RPA Component 1, the Service will make the final determination as to 
OMR flows required to protect delta smelt.  
 
OMR flow requirements given below are based on the following understanding: Where a 
14-day running average is established, the average daily OMR flow must be no more 
negative than the required OMR flow.  Where a 5-day running average is given, the daily 
average shall be no more than 25 percent more negative than the requirement.  The daily 
OMR flows used to compute both the 14-day and the 5-day averages shall be the “tidally 
filtered” values reported by USGS. 
 
Low-entrainment risk period: delta smelt salvage has historically been low between 
December 1 and December 19, even during periods when first flush conditions (i.e., 
elevated river inflow and turbidity) occurred.  During the low-entrainment risk period, the 
SWG shall determine if the information generated by physical (i.e. turbidity and river 
inflow) and biological (e.g., salvage, DFG trawls) monitoring indicates that delta smelt 
are vulnerable to entrainment or are likely to migrate into a region where future 
entrainment events may occur.  If this occurs, the Service shall require initiation of 
Action 1 as described in Attachment B.  Action 1 shall require the Projects to maintain 
OMR flows no more negative than -2,000 cfs (14-day average) with a simultaneous 5-day 
running average flow no more negative than -2,500 cfs to protect adult delta smelt for 14 
days.   
 
High-entrainment risk period: delta smelt have historically been entrained when first 
flush conditions occur in late December.  In order to prevent or minimize such 
entrainment, Action 1 shall be initiated on or after December 20 if the 3 day average 
turbidity at Prisoner’s Point, Holland Cut, and Victoria Canal exceeds 12 NTU, or if there 
are three days of delta smelt salvage at either facility or if the cumulative daily salvage 
count is above the risk threshold based upon the “daily salvage index” approach 
described in Attachment B.  Action 1 shall require the Projects to maintain OMR flows 
no more negative than -2,000 cfs (14-day running average) with a simultaneous 5-day 
running average flow no more negative than -2,500 cfs to protect adult delta smelt for 14 
days.  However, the SWG can recommend a delayed start or interruption based on other 
conditions such as delta inflow that may affect vulnerability to entrainment.   
 
Winter protection period: recent analyses indicate that cumulative adult entrainment and 
salvage are lower when OMR flows are no more negative than -5,000 cfs in the 
December through March period.  Action 2 shall commence immediately after Action 1 
ends.  If Action 1 is not implemented, the SWG may recommend a start date for the 
implementation of Action 2 to protect adult delta smelt.  OMR flows under Action 2 shall 
be in the range of -3,500 to -5,000 when turbidity and salvage are low.  Based on historic 
conditions, OMR flow would generally be expected to be in the range of -2,000 cfs to -
3,500 cfs given recent salvage events.  However, at times when turbidity and flow 
conditions in the Delta may result in increased salvage, the range may be between -1,250 
to -2,000 cfs.  During the implementation of Action, the maximum negative flow for 
OMR shall be determined based on the criteria outlined in Attachment B.  The OMR flow 
shall be based on a 14-day running average with simultaneous 5-day running average 
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within 25 percent of the required OMR flow.  The action may be suspended temporarily 
if the three day flow average is greater than or equal to 90,000 cfs at the Sacramento 
River at Rio Vista and 10,000 cfs at the San Joaquin River at Vernalis, because there is 
low likelihood that delta smelt will be entrained during such high inflow conditions.  
Suspension of this action due to high flow will end when flow drops below the 90,000 cfs 
and 10,000 cfs threshold.  Action 2 ends when spawning begins as defined for Action 3 
implementation (Component 2).  
 
 
RPA Component 2: Protection of Larval and Juvenile Delta Smelt 
 
Delta smelt larvae and juveniles are susceptible to direct mortality by entrainment.  
Hydrologic conditions resulting from CVP/SWP operations increase the risk of that 
entrainment.  The objective of this RPA component (which corresponds to Action 3 in 
Attachment B), is to improve flow conditions in the Central and South Delta so that larval 
and juvenile delta smelt can successfully rear in the Central Delta and move downstream 
when appropriate.   
 
Upon completion of RPA Component 1 or when Delta water temperatures reach 12˚C 
(based on a 3-station average of daily average water temperature at Mossdale, Antioch, 
and Rio Vista) or when a spent female delta smelt is detected in the trawls or at the 
salvage facilities, the projects shall operate to maintain OMR flows no more negative 
than -1,250 to -5000 cfs based on a 14-day running average with a simultaneous 5-day 
running average within 25 percent of the applicable 14-day OMR flow requirement.  
Depending on the extant conditions, the SWG shall make recommendations for the 
specific OMR flows within this range from the onset of implementing RPA Component 2 
through its termination.  The Service shall make the final determination regarding 
specific OMR flows.  This action shall end June 30 or when the 3-day mean water 
temperature at Clifton Court Forebay reaches 25° C, whichever occurs earlier.  
 
The Spring HORB shall be installed only if the Service determines delta smelt 
entrainment is not a concern (Action 5 from Attachment B).   
 
RPA Component 3: Improve Habitat for Delta Smelt Growth and Rearing 
 
The objective of this component is to improve fall habitat for delta smelt through 
increasing Delta outflow during fall.  Increase in fall habitat quality and quantity will 
both benefit delta smelt.   
 
Subject to adaptive management as described below and in Action 4 in Attachment B, 
during September and October in years when the preceeding precipitation and runoff 
period was wet or above normal as defined by the Sacramento Basin 40-30-30 index, 
Reclamation and DWR shall provide sufficient Delta outflow to maintain monthly 
average X2 no greater (more eastward) than 74 km (from the Golden Gate) in Wet WYs 
and 81 km in Above Normal WYs.  The monthly X2 target will be separately achieved 
for the months of September and October.  During any November when the preceding 
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water year was wet or above normal as defined by the Sacramento Basin 40-30-30 index, 
all inflow into CVP/SWP reservoirs in the Sacramento Basin shall be added to reservoir 
releases in November to provide an additional increment of outflow from the Delta to 
augment Delta outflow up to the fall X2 of 74 km for Wet WYs or 81 km for Above 
Normal WYs, respectively.  In the event there is an increase in storage during any 
November this action applies, the increase in reservoir storage shall be released in 
December to augment the December outflow requirements in SWRCB D-1641.   
  
Given the nature of this Action and to align its management more closely with the 
general plan described by the independent review team and developed by Walters (1997), 
the Service shall oversee and direct the implementation of a formal adaptive management 
process.  The adaptive management process shall include the elements as described in 
Attachment B.  This adaptive management program shall be reviewed and approved by 
the Service in addition to other studies that are required for delta smelt.  In accordance 
with the adaptive management plan, the Service will review new scientific information 
when provided and may make changes to the action when the best available scientific 
information warrants.  For example, there may be other ways to achieve the biological 
goals of this action, such as a Delta outflow target, that will be evaluated as part of the 
study.  This action may be modified by the Service consistent with the intention of this 
action based on information provided by the adaptive management program in 
consideration of the needs of other listed species.  Other CVP/SWP obligations may also 
be considered.   
 
The adaptive management program shall have specific implementation deadlines.  The 
creation of the delta smelt habitat study group, initial habitat conceptual model review, 
formulation of performance measures, implementation of performance evaluation, and 
peer review of the performance measures and evaluation that are described in steps (1) 
through (3) of Attachment B shall be completed before September 2009.  Additional 
studies addressing elements of the habitat conceptual model shall be formulated as soon 
as possible, promptly implemented, and reported as soon as complete.   
 
The Service shall conduct a comprehensive review of the outcomes of the Action and the 
effectiveness of the adaptive management program ten years from the signing of the 
biological opinion, or sooner if circumstances warrant.  This review shall entail an 
independent peer review of the Action.  The purposes of the review shall be to evaluate 
the overall benefits of the Action and to evaluate the effectiveness of the adaptive 
management program.  At the end of 10 years or sooner, this action, based on the peer 
review and Service determination as to its efficacy shall either be continued, modified or 
terminated.    
 
RPA Component 4: Habitat Restoration 
 
This component of the RPA (Action 6 of Attachment B) is intended to provide benefits to 
delta smelt habitat to supplement the benefits resulting from the flow actions described 
above.  DWR shall implement a program to create or restore a minimum of 8,000 acres of 
intertidal and associated subtidal habitat in the Delta and Suisun Marsh.  These actions 



 

 284

may require separate ESA consultations for their effects on federally listed species.  The 
restoration efforts shall begin within 12 months of signature of this biological opinion 
and be completed by DWR (the applicant) within 10 years.  The restoration sites and 
plans shall be reviewed and approved by the Service and be appropriate to improve 
habitat conditions for delta smelt.  Management plans shall be developed for each 
restoration site with an endowment or other secure financial assurance and easement in 
place held by a third-party or DFG and approved by the Service.  The endowment or 
other secure financial assurance shall be sufficient to fund the monitoring effort and 
operation and maintenance of the restoration site.   
 
An overall monitoring program shall be developed to focus on the effectiveness of the 
restoration actions and provided to the Service for review within six months of signature 
of this biological opinion.  The applicant shall finalize the establishment of the funding 
for the restoration plan within 120 days of final approval of the restoration program by 
the Service.  There is a separate planning effort in Suisun Marsh where the Service is a 
co-lead with Reclamation on preparation of an Environmental Impact Statement.  
Restoration actions in Suisun Marsh shall be based on the Suisun Marsh Plan that is 
currently under development. 
 
RPA Component 5: Monitoring and Reporting 
 
Reclamation and DWR shall ensure that information is gathered and reported to ensure:  
1) proper implementation of these actions,  
2) that the physical results of these actions are achieved, and  
3) that information is gathered to evaluate the effectiveness of these actions on the 
targeted life stages of delta smelt so that the actions can be refined, if needed. 
 
Essential information to evaluate these actions (and the Incidental Take Statement) 
includes sampling of the FMWT, Spring Kodiak Trawl, 20-mm Survey, TNS and the 
Environmental Monitoring Program of the IEP.  This information shall be provided to the 
Service within 14 days of collection.  Additional monitoring and research will likely be 
required, as defined by the adaptive management process.   
 
Information on salvage at Banks and Jones is both an essential trigger for some of these 
actions and an important performance measure of their effectiveness.  In addition, 
information on OMR flows and concurrent measures of delta smelt distribution and 
salvage are essential to ensure that actions are implemented effectively.  Such 
information shall be included in an annual report for the WY (October 1 to September 
30) to the Service, provided no later than October 15 of each year, starting in 2010. 
 
Reclamation shall implement the RPA based on performance standards, monitoring and 
evaluation of results from the actions undertaken and adaptive management as described 
in RPA component 3.  RPA component 3 has a robust adaptive management component 
that requires a separate analysis apart from those required under this component.  Some 
of the data needed for these performance measures are already being collected such as the 
FMWT abundances and salvage patterns.  However, more information on the effect of 
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these actions on smelt survival and the interactions of project operations with other 
stressors on delta smelt health, fecundity and survival is needed.  This information may 
provide justificationfor refining these actions to better address the needs of delta smelt.  
Studies like those of the IEP’s POD workteam have provided much useful information on 
the needs of delta smelt and the stressors affecting them that was integral in the 
development of these actions.   
 
Avoidance of Jeopardy and Adverse Modification 
 
The conservation needs of the delta smelt at this time are primarily associated with: (1) 
protective measures for pre-spawning adult delta smelt; (2) improvement of flow 
conditions in the Central and South Delta so that larval and juvenile delta smelt can 
successfully rear and move downstream with a minimum entrainment risk; and (3) 
restoration and enhancement of habitat availability and quality that improves growth and 
survival of delta smelt.   
 
The RPA components described above and in Attachment B specifically address the 
above factors to the extent provided by the regulatory criteria that define a RPA.  
Implementation of this RPA will increase the likelihood that delta smelt habitat 
conditions and attributes for migration, spawning, recruitment, growth, and survival will 
be provided during the term of the proposed action.  For these reasons, the Service finds 
that implementation of the RPA described above is likely to avoid jeopardy to the delta 
smelt and adverse modification of its critical habitat. 
 
 

Incidental Take Statement 

Introduction 

Section 9 of the Act and Federal regulations pursuant to section 4(d) of the Act prohibit 
the take of endangered and threatened species, respectively, without special exemption.  
Take is defined as harass, harm, pursue, hunt, shoot, wound, kill, trap, capture or collect, 
or to attempt to engage in any such conduct.  Harass is defined by the Service as an 
intentional or negligent act or omission which creates the likelihood of injury to a listed 
species by annoying it to such an extent as to significantly disrupt normal behavioral 
patterns which include, but are not limited to, breeding, feeding or sheltering.  Harm is 
defined by the Service to include significant habitat modification or degradation that 
results in death or injury to listed species by impairing behavioral patterns including 
breeding, feeding, or sheltering.  Incidental take is defined as take that is incidental to, 
and not the purpose of, the carrying out of an otherwise lawful activity. Under the terms 
of section 7(b)(4) and section 7(o)(2), taking that is incidental to and not intended as part 
of the agency action is not considered to be a prohibited taking under the Act, provided 
that such taking is in compliance with the terms and conditions of this Incidental Take 
Statement. 
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The measures described below are nondiscretionary and must be implemented by 
Reclamation, working with DWR under the COA and other interagency agreements, in 
order for the exemption in section 7(o)(2) to apply.  Reclamation has a continuing duty to 
regulate the activities that are covered by this Incidental Take Statement for the life of the 
proposed action.  If Reclamation fails to assume and implement the RPA and terms and 
conditions or is unable to ensure that DWR adheres to the RPA and terms and conditions 
of this Incidental Take Statement while jointly operating under the COA and other 
interagency agreements, the protective coverage of section 7(o)(2) may lapse.  In order to 
monitor the impacts of incidental take, Reclamation must report the progress of the action 
and its impacts on the delta smelt to the Service as specified in this Incidental Take 
Statement.  [50 CFR §402.14(i)(3)] 

The Service developed the following Incidental Take Statement based on the premise that 
the RPA will be implemented.  A detailed description of the rational for the development 
of the incidental take statement is in Attachment C.  This Incidental Take Statement 
assumes full implementation of the RPA.   

Form of Take Anticipated  
The Service anticipates that take of the delta smelt is likely to occur in the form of kill, 
capture (via salvage), wound, harm, and harass as a result of CVP/SWP operations within 
the action area, inclusive of activities at the NBA and at CCWD facilities, and in 
conjunction with studies to determine screening criteria and to improve delta smelt 
handling and survival in the salvage process.  The above forms of take will result in the 
injury or death of delta smelt.  This Incidental Take Statement addresses all of the above.   
 
Amount or Extent of Take 
 
Take of Delta Smelt at the NBA and CCWD Facilities 
 
The Service anticipates that incidental take of delta smelt at the NBA and at the CCWD 
diversions will be difficult to detect since no monitoring program samples for 
entrainment at these facilities on a regular basis.  Incidental take is not expected to be 
high since the other diversions have fish screens and the unscreened Rock Slough 
diversion is at a dead end slough where delta smelt are not usually present.  Due to the 
difficulty in quantifying the number of delta smelt that will be taken as a result of the 
proposed action, the Service is quantifying incidental take for the NBA and the CCWD 
diversion to be all delta smelt inhabiting the water diverted at these facilities under the 
conditions of 71 TAF per year at the NBA and 195 TAF at the CCWD diversions.   
 
Take of Adult Delta Smelt 
 
The Service anticipates that take of adult delta smelt via entrainment will be minimized 
when OMR flows are limited to -2,000 cfs during the first winter flush when adult smelt 
move within the zone of entrainment.  OMR flows held between -1,250 and -5,000 cfs 
following the first flush until the onset of spawning will protect later delta smelt migrants 
and spawners.  During frequent intervals within the timeframe for RPA Component 1, the 
SWG shall provide specific OMR flow recommendations to the Service; and the Service 
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shall then determine flow requirements using the adaptive process as described in the 
RPA.   
 
To estimate take with implementation of the RPA, the Service scaled projected salvage to 
abundance using the estimates provided by the prior year’s FMWT Index (further details 
on the methods used in developing the Incidental Take Statement can be found in 
Attachment C).  The segregation of year types is based upon descriptive statistics 
comprising quartiles, as expressed in Figure C-1 of Attachment C, and quantified 
following the approach described below. 
 
The Cumulative Salvage Index (CSI) is calculated as the total year’s adult salvage (the 
aggregate number for expanded salvage at both the Banks and Jones export facilities for 
the period December through March) divided by the previous year’s FMWT Index.   
Water years 2006 to 2008 were years in which salvage, negative OMR flows, and delta 
smelt abundance were all lower relative to the historic values.  The Service therefore 
believes these years within the historic dataset best approximate expected salvage under 
RPA Component 1. 
 
The average CSI value for WYs 2006 to 2008 was 7.25.  Projecting this average rate of 
salvage to the years in which CVP/SWP operations will be conducted within the 
sideboards established by the RPA would yield estimates of salvage at 7.25 times the 
prior year’s FMWT Index. The Service used this estimator to predict incidental take 
levels of adult delta smelt during each year that the RPA’s will be in effect.  This value, 
which can be calculated upon release of the final FMWT Index within the current water 
year, is regarded as the incidental take for adult delta smelt under the RPA. 
 
Incidental Take: Cumulative Expanded Salvage = 7.25 * Prior Year’s FMWT Index 
 
Delta smelt abundance is critically low, and without habitat quality conditions to 
appreciably improve juvenile growth and rearing from recent historic levels, is expected 
to remain so for the foreseeable future.  The current population cannot tolerate direct 
mortality through adult entrainment at levels approaching even “moderate” take as 
observed through the historic record of recent decades.  The method utilized herein to 
calculate take contains uncertainty within the estimates, and this fact translates into 
population-level risk.  Further, there is a recognized need to provide a quantitative 
framework so that the Service and CVP/SWP operators have a common analytical 
methodology for reference and to further guide the adaptive process.   
 
Therefore, the Service is also providing a Concern Level estimate, meant to indicate 
salvage levels approaching the take threshold, and help guide implementation of the 
RPA.  Reaching this expanded salvage figure within a given season may require that 
OMR flows be set to a more restrictive level, unless available data indicate some greater 
level of exports is possible without increasing entrainment (e.g., there is strong reason to 
presume the pre-spawning migration has passed).  Throughout the water year, as the 
SWG convenes and reviews daily salvage data, reaching the Concern Level for adult 
salvage requires an immediate specific recommendation to the Service. 
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The Service believes this Concern Level value should trigger at 75 percent of the 
calculated adult incidental take, as an indicator that operations may need to be more 
constrained to avoid exceeding the incidental take.   
 
Concern Level:  Cumulative Expanded Salvage = 5.43 * Prior Year’s FMWT Index 
 
Table IT-1 lists threshold levels of concern and incidental take for a range of potential 
FMWT indices.  This table is intended to be used as a reference to discern levels of 
salvage reflecting the range of expected adult delta smelt mortality with implementation 
of the RPA, and as an indicator of adult delta smelt salvage levels that constitutes an 
increasing adverse effect to the delta smelt population due to CVP/SWP operations. 
 
 

Table IT-1:  Incidental Take Expanded Salvage Numbers by FMWT Index Lookup Table

FMWT 
Index 

Concern 
Level 

Incidental 
Take   

FMWT 
Index 

Concern 
Level 

Incidental 
Take 

FMWT 
Index 

Concern 
Level 

Incidental 
Take 

FMWT 
Index 

Concern 
Level 

Incidental 
Take 

2 11 15   66 359 479 220 1197 1596  550 2992 3989 
4 22 29   72 392 522 240 1305 1741  560 3046 4061 
6 33 44   78 424 566 260 1414 1886  570 3100 4134 
8 44 58   84 457 609 280 1523 2031  580 3155 4206 
10 54 73   90 490 653 300 1632 2176  590 3209 4279 
12 65 87   96 522 696 320 1741 2321  600 3264 4351 
14 76 102   100 544 725 340 1849 2466  620 3372 4496 
16 87 116   102 555 740 360 1958 2611  640 3481 4642 
18 98 131   104 566 754 380 2067 2756  660 3590 4787 
20 109 145   106 577 769 400 2176 2901  680 3699 4932 
22 120 160   108 587 783 420 2285 3046  700 3808 5077 
24 131 174   110 598 798 460 2502 3336  720 3916 5222 
26 141 189   120 653 870 480 2611 3481  740 4025 5367 
28 152 203   130 707 943 500 2720 3626  760 4134 5512 
30 163 218   140 762 1015 502 2731 3641  780 4243 5657 
34 185 247   150 816 1088 504 2741 3655  800 4351 5802 
38 207 276   160 870 1160 506 2752 3670  840 4569 6092 
42 228 305   170 925 1233 510 2774 3699  880 4787 6382 
48 261 348   180 979 1305 520 2828 3771  920 5004 6672 
54 294 392   190 1033 1378 530 2883 3844  960 5222 6962 
60 326 435   200 1088 1450 540 2937 3916  1000 5439 7252 
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Take of Larval and Juvenile Delta Smelt 
 
The Service has largely followed the methodology for estimating incidental take of larval 
delta smelt similar to that utilized for adults.  Specifically, an average of the last four 
years (2005-2008) cumulative larval/juvenile salvage by month (April through July) was 
calculated.  This can be summarizes as a Juvenile Salvage Index (JSI), calculated as: 
 
Monthly Juvenile Salvage Index = cumulative seasonal ≥ 20 mm salvage by month 

end divided by current WY FMWT Index 
 
The mean values from 2005-2008 were used as an estimate of take under the RPA.  The 
reason for selecting this span of years is that the apparent abundance of delta smelt since 
2005 as indexed by the 20-mm Survey and the TNS is the lowest on record.  It was 
necessary to separate out this abundance variable, but also to account for other poorly 
understood factors relating salvage to OMR, distribution, and the extant conditions.  On a 
monthly basis (cumulative salvage across the spring), this estimate represents a concern 
level where entrainment has reached high enough numbers to indicate the need for more 
protective OMR restrictions.  The cumulative salvage figures in the Incidental Take 
Statement reflect totals beginning with the first seasonal juvenile salvage through the end 
of the current month (i.e., prior month totals are added to the succeeding month’s values).  
The tables provided cover the full month to the final day of the applicable calendar 
month.   
 
Concern Level = Monthly JSI 2005-2008 mean * Current WY FMWT 
 
The last four years average monthly cumulative salvage was used to calculate the concern 
level for larval/juvenile smelt, as opposed to the incidental take under the RPA.  It is 
acknowledged that salvage across years will be variable, as distribution, spawning 
success, prior entrainment of adults, enhanced survival of <20mm larval delta smelt 
under the RPA, and extant natural conditions determine.  As mentioned above, this 
constrains predictability of take using this methodology, and is less reliable overall as the 
method used for adults.  Also, it is believed that individuals of the larval/juvenile 
lifestage are less demographically significant than adults.  Given these considerations, the 
incidental take estimate for ≥ 20 mm larval/juvenile delta smelt under the RPA will be 
above the four year average by 50 percent. 
 
Larval/Juvenile Incidental Take = 1.5 * Concern Level 
 
Lookup tables relating (current WY) FMWT to concern level and incidental take for 
cumulative salvage by month appears in Table IT-2 through IT-5, below. 
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Table IT-2:  April Cumulative ≥ 20 mm Juvenile Incidental Take by FMWT Index Lookup Table 

FMWT 
Index 

Concern 
Level 

 
Incidental 

Take  
FMWT 
Index 

Concern 
Level 

Incidental 
Take  

FMWT 
Index 

Concern 
Level 

Incidental 
Take 

2 1 1   102 30 45  502 147 221 
4 1 2   104 30 46  504 148 222 
6 2 3   106 31 47  506 148 223 
8 2 4   108 32 47  510 150 224 

10 3 4   110 32 48  520 152 229 
12 4 5   120 35 53  530 155 233 
14 4 6   130 38 57  540 158 237 
16 5 7   140 41 62  550 161 242 
18 5 8   150 44 66  560 164 246 
20 6 9   160 47 70  570 167 251 
22 6 10   170 50 75  580 170 255 
24 7 11   180 53 79  590 173 259 
26 8 11   190 56 84  600 176 264 
28 8 12   200 59 88  620 182 273 
30 9 13   220 64 97  640 188 281 
34 10 15   240 70 106  660 193 290 
38 11 17   260 76 114  680 199 299 
42 12 18   280 82 123  700 205 308 
48 14 21   300 88 132  720 211 317 
54 16 24   320 94 141  740 217 325 
60 18 26   340 100 150  760 223 334 
66 19 29   360 106 158  780 229 343 
72 21 32   380 111 167  800 235 352 
78 23 34   400 117 176  840 246 369 
84 25 37   420 123 185  880 258 387 
90 26 40   460 135 202  920 270 405 
96 28 42   480 141 211  960 281 422 

100 29 44   500 147 220  1000 293 440 
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Table IT-3:  May Cumulative ≥ 20 mm Juvenile Incidental Take by FMWT Index Lookup Table

FMWT 
Index 

Concern 
Level 

Incidental 
Take  

FMWT 
Index 

Concern 
Level 

Incidental 
Take  

FMWT 
Index 

Concern 
Level 

Incidental 
Take 

2 26 39   102 1329 1994  502 6543 9815 
4 52 78   104 1356 2033  504 6569 9854 
6 78 117   106 1382 2072  506 6595 9893 
8 104 156   108 1408 2112  510 6647 9971 

10 130 196   110 1434 2151  520 6778 10167 
12 156 235   120 1564 2346  530 6908 10362 
14 182 274   130 1694 2542  540 7038 10558 
16 209 313   140 1825 2737  550 7169 10753 
18 235 352   150 1955 2933  560 7299 10949 
20 261 391   160 2085 3128  570 7429 11144 
22 287 430   170 2216 3324  580 7560 11340 
24 313 469   180 2346 3519  590 7690 11535 
26 339 508   190 2476 3715  600 7821 11731 
28 365 547   200 2607 3910  620 8081 12122 
30 391 587   220 2868 4301  640 8342 12513 
34 443 665   240 3128 4692  660 8603 12904 
38 495 743   260 3389 5083  680 8863 13295 
42 547 821   280 3650 5474  700 9124 13686 
48 626 938   300 3910 5865  720 9385 14077 
54 704 1056   320 4171 6256  740 9645 14468 
60 782 1173   340 4432 6647  760 9906 14859 
66 860 1290   360 4692 7038  780 10167 15250 
72 938 1408   380 4953 7429  800 10427 15641 
78 1017 1525   400 5214 7821  840 10949 16423 
84 1095 1642   420 5474 8212  880 11470 17205 
90 1173 1760   460 5996 8994  920 11991 17987 
96 1251 1877   480 6256 9385  960 12513 18769 

100 1303 1955   500 6517 9776  1000 13034 19551 
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Table IT-4:  June Cumulative ≥ 20 mm Juvenile Incidental Take by FMWT Index Lookup Table 

FMWT 
Index 

Concern 
Level 

Incidental 
Take  

FMWT 
Index 

Concern 
Level 

Incidental 
Take  

FMWT 
Index 

Concern 
Level 

Incidental 
Take 

2 66 99   102 3369 5053  502 16578 24868 
4 132 198   104 3435 5152  504 16644 24967 
6 198 297   106 3501 5251  506 16711 25066 
8 264 396   108 3567 5350  510 16843 25264 
10 330 495   110 3633 5449  520 17173 25759 
12 396 594   120 3963 5944  530 17503 26255 
14 462 694   130 4293 6440  540 17833 26750 
16 528 793   140 4623 6935  550 18164 27245 
18 594 892   150 4954 7431  560 18494 27741 
20 660 991   160 5284 7926  570 18824 28236 
22 727 1090   170 5614 8421  580 19154 28732 
24 793 1189   180 5944 8917  590 19485 29227 
26 859 1288   190 6275 9412  600 19815 29722 
28 925 1387   200 6605 9907  620 20475 30713 
30 991 1486   220 7265 10898  640 21136 31704 
34 1123 1684   240 7926 11889  660 21796 32695 
38 1255 1882   260 8586 12880  680 22457 33685 
42 1387 2081   280 9247 13870  700 23117 34676 
48 1585 2378   300 9907 14861  720 23778 35667 
54 1783 2675   320 10568 15852  740 24438 36657 
60 1981 2972   340 11228 16843  760 25099 37648 
66 2180 3269   360 11889 17833  780 25759 38639 
72 2378 3567   380 12549 18824  800 26420 39630 
78 2576 3864   400 13210 19815  840 27741 41611 
84 2774 4161   420 13870 20806  880 29062 43593 
90 2972 4458   460 15191 22787  920 30383 45574 
96 3170 4756   480 15852 23778  960 31704 47556 

100 3302 4954   500 16512 24769  1000 33025 49537 
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Table IT-5:  July Cumulative ≥ 20 mm Juvenile Incidental Take by FMWT Index Lookup Table 

FMWT 
Index 

Concern 
Level 

Incidental 
Take  

FMWT 
Index 

Concern 
Level 

Incidental 
Take  

FMWT 
Index 

Concern 
Level 

Incidental 
Take 

2 75 112   102 3822 5732  502 18808 28213 
4 150 225   104 3897 5845  504 18883 28325 
6 225 337   106 3971 5957  506 18958 28437 
8 300 450   108 4046 6070  510 19108 28662 
10 375 562   110 4121 6182  520 19483 29224 
12 450 674   120 4496 6744  530 19857 29786 
14 525 787   130 4871 7306  540 20232 30348 
16 599 899   140 5245 7868  550 20607 30910 
18 674 1012   150 5620 8430  560 20981 31472 
20 749 1124   160 5995 8992  570 21356 32034 
22 824 1236   170 6369 9554  580 21731 32596 
24 899 1349   180 6744 10116  590 22105 33158 
26 974 1461   190 7119 10678  600 22480 33720 
28 1049 1574   200 7493 11240  620 23229 34844 
30 1124 1686   220 8243 12364  640 23979 35968 
34 1274 1911   240 8992 13488  660 24728 37092 
38 1424 2136   260 9741 14612  680 25477 38216 
42 1574 2360   280 10491 15736  700 26227 39340 
48 1798 2698   300 11240 16860  720 26976 40464 
54 2023 3035   320 11989 17984  740 27725 41588 
60 2248 3372   340 12739 19108  760 28475 42712 
66 2473 3709   360 13488 20232  780 29224 43836 
72 2698 4046   380 14237 21356  800 29973 44960 
78 2922 4384   400 14987 22480  840 31472 47208 
84 3147 4721   420 15736 23604  880 32971 49456 
90 3372 5058   460 17235 25852  920 34469 51704 
96 3597 5395   480 17984 26976  960 35968 53952 

100 3747 5620   500 18733 28100  1000 37467 56200 
 
 

 

 
Effect of the Take 
  
The Service determined that this level of anticipated take is not likely to result in 
jeopardy to the species or destruction or adverse modification of critical habitat when the 
RPA is implemented. 
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Reasonable and Prudent Measures 
The following reasonable and prudent measures are necessary and appropriate to 
minimize the effect of the proposed action on the delta smelt: 
 

1.   Minimize adverse effects of the operations of the Permanent Operable Gates. 
 
2.  Minimize adverse effects of operations of the NBA. 
 
3. Obtain real time data on the abundance and distribution of delta smelt in the 

Bay-Delta. 
 
4. Minimize adverse effects of Banks and Jones on delta smelt. 

 

Terms and Conditions 
In order to be exempt from the prohibitions of section 9 of the Act, Reclamation shall 
ensure compliance with the following terms and conditions, which implement the 
reasonable and prudent measures described above.  These terms and conditions are 
nondiscretionary. 
 
The following Term and Condition implements Reasonable and Prudent Measures one 
(1): 

 
1. The Service shall have the final decision on the operations of the Permanent 

Gates.  The members of the GORT can provide suggestions to operate the gates, 
but the ultimate decision on how to operate the gates to protect delta smelt will be 
made by the Service. 

 
The following Term and Condition implements Reasonable and Prudent Measures two 
(2): 
 
1. Annual evaluations shall be conducted for the fish screens at the NBA diversion 

during January through June.  A proposed evaluation study shall be submitted to 
the Service for approval within 3 months of the issuance of this biological 
opinion.  The evaluation shall monitor fish entrained and impinged on the fish 
screen, the screen approach velocities, cleanliness of the screen and any other 
pertinent criteria needed to determine the effectiveness of the fish screen. 

 
The following Terms and Conditions implement Reasonable and Prudent Measures three 
(3): 
 
1. During the months of December through July, when water is being diverted, 

Reclamation and DWR shall ensure that the frequency of sampling for delta smelt 
at Banks and Jones will be at least 25 percent of the time. 
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2. Reclamation and DWR shall develop a methodology for quantitative larval 
monitoring at Banks and Jones to help refine the triggers for the Actions in the 
RPA.  An interim plan shall be submitted to the Service for approval within 30 
days of the issuance of this biological opinion so the monitoring can be 
implemented this year.  A more detailed plan shall be developed and approved by 
the Service within one year.   

 
The following Term and Condition implements Reasonable and Prudent Measures four 
(4): 
 
1. Reclamation will develop within 30 days a methodology for dealing with 

transitions in operations after changes in OMR flow requirements.   
 

Monitoring Requirements 
Monitoring requirements in accordance with section 402.14(i)(3) of the implementing 
regulations for section 7 of the Act have been included as part of the RPA and must be 
implemented by Reclamation and DWR. 

Reporting Requirements 
Reclamation or DWR shall immediately report to the Service any information about take 
or suspected take of federally-listed species not authorized in this biological opinion.  
Reclamation or DWR must notify the Service within 24 hours of receiving such 
information.  Notification must include the date, time, and location of the incident or of 
the finding of a dead or injured delta smelt.  Any killed delta smelt that have been taken 
should be properly preserved in accordance with Natural History Museum of Los 
Angeles County policy of accessioning (10 percent formalin in quart jar or freezing).  
Information concerning how the fish was taken, length of the interval between death and 
preservation, the water temperature and outflow/tide conditions, and any other relevant 
information should be written on 100 percent rag content paper with permanent ink and 
included in the container with the specimen.  The Service contact persons are Chris 
Nagano, Deputy Assistant Field Supervisor, at telephone (916) 414-6600, and Dan Crum, 
Resident Agent-in-Charge of the Service’s Law Enforcement Division at telephone (916) 
414-6660.   
 
 

Conservation Recommendations 

Section 7(a)(1) of the Act directs Federal agencies to utilize their authorities to further the 
purposes of the Act by carrying out conservation programs for the benefit of endangered 
and threatened species.  Conservation recommendations are discretionary agency 
activities that can be implemented to further the purposes of the Act, such as preservation 
of endangered species habitat, implementation of recovery actions, or development of 
information and data bases.   
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The Service requests notification of the implementation of any conservation 
recommendations in order to be kept informed of actions minimizing or avoiding adverse 
effects or benefiting listed species or their habitats.  We propose the following 
conservation recommendations: 
 
1. The Service recommends that Reclamation and DWR develop and implement 

restoration measures consistent with the current Delta Native Species Recovery 
Plan. 

 
2. The Service recommends that Reclamation and DWR develop procedures that 

minimize the effects of all other in-water activities that it conducts within the 
action area on delta smelt. 

 
3. The Service recommends Reclamation work with willing partners to establish and 

maintain a diverse population of delta smelt for refuge and research purposes, 
managed to ensure adequate genetic diversity. 

 
To be kept informed of actions minimizing or avoiding adverse effects or benefiting 
listed and proposed species or their habitats, the Service requests notification of the 
implementation of any conservation recommendations. 
 
 

Reinitiation-Closing Statement 
 

If the Sacramento Valley Water Year Type Index (40-30-30) February 1 50 percent 
exceedence forecast indicates that the water year will be a second consecutive (or more) 
dry or critically dry year, Reclamation shall reinitiate consultation with the Service.  In 
order to allow the CVP/SWP to provide health and safety needs, critical refuge supplies, 
and obligation to senior water rights holders, the combined CVP/SWP export rates will 
not be required to drop below 1,500 cfs in these circumstances.  However, in the unlikely 
event that salvage approaches the incidental take limit at these low export levels, the 
Service shall assess the on-going risk to delta smelt and will determine if additional 
reductions in pumping or other actions are necessary to further minimize effects.   
 
If the subsequent 40-30-30 March 1 50 percent forecast indicates that the water year will 
no longer be a second consecutive (or more) dry or critically dry year, project operations 
may resume as described in the RPA.  However, if subsequent April or May 75 percent 
exceedence forecasts move back to a critically dry year, reinitiation will again 
commence.  Forecasts wetter than dry shall result in implementation of actions as 
described in the RPA.   
 
This concludes formal consultation on the proposed coordinated operations of the CVP 
and SWP in California.  As provided in 50 CFR §402.16, reinitiation of formal 
consultation is required where discretionary Reclamation involvement or control over the 
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action has been maintained (or is authorized by law) and if: (1) the amount or extent of 
incidental take is exceeded; (2) new information reveals effects of the CVP/SWP that 
may affect listed species or critical habitat in a manner or to an extent not considered in 
this opinion; (3) the CVP/SWP is subsequently modified in a manner that causes an effect 
to the listed species or critical habitat that was not considered in this opinion; or (4) a new 
species is listed or critical habitat designated that may be affected by the CVP/SWP.  In 
instances where the amount or extent of incidental take is exceeded, any operations 
causing such take must cease, pending reinitiation.   
 
If you have questions concerning this biological opinion, please contact Ryan Olah, 
Steven Detwiler, or Cay C. Goude or Susan Moore of our Sacramento Fish and Wildlife 
Office at the letterhead address or at telephone (916) 414-6600. 
 

 

 

 

Cc:   California Department of Water Resources, Sacramento, CA 

 California Department of Fish and Game, Sacramento and Yountville, CA 

 National Marine Fisheries Service, Sacramento, CA 
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Delta Smelt Risk Assessment Matrix (DSRAM)           May 2008 

 

Triggers December January February March April May June July 

Life Stage Adults Adults Adults Adults and larvae Adults and 
larvae 

Larvae and 
juveniles 

Larvae and 
juveniles 

Juveniles 

Previous Year’s Fall 
Midwater Trawl 
Recovery Index (1) 

Index below 
74 

Index below 
74 

Index below 
74 

Index below 74 Index below 
74 

Index below 74 Index below 
74 

Index below 
74 

 

 

Risk of Entrainment 
(2) 

   X2 upstream of 
Chipps Island 
and temps are ≥ 
12° 

X2 upstream 
of Chipps 
Island and 
temps are 
between 12° 
and 18°C 

X2 upstream of 
Chipps Island and 
mean delta-wide 
temps <18°C and 
south delta temps 
below 28°C 

X2 upstream 
of Chipps 
Island and 
temps are 
below 28°C 

X2 upstream 
of Chipps 
Island and 
temps are 
below 28°C 

Duration of 
Spawning period 
(number of days 
temperatures are 
between 12 and 
18°C) (3) 

    39 days or 
less by April 
15 

50 days or less by 
May 1 

  

Spawning Stage as 
determined by spring 
Kodiak trawl and/or 
salvage (4) 

  Presence of 
Adults at 
spawning 
stage ≥ 4 

Adult spawning 
stage ≥ 4 

Adult 
spawning 
stage ≥ 4 

   

 

smelt distribution (5) 

See footnote 
#5 

See footnote 
#5 

See footnote 
#5 

See footnote #5 
or negative 
20mm centroid or 
low juvenile 
abundance 

Negative 
20mm 
centroid  or 
low juvenile 
abundance 

Negative 20mm 
centroid  or low 
juvenile abundance 

Negative 
20mm/summ
er townet 
centroid or 
low juvenile 
abundance 

Negative 
20mm/summ
er townet 
centroid  or 
low juvenile 
abundance 

Salvage Trigger (6) Adult 
concern level 
calculation 

Adult 
concern level 
calculation 

Adult 
concern level 
calculation 

Adult concern 
level calculation 

 If salvage is above 
zero 

If salvage is 
above zero 

 



 

 313

 

Tools for Change 
(7) 

December January February March April May June July 

Export reduction at 
one or both facilities 

 

X 

 

X 

 

X 

 

X 

 

X 

 

X 

 

X 

 

X 

Change in barrier 
operations 

   

 

   

X 

 

X 

 

X 

Change in San 
Joaquin River flows 

 

 

 

 

 

 

 

X 

 

X 

 

X 

 

X 

 

X 

Change position of 
cross channel gates 

 

 

 

 

 

 

 

 

 

 

 

X 

 

X 
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Delta Smelt Risk Assessment Matrix Footnotes 
 

1 The Recovery index is calculated from a subset of the September and October 
Fall Midwater Trawl sampling (http://www.delta.dfg.ca.gov/).  The number in the 
matrix, 74, is the median value for the 1980-2002 Recovery Index (Figure 1) 

 
2 The temperature range of 12 to 18 °C is the range in which most successful delta 

smelt spawning occurs.  This has been analyzed by using observed cohorts 
entering the 20-mm Survey length frequency graphs (1996-02).  Cohorts were 
defined by having a noticeable peak or signal and occurring over three or more 
surveys during the rearing season.  Temperature data from DWR’s CDEC web 
site was compiled using three stations representing the South Delta (Mossdale), 
confluence (Antioch), and North Delta (Rio Vista).  Spawning dates for each 
cohort was back-calculated by applying an average daily growth rate (wild fish) 
of 0.45 mm/day (Bennett, DFG pers. comm.) and egg incubation period of 8-14 
days (Baskerville-Bridges, Lindberg pers. comm.)(Mager et al. 2004) from the 
median value of the analyzed cohort.  Each spawning event was then plotted 
against temperature over time (Figure 2).  While spawning does occur outside of 
the 12-18 °C range, larval survival is most likely reduced when temperatures are 
either below (DFG pers. comm.) or above this range (Baskerville-Bridges & DFG 
pers. comm.).   

 
Critical thermal maxima for delta smelt was reached at 25.4 °C in the laboratory 
(Swanson et al., 2000); however, in 2007 delta smelt were observed in the delta 
and in salvage at temperatures up to about 28 °C. 

 
Websites for the temperature data: http://cdec.water.ca.gov/cgi-
progs/queryF?MSD 
            http://cdec.water.ca.gov/cgi-
progs/queryF?ANH 
              http://cdec.water.ca.gov/cgi-progs/queryF?RIV 

 
Mager RC, Doroshov SI, Van Eenennaam JP, and Brown RL.  2004.  Early Life 

Stages of Delta Smelt.  American Fisheries Society Symposium 39:169-
180. 

Swanson C, Reid T, Young PS, and Cech JJ.  2000.  Comparative environmental 
tolerances of threatened delta smelt (Hypomesus transpacificus) and 
introduced Wakasagi (H. nipponensis) in an altered California estuary. 
Oecologia 123:384-390.   

 
3 Figure 3:  The working hypothesis for delta smelt is that spawning only occurs 

when temperatures are suitable during the winter and spring.  In years with few 
days having suitable spawning temperatures, the spawning "window" is limited, 
so the species produces fewer cohorts of young smelt.  Few cohorts increase the 
risk that mortality sources such as entrainment may have population level effects. 
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The figures below were used to help define years when there were relatively days 
with suitable temperatures. For April 15 and May 1, the figures show the 
cumulative spawning days for each year during 1984-2002. The cumulative 
spawning days for each year were calculated based on the number of days that the 
mean water temperature for three Delta stations (Antioch; Mossdale and Rio 
Vista) was in the 12 - 18 °C range starting on February 1.  The results are plotted 
in terms of the ranks to identify the lower quartile. In other words, years in the 
lower quartile represent examples of years with relatively few spawning days. 

 
4 The adult spawning stage is determined by the Spring Kodiak Trawl and/or fish 

salvaged at the pumping facilities (http://www.delta.dfg.ca.gov/).  A stage greater 
than or equal to 4 indicates female delta smelt are ripe and ready to spawn or have 
already spawned (Mager 1996).  

 
Mager RC. 1996. Gametogenesis, Reproduction and Artificial Propogation of 

Delta Smelt, Hypomesus transpacificus. [Dissertation] Davis: University 
of California, Davis. 115 pages. Published. 

 
5 The spring kodiak trawl will be used to help generally determine the distribution 

of adult smelt.  However, since the spring kodiak trawl is not intended to be a 
survey for abundance or distributions, no definitive trigger for concern can be 
determined at this time.   

 
Juveniles (March-July) – distribution of juvenile delta smelt where the centroid is 
located upstream (negative) or downstream (positive) of the Sacramento-San 
Joaquin River confluence (Figure 4). The 20-mm Survey (or Summer Townet 
Survey) centroid is calculated by multiplying the observed delta smelt station 
CPUE (fish/10,000 m3) by a distance parameter in km from the confluence.  The 
summed result (summed over a survey) is divided by the survey CPUE which 
gives the survey centroid position (Figure 5)   
  
Low juvenile abundance will also be a trigger.  Abundance (total cumulative 
count) will be monitored throughout the sampling season with low values based 
upon median values of historic cumulative 20-mm Survey catch (1995-2003). 
Each survey within a season has a median value associated with it and when catch 
is equal to or below that value, concern is high (Table 1).   
 

6 Salvage trigger: the salvage trigger for December through March is determined by 
calculating the ratio of adult salvage to the fall MWT index.  This ratio will 
increase as fish are salvaged during the winter months.  If the ratio exceeds the 
median of what was observed during December-March 1980-2002, then the 
trigger was met (see Figure 6 for more explanation of the calculation) 

 
During May and June, if delta smelt salvage at the salvage facilities is greater than 
zero, then the working group will meet.  This is because May and June are the 
peak of smelt salvage and salvage densities cannot be predicted.  Therefore, 
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during these two months, the SWG will meet proactively to protect these fish by 
looking at relevant information such as salvage, Delta temperatures, Delta 
hydrology and smelt distributions. 

 
7 The tools for change are actions that the working group can recommend to the 

DAT and WOMT group to help protect delta smelt.  Exports may be reduced at 
one or both of the South Delta export facilities and a proposed duration of the 
reduction would be recommended by the working group.  Export reductions and 
changes in San Joaquin River flows may be covered by (b)(2) or EWA assets.  
Details of past fish actions can be found at the CALFED Ops website: 
http://wwwoco.water.ca.gov/calfedops/index.html; >Operations [year] 
 

 
Figure 1  1980-2002 Recovery Index 
 
Figure 1 points are labeled with the year representing the recovery index. 
The winter salvage is for this analysis starts in December of the recovery index year 
and carries through March of the following year. 

15000
30000

45000
60000

Salvage (Dec-Mar)

100

200
300
400

R
ec

ov
er

y 
I n

de
x

93

97
8689

91

96

88

98

90

83
94

80

8187

02

99
00

01

82

95

92

84

85

Median 75

25

742837161917

Median

25

75 211

74

35



   

 

  317

 
Figure 2 shows the successful delta smelt spawning periods (black bars) and start and end 
of spawning season (yellow bars) determined by the 20-mm Survey catch results (1996-
2002). Temperature data (oC) was compiled from CDEC using mean daily temperatures 
from the South Delta (Mossdale), North Delta (Rio Vista), and confluence (Antioch).  

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2  Successful delta smelt spawning periods 
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Figure 2 cont. 
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Spawning Days as of April 15
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Spawning Days as of May 1
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Figure 3  Delta smelt spawning days 
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Figure 4  A 20-mm Survey delta smelt bubble plot map with calculated centroid position 
from the confluence of Sacramento-San Joaquin Rivers with one standard deviation. 
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Figure 5  Historic juvenile centroid position (20-mm Survey) with one standard deviation. 
 
 
 
 
Table 6  Lower quartile values of cumulative catch from the 20-mm Survey.  When 
cumulative catch per survey during a season is at or below the calculated value, concern 
is high. 
 

 
 
 
In Figure 7, the objective is to quantify a level of concern for adult delta smelt during the 
winter, that is based upon not only the number of fish salvaged but also accounts for the 
overall abundance of smelt. Whatever quantifier we select should reflect that when the 
abundance is low and salvage is high concern is high and conversely, when abundance is 
high and salvage is low that concern is low. 
 
Below is a Quantile plot of the ratio of winter salvage to MWT index (ln (winter 
salvage/MWT index)). Winter salvage is defined as the total salvage from December 
through March. In the figure below, the size of the bubbles is proportional to the log of 
the fall midwater trawl just to give some indication of relative abundance. The resulting 
quartiles of the ratio are as follows:  
 25th percentile =: 2.950; 50th percentile = 3.575; 75th percentile = 5.029. 
 

 survey 1 survey 2 survey 3 survey 4 survey 5 survey 6 survey 7 survey 8 
lower quartile 12 40 144 188 346 500 924 1019 
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If we were to use this approach to calculate winter concern levels and use the median 
value, then all years above the 1999 point in the graph would have been years of concern.  
In other words, these are the years in which we may have recommended some protection. 
Comparing it to the protection afforded adult delta smelt in the winter by the 1995 
biological opinion (“red light” was, or would have been reached in the following winters 
of 1980, 1981, 1982, 1984 and 1999) . 
 
If the median was selected as the measure of concern it would be calculated by: 

concern level = anti ln(3.575)* MWT recovery index 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7  Quantile plot of the ratio of winter salvage to MWT recovery index 
 
 
 
The goal for the DSRAM is to avoid the upper quartile of the above graph, in general, to 
avoid high salvage events when the MWT recovery index is low.  Actions would be taken 
prior to salvage events and ideally, high salvage events would not occur. 
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Attachment B, Supplemental Information 
related to the Reasonable and Prudent 
Alternative 
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There are three major factors related to operations of the CVP/SWP affecting delta smelt 
population resilience and long-term viability.  It is also recognized that the hydrologic 
changes from the CVP/SWP result in ecological conditions that influence delta smelt 
interactions with other stressors within the Delta.  The following actions were developed 
to counter these adverse effects based upon the Baseline and Effects section of the 
biological opinion.   
 
These three factors are:  1) direct mortality associated with entrainment of pre-spawning 
adult delta smelt by CVP/SWP operations; 2) direct mortality of larval and early juvenile 
delta smelt associated with entrainment by CVP/SWP operations; and, 3) indirect 
mortality and reduced fitness through reductions to and degradation of Delta habitats by 
CVP/SWP operations, with the fall as a particular concern.  The actions below address 
these factors and will ameliorate the adverse effects that are brought about from the 
hydrologic modifications that influence delta smelt interactions with other stressors in the 
Delta.   
 
The metric for monitoring direct mortality of delta smelt is salvage at Banks and Jones 
during pumping operations.  However, this metric alone cannot be used to trigger 
operational changes in CVP/SWP to prevent entrainment.  This is because the 
combination of tidal cycles, hydrologic and meteorological events, and CVP/SWP 
operations can draw delta smelt into the South and Central Delta (see Map 1) where they 
are more susceptible to entrainment by the facilities prior to any observed delta smelt 
salvage.  This necessitates an anticipatory strategy in order to sufficiently protect delta 
smelt from entrainment.   
 
As discussed in the Baseline and Effects Sections of the biological opinion, there are 
other impacts to delta smelt through reduction and degradation of habitat.  These effects 
are functional year-round, through mechanisms defined and discussed in those sections.  
Indirect mortality and reduced fitness of juvenile delta smelt due to degraded 
environmental quality (habitat suitability) in the fall impacts delta smelt.  The mechanism 
of this impact is habitat constriction, entrainment of primary and secondary productivity 
leading to food-web deprivation for prey species, decreased dilution flows resulting in 
increased exposure to lethal and sublethal concentrations of contaminants. Additionally it 
results in reduced habitat variability that is expected to help control invasive species such 
as Corbula or Microcystis that either compete with, or directly impact survival of delta 
smelt.  The operational criteria to restore habitat quality for rearing juveniles in the 
estuary are related to increasing delta outflows during fall months (September through 
November) of above-normal and wet WYs to improve habitat variability.  
 
Actions 1 and 2 will reduce the direct mortality of pre-spawning adult delta smelt (Adult 
Entrainment).  Action 3 will reduce the direct mortality of larval and juvenile delta smelt 
(Larval/Early Juvenile Entrainment).  Action 4 will restore habitat quality for rearing 
juveniles in the estuary that are directly related to increasing Delta outflows during fall 
months (September through November) of above-normal and wet WYs to restore habitat  
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Map 1: Delta Regions 
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suitability.  Action 5 describes the installation and operations of the spring temporary 
Head of Old River Barrier (HORB) and the temporary agricultural barriers to reduce 
juvenile entrainment.  The detailed elements of these prescriptions, including rationale 
and justification, appear in subsequent sections of this document, by Action. 
 
Delta Smelt Evaluation Team 
 
To develop the initial actions, the Service re-evaluated the Interim Remedies for delta 
smelt protection as proposed in the Service’s declarations of July 3, 2007 and August 3, 
2007 (Cay Collette Goude 2007), and implemented in the Federal District Court’s Interim 
Remedies Order.  The Service used the CALLite operations model to evaluate different 
operational scenarios.  Different operational parameters were run to evaluate their 
influence upon predicted entrainment.  These parameters included export-inflow (EI) 
ratios, QWest, X2, and OMR flows, among others.   
 
During these sessions, two clear patterns became evident.  First, shifting operations to 
reduce exports during any one given month resulted in a shift in operations to increase 
exports in other months.  Second, holding one particular parameter steady did not prevent 
other parameters from adapting to meet similar water supply objectives.  For example, 
modeling Qwest to some static number still allowed considerable variability in negative 
OMR flows, due to the contribution of other intervening variables to Qwest, including 
operation of the DCC and Sacramento and San Joaquin River flows.  For these reasons, 
the most logical operational criterion for protecting delta smelt from entrainment is 
controlling the magnitude of flows in the South and Central Delta towards the export 
facilities.  This is reflected quantitatively as net negative OMR flows during the time 
periods when delta smelt are present and subject to entrainment. 
 
In July 2008, the Service convened a team of experts comprising members of the 
Adaptive Management Planning Team (AMPT) of the ERP, technical staff from the 
Department of Fish and Game and the Service, and an expert hydrodynamicist to conduct 
evaluations of Interim Remedy actions using the evaluation process and conceptual 
models developed for the Delta Regional Ecosystem Restoration Implementation Plan 
(DRERIP) in light of the current project description.   
 
To the extent practicable, the DRERIP evaluation tools were used in formulating 
potential actions to ameliorate the anticipated effects of the proposed action.  The 
DRERIP tools include peer reviewed ecosystem and species conceptual models for the 
Delta drafted by teams of experts.  These models represent a compilation of the current 
state of scientific knowledge regarding specific ecosystems and fish species, including 
delta smelt.   
 
The full DRERIP evaluation process was not applied to the potential actions for delta 
smelt, but elements of the process were considered and followed during the initial phases 
of actions development and evaluation.  The nature of the task before the evaluation team 
finally necessitated direct involvement of technical experts in providing up-to-date 
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quantitative analysis and detailed evaluation exceeding the level of detail inherent in the 
current DRERIP conceptual models. 
 
Role of Adaptive Process and Monitoring 
 
As discussed in the Baseline and Effects Sections of this biological opinion, we recognize 
that there are multiple factors affecting delta smelt population dynamics and that not all 
are directly influenced by operations of the CVP/SWP.  With respect to direct mortality 
from entrainment, the prescriptions and triggers presented in actions 1, 2, and 3 are based 
on historical data.  Net daily OMR flows serve as a key indicator of overall Delta 
hydrodynamics and changing OMR flows will change a key underlying driver of future 
salvage.  Based on the low numbers of delta smelt and therefore the difficulties in delta 
smelt monitoring and the uncertainty in relying on historical data, the use of an adaptive 
process with regulatory sideboards is essential.   
 
It is very important that the control mechanisms used to implement the actions be 
functionally protective when delta smelt densities are low.  Delta smelt densities are 
likely to remain low for the foreseeable future.  When delta smelt occur at low densities, 
it becomes difficult to reliably infer distribution and flux towards Banks and Jones based 
on IEP monitoring data.  In circumstances where it is difficult to reliably infer these 
parameters, automated control mechanisms that assume reliable distribution information 
are likely to fail.   
 
The real-time monitoring of final flow prescriptions within these actions are necessary 
parts of the final actions.  Such a strategy utilizes weekly review of the sampling data and 
real-time salvage data at the CVP/SWP.  It utilizes the most up-to-date technological 
expertise and knowledge relating population status and predicted distribution to 
monitored physical variables of flow and turbidity, and thereby adapts to current 
conditions.  This would provide protection to delta smelt and reduce operational 
constraints when the risk of delta smelt entrainment is low based on distribution and data 
analysis.  Such a strategy would provide necessary protections while utilizing the 
minimum possible regulatory constraints on the project. 
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ACTION 1: ADULT MIGRATION AND ENTRAINMENT (FIRST FLUSH) 
 
Objective:   A fixed duration action to protect pre-spawning adult delta smelt from 

entrainment during the first flush, and to provide advantageous 
hydrodynamic conditions early in the migration period. 

 
Action: Limit exports so that the average daily OMR flow6 is no more negative than 

-2,000 cfs for a total duration of 14 days, with a 5-day running average no 
more negative than -2,500 cfs (within 25 percent).  

 
Timing: 
 

Part A:  December 1 to December 20 – Based upon an examination of turbidity data 
from Prisoner’s Point, Holland Cut, and Victoria Canal and salvage data 
from CVP/SWP (see below), and other parameters important to the 
protection of delta smelt including, but not limited to, preceding conditions 
of X2, FMWT, and river flows; the SWG may recommend a start date to the 
Service.  The Service will make the final determination. 

 
Part B:  After December 20 – The action will begin if the 3 day average turbidity at 

Prisoner’s Point, Holland Cut, and Victoria Canal exceeds 12 NTU.  
However the SWG can recommend a delayed start or interruption based on 
other conditions such as Delta inflow that may affect vulnerability to 
entrainment.   

 
Triggers (Part B): 
 

Turbidity:    3-day average of 12 NTU or greater @ all three stations 
(Prisoner’s Point, Holland Cut, Victoria Canal) 

  OR 
 

Salvage:       Three days of delta smelt salvage after December 20 at either 
facility or cumulative daily salvage count that is above a risk 
threshold based upon the “daily salvage index” approach 
reflected in a daily salvage index value ≥0.5 (daily delta smelt 
salvage > one-half prior year FMWT index value). 

 
The window for triggering Action 1 concludes when either offramp condition described 
below is met.  These offramp conditions may occur without Action 1 ever being 

                                                 
6 OMR Flows for this and all relevant actions will be measured at the Old River at Bacon Island and 
Middle River at Middle River stations, as has been established already by the Interim Order. 
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triggered.  If this occurs, then Action 3 is triggered7, unless the Service concludes on the 
basis of the totality of available information that Action 2 should be implemented instead.   

 
Off-ramps: 

Temperature:  Water temperature reaches 12
o
C based on a three station 

daily mean at Mossdale, Antioch, and Rio Vista 
 
      OR 
 
Biological:   Onset of spawning (presence of spent females in SKT or at 

Banks or Jones). 

                                                 
7 The offramp criteria for Actions 1 and 2 to protect adults from entrainment are identical to the initiation 
triggers for Action 3 to protect larval/juveniles from entrainment 
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Background 
 
Adult delta smelt entrainment is characterized by a pulse of pre-spawning migrants 
entering the Central and South Delta following a “first flush” flow event in winter.  This 
event generally involves a coincident increase in turbidity; which, along with the flows, is 
a cue for delta smelt migration.  The interaction of these migratory cues: flow, turbidity, 
temperature, and season, leads to migration patterns that are difficult to predict yearly.  
However, historical salvage of delta smelt at Banks and Jones provides an index of 
entrainment that can be compared against key general predictors like flow and turbidity.  
Figures B-1 and B-2 below graphically depict the relationship of these variables against 
daily smelt salvage at Banks and Jones during two example WYs.  Once the initial pulse 
of pre-spawning migration passes, it is believed that spawning adults moderate their 
movements to maintain their geographical range to a smaller area (when conditions stay 
favorable) and to the extent that delta smelt can control their location based on extant 
flow variables. 
 
Entrainment effects upon delta smelt populations can be substantial (Kimmerer 2008).  In 
one historically common scenario, a tight coincidence between calendar timing, sudden 
influx of turbid (>12 NTU) fresh water into the Delta, and high Delta exports may lead to 
very high salvage spikes.  These events are seen within the data as high amplitude peaks 
in the daily adult delta smelt salvage histogram.  Such events occurred in WY’s 1993 and 
2003, as displayed in Figures B-3 and B-4, which plot turbidity and negative OMR on 
visually convenient scales against total salvage.  If this scenario plays out in years where 
there are few delta smelt, it may be difficult to detect salvage spikes even if they 
represent substantial proportional entrainment events. 
 
In a second scenario there are no large salvage spikes, but chronic entrainment over a 
sufficient duration adds up to a relatively large cumulative salvage.  Alternatively, there 
may be multiple entrainment spikes in years where the timing of migratory cues is diffuse 
or occurs in episodes.  This would appear graphically as a histogram with generally low-
amplitude over the duration of the entrainment period.  Examples of such entrainment 
years would include WY 2004 and 2005, as displayed in Figures B-5, and B-6.   
 
Total entrainment depends on precipitation patterns, ambient air temperature, controlled 
and uncontrolled releases from waterways feeding the Delta, specific operation of 
facilities such as the DCC, and condition of that year’s pre-spawning cohort based on 
current year habitat quality.  All of these factors may affect the distribution of delta smelt 
adults as and after they migrate into the Delta—and it is the migration into the 
entrainment risk zone and the area of that zone based on operational conditions at the 
time that determines ultimate mortality.  However, the list of variables known or believed 
to influence delta smelt distribution during this period is not complete, and there is 
substantial apparently stochastic variation in adult delta smelt habitat use. 
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Figure B-1:  1995 WY OMR, Turbidity, Salvage
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Figure B-2:  2002 WY OMR, Turbidity, Salvage
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Figure B-3: 1993 WY OMR, Turbidity, Salvage
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Figure B-4:  2003 WY OMR, Turbidity, Salvage
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Figure B-5: 2004 WY OMR, Turbidity, Salvage
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Figure B-6: 2005 WY OMR, Turbidity, Salvage
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Up to fifty percent of the pre-spawning adult population has been entrained at the export 
facilities in recent years, depending on circumstances (Kimmerer 2008).  Entrainment 
risk depends most importantly upon the distribution of delta smelt relative to the 
entrainment footprint of the CVP/SWP export facilities.  Monitoring programs such as 
the FMWT and SKT provide a useful basis for estimating the abundance and distribution 
of delta smelt, despite having drawbacks (Newman 2008).  The margin of error 
associated with abundance and distribution inferences increases at low abundances that 
have characterized the last several years.  Abundances near the detection threshold of the 
sampling techniques makes it very difficult to draw reliable inferences about how many 
delta smelt there are, and where they are located. 
 
To provide context to determine the magnitude of effect of pre-spawning adult direct 
mortality through entrainment within any given season (as measured by salvage), it is 
necessary to consider two important factors.  First, although salvage is an index of 
entrainment, it is not a direct quantitative equivalent. The number of delta smelt that are 
actually counted at the salvage facilities represents a small percentage of the actual 
number entrained (See baseline section).  Efficiency of sampling methodology is another 
consideration given the delicate tissues of the delta smelt, and this decreases inversely 
with fish size (adults are most accurately counted, while juvenile salvage efficiency is 
much lower, while <20mm smelt are mostly undetectable at the salvage facilities).  
Finally, although surviving individuals are held and released to the Delta, it is generally 
thought that they do not survive.  Therefore salvage at the Banks and Jones facilities is 
not a good estimate of actual adult delta smelt mortality through entrainment (See 
baseline section). 
 
The second factor to consider when relating salvage data to population-level significance 
is that the total number salvaged at the facilities does not necessarily indicate a negative 
impact upon the overall delta smelt population.  The Salvage Index normalizes salvage to 
the population size based upon the previous FMWT Index: 
    

Salvage Index = Number of Delta Smelt Salvaged ÷ Prior Year FMWT Index  
 
Summaries of delta smelt salvage are presented by WY in Table B-2.  Figures B-7 
through B-11 display salvage data normalized to prior-year FMWT for the POD years 
(WY2002-WY2006).  These plots have consistent units on the y-axis, reflecting the 
Salvage Index.  The area under the salvage histogram reflects the total number of smelt 
salvaged, and this is a metric that can be related to total demographic impacts through 
entrainment.  Review of salvage histograms within Figures B-7 through B-11 gives a 
sense of the magnitude of entrainment effects for all detectable lifestages of smelt 
through the water year. 
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Table B-2:  Total Adult Delta Smelt Salvage by Year, including summary statistics     

Year 
Total 

Salvage 

Prior 
Year 

FMWT 

Cumulative 
Salvage 

Index 

Peak Daily
Salvage 

“Amplitude”
Salvage 

distribution

12 NTU 
 “Trigger 

Date” 

NTU 
trigger to 

peak 
salvage 
(days) 

Total # 
salvaged 

before 
trigger 

propn of 
total 

season 
salvage 
prior to 
trigger 
date 

1993 4425 156 28.4 2.77 unimodal 10-Jan 12 27 0.0061 
1994 398 1078 0.37 0.08 unimodal 4-Jan 52 100 0.25 
1995 2600 102 25.5 1.49 unimodal 9-Jan 16 150 0.058 

 1996* 5634 899 6.27 0.52 unimodal 14-Feb 36 0 0.00 
1997 1816 127 14.3 1.12 unimodal 20-Dec 80 12 0.007 
1998 1027 303 3.39 0.38 bimodal 20-Dec 10 & 94 75 0.073 
1999 2074 420 4.94 0.40 unimodal 14-Jan 36 20 0.0096 
2000 11493 864 13.34 0.72 unimodal 23-Jan 28 482 0.042 
2001 7991 756 10.6 0.49 unimodal 13-Jan 29 255 0.032 
2002 6865 603 11.4 1.46 unimodal 20-Dec 14 324 0.047 
2003 14323 139 103 5.60 unimodal 20-Dec 17 108 0.0075 
2004 8148 210 38.8 1.71 bimodal 31-Dec 19 126 0.015 
2005 2018 74 27.3 2.07 unimodal 20-Dec 39 0 0.00 

* 3 NTU sensor malfunctions most of year; date evaluated as Dec 20 using total inflow > 25,000 cfs   
 
 
Review of salvage data across years for which monitoring data are available indicate 
some patterns which led to the development of Interim Remedies Action 1; the same 
logic has been used to develop the present Action 1.  First, salvage data during winter 
generally follows a unimodal distribution, with a defined salvage peak, and short 
duration.  Occasionally, climatic conditions and operational criteria interact to produce 
bimodal or diffuse salvage distributions, however these year types are the exception, as 
summarized in Table B-2.  Peak salvage usually occurs during the month of January, 
however this pattern does not hold during all year types, and some years even exhibit low 
overall adult salvage (wet WY of 1997 and 1998, or dry years with no winter first flush 
as in WY 1994).   
 
Historic delta smelt salvage data and the current population status suggest a protective 
strategy for this period that focuses upon prevention of the attraction and subsequent 
entrainment of pre-spawning adults during the onset of upstream migration.  While 
salvage itself is a useful indicator of distribution after the fact, it has serious drawbacks as 
a management tool when used on its own, because a large entrainment event may be 
inevitable by the time an increase in salvage is detected.
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Figure B-7:  2002 WY Salvage Index
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Figure B-8: 2003 WY Salvage Index
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Figure B-9:  2004  WY Salvage Index
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Figure B-10:  2005 WY Salvage Index
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Figure B-11:  2006 WY Salvage Index
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Justification for Timing of Action 1  
 
Action 1, Part A covers the period (December 1 to December 20) when first flush salvage 
events were historically uncommon (Figure B-12).  During this period the SWG will 
review conditions from week to week and may recommend to the Service that Action 1 
be triggered.  Part B of Action 1 (December 20 to March) covers a period when first flush 
salvage events have been historically more common.  Part B will be triggered when 
turbidity increases above 12 NTU. The Service can bypass implementation of the trigger 
if the SWG concludes that the trigger was met by conditions (i.e., wind-induced turbidity) 
not likely to initiate smelt migration.  
 
The timing of first flush salvage events is variable in any given WY. Thus, initiation of 
Action 1 is based on conditions (i.e., turbidity) rather than a specific month. Action 1 is 
therefore designed to provide flexibility and maximum protection for delta smelt.  On 
average, about 1 percent of cumulative adult delta smelt entrainment occurs by December 
21 (Figure B-12).  By December 31, cumulative salvage has historically reached 3.2 
percent.   
 
Action 1 will be shifted from December 25 (as described in the Interim Remedies) to 
December 20 because it better reflects the period when protection will be needed. As 
previously mentioned, the Service will decide to initiate Action 1 before December 20 if 
the conditions warrant evidence smelt are migrating upstream (i.e., salvage, trawl data). 
Beginning in December, the SWG will review physical and biological parameters 
historically associated with smelt migration (i.e., precipitation, operations, turbidity, and 
salvage data) to make ongoing recommendations to the Service about the need to 
implement Action 1 at any time.  
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Duration of Action 1 
 
The Interim Remedies Action 1 has been revised from ten to 14 days to incorporate 
coverage between spring and neap tidal cycles that may influence migration rate into the 
interior Delta.   
 
Justification for the Salvage Guideline Action 1 
 
In many years, delta smelt have been salvaged prior to when turbidity elevates above 12 
NTU (Table B-2).  In the case that salvage begins prior to the trigger, the decision to 
implement Action 1 will be based on the following:  1) magnitude of salvage scaled to 
the population size (Table B-2), and 2) the amplitude which represents daily salvage 
divided by the prior year FMWT.   
 
The 4th column in Table B-2 lists the cumulative seasonal salvage of adult delta smelt 
divided by the prior year FMWT Index (the Cumulative Salvage Index).  This value 
ranged from a minimum of 0.37 in WY 1994 to a maximum of 103 during WY 2003.  
The combination of peak (amplitude in the histogram or maximum daily salvage), and 
Cumulative Salvage Index is a general index of the magnitude of adult entrainment in a 
given WY.   
 

November December January February March 

Figure B-12: Cumulative Proportional Salvage
 for WY 1993 to 2006 by Week
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The median value for the Cumulative Salvage Index for the years presented would be 
13.3.  The mean value for all years within the range presented in Table B-2 is 22.1.  For 
peak daily salvage, the Salvage Index mean for the WY 1993 through 2005 is 1.45.  The 
median amplitude value is 1.1.  Taking these data into account, a Cumulative (seasonal) 
Salvage Index exceeding 7.25 appears to be indicative of an unacceptable risk threshold 
based on the current low numbers of delta smelt.  A peak Daily Salvage Index of 1.0 is 
suggested as an index of daily smelt salvage at levels or maintained at existing levels that 
ongoing or anticipated salvage could rapidly reach unacceptable losses if exports are to 
increase.  These values are carried forward into the prescriptions as pre-emptive triggers, 
and as releases from Action prescriptions to carry forward through Actions 1 and 2. 
 
Justification for the Turbidity Criterion as a Trigger in Action 1 (Part B) 
 
Onset of Action 1 during Part B 
 
Turbidity associated with freshets of water is a reasonable indicator of when smelt begin 
to migrate upstream and become vulnerable to salvage.  Though this historical trend is 
based on the turbidity sensor located outside the Clifton Court Forebay, there is no 
expectation that the relationship between increased flow and turbidity would differ from 
recently installed sensors identified in the Interim Remedies: Prisoners Point, Holland 
Cut, and Victoria Canal. It appears that the Holland Cut sensor is sensitive to localized 
wind conditions at times. On December 25-27, 2007, a three-day rise in turbidity at the 
Holland Cut monitoring station triggered Action 1. It was unlikely that a wind-associated 
turbidity event initiated smelt migration.  Rather than rely on one of these stations to 
trigger Action 1 (Interim Remedies), Action 1 will be triggered when turbidities elevate 
over 12 NTU at all three stations. The use of three stations would better reflect a Delta-
wide change in turbidity than one station which may be prone to localized conditions.  
 
Timing and the Protectiveness of the 12 NTU criterion 
 
If the 12 NTU threshold had been used in previous years, Action 1 would have likely 
provided early protection (i.e., less salvage) during most years.  The degree to which it 
would have minimized the number of smelt entering the South Delta is unknown.  
 
Justification for Flow Prescriptions in Action 1 
 
Understanding the relationship between OMR flows and delta smelt salvage allows a 
determination of what flows will result in salvage. The OMR-Salvage analysis herein was 
initiated using the relationship between December to March OMR flow and salvage 
provided by P. Smith and provided as Figure B-13, below.  Visual review of the 
relationship expressed in Figure B-13 indicates what appears to be a “break” in the 
dataset at approximately -5,000 OMR; however, the curvilinear fit to the data suggest that 
the break is not real and that the slope of the curve had already begun to increase by the 
time that OMR flows reached -5,000 cfs.   
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Figure B-13.  OMR-Salvage relationship for adult delta smelt.  (source, P. Smith).  
Data from this figure were the raw data used in the piecewise polynomial regression 
analysis. 
 
Further, a nonlinear regression was performed on the dataset, and the resulting pseudo-R2 
value was 0.44—suggesting that although the curvilinear fit is a reasonable description of 
the data, other functional relationships also may be appropriate for describing the data.  
Fitting a different function to the data could also determine the location where salvage 
increased, i.e. identify the “break point” in the relationship between salvage and OMR 
flows.  Consequently, an analysis was performed to determine if the apparent break at -
5,000 cfs OMR was real.  A piecewise polynomial regression, sometimes referred to as a 
multiphase model, was used to establish the change (break) point in the dataset.   
 
A piecewise polynomial regression analysis with a linear-linear fit was performed using 
data from 1985 to 2006.  The linear-linear fit was selected because it was the analysis that 
required the fewest parameters to be estimated relative to the amount of variation in the 
salvage data.  Piecewise polynomial regressions were performed using Number Cruncher 
Statistical Systems (© Hintz, J., NCSS and PASS, Number Cruncher Statistical Systems, 
Kaysville UT).   
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The piecewise polynomial regression analysis resulted in a change point of -1162, i.e. at -
1162 cfs OMR, the slope changed from 0 to positive (Figure B-14).  These results 
indicate that there is a relatively constant amount of salvage at all flows more positive 
than -1162 cfs but that at flows more negative than -1162, salvage increases.  The 
pseudo-R2 value was 0.42, a value similar to that obtained by P. Smith in the original 
analysis.   
 
To verify that there was no natural break at any other point, the analysis was performed 
using a linear-linear-linear fit (fitting two change points).  The linear-linear-linear fit 
resulted in two change points, -1,500 cfs OMR and -2,930 cfs OMR.  The -1,500 cfs 
value is again the location in the dataset at which the slope changes from 0 to positive.  
The pseudo-R2 value is 0.42 indicating that this relationship is not a better description of 
the data.  Because of the additional parameters estimated for the model, it was determined 
that the linear-linear-linear fit was not the best function to fit the data, and it was rejected.  
No formal AIC analysis was performed because of the obvious outcome.   
 
A major assumption of this analysis is that as the population of Delta smelt declined, the 
number of fish at risk of entrainment remained constant.  If the number of fish in the 
vicinity of the pumps declined, fewer fish would be entrained and more negative OMR 
flows would result in lower salvage.  This situation would result in an overestimate, i.e. 
the change point would be more positive.  In fact, if the residuals are examined for the 
relationship in Figure B-13 above, the salvage for the POD years 2002, 2004, 2005, and 
2006 are all below the line.  2003 is above the line although the line is not extended to the 
points at the top of the figure, and these data points occur when the curve becomes almost 
vertical.  The negative residuals could be a result of a smaller population size available 
for entrainment and salvage.  This could be verified by normalizing the salvage data by 
the estimated population size based on the FMWT data. 
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Figure B-14.  Piecewise polynomial regression of OMR flows and salvage.  The 
change point is the location at which the two regression lines meet; -1,162 cfs OMR. 
 
The original values of OMR and salvage could have been measured with error due to a 
number of causes, consequently the values used in the original piecewise polynomial 
analysis could be slightly different than the “true” values of salvage and OMR flow.  
Consequently, a second analysis was undertaken to examine the effect of adding 
stochastic variation to the OMR and salvage values in the piecewise polynomial 
regression analysis.  The correlation between OMR and salvage in the original dataset 
was -0.61 indicating that the more negative the OMR, the greater the salvage. 
Consequently, it was necessary to maintain the original covariance structure of the data 
when adding the error terms and performing the regressions.  The original covariance 
structure of the OMR–salvage data was maintained by adding a random error term to 
both parameters.  The random error term was added to OMR and a correlated error term 
was added to salvage.  The expected value of the correlated errors was -0.61.   
 
The error terms were selected from a normal distribution with a mean of 1.0 and a 
standard deviation of 0.25 which provided reasonable variability in the original data.  
Operationally this process generated a normal distribution of OMR and salvage values in 
which the mean of the distributions were the original data points. Additional analyses 
were performed with standard deviations of 0.075, 0.025, and 0.125.  Smaller standard 
deviations in the error term resulted in estimates of the change point nearer to the original 
estimate of -1,162 cfs.  This is to be expected as the narrower the distribution of error 
terms, the more likely the randomly selected values would be close to the mean of the 
distribution.  The process was repeated one hundred times, each time a new dataset was 
generated and a new piecewise polynomial regression was performed.  The software 
package @Risk (© Palisade Decision Tools) was used to perform the Monte Carlo 
simulations.  Latin hypercube sampling was used to insure that the distributions of OMR 
and salvage values were sampled from across their full distributions.  The parameter of 
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interest in the simulations was the change point, the value of the OMR flow at which the 
amount of salvage began to increase.  Incorporating uncertainty into the analysis moved 
the change point to -1,800 cfs OMR, indicating that at flows above -1683, the baseline 
level of salvage occurred but with flows more negative than -1683, salvage increased.   
 
Justification for Release from Prescriptions of Action 1 
 
Temperature 
 
The Interim Remedies prescribed regulatory release from Action 1 once mean water 
temperatures at Rio Vista, Antioch, and Mossdale Stations reaches 12OC.  This metric is 
used as a surrogate to indicate time when spawning is likely to have begun based on 
physiological preferences.   
 
Biological Conditions 
 
The Interim Remedies prescribed regulatory release from Action 1 once spent females are 
detected in the SKT or at the salvage facilities.   
 
Changing the Timing of the Action 
 
If the SWG recommends a delayed start or interruption to Action 1 based on variations in 
conditions which may affect vulnerability to entrainment (e.g., no observed salvage and a 
rapid reduction in turbidity after the first week of Action 1), the Service will weigh such 
information and make a final determination on protective OMR flow requirements.  
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ACTION 2: ADULT MIGRATION AND ENTRAINMENT   
 
Objective:   An action implemented using an adaptive process to tailor protection to 

changing environmental conditions after Action 1.  As in Action 1, the 
intent is to protect pre-spawning adults from entrainment and, to the extent 
possible, from adverse hydrodynamic conditions.  

 
Action:  The range of net daily OMR flows will be no more negative than -1,250 to -

5,000 cfs.  Depending on extant conditions (and the general guidelines 
below) specific OMR flows within this range are recommended by the SWG 
from the onset of Action 2 through its termination (see Adaptive Process in 
Introduction).  The SWG would provide weekly recommendations based 
upon review of the sampling data, from real-time salvage data at the CVP 
and SWP, and utilizing most up-to-date technological expertise and 
knowledge relating population status and predicted distribution to monitored 
physical variables of flow and turbidity.  The Service will make the final 
determination. 

 
Timing: Beginning immediately after Action 1.  Before this date (in time for 

operators to implement the flow requirement) the SWG will recommend 
specific requirement OMR flows based on salvage and on physical and 
biological data on an ongoing basis.  If Action 1 is not implemented, the 
SWG may recommend a start date for the implementation of Action 2 to 
protect adult delta smelt.   

 
Suspension of Action:  
 

Flow:   OMR flow requirements do not apply whenever a three day flow 
average is greater than or equal to 90,000 cfs in Sacramento River 
at Rio Vista and 10,000 cfs in San Joaquin River at Vernalis.  Once 
such flows have abated, the OMR flow requirements of the Action 
are again in place. 

 
Off-ramps:   
 

Temperature:  Water temperature reaches 12
o
C based on a three station 

daily average (Rio Vista, Antioch, Mossdale) 
 
OR 
 
Biological:  Onset of spawning (presence of spent females in SKT or at 

either facility) 
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Adaptive Process Required Parameters: 
 
 Two scenarios span the range of circumstances likely to exist during Action 

2.  First, the low-entrainment risk scenario.  There may be a low risk of 
adult entrainment because (a) there has been no discernable migration of 
adults into the South and Central Delta (b) the upstream migration has 
already occurred but turbidity is low and there is no or little evidence of 
ongoing adult entrainment.  In this scenario, higher negative OMR flow 
rates as high as -5,000 cfs may be ventured as long as entrainment risk 
factors and salvage permit.   

 
The second scenario, the high-entrainment risk scenario, is one in which 
either (a) there is evidence that upstream adult migration is currently 
occurring, or (b) upstream migration has already occurred and there are 
adult fish in the South and Central Delta and turbidity is high, increasing the 
risk of entrainment, or (c) there is evidence of ongoing entrainment, 
regardless of other risk factors.  In this case, OMR flow will be set to reduce 
entrainment and/or the risk of entrainment as the totality of circumstances 
warrant.   
 
Generally, if the available distributional information suggests that most of 
the delta smelt are in the North or North/Central Delta, then OMR flow can 
be chosen to minimize Central Delta entrainment.  However, if the 
distributional information suggests there are delta smelt in the Central or 
South Delta, then OMR flow will have to be set lower to reduce entrainment 
of delta smelt.   
 

The following two paragraphs describe how these action guidelines would be 
implemented at the start of Action 2 and at other times during Action 2. 
 
1. OMR flow setting at initiation of Action 2 
 

a) If salvage is zero during the final 7 days of Action 1, and three-
station mean turbidity is below 15 NTU, then increase negative 
OMR flow to no more negative than -5,000 cfs on a  14-day running 
average with a simultaneous 5-day running average within 25 
percent of the applicable required OMR flow8; UNLESS 

 
b) If salvage is less in the most recent three days than in the preceding 

three days of Action 1, and the maximum Daily Salvage Index is ≤1 
during the prior 7 days, then limit exports to achieve OMR flows no 

                                                 
8 Both the 14-day and the 5-day running averages will be computed using the “tidally filtered” daily 

average OMR flows reported by USGS.     
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more negative than -3,500 cfs on a 14-day running average for 7 
days (or until 4 consecutive days of zero salvage or any 5 of 7 days 
with zero salvage), with a 5-day running average within 25 percent 
of the applicable required OMR flow; OR  

 
c) If salvage is greater or equal in the last three days than in the 

preceding three days of Action 1, and maximum Daily Salvage Index 
≥1 during any of those days, then continue OMR flow at no more 
negative than -2,000 cfs on a 14-day running average for an 
additional 7 days (or until 4 succeeding days of zero salvage or any 5 
of 7 days zero salvage), with a simultaneous 5-day running average 
within 25 percent of the applicable requirement OMR; OR 

 
d) If circumstances existing at the initiation of Action 2 are, in the 

judgment of the Service, markedly different from those anticipated 
in (a) through (c) above, then the OMR flow requirement in (c) will 
be applied and the SWG will review available data and recommend 
an initial flow rate to the Service. 
 

2. OMR flow setting after initiation of Action 2 
 

a) The SWG will review all available information and request updated 
entrainment simulations and/or other information, as needed, on a 
weekly basis to decide whether the current OMR flow requirement is 
appropriate or should be changed. 

 
b) Unless OMR flow is grossly positive regardless of water project 

operations, due to high Delta inflows, then important variables that 
affect the risk of adult entrainment during Action 2 include (1) 
salvage or other actual entrainment indicators, (2) turbidity, (3) 
available monitoring results, hydrologic variables other than export 
pumping rates that affect OMR flow, (4) apparent population size 
from the preceding FMWT survey, and (5) particle tracking or other 
model-based entrainment risk information. 

 
c) As described above, the risk of entrainment is generally higher when 

there is evidence of ongoing entrainment or turbidity is high, and 
these two variables are the most likely triggers of decisions to raise 
or lower OMR flow requirements. 

 
d) Based on historical experience, OMR flow requirements between the 

limits of -2,000 cfs and -5,000 cfs are likely to be adequate in most 
years.  The exception is years in which there appears, for whatever 
reasons, to be a substantial fraction of the adult spawning migrant 
population in the Central and/or South Delta.  When this occurs, 
more stringent OMR limitation (possibly to no more negative than -
1,250 cfs) may be required.  
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Background 
 
Action 2 reflects the period when OMR prescriptions for pre-spawning adult delta smelt 
are still required to protect parental stock prior to reproduction, however such controls 
may generally be relaxed because the main pulse of fish migration has occurred and 
adults are holding more tightly to their selected spawning areas.  Action 2 may also be 
needed to extend protections consistent with Action 1 in years of longer spawning 
migration periods or changing environmental conditions.  Conditions are highly variable 
in any given year.  Rather than provide a prescription that is protective under all 
circumstances, an adaptive process based on the guidelines outlined herein is warranted.  
This process can most efficiently and effectively provide protections utilizing analysis of 
all available data and seasonal conditions. 
 
The OMR flow prescriptions set forth during Action 2 will be based upon analysis of 
population status in any given year, available monitoring data from the SKT, seasonal 
variables such as WY type, CVP and SWP reservoir storage levels, temperature, and 
observed salvage during Action 1.  Of these, population status and real-time salvage data 
are expected to be the primary driving criterion. 
 
Justification for Guidelines in Setting Prescriptions of Action 2 
 
The SWG will apply the following criteria to set the flow prescriptions during Action 2, 
to be operational until the onset of Action 3. 
 
Zero Salvage or Extended Salvage Index of Low Amplitude 
 

a) If salvage is zero during the final 7 days of Action 1, then increase negative OMR 
to no more negative than -5,000 cfs on a 14-day running average, with a 
simultaneous 5-day running average within 25 percent of the applicable 
requirement OMR; OR 

 
Decreasing Salvage or Salvage Index with Low Amplitude 
 

b) If salvage is less in the last three days than in the preceding three days and the 
maximum daily salvage index is ≤1 during the prior 7 days, then limit exports to 
achieve OMR flows no more negative than -4,000 cfs on a 14-day running 
average for 7 more days with average OMR for the period within 25 percent of 
the requirement (or until 4 succeeding days of zero salvage or any 5 of 7  days 
zero salvage); OR  

 
Rising Salvage or Salvage Index with High Amplitude 

 
c) If salvage is greater or equal in the last three days than in the preceding three 

days, and maximum daily salvage index ≥1 during any of those days, then 
continue OMR flow at no more negative than -2000 cfs on a 14-day running 
average for an additional 7 days (or until 4 succeeding days of zero salvage or any 
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5 of 7 days zero salvage), with a simultaneous 5-day running average within 25 
percent of the applicable OMR requirement. 

 
Flow requirements will be monitored in real-time utilizing salvage data as a check on 
performance of the Service-recommended requirements, consistent with the objectives 
and numerical requirements established in the take statement (Attachment C). 

 
Flow requirements defined within Action 2  follow the same protectiveness criterion 
established during Action 1, as adjusted to reflect real-time conditions and predicted 
entrainment risk relative to the anticipated distribution and abundance of year-class delta 
smelt; and reflecting their behavioral propensity to hold in their chosen spawning habitat.  
These are allowed to vary based upon assessment of available data as described in the 
adaptive process described in the Introductions to Actions section above. 
 
Justification for Release from Prescriptions of Action 2 
 
Flow 
 
The Interim Remedies provided release from the prescription of Action 2 when the three 
day average Sacramento River flow at Freeport is greater than 80,000 cfs.   
During WY 1982 and 1995, salvage was observed during periods when Sacramento 
River flows exceeded this criterion.  During 1995, Sacramento River flows at Freeport 
exceeded 90,000 cfs while San Joaquin River flows approximated 5,000 cfs—salvage 
still occurred.  This data suggests that adult delta smelt can still navigate the channels 
upstream at these flows.  During 1997 and 1998, low salvage was observed while flows 
within both the Sacramento and San Joaquin rivers were high.  For these reasons, it was 
determined that the offramp for prescriptions in Actions 1 and 2 should be Sacramento 
River flows at Rio Vista exceeding a three-day average of 90,000 cfs and San Joaquin 
River flows at Vernalis exceeding 10,000 cfs.  Based on historic observations, it is 
predicted that salvage under these flow conditions will be minimal. 
 
Temperature 
 
The Interim Remedies prescribed regulatory release from Action 1 once mean water 
temperatures at Rio Vista, Antioch, and Mossdale Stations reaches 12OC.  This metric is 
used as a surrogate to indicate time when spawning is likely to have begun based on 
physiological preferences.   
  
Biological Conditions 
 
The Interim Remedies prescribed regulatory release from Action 1 once spent females are 
detected in the SKT or at the salvage facilities.   
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ACTION 3:  ENTRAINMENT PROTECTION OF LARVAL SMELT 
 
Objective:  Minimize the number of larval delta smelt entrained at the facilities by 

managing the hydrodynamics in the Central Delta flow levels pumping rates 
spanning a time sufficient for protection of larval delta smelt, e.g., by using 
a VAMP-like action.  Because protective OMR flow requirements vary over 
time (especially between years), the action is adaptive and flexible within 
appropriate constraints. 

 
Action:   Net daily OMR flow will be no more negative than -1,250 to -5,000 cfs 

based on a 14-day running average with a simultaneous 5-day running 
average within 25 percent of the applicable requirement for OMR.9  
Depending on extant conditions (and the general guidelines below) specific 
OMR flows within this range are recommended by the SWG from the onset 
of Action 3 through its termination (see adaptive process in Introduction).10  
The SWG would provide these recommendations based upon weekly review 
of sampling data, from real-time salvage data at the CVP/SWP, and 
expertise and knowledge relating population status and predicted 
distribution to monitored physical variables of flow and turbidity. The 
Service will make the final determination. 

 
Timing:  Initiate the action after reaching the triggers below, which are indicative of 

spawning activity and the probable presence of larval delta smelt in the 
South and Central Delta.  Based upon daily salvage data, the SWG may 
recommend an earlier start to Action 3.  The Service will make the final 
determination.

                                                 
9 Both the 14-day and the 5-day running averages will be computed using the “tidally filtered” daily 

average OMR flows reported by USGS.        
10 During most conditions, it is expected that maximum negative OMR flows will range between -2000 and 

-3500.  During certain years of higher or lower predicted entrainment risk, requirements as low as -
1,250 or -5,000 will be recommended to the Service by the SWG. 
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Triggers: 
 

Temperature:   When temperature reaches 12
o
C based on a three station average at 

Mossdale, Antioch, and Rio Vista. 
OR 
 
Biological:   Onset of spawning (presence of spent females in SKT or at either 

facility). 
 

Offramps: 
 

Temporal: June 30; 
 
OR 
 
Temperature:  Water temperature reaches a daily average of 25

o
C for three 

consecutive days at Clifton Court Forebay. 
 
 
Adaptive Process Required Parameters: 
 
During the larval/juvenile entrainment risk period, the SWG will meet weekly to review 
available physical and biological data and develop a recommendation to the Service.  The 
Service will determine the specific OMR requirement based upon the SWG 
recommendation and the strength of the accompanying scientific justification.  
 
Two scenarios span the range of circumstances likely to exist during Action 3.  First, the 
low-entrainment risk scenario.  There may be a low risk of larval/juvenile entrainment 
because there has been no evidence of delta smelt in the South and Central Delta or larval 
delta smelt are not yet susceptible to entrainment.  In this scenario, negative OMR flow 
rates as high as -5,000 cfs may occur as long as entrainment risk factors permit.   
 
The second scenario, the high-entrainment risk scenario, is one in which either (a) there is 
evidence of delta smelt in the South and Central Delta from the SKT and/or 20mm 
survey, or (b) there is evidence of ongoing entrainment, regardless of other risk factors.  
In this case, OMR should be set to reduce entrainment and/or the risk of entrainment as 
the totality of circumstances warrant.   
 
Usually, if the available distributional information suggests that most delta smelt are in 
the North or North/Central Delta, then OMR flow can be chosen to minimize Central 
Delta entrainment.  However, if the distributional information suggests there are delta 
smelt in the Central or South Delta, then OMR flows will have to be set lower to reduce 
entrainment of these fish.  If delta smelt abundance is low, distribution cannot be reliably 
inferred.  Therefore, the adaptive process is extremely important.  The SWG may 
recommend any specific OMR flow within the specified range above. 
 



   

 359

Action 3 is initiated when temperature reaches 12
o
C based on a three station average at 

Mossdale, Antioch, and Rio Vista, or when spent females or larva are detected;  
 

a) Once larvae are likely to become vulnerable to entrainment, set OMR flows to no 
more negative than -2,000 cfs based on a 14-day running average with a 
simultaneous 5-day running average within 25 percent of the applicable 
requirement for OMR;11 

 
b) The SWG will use available physical and biological real-time monitoring data to 

decide whether a large fraction of the delta smelt population is in the Central 
Delta and therefore at risk of entrainment.  If a large portion of the delta smelt 
population appears to be in the Central Delta, OMR flows would likely be set to 
no more negative than -1,250 cfs based on a 14-day running average with a 
simultaneous 5-day running average within 25 percent of the applicable 
requirement for OMR; 6 

 
c) The SWG will use available physical and biological real-time monitoring data to 

decide whether the delta smelt population is at a lesser entrainment risk. In this 
circumstance, OMR flows would likely be set to no more negative than -3,500 cfs 
based on a 14-day running average with a simultaneous 5-day running average 
within 25 percent of the applicable requirement for OMR;6   

 
d) The SWG will use available physical and biological real-time monitoring data to 

decide whether the delta smelt population is at a low entrainment risk. In this 
circumstance, OMR flows to no more negative than -5,000 cfs based on a 14-day 
running average with a simultaneous 5-day running average within 25 percent of 
the applicable requirement for OMR;6   

 
e) If circumstances existing at the initiation of Action 3 are, in the judgment of the 

Service, markedly different from those anticipated in (a) through (d) above, then 
the OMR flow prescription will be set to entrain no more than 1 percent of the 
particle entrainment at Station 815 (approximately no more than 10 percent of the 
cumulative population). 

 

                                                 
11 Both the 14-day and the 5-day running averages will be computed using the “tidally filtered” daily 
average OMR flows reported by USGS.     
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Background 
 
Action 3 is intended to minimize the entrainment of larval/juvenile delta smelt in the 
Central and South Delta.  When the distribution of delta smelt is in the North or 
North/Central Delta, this will generally be accomplished by holding entrainment to ~1 
percent of the individuals utilizing the Central and South Delta (south and east [upstream] 
of Station 815, see Map 2) across a 14-day particle modeling interval.  Preserving larvae 
and juveniles that are in the Central Delta, or might be in the Central Delta in 
circumstances where it is difficult to ascertain the distribution of the fish, is critical to 
ensuring year-to-year stock-recruitment of the population and minimize the risk of 
localized disturbances that might adversely affect the North Delta.   
 
In circumstances where it is known or suspected that the Central Delta or South Delta is a 
principal source of emerging larvae, as occurred in WY 2003, OMR restrictions might be 
calculated using reduction of 14-day Station 815 entrainment below 1 percent, or other 
methods as needed to ensure protection of the larval population in conditions of such 
severe vulnerability.  The Action utilizes OMR restrictions to achieve the desired end, as 
OMR flow is a strong predictor of geographical variation in entrainment risk in the 
Central and North Delta.  The OMR flows associated with the protectiveness criteria 
defined above have been derived from particle tracking modeling with the input 
assumptions defined below.   
 
These protections are directly tied to presence of vulnerable larval and juvenile delta 
smelt within the zone of entrainment of Banks and Jones.  Therefore, Action 3 must 
commence no later than the time when larvae are likely to become vulnerable to 
entrainment.   
 
Data presented in the Effects section of this biological opinion support the conclusion 
that flow conditions during the VAMP (during the years in which they have been in 
effect) have been instrumental in protecting delta smelt progeny.  Examination of the 
OMR flow records shows that the combination of increased San Joaquin River flows and 
reduced pumping during the VAMP generally resulted in OMR flows of approximately -
2,000 cfs (Figure B-15). 
 
Protection from entrainment for larval and juvenile delta smelt will be achieved using 
OMR prescriptions generally ranging between -2,000 to -3,500 cfs on a 14-day running 
average with a simultaneous 5-day average not more negative by more than 25 percent of 
the current OMR flow requirement.  However, during certain years of unusual smelt 
distribution (while predicted or measured larval/juvenile delta smelt distribution are in 
close proximity to the zone of entrainment), maximum negative OMR flows may for a 
time be set as low as -1,250 cfs.  Overall, the OMR flow may be set anywhere between -
1,250 to -5,000 cfs on a 14-day running average with a simultaneous 5-day average (from 
actual daily OMR values) not more negative than the required OMR by more than 25 
percent.  
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Map 2 Biological Monitoring Stations in the Delta 
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Figure B-15:  OMR During VAMP Period - 
Years 2000 to 2007
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Figure B-15. OMR flows across VAMP period (usually April 15-May 15).  Note that 
although exact VAMP conditions vary across years, the period is easily identified by 
OMR flows no more negative than -2000 cfs. 
 
The following examples provide the insight on when exceptions to the ranges of OMR 
flows above would be used.  In high risk years, when delta smelt are in the South Delta, 
suggesting that delta smelt are particularly sensitive to entrainment (as for example in 
2003), a stricter limit on OMR flow of -1,250 cfs would be necessary to meet the defined 
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protectiveness criterion.  Alternatively, in years when sampling indicates that it appears 
that most adults have spawned in the Cache Slough complex and larvae may be at 
reduced risk of entrainment, an OMR flow of about -3,500 cfs may be possible while still 
meeting the protectiveness criterion.  Later in the season, as more juvenile delta smelt are 
found seaward and while physical conditions in the Delta become less conducive to smelt 
larvae, OMR flow requirements could relax further.  Once conditions in the Delta are 
inconsistent with smelt survival (i.e. South Delta waters are too warm), the larval 
protections of Action 3 cease. 
 
Justification for Timing of Action 3  
 
The window for delta smelt spawning generally begins during February, but is variable 
based on seasonal conditions of flow, temperature, and physiological condition of the 
current year spawning cohort.  Further, low adult abundances make it very difficult to 
discern adult spawning distribution using current monitoring methods.  Lastly, protective 
and successful flow restrictions during the winter may reduce the discriminatory power of 
salvage itself as an indicator of the distribution of spawning smelt and timing to initiate 
Action 3.   
 
For these reasons, it is believed that an adaptive approach using recommendations from 
the SWG in real-time is preferred to protective prescriptions that are applied regardless of 
variation or nuance in actual conditions.  By monitoring a combination of these factors, 
along with tracking of important parameters in real time that are indicative of smelt 
presence and the timing of smelt spawning activity, the SWG is best situated to judge 
when OMR actions should be initiated or adjusted in Action 3.   
 
During Action 3 (generally March through June 30), the SWG will recommend OMR 
flows to the Service.  These will be based upon the best-available predictive capacity of 
the experts within the group given available data in real-time, and will be protective of 
larval/juvenile delta smelt to the criteria defined above.   
 
Justification for Different OMR Requirements of Action 3 
 
Analysis of the birth dates of delta smelt collected from the Summer Townet Survey 
(Bennett 2008) indicates that in 2005 the delta smelt found in the summer were almost 
entirely born during the VAMP period.  Collection of spawned adults suggests that larvae 
were produced throughout much of the February-May period, but only the late produced 
young survived.  Thus, we have determined that managing the hydrodynamics of the 
Central Delta, e.g., by providing VAMP-like conditions throughout Action 3 will be 
beneficial to larval and juvenile delta smelt.  During most year types, these OMR 
requirements will range between -2,000 to -3,500 cfs. 
 
If sampling, salvage, or any applicable and available information suggests that delta smelt 
are at high risk in the Central or South Delta, then the OMR will need to be as low as a 
14-day running average of  -1,250 cfs.  If for example, based on the sampling, minimal to 
no salvage at the export facilities, increase in temperature, decreases in turbidity or higher 
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San Joaquin River inflows suggest that delta smelt larvae are at lower risk in the South 
and Central Delta then flows may be held to no more negative than -3,500 cfs.  As 
temperatures rise, trawl data continue to show no fish in the Central and South Delta, and 
salvage does not occur, OMR flows will be allowed to become as negative as -5,000 cfs.  
When temperature rises and turbidity drops to levels likely to be inimical to delta smelt 
(> 25

o
C, turbidity <12 NTU), no further restrictions are needed as long as salvage 

remains at or close to zero. 
 
The Influence-Exposure-Intensity-Response (IEIR) Analysis 
 
On December 13, 2007, the Service requested the SWG to formulate a process to 
determine protective OMR flow recommendations for delta smelt larvae during the 
spring.  The SWG agreed that a strict decision-tree approach was imprudent because it 
would be inflexible to real-time conditions.  In such circumstances, where dynamic and 
interacting parameters determine delta smelt risk, static prescriptions tend to be imperfect 
moderators of such risk.   
 
The process that has been developed is called “influence-exposure-intensity-response 
analysis” (IEIR Analysis).  It involves four steps: 
 

1) Particle tracking modeling of current and/or projected Delta conditions describes 
Banks and Jones’ relevant hydrological influence at different flow rates.  

 
2) Risk exposure of smelt larvae is determined by comparing Banks and Jones’ 

relevant hydrological influence from the PTM results with current knowledge of 
smelt distribution using real-time data from surveys and salvage. 

 
3) PTM runs are used to predict the probability of delta smelt entrainment at several 

OMR flow limits using “particle injection” points corresponding to 20mm survey 
sampling stations. 

 
4) OMR flow recommendations are developed to reduce the projected entrainment 

risk to the extant delta smelt population, as estimated by the prior-year FMWT 
Index. 

 
The levels of concern expressed through this analytical real-time adaptive approach have 
been classified into three categories:  High Concern, Medium Concern and Less Concern.  
These correspond generally to the following realized values of key physical, operational, 
and biological parameters, and were applied in 2008 such as: 
 
  
 Factor   State 

 Prior Year FMWT <40 = High Concern; >300 = Less Concern 
 Salvage  high numbers = high concern; low numbers = less concern 
 Distribution  south = high concern; north/northwest = less concern 
 X2 Location  >80 km = high concern; <75 km = less concern 
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 Temperature  12
o
C to 25

o
C = high concern; >25

o
C = less concern 

 
These five factors were chosen based on the following: 
 

1. Size of spawning population:  A low FMWT index indicates low abundance of 
potential spawners which makes population growth rate more sensitive to loss of 
individuals. 

 
2. Salvage:  Salvage of delta smelt indicates that larvae and juveniles are located in 

the Central and South Delta and are vulnerable to entrainment.  Future 
entrainment becomes more demographically significant as cumulative 
entrainment numbers increase. 

 
3. Fish Distribution: The hydrodynamic influence of Banks and Jones increases 

when larvae are closer to the intakes.  Thus, smelt located in the Central and 
South Delta are exposed to greater intensity of entrainment risk than those located 
in the North or West Delta. 

 
4. X2 Location:  Estimating the distribution of larval smelt and their exposure to 

pumping effects from existing survey data includes high inherent uncertainty, 
with increasing magnitude at low population abundances.  However, the majority 
of smelt larvae and juveniles are often located just inland of X2, and so an 
easterly X2 would indicate that the smelt are at greater risk of entrainment at 
Banks and Jones 

 
5. Water Temperature:  Laboratory studies of delta smelt temperature tolerance has 

shown increased mortality at temperatures exceeding 25
o
C.  An average south 

Delta water temperature of 25
o
C corresponds in most years to a distribution of 

delta smelt juveniles towards Suisun Bay, and out of the zone of entrainment risk.  
Most delta smelt remaining in the San Joaquin River portion of the Delta are not 
expected to survive as water temperatures increase above 25

o
C, so their loss at 

salvage will not affect recruitment success. 
 

The balance of conditions relative to level of concern within the IEIR analysis determines 
the foundation upon which a final flow recommendation may be based. 
 
Application of IEIR Analysis: Further Guidelines for the Adaptive Process 
 
In light of the experience in 2008, the IEIR is adjusted to make the following 
amendments. 
 
As before, the SWG will evaluate data from the 20-mm survey and other parameters and 
make recommendations for specific timing of the more protective levels of OMR flows 
based upon real-time assessment of entrainment risk of larval smelt based upon their 
proximity to Banks and Jones, forecast operations, and particle tracking modeling run 
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results based on a control-point method using a protectiveness criterion of 1 percent per 
14-day time interval salvage threshold at Station 815.   
 
The SWG may recommend using the less stringent level of OMR restriction based on an 
average Recovery Index (RI) from the preceding two years exceeding 84 (the minimum 
for a recovery period in the Delta Native Fishes Recovery Plan, Service 1995); however, 
low San Joaquin River inflows, high cross-Delta flows or other conditions that degrade 
larval habitat in the Central Delta could preclude such relaxations.  During periods of 
intermediate concern (recovery indices from the preceding year in excess of 239), a 
reduction to a shorter period of restriction to the -2000 cfs level in the larval period may 
be supported, if the SWG determines that a large part of the larval population would not 
be put at risk.   
 
The most efficient protective measure for protecting the resilience and not precluding the 
recovery of the delta smelt population specific to the larval/juvenile lifestage is to prevent 
entrainment of fish in as large a portion of the Central Delta as is practical.  Results of 
PTM modeling focusing on protections at station 815 (Prisoner’s Point) indicates that 
precluding entrainment of larval/juvenile delta smelt at this station would also protect fish 
at station 812 (Fisherman’s Cut) and other stations north and west (downstream) of 
station 815.  While the target entrainment at station 815 would ideally also be zero, there 
appears to be little additional entrainment protection (less than 5 percent) at OMR flows 
at -750 cfs (the strictest level addressed by Interim Remedies).  However, entrainment 
risk grows exponentially at OMR flows increasingly more negative than -2000 cfs.   
 
Figure B-16 displays injection points for modeled particle tracking runs that were 
conducted in February 2008 with injection points at Stations 711, 809, 812, 815, 902, 
915.  This figure plots projected relationships for OMR flows by injection point, 
including entrainment probabilities for station 815 (over 30 days).   
 
The results from these runs indicate an approximate <5 percent entrainment risk at OMR 
flow not more negative than -2000 cfs.  At a requirement of -3,500 cfs OMR flow, 
entrainment risk at station 815 is roughly 20 percent over each 30 day interval.  
Assuming cumulative entrainment is additive, over a roughly four month (~120 days) 
interval in which Action 3 would be under effect, consistently operating at -3,500 OMR 
would yield a net entrainment probability placing at risk approximately 80 percent of the 
larval/juvenile subpopulation utilizing the South Delta at and below Station 815.  If 
immigration of larval smelt from the Central or North Delta into the zone of entrainment 
during spring 
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Figure B-16: Pump Entrainment at Various Levels of Negative 

Flow at Old and Middle River Monitoring 
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were to occur, the population-level risk would be even greater.  Such entrainment levels 
are potentially a significant adverse risk to delta smelt population. 
 
 
Justification for Release from Prescriptions of Action 3 
 
Calendar Date 
 
The Interim Remedies specified the duration of Action 3 to extend to around June 20, or 
until the temperature metric below.  Based upon salvage data observed during WY 2008 
(see Figure B-17, above), this temporal window should be amended (extended) to June 
30 in order to provide sufficient protections to late-spawned delta smelt larvae.   
 
Temperature 
 
When South Delta temperatures reach a daily average of 25

o
C for three consecutive days 

at Clifton Court Forebay, it is expected that conditions are no longer suitable for smelt 
survival.  This metric is a functionally adequate predictor that viable smelt will not be 
present within the entrainment zone of Banks and Jones.   
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ACTION 4: ESTUARINE HABITAT DURING FALL 
 
Objective:   Improve fall habitat for delta smelt by managing of X2 through increasing 

Delta outflow during fall when the preceding water year was wetter than 
normal.  This will help return ecological conditions of the estuary to that 
which occurred in the late 1990s when smelt populations were much larger.  
Flows provided by this action are expected to provide direct and indirect 
benefits to delta smelt.  Both the direct and indirect benefits to delta smelt 
are considered equally important to minimize adverse effects.   

 
Action: Subject to adaptive management as described below, provide sufficient 

Delta outflow to maintain average X2 for September and October no greater 
(more eastward) than 74 km in the fall following wet years and 81km in the 
fall following above normal years.  The monthly average X2 must be 
maintained at or seaward of these values for each individual month and not 
averaged over the two month period.  In November, the inflow to CVP/SWP 
reservoirs in the Sacramento Basin will be added to reservoir releases to 
provide an added increment of Delta inflow and to augment Delta outflow 
up to the fall target.  The action will be evaluated and may be modified or 
terminated as determined by the Service. 

  
Timing:        
 
 September 1 to November 30. 
 
Triggers: 
 
 Wet and above normal WY type classification from the 1995 Water Quality 

Control Plan that is used to implement D-1641.   
 
  
Adaptive Management of Habitat Action: 
 
To address uncertainties about the efficiency of the Action, it will be adaptively managed 
under the supervision of the Service.  Adaptive management is a mode of operation that 
provides for learning and feedback to adjust an action undertaken in the face of 
uncertainty.  To improve the efficiency of the Action and align its management more 
closely with the general plan articulated in Walters (1997) and endorsed by the 
independent peer review of this BO, the Service will supervise the implementation of a 
formal adaptive management process.   
 
According to Walters (1997), an adaptive management plan should include a clearly 
stated conceptual model, predictions of outcomes, a study design to determine the results 
of actions, a formal process for assessment and action adjustment, and a program of 
periodic peer review.  A conceptual model that is based on the best available scientific 
information underlying the present Action is described in the Effects section.  Expected 
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outcomes are described in general terms below, though there is a high degree of 
uncertainty about the quantitative relationship between the size of the Action described 
above and the expected increment in delta smelt recruitment or production.   
 
The adaptive management plan will include the following new elements to ensure that 
performance measures and plans to evaluate the outcome of the Action are in place by the 
time it is implemented and that refinements to the Action can be developed as quickly as 
possible.  These are listed in chronological order of implementation, but steps (2) through 
(6) are viewed as steps in an adaptive feedback loop that may cycle multiple times.  The 
loop is closed when new information developed in (3) – (5) and/or Service decisions to 
alter the Action in (6) provide a basis for altering the conceptual model and/or study 
design in (2) or create a need to alter the performance measures in (3).  The process will 
then continue from the re-entry step. 
 
(1) Delta smelt habitat study group (HSG) 
 
A panel of scientists will be convened by the Service to review and improve the habitat 
conceptual model, design performance measures for the Action, and prepare a study plan 
to improve scientific understanding of delta smelt habitat.  Products produced by the 
HSG will be made publicly available by the Service. 
 
(2) Conceptual model review and preparation of study design 
 
In this instance, the conceptual model (summarized below and in the effects section) 
describes multiple mechanisms potentially contributing to the observed habitat/flow 
relationship that motivates the Action.  Consequently, the study group will develop an 
improved conceptual model more clearly sorting out component mechanisms as an 
important goal.  With the conceptual model in hand, two lines of investigation will be 
developed: one line will be designed to evaluate the performance of the specific Action 
described in Part A above, while the other will address the scientific uncertainties 
underlying the relationship between summer/fall habitat quality and delta smelt adult 
recruitment.  The second line of investigation will provide new scientific information that 
is likely to aid in refinement of the Action in Part A. 
 
(3) Performance evaluation of the Action 
 
The study group will develop performance measures for the Action, and these measures 
will be subject to independent peer review.  The study to evaluate the present Action will 
be implemented in accordance with its design prior to the first September following 
adoption of the biological opinion. 
 
(4) Studies to elucidate the operative mechanism(s) controlling the relationship between 
delta smelt habitat features and quality and delta smelt production. 
 
The HSG will develop a habitat investigation, and the plan will be subject to independent 
peer review.  There are several potentially fruitful lines of investigation to pursue, 
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including studies to elucidate the precise mechanisms by which habitat affects delta smelt 
and studies intended to develop management tools to improve habitat.  The peer review 
panel provided several useful suggestions in its review of the proposed actions.  
 
(5) Peer review 
 
Studies conducted under the guidance of the study group will be subject to independent 
peer review both at the design stage (when possible) and after results are obtained.  
Conclusions regarding the efficiency of the Action and potential alternatives will also be 
independently peer reviewed prior to receipt for official consideration by the Service. 
 
(6) Service review and Action adjustment 
 
The Service will direct all stages of the adaptive management plan, and will adjust the 
Action if/when circumstances and improved scientific understanding warrant.  The HSG 
will provide technical assistance in the interpretation of results, but the Service will have 
ultimate responsibility for drawing conclusions regarding the advisability of any changes 
to the Action.  
 
The Service will conduct a comprehensive review of the outcomes of the Action and the 
effectiveness of the adaptive management program ten years from the adoption of the 
BO, or sooner if circumstances warrant.  This review will entail an independent peer 
review of the full history of the Action.  The purposes of the review will be (1) to 
evaluate the overall benefits of the Action and (2) to evaluate the effectiveness of the 
adaptive management program. 
 
The adaptive management program will have specific implementation deadlines.  The 
creation of the HSG, initial habitat conceptual model review, and formulation of 
performance measures, implementation of performance evaluation, and peer review of 
the performance measures and evaluation that are described in steps (1) through (3) will 
be completed before the first September following adoption of the BO.  This will ensure 
that measures required to evaluate the effectiveness of the action are in place during the 
first autumn after adoption.  Additional studies addressing elements of the habitat 
conceptual model will be formulated as soon as possible, promptly implemented, and 
reported as soon as complete.  As described above, there will also be a ten year review of 
the Action and its consequences. 
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Background 
 

Delta outflows of as much as 20,000 cfs formerly occurred in fall months of all but 
drought WYs.  Currently, however, fall outflows are similar to historic droughts 
regardless of WY type.  Fall Delta outflows in wet and above normal WYs (i.e., from 
1993-98) average 8,000-10,000 cfs; whereas after 1998, monthly averages have been 
5,600 cfs across all WY types and monthly outflow variation has been very small.  High 
among-month variability in Delta outflows may be important for restoring estuarine 
habitat conditions favoring many native species (Lund et. al. 2007). 

 
Habitat parameters for delta smelt have been well described for both the summer and fall 
seasons as combinations of salinity, temperature, and turbidity.  In winter and spring, 
temperature seems to be a dominant driver of habitat suitability both for adult spawning 
and for larval occurrence (Bennett 2005).  Summer habitat is controlled largely by 
changes in turbidity due to changes in sediment supply and in the distribution of the 
sediment-trapping aquatic weed, Egeria densa. (Nobriga et al. 2008)  Fall habitat (and 
smelt) shifts in abundance and distribution largely due to fluctuations in salinity (Feyrer 
et al. 2007).  X2, which reflects salinity distribution in the estuary (Jassby et al. 1995), 
fluctuates mostly in response to fluctuations in outflow, although atmospheric conditions 
and barrier operations can also affect it.   
 
X2 is strongly influenced by tidal cycles, moving twice daily up and downstream 6-10 
km from its average daily location.  For example, when the average daily X2 is near 
Sherman Island, delta smelt habitat can range from Chipps Island to Franks Tract.  When 
the daily average X2 is centered on Browns Island, delta smelt habitat can range from 
Honker Bay to Big Break.  The daily fluctuation in X2 around an upstream point such as 
Brown’s Island confines the population to narrow channels, where delta smelt may be 
exposed to more stressors (e.g., agricultural diversions, predation) relative to a 
downstream X2.  Adverse effects on adult delta smelt during fall may be a part of the 
reason that Feyrer et al. (2007) found a statistical association between fall X2 and the 
production of young delta smelt during the following year. 
 
Other factors can degrade the quality of smelt habitat, principally water quality 
degradation.  In September 2007 all collected delta smelt were found at salinities much 
higher than ever before.  This observation was coincident with a period when their usual 
salinity range was heavily infested with the cyanobacterium Microcystis aeruginosa.  
Microcystis produces toxins in its normal life, but the concentrations of these toxins in 
water sharply increase when the population dies, usually in September and October 
(Lehman pers. comm.).  In September 2008, delta smelt were in their normal salinity 
range and Microcystis were less abundant than in September 2007 (pers. comm. Randy 
Baxter DFG and Peggy Lehman DWR).  Low flow conditions are among the factors 
associated with Microcystis blooms (Lehman et al. 2008). 
 
Protection and restoration of habitat is an essential element in any conservation strategy 
where habitat has been lost or degraded.  However, identifying the exact role habitat 
quality and volume play in the growth and survival of a species comes with some 
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uncertainty.  In the case of fall delta smelt, habitat area is a significant covariate in its 
stock-recruit relationship, indicating evidence of an effect on the population.  Westward 
and variable locations of fall habitat provide increased habitat area and moves the delta 
smelt population away from the risks of possible future entrainment in the Delta, and 
distributes it more broadly throughout the estuary. 
 
This action is designed to increase baseline monthly outflows in the fall period of wet and 
above normal WYs to increase areas of habitat and move the habitat away from Delta 
impacts and into broader open waters west of Sherman Island;  and to increase variability 
of monthly habitat extent by having 2-3 months above the baseline.  This would be 
expected to distribute smelt into more diverse geographic areas, helping to reduce the risk 
of localized losses from future entrainment, contaminants, and predation.  Finally, it may 
reduce the proliferation of other factors that reduce habitat suitability such as Microcystis 
and Egeria growth. 
 
Justification: 
 
The Effects section clearly indicates that there will be significant adverse impacts on X2, 
which is a surrogate indicator of habitat suitability and availability for delta smelt in all 
years (Figures E-19 and E-25 in Effects section).  Moreover, the results of Feyrer et al. 
(2007) suggest that adverse effects on adult delta smelt during fall may be part of the 
reason that there is a statistical association between fall X2 and the production of young 
delta smelt during the following year.  The action is focused on wet and above normal 
years because these are the years in which project operations have most significantly 
adversely affected fall (Figure E-27 in Effects section) and therefore, actions in these 
years are more likely to benefit delta smelt.   
 
The action is designed to be governed by hydrologic conditions and therefore will be 
ecologically-based.  For the purposes of implementation of this action, water year type is 
defined as the water year that ends in the September of the calendar year in which the 
action will be implemented.  The standards of 74km in wet years and 81km in above 
normal years are designed to mitigate the effects of X2 encroachment upstream in current 
and proposed action operations, and provide suitable habitat area for delta smelt (Figure 
B-17).  

 
The long-term trend in which all falls have Delta outflows indicative of dry or critical 
years matches long-term upward trends in the E:I ratio and X2 (Figure E-28 in effects  
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Figure B-17.  Relationship between X2 and habitat area for delta smelt during fall, 
with standard shown for wet and above normal years. 
 

 
 
 
section).  The overall effect is readily observed as a substantial divergence in the 
difference between fall X2 and X2 the preceding spring (April-July).  Given that these 
conditions will persist under the proposed CVP/SWP operations, the modeling also 
shows they may be exacerbated under various climate change scenarios (Figure E-28 in 
effects section).  
 
The persistence of this significant hydrologic change to the estuary threatens the recovery 
and persistence of delta smelt.  Outflow during fall determines the location of X2, which 
determines the amount of suitable abiotic habitat available to delta smelt (Feyrer et al. 
2007, 2008).  The long-term upstream shift in X2 during fall has caused a long-term 
decrease in habitat area availability for delta smelt (Feyrer et al. 2007, 2008), and the 
condition will persist and possibly worsen in the future.  This alone is a significant 
adverse effect on delta smelt.   
 
However, the problem is further complicated because there are several lines of published 
peer reviewed scientific research that link habitat alteration to the decline of delta smelt 
(Bennett 2005; Feyrer et al. 2007; Nobriga et al. 2008).  An important point regarding 
this action is that because of the current, extremely low abundance of delta smelt, it is 
unlikely that habitat space is currently a limiting factor.  However, it is clear that delta 
smelt have become increasingly habitat limited over time and that this has contributed to 
the population attaining record-low abundance levels (Bennett 2005; Baxter et al. 2008; 
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Feyrer et al. 2007, 2008; Nobriga et al. 2008).  Further, as detailed in the Effects section, 
persistent degraded or worsened habitat conditions are likely to contribute to depensatory 
density-dependent effects on the delta smelt population while it is at historical low levels, 
and would at some point in the proposed term of this project, limit delta smelt recovery.  
 
Therefore, the continued loss and constriction of habitat into areas of low habitat quality 
under the proposed action significantly threatens the ability of the delta smelt population 
to recover and persist in the estuary at self-sustaining levels higher than the current 
record-lows.  While it is not yet proven why habitat quality under this constant dry-year 
fall X2 scenario has been degraded for rearing delta smelt, the coincidence of this pattern 
with sustained and significant population level losses for this lifestage (as measured in 
survival rates and smelt physiological condition), along with the increasing body of 
support ascribing the aforementioned hypothesized mechanisms of action to habitat 
degradation and smelt condition,  and finally the current critically low level of the current 
population, make the implementation of a fall action essential to the maintenance of the 
population resilience for delta smelt.  In short, the historically high variability in 
summer/fall survival rates does not negate the need for protection from direct mortality 
losses due to adult and larval/juvenile entrainment, it actually highlights the need for 
restoring flow variability to the Delta environment so that smelt populations can recover 
through allowing these essential periods of population rebound. 
 
Monitoring Component to Assess Performance of Action 4 
 
The Service will require that Action 4 be implemented with an adaptive management 
program to provide for learning and improvement of the action over time.  The adaptive 
management program will include commissioning studies to clarify the mechanisms 
underlying the effects of fall habitat on the delta smelt population and should, at the least, 
focus on the following general study questions: 
 
i. What is the effect of habitat area and distribution on delta smelt distribution? 

ii. How does fish condition/health vary across a gradient of habitat quality?   

iii. Does fish condition/health in fall affect over-winter survival?  

iv. Does fish condition/health affect fecundity and egg viability?  

v. Does spatio-temporal salinity variation resulting from this fall action affect 
Microcystis?  

vi. Does spatio-temporal salinity variation resulting from this fall action affect 
Corbula and the benthic invertebrate community? 

 

Given the low numbers of delta smelt currently in the estuary, a suite of surrogate species 
is probably required to address questions ii-iv, although question iv could be examined 
directly with experiments on fish from the Tracy Fish Culture Facility.  It is 
recommended that studies designed address these research questions be coordinated and 
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implemented through the IEP and POD Management Teams.  The research and 
monitoring plan will include reporting criteria, data sharing and dissemination 
requirements, oversight and contractual compliance elements for purposes of quality 
assurance and ensure the transparency and timely completion of necessary monitoring, 
research and assessment. 
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ACTION 5: TEMPORARY SPRING HEAD OF OLD RIVER BARRIER (HORB) 
AND THE TEMPORARY BARRIER PROJECT (TBP) 
 
Objective:   To minimize entrainment of larval and juvenile delta smelt at Banks and 

Jones or from being transported into the South and Central Delta, where 
they could later become entrained. 

 
Action: Do not install the HORB if delta smelt entrainment is a concern.  If 

installation of the HORB is not allowed, the agricultural barriers would be 
installed as described in the Project Description.  If installation of the HORB 
is allowed, the TBP flap gates would be tied in the open position until May 
15.   

 
Timing: The timing of the action would vary depending on the conditions.  The 

normal installation of the spring temporary HORB and the TBP is in April. 
 
Triggers:     For delta smelt, installation of the HORB will only occur when PTM results 

show that entrainment levels of delta smelt will not increase beyond 1 
percent at Station 815 as a result of installing the HORB. 

 
Offramps:  If Action 3 ends or May 15, whichever comes first. 
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Justification for Action 5  
 
The TBP change the hydraulics of the Delta, which can affect delta smelt.  The HORB 
blocks San Joaquin River flow from entering Old River.  This increases the flow toward 
Banks and Jones from Turner and Columbia cuts, which can increase the predicted 
entrainment risk of particles in the East and Central Delta by up to about 10 percent 
(Kimmerer and Nobriga 2008).  In most instances, net flow is directed towards Banks and 
Jones and local agricultural diversions.  Computer simulations have shown that 
placement of the barriers changes South Delta hydrodynamics, increasing Central Delta 
flows toward the export facilities (DWR 2000).  In years with substantial numbers of 
adult delta smelt in the Central Delta, increases in negative OMR flow caused by 
installation of the TBP can increase entrainment.  The directional flow towards Banks 
and Jones increases the vulnerability of fish to entrainment.  Larval and juvenile delta 
smelt are especially susceptible to these flows.  
 
The varying operational configurations of the TBP, natural variations in fish distribution, 
and a number of other physical and environmental variables limit statistical confidence in 
assessing fish salvage when the TBP is operational versus when it is not.  In 1996, the 
installation of the HORB caused a sharp reversal of net flow in the South Delta to the 
upstream direction. Coincident with this change was a strong peak in delta smelt salvage 
(Nobriga et al. 2000). This observation indicates that short-term salvage can significantly 
increase when the HORB is installed in such a manner that it causes a sharp change or 
reversal of positive net daily flow in the South and Central Delta.   
 
Many of these potential effects to delta smelt would be reduced by the OMR flows 
provided in Action 3.  In order to determine if there will be adverse effects to delta smelt 
from the installation of the HORB, PTM will be completed during Action 3.  The Service 
may use the control point method of maintaining an entrainment level at Banks and Jones 
below 1 percent at Station 815.  If the PTM results show that entrainment would be 
higher than 1 percent during the period when the HORB would be installed, and would 
result in increased risk to juvenile delta smelt, then it would not be installed.   
 
Additionally, the OMR flows provided in Action 3 or high San Joaquin River flows may 
provide beneficial conditions in the Delta for out-migrating salmonids and sturgeon, 
which would preclude the need for the HORB installation.  This analysis, combined with 
the PTM results will provide data to help determine if listed fish would be adversely 
affected by the HORB.  If the spring temporary HORB is not installed, the TBP would be 
operated as described in the Project Description.   
 
Justification for Release from Prescriptions of Action 5 
 
If Action 3 has ended, the entrainment concern has likely abated, and delta smelt larvae 
and juveniles are not likely to be present in the Central and South Delta.  High flows on 
the San Joaquin River may also preclude the spring temporary HORB from being 
installed since it is not physically possible during these flows to install the HORB.  The 
concerns for entrainment are reduced during high San Joaquin River flows.   
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ACTION 6:  HABITAT RESTORATION 
 
Objective: To improve habitat conditions for delta smelt by enhancing food 
production and availability. 
 
Action: A program to create or restore a minimum of 8,000 acres of intertidal and 
associated subtidal habitat in the Delta and Suisun Marsh shall be implemented.  A 
monitoring program shall be developed to focus on the effectiveness of the restoration 
program. 
 
Timing: The restoration efforts shall begin within 12 months of signature of this 
biological opinion and be completed within a 10 year period. 
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Background 
 
The historic Delta was a tidal wetland-floodplain system including about 350,000 acres 
of tidal wetland.  Almost all of the historic wetlands in the Delta have been lost due to 
conversion to agriculture and urban development.  The Delta currently supports less than 
10,000 acres of tidal wetland, all of which is small and fragmented.  This conversion of 
the Delta’s wetlands beginning in the mid-nineteenth century has resulted in a landscape 
dominated by agricultural lands intersected by deep and comparatively uniform tidal 
channels. 
 
Delta smelt feed mainly on zooplankton throughout their life cycle (Nobriga and Herbold 
2008) with the copepod Pseudodiaptomus forbesi being the dominant prey item for 
juvenile delta smelt in the summer (Lott 1998; Nobriga 2002; Hobbs et al. 2006).  
Diatoms form the base of the pelagic foodweb and primary consumers (e.g. copepods) 
appear to be food-limited in the Delta and Suisun (Muller-Solger et al. 2002; Sobczak et 
al. 2002).  Pelagic productivity in the Delta and Suisun Bay has been declining for 
several decades with a steep decline following the introduction of the overbite clam in 
1986 (Kimmerer and Orsi 1996).  Histopathological evaluations have provided evidence 
that delta smelt have been food-limited during the summer months (Bennett 2005).  This 
finding has been corroborated by recent work on juvenile delta smelt as part of ongoing 
studies on the POD.  Moreover, recent studies suggest a statistical association between 
delta smelt survival and the biomass of copepods in the estuary (Kimmerer 2008). 
 
Overall research in other estuaries has indicated that tidal wetlands are highly productive.  
Although definitive studies have not been done on the type and amount of productivity in 
freshwater tidal wetlands of the Delta, brackish tidal wetlands of Suisun Marsh are one of 
the most productive habitats in northern San Francisco Bay-Delta estuary (Sobczak et al. 
2002).  It is likely that restored freshwater tidal wetlands in the Delta would have higher 
productivity than the brackish wetlands of Suisun (Odum 1988).  A large portion of the 
production in Suisun Marsh consists of high quality phytoplankton-derived carbon 
(Sobczak et al. 2002) that is an important food source for zooplankton and therefore can 
contribute to the base of the pelagic foodweb.  Modeling suggests that the tidal wetlands 
of Suisun currently provide about 6 percent of the organic carbon to the pelagic habitats 
of Suisun Bay (Jassby et al. 1993).  In addition, sampling in Liberty Island shows that 
these freshwater tidal habitats can be a source of high-quality phytoplankton that 
contribute to the pelagic food web downstream (Lehman et al. 2008).  Thus, restoration 
of large amounts of intertidal habitat in the Delta and Suisun could enhance the 
ecosystem’s pelagic productivity. 
 
Justification: 
 
Since it was introduced into the estuary in 1988, the zooplankton Pseudodiaptomus 
forbesi has been the dominant summertime prey for delta smelt (Lott 1998; Nobriga 
2002; Hobbs et al. 2006).  There is evidence suggesting that the co-occurrence of delta 
smelt and Pseudodiaptomus forbesi has a strong influence on the survival of young delta 
smelt from summer to fall (Miller 2007).  The Effects Section indicates that 
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Pseudodiaptomus distribution may be vulnerable to effects of export facilities operations 
and therefore, the projects have a likely effect on the food supply available to delta smelt. 
 
The near complete loss of tidal wetlands from the Delta threatens the persistence of delta 
smelt by reducing productivity at the base of the pelagic foodweb.  Primary production in 
tidal wetlands of the Northern San Francisco estuary has been shown to support high 
zooplankton growth (Muller-Solger et al. 2002).  This action should therefore enhance 
the foodweb on which delta smelt depend.  This action is designed to increase high 
quality primary and secondary production in the Delta and Suisun Marsh through an 
increase in tidal wetlands.  Exchange of water between the tidal wetlands and 
surrounding channels should distribute primary and secondary production from the 
wetlands to adjacent pelagic habitats where delta smelt occur.  This exchange should be 
optimized through intertidal habitat restoration designed to incorporate extensive tidal 
channels supported an appropriately sized vegetated marsh plain which will provide the 
necessary tidal prism to maintain large tidal exchange.   
 
New evidence indicates how tidal marsh may benefit delta smelt even if they do not 
occur extensively within the marsh itself.  Specifically, monitoring suggests this species 
is taking advantage of recently-created tidal marsh and open water habitat in Liberty 
Island.  The fact that delta smelt make heavy use of habitat in the Cache Slough complex 
has been evident in sampling by the DFG’s Spring Kodiak trawl and 20 mm surveys 
(www.delta.dfg.ca.gov).  The Spring Kodiak trawls show that delta smelt are present in 
channels of the Cache Slough complex during winter and spring; the collection of larval 
delta smelt in subsequent 20-mm surveys indicates that these adult delta smelt eventually 
spawn in the vicinity.  In addition, the use of Cache Slough complex by delta smelt 
includes habitat on Liberty Island.  The island flooded in 1998 and has evolved rapidly 
into a system of open-water and tidal marsh habitat.  Recent sampling of Liberty Island 
by USFWS biologists (http://www.delta.dfg.ca.gov/jfmp/libertyisland.asp) revealed that 
delta smelt both spawn and rear in Liberty Island.  Light traps collected relatively high 
numbers of larval delta smelt in several locations of Liberty Island during the 2003 
spawning period for this species.  Moreover, subsequent beach seine sampling showed 
that older delta smelt were present at all ten of their sampling stations during 2002-2004 
and in all seasons of the year (USFWS, unpublished data).  These results are particularly 
striking because they were from a period when delta smelt was at record low abundance.  
Collection of delta smelt from shallow inshore areas using seines indicates that the fish 
do not occupy deeper pelagic habitat exclusively.  These results seem reasonable in light 
of the area’s consistently high turbidity (Nobriga et al. 2005; DWR, unpublished data) 
and zooplankton abundance (e.g. Sommer et al. 2004), both of which are important 
habitat characteristics for delta smelt (Bennett 2005; Feyrer et al. 2007).  In any case, 
these data suggest that freshwater tidal wetlands can be an important habitat type to delta 
smelt with proper design and location. 
 
A monitoring program shall be developed to focus on the effectiveness of the restoration 
program.  This program shall be reviewed and modified as new information becomes 
available. 
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Attachment C: Methods Used in Developing 
the Incidental Take Statement 
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Methods Used in Developing the Incidental Take Statement  
 
The objective adopted by the Service to minimize take of adult delta smelt through 
entrainment is two-fold.  First, adult entrainment shall be minimized during all year types 
through the RPA.  More critically, demographic losses from periodic episodes of high 
entrainment will be eliminated through implementation of the RPA.  These outcomes 
shall be accomplished through the application of measures as defined in RPA 
Components 1 and 2.   
 
Adoption of the RPA included in this biological opinion is expected to appreciably 
reduce the number of delta smelt salvaged during certain years.  Implementation of the 
RPA should avoid significant mortality during those years of high entrainment.  The 
Service believes these high salvage year events (such as in WY 2003 for adult delta 
smelt) resulted in mortality at levels that were demographically significant to the delta 
smelt population.  Further, at low abundances observed in the last few years, high 
entrainment events (observed more frequently, for adult delta smelt in 2003, 2004, and 
2005, successively) further reduces the resilience of the current delta smelt population. 
 
The Service anticipates that take of adult delta smelt via entrainment will be minimized 
when OMR flows are limited to -2,000 cfs during the first winter flush when adult smelt 
move within the zone of entrainment.  OMR flows held between -1,250 and -5,000 cfs 
following the first flush until the onset of spawning will protect later delta smelt migrants 
and spawners.  During frequent intervals within the timeframe for RPA Component 1, the 
SWG shall provide specific OMR flow recommendations to the Service; and the Service 
will then determine flow requirements using the adaptive process as described in the 
RPA.   
 
This approach was adopted because it reflects the most reasonable strategy to allow 
continued CVP/SWP operations while providing necessary protection to the delta smelt 
population under real-time conditions.  It accounts for uncertainty of adult smelt 
entrainment risk resulting from variable environmental, demographic, and operational 
conditions; and adapts operations in response to real-time data. 
 
The specific level of take of adult delta smelt at the CVP/SWP pumping facilities is 
difficult to definitively project, due to inherent uncertainties.  First, the only data 
available from which to derive population estimates come from monitoring that is not 
specifically designed to assess the abundance of delta smelt.  Distribution of adult smelt 
is highly variable between years, and is driven by factors that are both inherently difficult 
to predict and also not completely understood.  These factors are, at best, imperfectly 
controlled.  Additionally, salvage data (our most definitive measurement endpoint) 
reflects only a portion of the total mortality associated with entrainment.  Losses to 
predation and inefficient screening are significant, but unknown.  Finally, salvage itself is 
clearly at least partially a function of abundance.  In other words, the more delta smelt 
there are out there, the higher the salvage numbers will be, given the same operational 
conditions and delta smelt distribution.  In short, entrainment and the population-level 
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effect from direct mortality attributed to pumping is a multivariate and complex process, 
and this complexity defies ready predictive modeling. 
 
The Service in past take statements has relied upon historic salvage as the most 
reasonable predictor of future salvage.  Adult delta smelt salvage data (grouped by 
sorting entrainment years into quartiles by the total number salvaged between December 
and March) can be plotted by year and related to delta smelt population abundance and 
flows as  shown in Figure C-1.  The historic (1987-2007) median salvage levels with 25th 
and 75th percentiles are plotted versus the preceding FMWT Recovery Index (RI).  The 
RI provides an indication of the status of the delta smelt population based on 
distributional and abundance criteria from a subset of September and October FWMT 
sampling data (Service 1995).  A low RI indicates the delta smelt population is at a low 
level, whereas a high RI value (~400) indicates a larger population. Figure 1 uses 1987 to 
2007 as the historic baseline dataset for this analysis because these years represent the 
period after which delta smelt experienced coincident declines in abundance and habitat 
quality (Feyrer et al. 2007), and because these are years for which salvage data are 
considered most reliable.   
 
One benchmark for determining the severity of salvage is the 25th percentile (first 
quartile) of recent historic winter salvage of delta smelt at the CVP/SWP export facilities.  
For reference, the first quartile historic salvage count for 1987 through 2007 is 1,132 
adult delta smelt, while the median value during this same interval is 2,046 individuals.  
Salvage above these levels is likely to lead to large losses of spawning delta smelt 
relative to the mean population size.  For example, in 2003 and 2004, the projects 
salvaged 14,323 and 8,148 adult delta smelt respectively.  These losses are 
disproportionately high (i.e., greater than the 75th percentile of historical salvage) for their 
given RI values, 33 (2003) and 101 (2004), respectively.  According to Kimmerer (2008), 
2003 and 2004 were years when entrainment accounted for 50 percent and 19 percent 
losses, respectively, of adults from the population.  These are very high loss rates even by 
commercial fishery standards and for delta smelt, with such low population numbers, it is 
an even greater concern. 
 
As presented in Figure C-1, using a rough estimate of expected future flows based on 
implementation of the RPA (i.e., >-5,000 cfs OMR) and when abundance indices are low 
(based on RI), adult salvage levels during WY’s 2006, 2007, and 2008 best approximates 
adult salvage numbers expected in the future. 
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Figure C-1.  Adult delta smelt salvage levels in relation to OMR flows and the 
FMWT RI for the period 1987-2007. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
To estimate take with implementation of the RPA, the Service scaled projected salvage to 
abundance using the estimates provided by the prior year’s FMWT Index (note that this 
differs somewhat from Figure C-1, which used the RI, reflecting a subset of FMWT 
Index data).  The segregation of year types is based upon descriptive statistics comprising 
quartiles, as expressed above in Figure C-1, and quantified following the approach 
described below. 
 
A Cumulative Salvage Index  
 
The Cumulative Salvage Index (CSI) is calculated as the total year’s adult salvage (the 
aggregate number for expanded salvage at both the Banks and Jones export facilities for 
the period December through March) divided by the previous year’s FMWT Index.  
Taking all water year types together (regardless of abundance or OMR flows in a given 
year), the median CSI value for the period 1993 to 2008 is 12.0.  The first and third 
quartile CSI values for this period are 6 and 26, respectively.  These data are summarized 
below in Table C-1. 
 
Incidental Take for Adult Entrainment (Salvage) 
 
Water years 2006 to 2008 were years in which salvage, negative OMR flows, and delta 
smelt abundance were all relatively lower relative to the historic values.  These are the 
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only three years of lower negative OMR flows which coincided with salvage values 
below the first quartile within the historic range and low overall adult delta smelt 
abundances (below first quartile FMWT Index).  The corresponding CSI values are: 8.3 
(2006), 0.88 (2007), and 12.6 (2008).  The Service therefore believes these years within 
the historic dataset best approximate expected salvage under the RPA Component 1. 
 
The mean value for adult salvage during WYs 2006 to 2008 is 247 adult delta smelt.  The 
average CSI value for WYs 2006 to 2008 was 7.25.  Projecting this average rate of 
salvage to the years in which CVP/SWP operations will be conducted within the 
sideboards established by the RPA would yield estimates of salvage at 7.25 times the 
prior year’s FMWT Index.  The Service use this estimator to predict incidental take levels 
of adult delta smelt during each year that the RPA’s will be in effect.  This value, which 
can be calculated upon release of the final FMWT Index within the current water year, is 
regarded as the incidental take for adult delta smelt under the RPA. 
 
Incidental Take: Cumulative Expanded Salvage = 7.25 * Prior Year’s FMWT Index 
 
As indicated in Table C-1, for the entire span of WY’s since 1993, this numerical salvage 
threshold would have been exceeded in WY’s 1993, 1995, and 2003-2005.   
 
Table C-1:  Adult Salvage Summary Statistics 
1993-2008 

Year 
FMWT 
Index 

Adult 
Salvage 

Cumulative 
Salvage 
Index 

Take 
Threshold 

1993 156 4425 28.4 X 
1994 1078 359 0.33   
1995 102 2608 25.6 X 
1996 899 5628 6.3   
1997 127 1828 14.4   
1998 303 1027 3.4   
1999 420 2074 4.9   
2000 864 11505 13.3   
2001 756 8015 10.6   
2002 603 6865 11.4   
2003 139 14338 103 X 
2004 210 8058 38.4 X 
2005 74 2018 27.3 X 
2006 26 216 8.3   
2007 41 36 0.88   
2008 28 352 12.6   

min 26 36 0.33  
max 1078 14338 103  

mean 364 4335 19.3  
25th 95.0 860.0 5.9  

median 183 2341 12.0  
75th 641.3 7152.5 26.0  

High Concern Level for Adult Entrainment (Salvage) 
 
Delta smelt abundance is critically low, and without habitat quality conditions to 
appreciably improve juvenile growth and rearing from recent historic levels, is expected 
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to remain so for the foreseeable future.  The current population cannot tolerate direct 
mortality through adult entrainment at levels approaching even “moderate” take as 
observed through the historic record of recent decades.  The method utilized herein to 
calculate take contains uncertainty within the estimates, and this fact translates into 
population-level risk.  Further, there is a recognized need to provide a quantitative 
framework so that the Service and CVP/SWP operators have a common analytical 
methodology for reference and to futher guide the adaptive process.   
 
Therefore, the Service is also providing a Concern Level estimate, meant to indicate 
salvage levels approaching the take threshold, and help guide implementation of the 
RPA.  Reaching this expanded salvage figure within a given season may require that 
OMR flows be set to a more restrictive level, unless available data indicate some greater 
level of exports is possible without increasing entrainment (e.g., there is strong reason to 
presume the pre-spawning migration has passed).  Throughout the water year, as the 
SWG convenes and reviews daily salvage data, reaching the Concern Level for adult 
salvage requires an immediate specific recommendation to the Service. 
 
The Service believes this Concern Level value should trigger at 75 percent the adult 
incidental take, as an indicator that operations need to be more constrained to avoid 
exceeding the incidental take.   
 
Concern Level:  Cumulative Expanded Salvage = 5.43 * Prior Year’s FMWT Index 
 
The rationale for a value approaching 75 percent (as opposed to 50 percent, for example), 
is that the window for adult entrainment, once begun, is generally short (~1 month), and 
it is not expected that aggressive pumping restrictions would continue for long durations 
once salvage is occurring and data are available.  The SWG will take timing into account 
during interpretation of salvage within a given season, and recommend OMR restrictions 
to the Service accordingly.     
 
For reference purposes, the population level losses reported in Kimmerer (2008) appear 
in Table 2 compared to our CSI metric.  Caution is necessary when comparing field data 
to take estimates from population models due to; (1) their high inherent predictive 
uncertainty based on broad underlying assumptions and limited monitoring methodology, 
(2) the crude discriminative capacity of the inherent methodology utilized within the CSI-
derived risk thresholds, and (3) the paucity of available data.  However, regressing the 
Kimmerer (2008) estimates against the CSI approach in order to make this comparison (y 
= 0.4539x + 1.8905; r2 = 0.9105) yields an expected take under implementation of the 
RPA defined herein approximating delta smelt population level losses during the adult 
lifestage to around 5 percent.  The concern level would roughly approximate salvage of 4 
percent of the adult pre-spawning population.  
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Table C-2.  Cumulative Salvage Index in comparison to adult take 
estimates in Kimmerer (2008). 
 

Year Estimate 

Lower 95% 
Confidence 
Boundary 

Upper 95% 
Confidence 
Boundary 

FMWT 
Recovery 

Index 
Total 

Salvage CSI 
2002 15 5 24 603 6865 11.4
2003 50 19 69 139 14338 103 
2004 19 6 31 210 8058 38.4
2005 7 2 12 74 2018 27.3
2006 4 1 6 26 216 8.3 

 
Table C-3 lists threshold levels of high concern and incidental take for a range of 
potential FMWT indices.  This table is intended to be used as a reference to discern levels 
of salvage reflecting the range of expected adult delta smelt mortality with 
implementation of the RPA, and an indicator of adult delta smelt salvage levels that 
constitutes an increasing and adverse effect to the delta smelt population due to 
CVP/SWP operations. 
 
Table C-3:  Incidental Take Expanded Salvage Numbers by FMWT Index Lookup Table

FMWT 
Index 

Concern 
Level 

Incidental 
Take   

FMWT 
Index 

Concern 
Level 

Incidental 
Take 

FMWT 
Index 

Concern 
Level 

Incidental 
Take 

FMWT 
Index 

Concern 
Level 

Incidental 
Take 

2 11 15   66 359 479 220 1197 1596  550 2992 3989 
4 22 29   72 392 522 240 1305 1741  560 3046 4061 
6 33 44   78 424 566 260 1414 1886  570 3100 4134 
8 44 58   84 457 609 280 1523 2031  580 3155 4206 
10 54 73   90 490 653 300 1632 2176  590 3209 4279 
12 65 87   96 522 696 320 1741 2321  600 3264 4351 
14 76 102   100 544 725 340 1849 2466  620 3372 4496 
16 87 116   102 555 740 360 1958 2611  640 3481 4642 
18 98 131   104 566 754 380 2067 2756  660 3590 4787 
20 109 145   106 577 769 400 2176 2901  680 3699 4932 
22 120 160   108 587 783 420 2285 3046  700 3808 5077 
24 131 174   110 598 798 460 2502 3336  720 3916 5222 
26 141 189   120 653 870 480 2611 3481  740 4025 5367 
28 152 203   130 707 943 500 2720 3626  760 4134 5512 
30 163 218   140 762 1015 502 2731 3641  780 4243 5657 
34 185 247   150 816 1088 504 2741 3655  800 4351 5802 
38 207 276   160 870 1160 506 2752 3670  840 4569 6092 
42 228 305   170 925 1233 510 2774 3699  880 4787 6382 
48 261 348   180 979 1305 520 2828 3771  920 5004 6672 
54 294 392   190 1033 1378 530 2883 3844  960 5222 6962 
60 326 435   200 1088 1450 540 2937 3916  1000 5439 7252 
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Take of Larval and Juvenile Delta Smelt 
 
In contrast to adult delta smelt, there is no well established index of larval and juvenile 
abundance to reliably scale the take of this lifestage to abundance.  Indices of abundance 
are constructed from fishery surveys performed by DFG (Figure C-2).  The DFG has 
monitored the distribution and relative abundance of larval and post-larval delta smelt 
throughout their spring range since 1995.  This survey is named the 20-mm survey for the 
size at which delta smelt are retained and readily identified by the fish salvage facilities, 
and provides near-real time information on larval abundance and distribution for 
individuals that have reached this size class.  There is no established way to measure and 
document take of larval smelt below this size.  Protection of this age class is afforded 
through the RPA, when setting OMR restrictions, but there is no reliable means to assess 
performance until later in the season when >20mm larvae are present.  This should be 
kept in mind in light of salvage numbers, pre-emptive OMR prescriptions based on 
salvage predictions, and the take statement for the earlier part of the spring season (i.e., 
April). 
 
Historically, as with adults, larval and juvenile delta smelt salvage has varied widely, as a 
function of overall abundance, distribution and Delta hydrology (Figures C-3 and C-4).  
This variability makes prediction of salvage of larvae and juvenile delta smelt difficult.  
In order for a survey to have significant predictive value, it must precede the period of 
entrainment with as few confounding variables (intervening factors) between the estimate 
and the event as possible.  Larval and juvenile take cannot be scaled to either the 20-mm 
Survey Index or the TNS Index because both surveys overlap the period during which the 
salvage occurs.  Further, as migration, spawning distribution and success, adult delta 
smelt entrainment and mortality (due to quantifiable and unquantified variables) occur 
between the FMWT (the parental generation) and salvage of their progeny (the following 
April through July); it is difficult to infer actual larval abundance reliably through the 
next spring.  This dilutes the statistical reliability of the calculation of a larval/juvenile 
salvage index, corresponding to the CSI for adult delta smelt.  However, review of the 
salvage data relative to actual OMR values within a given year does reveal that a 
relationship of fall parental abundance to salvage of progeny exists—enough so such that 
predictability does increase through scaling to current water year FMWT. 
 
The Service has therefore largely followed the methodology for estimating incidental 
take of larval delta smelt similar to that utilized for adults.  Specifically, an average of the 
last four years (2005-2008) cumulative larval/juvenile salvage by month (April through 
July) was calculated.  This can be summarizes as a Juvenile Salvage Index (JSI), 
calculated as: 
 
Monthly Juvenile Salvage Index = cumulative seasonal salvage ≥ 20 mm by month 

end divided by current WY FMWT Index 
 
The mean values from 2005-2008 were used as an initial estimate of take under the RPA.  
The reason for selecting this span of years is that the apparent abundance of delta smelt 
since 2005 as indexed by the 20-mm Survey and the TNS is the lowest on record (Table 
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C-4).  It was necessary to separate out this abundance variable, but also to account for 
other poorly understood factors relating salvage to OMR, distribution, and the extant 
conditions.  In other words, the most recent conditions are our best available reflection of 
predicted salvage under the RPA.  On a monthly basis (cumulative salvage across the 
spring), this estimate represents a concern level where entrainment has reached high 
enough numbers to indicate the need for more protective OMR restrictions.  The average 
JSI for the last four spring seasons by month (April through July), equals: 0.29, 13.03, 
33.02, and 37.47, respectively.   
 
Concern Level = Monthly JSI 2005-2008 mean * Current WY FMWT 
 
It was determined that the last four years average monthly cumulative salvage was 
sufficient as an estimate of the concern level for larval/juvenile smelt, as opposed to the 
incidental take under the RPA.  It is acknowledged that salvage across years will be 
variable, as distribution, spawning success, prior entrainment of adults, enhanced survival 
of <20mm larval delta smelt under the RPA, and extant natural conditions determine.  As 
mentioned above, this constrains predictability of take using this methodology, and is less 
reliable overall as the method used for adults.  Also, it is believed that individuals of the 
larval/juvenile lifestage are less demographically significant than adults.  Given these 
considerations, the incidental take estimate for ≥ 20 mm larval/juvenile delta smelt under 
the RPA will be above the four year average by 50 percent. 
 
Larval/Juvenile Incidental Take = 1.5 * Concern Level 
 
Lookup tables relating (current WY) FMWT to concern level and incidental take for 
cumulative salvage by month appears in Table C-5 through C-8, below. 
 
 
 

 AdultJuvenile Entrainment  
Fall Mid-Water Trawl 

Adult Entrainment 

 Tow-Net Survey 
  20-mm Survey  

Spring Kodiak Trawl  
 

 Entr. 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
 
Figure C-2.  Fishery surveys conducted by the California Department of Fish and 
Game that routinely collect delta smelt, and may be used to infer relative 
abundance. 
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Figure C-3.  Cumulative salvage of larval and juvenile delta smelt, 1995 through 
2008. 
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Figure C-4.  Cumulative salvage of larval and juvenile delta smelt, 1995-2008, by month. 
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Table C-4.  Larval/juvenile ≥ 20 mm delta smelt abundance and salvage statistics. 
 

Water 
Year 

Prior Year 
FMWT 
Index 20-mm Index STNS Salvage 

Juvenile 
Salvage 
Index 

1995 102 4.4 3.2 24 0.2 
1996 899 33.9 11.1 40099 44.6 
1997 127 19.3 4.0 42091 331.4 
1998 303 7.7 3.3 242 0.8 
1999 420 39.7 11.9 152526 363.2 
2000 864 23.8 8.0 101783 117.8 
2001 756 11.3 3.5 15984 21.1 
2002 603 8 4.7 59652 98.9 
2003 139 13.1 1.6 26220 188.6 
2004 210 8.2 2.9 12441 59.2 
2005 74 15.4 0.3 1734 23.4 
2006 27 9.9 0.4 12 0.4 
2007 41 1 0.4 2669 65.1 
2008 28 2.9 0.6 1705 60.9 
min 27 1 0.3 12 0.2
max 899 39.7 11.9 14213 363

mean 328 15.0 4.3 32656 98
25th 81 6.05 0.5 152526 22

median 175 10.6 3.25 1712 60
75th 557 17.3 4.3 41593 363

   

ITS April May June July  Total 
Concern 

Level 0.29*FMWT 13.03*FMWT 33.02*FMWT 37.47*FMWT  37.47*FMWT
Incidental 

Take  0.44*FMWT  19.6*FMWT  49.5*FMWT  56.2*FMWT  56.2*FMWT 
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Table C-5:  April Cumulative ≥ 20 mm Juvenile Incidental Take by FMWT Index Lookup Table 

FMWT 
Index 

Concern 
Level 

 
Incidental 

Take  
FMWT 
Index 

Concern 
Level 

Incidental 
Take  

FMWT 
Index 

Concern 
Level 

Incidental 
Take 

2 1 1   102 30 45  502 147 221 
4 1 2   104 30 46  504 148 222 
6 2 3   106 31 47  506 148 223 
8 2 4   108 32 47  510 150 224 

10 3 4   110 32 48  520 152 229 
12 4 5   120 35 53  530 155 233 
14 4 6   130 38 57  540 158 237 
16 5 7   140 41 62  550 161 242 
18 5 8   150 44 66  560 164 246 
20 6 9   160 47 70  570 167 251 
22 6 10   170 50 75  580 170 255 
24 7 11   180 53 79  590 173 259 
26 8 11   190 56 84  600 176 264 
28 8 12   200 59 88  620 182 273 
30 9 13   220 64 97  640 188 281 
34 10 15   240 70 106  660 193 290 
38 11 17   260 76 114  680 199 299 
42 12 18   280 82 123  700 205 308 
48 14 21   300 88 132  720 211 317 
54 16 24   320 94 141  740 217 325 
60 18 26   340 100 150  760 223 334 
66 19 29   360 106 158  780 229 343 
72 21 32   380 111 167  800 235 352 
78 23 34   400 117 176  840 246 369 
84 25 37   420 123 185  880 258 387 
90 26 40   460 135 202  920 270 405 
96 28 42   480 141 211  960 281 422 

100 29 44   500 147 220  1000 293 440 
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Table C-6:  May Cumulative ≥ 20 mm Juvenile Incidental Take by FMWT Index Lookup Table 

FMWT 
Index 

Concern 
Level 

Incidental 
Take  

FMWT 
Index 

Concern 
Level 

Incidental 
Take  

FMWT 
Index 

Concern 
Level 

Incidental 
Take 

2 26 39   102 1329 1994  502 6543 9815 
4 52 78   104 1356 2033  504 6569 9854 
6 78 117   106 1382 2072  506 6595 9893 
8 104 156   108 1408 2112  510 6647 9971 

10 130 196   110 1434 2151  520 6778 10167 
12 156 235   120 1564 2346  530 6908 10362 
14 182 274   130 1694 2542  540 7038 10558 
16 209 313   140 1825 2737  550 7169 10753 
18 235 352   150 1955 2933  560 7299 10949 
20 261 391   160 2085 3128  570 7429 11144 
22 287 430   170 2216 3324  580 7560 11340 
24 313 469   180 2346 3519  590 7690 11535 
26 339 508   190 2476 3715  600 7821 11731 
28 365 547   200 2607 3910  620 8081 12122 
30 391 587   220 2868 4301  640 8342 12513 
34 443 665   240 3128 4692  660 8603 12904 
38 495 743   260 3389 5083  680 8863 13295 
42 547 821   280 3650 5474  700 9124 13686 
48 626 938   300 3910 5865  720 9385 14077 
54 704 1056   320 4171 6256  740 9645 14468 
60 782 1173   340 4432 6647  760 9906 14859 
66 860 1290   360 4692 7038  780 10167 15250 
72 938 1408   380 4953 7429  800 10427 15641 
78 1017 1525   400 5214 7821  840 10949 16423 
84 1095 1642   420 5474 8212  880 11470 17205 
90 1173 1760   460 5996 8994  920 11991 17987 
96 1251 1877   480 6256 9385  960 12513 18769 

100 1303 1955   500 6517 9776  1000 13034 19551 
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Table C-7:  June Cumulative ≥ 20 mm Juvenile Incidental Take by FMWT Index Lookup Table 

FMWT 
Index 

Concern 
Level 

Incidental 
Take  

FMWT 
Index 

Concern 
Level 

Incidental 
Take  

FMWT 
Index 

Concern 
Level 

Incidental 
Take 

2 66 99   102 3369 5053  502 16578 24868 
4 132 198   104 3435 5152  504 16644 24967 
6 198 297   106 3501 5251  506 16711 25066 
8 264 396   108 3567 5350  510 16843 25264 
10 330 495   110 3633 5449  520 17173 25759 
12 396 594   120 3963 5944  530 17503 26255 
14 462 694   130 4293 6440  540 17833 26750 
16 528 793   140 4623 6935  550 18164 27245 
18 594 892   150 4954 7431  560 18494 27741 
20 660 991   160 5284 7926  570 18824 28236 
22 727 1090   170 5614 8421  580 19154 28732 
24 793 1189   180 5944 8917  590 19485 29227 
26 859 1288   190 6275 9412  600 19815 29722 
28 925 1387   200 6605 9907  620 20475 30713 
30 991 1486   220 7265 10898  640 21136 31704 
34 1123 1684   240 7926 11889  660 21796 32695 
38 1255 1882   260 8586 12880  680 22457 33685 
42 1387 2081   280 9247 13870  700 23117 34676 
48 1585 2378   300 9907 14861  720 23778 35667 
54 1783 2675   320 10568 15852  740 24438 36657 
60 1981 2972   340 11228 16843  760 25099 37648 
66 2180 3269   360 11889 17833  780 25759 38639 
72 2378 3567   380 12549 18824  800 26420 39630 
78 2576 3864   400 13210 19815  840 27741 41611 
84 2774 4161   420 13870 20806  880 29062 43593 
90 2972 4458   460 15191 22787  920 30383 45574 
96 3170 4756   480 15852 23778  960 31704 47556 

100 3302 4954   500 16512 24769  1000 33025 49537 
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Table C-8:  July Cumulative ≥ 20 mm Juvenile Incidental Take by FMWT Index Lookup Table 

FMWT 
Index 

Concern 
Level 

Incidental 
Take  

FMWT 
Index 

Concern 
Level 

Incidental 
Take  

FMWT 
Index 

Concern 
Level 

Incidental 
Take 

2 75 112   102 3822 5732  502 18808 28213 
4 150 225   104 3897 5845  504 18883 28325 
6 225 337   106 3971 5957  506 18958 28437 
8 300 450   108 4046 6070  510 19108 28662 
10 375 562   110 4121 6182  520 19483 29224 
12 450 674   120 4496 6744  530 19857 29786 
14 525 787   130 4871 7306  540 20232 30348 
16 599 899   140 5245 7868  550 20607 30910 
18 674 1012   150 5620 8430  560 20981 31472 
20 749 1124   160 5995 8992  570 21356 32034 
22 824 1236   170 6369 9554  580 21731 32596 
24 899 1349   180 6744 10116  590 22105 33158 
26 974 1461   190 7119 10678  600 22480 33720 
28 1049 1574   200 7493 11240  620 23229 34844 
30 1124 1686   220 8243 12364  640 23979 35968 
34 1274 1911   240 8992 13488  660 24728 37092 
38 1424 2136   260 9741 14612  680 25477 38216 
42 1574 2360   280 10491 15736  700 26227 39340 
48 1798 2698   300 11240 16860  720 26976 40464 
54 2023 3035   320 11989 17984  740 27725 41588 
60 2248 3372   340 12739 19108  760 28475 42712 
66 2473 3709   360 13488 20232  780 29224 43836 
72 2698 4046   380 14237 21356  800 29973 44960 
78 2922 4384   400 14987 22480  840 31472 47208 
84 3147 4721   420 15736 23604  880 32971 49456 
90 3372 5058   460 17235 25852  920 34469 51704 
96 3597 5395   480 17984 26976  960 35968 53952 

100 3747 5620   500 18733 28100  1000 37467 56200 
 
 
 
 
 
 
 
 

 
 

 
 
 


	!Appendix F divider
	01. Longfin smelt California Endangered Species Act Incidental T
	02. Notice of Determination 3-23-09
	03. Notice of Determination 2-18-09
	04. 2007 Emissions Rpt
	05. Biological and Conference Opinion on the Long-term Operation
	Species
	6.1   Approach to the Assessment
	6.5.5.1  Spawning Sites
	6.5.5.6  Freshwater Rearing Sites 
	6.5.5.7  Freshwater Migration Corridors
	VI. Action Triggers
	Action Responses




	06. SWRCB Water Quality Control Plan for the SF Bay  Sac SJ Delt
	07. Final EIR Implementation 1995 Bay Delta WQCP
	Preface
	Table of Contents
	List of Figures
	List of Tables
	List of Abbreviations and Acronyms
	EXECUTIVE SUMMARY
	A.	FLOW OBJECTIVES ALTERNATIVES
	1.	Water Supply Impacts
	2.	Aquatic Resources
	3. Groundwater
	4. Energy
	5. Recreation Scenic Quality and Cultural Resources

	B.	SUISUN MARSH SALINITY OBJECTIVES ALTERNATIVES
	C.	SOUTHERN DELTA SALINITY OBJECTIVES
	D.	JOINT POINTS OF DIVERSION ALTERNATIVES
	1. Aquatic Resources
	2.  Energy
	3.  Recreation and Cultural Resources

	E.  CUMULATIVE IMPACTS ASSESSMENT

	CHAPTER I  INTRODUCTION
	A.	PURPOSE OF REPORT
	B.	BACKGROUND
	1.	Institutional Setting
	a. SWRCB
	b. Water Right System

	2.	History of SWRCB Action

	C.	LEGAL CONSIDERATIONS REGARDING PREPARATION AND USE OF THIS REPORT

	CHAPTER II  PROJECT DESCRIPTION
	A.	PROJECT DEFINITION
	B.	STATEMENT OF GOALS
	C.	BAY/DELTA PLAN OBJECTIVES
	D.	EXISTING CONDITIONS
	E.	DESCRIPTION OF ALTERNATIVES
	1.	Flow Objectives Alternatives
	a. Flow Alternative 1 (No Project)
	b. Flow Alternative 2
	c. Flow Alternative 3
	d. Flow Alternative 4
	e. Flow Alternative 5
	f. Flow Alternative 6
	g. Flow Alternative 7
	h. Flow Alternative 8

	2.	Suisun Marsh Salinity Objectives Alternatives
	a. Suisun Marsh Alternative 1 (No Project a)
	b. Suisun Marsh Alternative 2 (No Project b)
	c. Suisun Marsh Alternative 3
	d. Suisun Marsh Alternative 4
	e. Suisun Marsh Alternative 5
	f. Suisun Marsh Alternative 6

	3.	Salinity Control Alternatives in the San Joaquin Basin
	a. Salinity Control Alternative 1
	b. Salinity Control Alternative
	c. Salinity Control Alternative 3
	d. Salinity Control of Alternative 4 (Combination of Alternatives 2 and 3)

	4.	Southern Delta Salinity Objectives Alternatives (Excluding Vernalis)
	a. Southern Delta Salinity Alternative 1 (No Project)
	b. Southern Delta Salinity Alternative 2
	c. Southern Delta Salinity Alternative 3

	5.	Dissolved Oxygen Objective Alternatives
	a. Dissolved Oxygen Alternative 1 (No Project)
	b. Dissolved Oxygen Alternative 2
	c. Dissolved Oxygen Alternative 3
	d. Dissolved Oxygen Alternative 4

	6.	Combined Use of SWP and CVP Points of Diversion Alternatives
	a. Joint POD Alternative 1 (No Project)
	b. Joint POD Alternative 2
	c. Joint POD Alternative 3
	d. Joint POD Alternative 4
	e. Joint POD Alternative 5
	f. Joint POD Alternative 6
	g. Joint POD Alternative 7
	h. Joint POD Alternative 8
	i. Joint POD Alternative 9

	Literature Cited in Chapter II


	CHAPTER III  ENVIRONMENTAL SETTING
	A.	CENTRAL VALLEY BASIN OVERVIEW
	1.	Surface Water Development
	a. Central Valley Project
	b. Other Federal Projects
	c. State Water Project
	d. Local Development
	e. Major Diversions

	2.	Aquatic Resources
	a. Chinook Salmon
	b. Steelhead
	c. Striped Bass
	d. American Shad
	e. White Sturgeon
	f. Green Sturgeon
	g. Delta Smelt
	h. Longfin Smelt
	i. Sacramento Splittail
	j. White Catfish
	k. Largemouth Bass

	3.	Recreation

	B.	TRINITY RIVER BASIN
	C.	SACRAMENTO RIVER BASIN
	1.	Geography and Climate
	2.	Population
	3.	Land Use and Economy
	4.	Water Supply
	a. Surface Water Hydrology
	b. Surface Water Quality
	c. Groundwater Hydrology
	d. Groundwater Quality

	5.	Water Use
	6.	Vegetation
	7.  Fish
	a. Upper Sacramento River Basin
	b. Lower Sacramento River Basin
	c. Feather River
	d. Yuba River
	e. American River

	8.	Wildlife
	9.	Recreation
	a. Reservoirs
	b. Rivers
	c. Wildlife Refuges
	d. Private Hunting Clubs


	D.	SAN JOAQUIN RIVER BASIN
	1.	Geography and Climate
	2. 	Population
	3.	Land Use
	4.	Water Supply
	a. Surface Water Hydrology
	b. Surface Water Quality
	c. Groundwater Hydrology
	d. Groundwater Quality

	5.	Water Use
	6.	Vegetation
	7. Fish
	a. Mokelumne River
	b. Stanislaus River
	c. Tuolumne River
	d. Merced River

	8.	Wildlife
	9.	Recreation
	a. Reservoirs
	b. Rivers
	c. Conveyance Facilities
	d. Wildlife Refuges
	e. Private Hunting Clubs


	E.	SACRAMENTO-SAN JOAQUIN DELTA
	1.	Geography and Climate
	2. Population
	3.	Land Use and Economy
	4.	Water Supply
	a. Surface Water Hydrology
	b. Surface Water Quality
	c. Groundwater Hydrology
	d. Groundwater Quality

	5.	Water Use
	6.	Vegetation
	7.	Fish
	8.	Wildlife
	9.	Recreation

	F.	SUISUN MARSH
	1.	Land Use
	2.	Vegetation
	3.	Wildlife and Fish

	G.	SAN FRANCISCO BAY REGION
	1.	Geography and Climate
	2.	Population
	3.	Land Use and Economy
	4.	Water Supply
	a. Surface Water Hydrology
	b. Surface Water Quality
	c. Groundwater Hydrology
	d. Groundwater Quality

	5.	Water Use
	6.	Vegetation
	7.	Fish
	8.	Wildlife
	9.	Recreation

	H.	TULARE LAKE BASIN
	1.	Geography and Climate
	2.	Population
	3.	Land Use and Economy
	4.	Water Supply
	a. Surface Water Hydrology
	b. Surface Water Quality
	c. Groundwater Hydrology
	d. Groundwater Quality

	5.	Water Use
	6.	Vegetation
	7.	Fish
	8.	Wildlife
	9.	Recreation

	I.	CENTRAL COAST REGION
	1.	Geography and Climate
	2.	Population
	3.	Land Use and Economy
	4.	Water Supply
	a. Surface Water Hydrology
	b. Surface Water Quality
	c. Groundwater Hydrology
	d. Groundwater Quality

	5.	Water Use
	6.	Vegetation
	7.	Fish
	8.	Wildlife
	9.	Recreation

	J.	SOUTHERN CALIFORNIA
	1.	Geography and Climate
	2.	Population
	3.	Land Use
	4.	Water Supply
	a. Surface Water Hydrology
	b. Surface Water Quality
	c. Groundwater Hydrology
	d. Groundwater Quality

	5.	Water Use
	6.	Vegetation
	7.	Fish
	8.	Wildlife
	9.	Recreation

	Literature Cited in Chapter III

	CHAPTER IV  ANALYTICAL METHODS
	A.	DWRSIM
	B.	DWRDSM
	C.	DISSOLVED OXYGEN MODEL
	D.	SJRIO MODEL
	E.	WATER TEMPERATURE MODEL
	F.	AQUATIC RESOURCE RELATIONSHIPS IN THE DELTA
	1.	Salmon Smolt Survival Models
	2.	Estuarine Abundance/Outflow Relationships
	3.	Young-of-the-Year Striped Bass Model

	G.	WATER RIGHT PRIORITY ANALYSIS
	1.	Calculation of Water Subject to Allocation
	a. Vernalis Calculation for Flow Alternative 3
	b. Delta Calculation for Flow Alternative 3
	c. Vernalis Calculation for Flow Alternative 4
	d. Delta Calculation for Flow Alternative 4

	2.	Calculation of Stream Depletions Due to Diversions
	a. DD Calculation
	b. IO Calculation


	H.	WATERSHED ANALYSIS
	1.	Calculation of Watershed Allocation

	Literature Cited in Chapter IV

	CHAPTER V  WATER SUPPLY IMPACTS OF THE FLOW ALTERNATIVES
	A. WATER DELIVERIES
	B. CARRYOVER STORAGE IN CENTRAL VALLEY RESERVOIRS
	C. DELTA EXPORTS
	D. CAPACITY FOR WATER TRANSFERS
	E. DIVERSION CURTAILMENTS UNDER FLOW ALTERNATIVES 3 AND 4
	F. SUMMARY AND CONCLUSIONS

	CHAPTER VI  ENVIRONMENTAL EFFECTS OF IMPLEMENTING FLOW AND WATER OPERATION ALTERNATIVES
	A.	BACKGROUND INFORMATION ON FLOW OBJECTIVES
	B.	ENVIRONMENTAL EFFECTS IN THE DELTA
	1.	Hydrology
	2.	Salinity
	a. X2
	b. Electrical Conductivity Within the Delta

	3.	Fish and Aquatic Resources
	a. General Factors
	b. Impacts of Alternatives on Selected Species
	c. Summary of Effects on Fish and Aquatic Resources

	4.	Vegetation and Wildlife
	5.	Land Use
	6.	Delta Recreational Impacts

	C.	ENVIRONMENTAL EFFECTS  IN UPSTREAM AREAS
	1.	Hydrology
	2.	Water Temperature
	a. Sacramento River
	b. Feather River
	c. American River
	d. Stanislaus River

	3.	Aquatic Habitat
	a. Rivers
	b. Reservoirs

	4.	Vegetation and Wildlife
	a. Impacts on Riparian Vegetation and Riparian Wetland Habitats
	b. Impact on Vegetation in Reservoir Drawdown Zones 
	c. Waterfowl at Reservoirs
	d. Wetland Habitat at Wildlife Refuges and Duck Clubs

	5.	Channel Erosion
	6.	Land Use
	7.	Urban Development
	a. Growth-Inducing Effects
	b. Urban Landscape
	c. Public Health and Safety
	d. Socioeconomic Effects
	e. Need for Developing Housing

	8.	Energy
	a. Hydroelectric Power Availability
	b. Groundwater Pumping
	c. Fossil Fuels

	9.  Recreation
	a. Reservoirs
	b. Rivers
	c. Wildlife Refuges and Wetlands

	10.	Scenic Quality
	11.  Cultural Resources
	a. Regulatory Framework
	b. Data Limitations
	c. Impact Mechanisms
	d. Potential Impacts to the Cultural Resources Types
	e. Impacts Analysis
	f. Potential Mitigation Measures

	12.	Groundwater Resources
	a. Land Subsidence
	b. Groundwater Overdraft
	c. Groundwater Quality Deterioration
	d. Decreased Agricultural Productivity


	D.	EXPORT AREAS
	1.	SWP and CVP Export Service Area
	a. Groundwater
	b. Land Use Changes
	c. Wildlife Habitat
	d. Urban Landscape
	e. Recreation
	f. Water Reclamation
	g. Growth Inducing Effects
	h. Mitigation

	2.	EBMUD Service Area
	a. Summary of Customer Deficiencies
	b. EBMUD's Response to Increased Flow Requirements (Mitigation)
	c. Effects of Reduced Water Supply


	E.	FRIANT SERVICE AREA
	1.	Summary of Delivery Reductions.  Alternative 5 is the only alternative that results in direct reductions in deliveries to the Friant service area.  Alternatives 3 and 4 assign a responsibility to the Friant Project to provide flows, but the water is r
	2.	Effects in the Friant Service Area.  Reductions in Friant Unit water deliveries, such as those possible under Alternative 5, would have serious effects in the service area.  Reduced water deliveries would initially cause shifts in cropping patterns, i

	Literature Cited in Chapter VI

	CHAPTER VII  ALTERNATIVES FOR IMPLEMENTING SUISUN MARSH SALINITY OBJECTIVES
	A.	BACKGROUND
	1.	Regulatory History
	a. 1978 Delta Plan, D-1485, and the 1985 Amendments
	b. The Suisun Marsh Preservation Agreement
	c. 1995 Bay/Delta Plan
	d. SWRCB Order WR 98-09

	2.	Historical Salinity Conditions in Suisun Marsh

	B.	PHYSICAL DESCRIPTION OF EXISTING FACILITIES
	1.	Green Valley Creek and City of Vallejo Reservoirs
	2.	North Bay Aqueduct
	3.	Fairfield-Suisun Sewer District Wastewater Treatment Plant
	4.	Lake Berryessa and Putah-South Canal

	C.	ALTERNATIVES FOR IMPLEMENTING THE SUISUN MARSH OBJECTIVES
	1.	Suisun Marsh Alternative 1
	2.	Suisun Marsh Alternative 2
	3.	Suisun Marsh Alternative 3
	4.	Suisun Marsh Alternative 4
	5.	Suisun Marsh Alternative 5
	6.	Suisun Marsh Alternative 6

	D.	ENVIRONMENTAL IMPACTS OF THE ALTERNATIVES
	1.	Salinity
	a. Modeling Results
	b. Salinity Impacts at S-97
	c. Salinity Impacts at S-35
	d. Salinity Impacts at Boynton Slough (S-40)
	e. Suisun Marsh Salinity Control Gate Operation

	2.	Hydrology
	a. Green Valley Creek
	b. Lake Madigan and Lake Frey
	c. Sacramento River
	d. North Bay Aqueduct
	e. FSSD Wastewater Treatment Plant
	f. Putah-South Canal
	g. Lake Berryessa

	3.	Landscape (Construction-Related) Impacts
	a. Alternatives 1 and 3
	b. Alternatives 2 and 4
	c. Alternative 5
	d. Alternative 6

	4.	Potential Impacts to Terrestrial and Wetland Resources
	a. Alternatives 1 and 3
	b. Alternatives 2 and 4
	c. Alternative 5
	d. Alternative 6

	5.	Aquatic Resources
	a. Status and Trends of Aquatic Resources in Suisun Marsh
	b. Effects of Suisun Marsh Salinity Control Gate Operation
	c. Effects of Green Valley Creek Flow Augmentation
	d. Effects of the Alternatives

	6.	Recreation
	a. Green Valley Creek
	b. Lake Frey, Lake Madigan and Lake Berryessa


	E.	SUMMARY
	Literature Cited in Chapter VII

	CHAPTER VIII  ALTERNATIVES FOR IMPLEMENTING SALINITY CONTROL MEASURES IN THE SAN JOAQUIN RIVER BASIN
	A.	BACKGROUND
	1.	Problem Description
	a. Salinity Sources
	b. Historical Salinity Conditions and Future Trends

	2.	Regulatory History
	a. D-1275
	b. D-1422
	c. 1978 Delta Plan/D-1485
	d. 1991 Bay/Delta Plan
	e. 1995 Bay/Delta Plan and Order WR 95-6
	f. CVRWQCB Basin Plans

	3.	Existing Salinity Management Programs
	a. Out-of-Valley Disposal
	b. Water Conservation
	c. Drainage Reuse
	d. Evaporation Ponds
	e. Subsurface Storage
	f. Change in Point of Diversion in the Delta
	g. Land Retirement
	h. Controlled Discharges to the San Joaquin River


	B.	SALINITY CONTROL ALTERNATIVES UNDER CONSIDERATION
	1.	Salinity Control Alternative One - Reference Case
	a. Grassland Area Wetlands
	b. Agricultural Drainage

	2.	Salinity Control Alternative 2 - Controlled Timing of Wetland Releases
	3.	Salinity Control Alternative 3 - Controlled Timing of Tile Drain Discharges
	4.	Salinity Control Alternative 4 - Combination of Alternatives 2 and 3

	C.	ENVIRONMENTAL IMPACTS OF IMPLEMENTING SALINITY CONTROL 	ALTERNATIVES
	1.	Description of Modeling Process
	2.	Reduction in Required Releases from New Melones Reservoir
	3.	San Joaquin River Water Quality
	4.	Construction Related Effects
	5.	Crop Production
	Literature Cited in Chapter VIII


	CHAPTER IX  ENVIRONMENTAL EFFECTS OF IMPLEMENTING SOUTHERN DELTA SALINITY ALTERNATIVES (OTHER THAN VERNALIS)
	A.	BACKGROUND
	1.	Regulatory History
	a. D-1275
	b. D-1422
	c. The 1978 Bay/Delta Plan and D-1485
	d. 1991 Bay/Delta Plan
	e. 1995 Bay/Delta Plan
	f. Order WR 95-6
	g. Order WR 98-9
	h. Regional Water Quality Control Board (RWQCB) Basin Plans

	2.	Historical Salinity Conditions in the Southern Delta
	3.	Existing Salinity Management Programs in the Southern Delta
	a. Temporary Barriers Project
	b. ISDP


	B.	ALTERNATIVES FOR IMPLEMENTING SOUTHERN DELTA SALINITY 	OBJECTIVES IN THE 1995 BAY/DELTA PLAN
	C.	ENVIRONMENTAL IMPACTS OF THE ALTERNATIVES
	1.	Impacts Caused By Construction
	a. Water Quality
	b. Aquatic Resources
	c. Terrestrial Biological Resources
	d. Recreation
	e. Navigation
	f. Transportation

	2.	Impacts to Water Levels and Salinity
	a. Minimum Water Levels
	b. Salinity
	c. Mitigation for Impacts

	3.	Impacts to Aquatic Resources
	a. Method for Analysis
	b. Impacts
	c. Mitigation for Impacts

	4.	Impacts to Terrestrial Biological Resources
	a. Impacts
	b. Mitigation for Impacts

	5.	Impacts to Recreation
	a. Methods for Analysis
	b. Impacts
	c. Mitigation for Impacts

	6.	Impacts to Navigation
	a. Impacts
	b. Mitigation for Impacts


	D.	SUMMARY
	Literature Cited in Chapter IX

	CHAPTER X.  ALTERNATIVES FOR IMPLEMENTING THE DISSOLVED   OXYGEN OBJECTIVE IN THE SAN JOAQUIN RIVER
	A.	BACKGROUND
	1.	Factors that Affect DO Levels in the San Joaquin River
	a. San Joaquin River Flow
	b. San Joaquin River Geometry
	c. Water Temperature
	d. Oxygen Demand

	2.	Regulatory History
	a. 1967 Interim Water Quality Control Policy for the Sacramento-San Joaquin Delta
	b. 1975 Basin Plan
	c. 1991 Bay/Delta Plan
	d. 1995 Basin Plan
	e. 1995 Bay/Delta Plan

	3.	Historic DO Conditions
	4.	Current and Proposed Management Actions to Improve DO
	a. USCOE Aeration Facility
	b. Barrier at Head of Old River
	c. ISDP
	d. Water Quality Regulatory Actions by the CVRWQCB


	B.	ALTERNATIVES FOR IMPLEMENTING THE DO OBJECTIVE
	1.	DO Control Alternative 1 - Base Case
	2.	DO Control Alternative 2 - Bay/Delta Plan Flows
	3.	DO Control Alternative 3 - ISDP Barriers Operation
	4.	DO Control Alternative 4 - Reduced BOD Loading from the Stockton WWTP

	C.	ENVIRONMENTAL EFFECTS OF THE ALTERNATIVES
	1.	Impacts to Water Quality in the San Joaquin River
	2.	Impacts on Aquatic Resources
	3.	Energy Effects
	4.	Public Nuisance Considerations
	5.	Use of Hazardous/Toxic Substances
	6.	Socioeconomic, Fiscal, and Secondary Effects
	7.	Construction-Related Impacts
	a. Air
	b. Noise
	c. Population and Housing
	d. Traffic
	e. Earth
	f. Water
	g. Terrestrial Life
	h. Cultural Resources

	8.	Summary

	Literature Cited in Chapter X

	CHAPTER XI  ECONOMICS
	A. IMPACTS ON AGRICULTURAL WATER USERS
	1.	Water Supply Impacts
	2.	Assumptions and Methodology
	3.	Results

	B.	IMPACTS ON URBAN WATER USERS
	1. Methodology
	2.	Results

	C.	REGIONAL ECONOMIC IMPACTS
	1.	Job and Income Impacts
	2.	Details of Estimation Methods

	D.	SUMMARY
	Literature Cited in Chapter XI

	CHAPTER XII  MANDATORY FINDINGS UNDER CEQA
	A.	CUMULATIVE IMPACTS
	1. Future Actions with Potential for Cumulative Effects
	a. American River Watershed Project
	b. CALFED
	c. Central Valley Project Improvement Act
	d. Conjunctive Use Programs
	e. Delta Wetlands Project
	f. Eastside Reservoir
	g. EBMUD Supplemental Water Supply Program
	h. Inland Feeder Project
	i. Interim South Delta Program (ISDP)
	j. Los Angeles Aqueduct
	k. Los Banos Grandes Reservoir
	l. Los Vaqueros Project
	m. Mandeville Island Project
	n. Montezuma Wetlands Project
	o. Pardee Reservoir Enlargement Project
	p. Red Bluff Diversion Dam Fish Passage Project
	q. Reallocation of Colorado River Water
	r. Rice Field Flooding
	s. Sacramento Area Water Forum Process
	t. State and Federal ESA
	u. Water Transfers
	v. West Delta Program

	2. Cumulative Impact Assessment
	a. Delta Exports
	b. Carryover Storage
	c. Transfer Capacity
	d. Delta Outflow
	e. Fisheries
	f. Salinity
	g. Water Temperature


	B.	MITIGATION MEASURES
	1.	Conservation
	a. Urban Water Conservation
	b. Agricultural Water Conservation

	2.	Groundwater Management
	3.	Water Transfers
	4.	Water Recycling
	5.	Combined Use of SWP/CVP Points of Diversion in the Delta
	6.	Offstream Storage Projects
	7.	ISDP

	C.	GROWTH-INDUCING EFFECTS
	D.	RELATIONSHIP BETWEEN SHORT-TERM USES AND THE MAINTENANCE  OF LONG-TERM PRODUCTIVITY
	E.	IRREVERSIBLE OR IRRETRIEVABLE COMMITMENT OF RESOURCES
	Literature Cited in Chapter XII

	CHAPTER XIII  ALTERNATIVES FOR IMPLEMENTING
	A.	PURPOSE
	B.	BACKGROUND INFORMATION ON JOINT POD
	C.	DESCRIPTION OF ALTERNATIVES
	1.	Joint POD Alternative 1 (No Project)
	2.	Joint POD Alternative 2
	3.	Joint POD Alternative 3
	4.	Joint POD Alternative 4
	5.	Joint POD Alternative 5
	6.	Joint POD Alternative 6
	7.	Joint POD Alternative 7
	8.	Joint POD Alternative 8
	9.	Joint POD Alternative 9

	D.	WATER SUPPLY IMPACTS
	1.	SWP and CVP Delivery Impacts
	2.	SWP Wheeling for the CVP
	3.	Carryover Storage in SWP and CVP Reservoirs
	4.	Transfer Capacity

	E.	ENVIRONMENTAL EFFECTS OF IMPLEMENTING JOINT POD  	ALTERNATIVES IN THE DELTA
	1.	Hydrology
	2.	Salinity
	a. X2
	b. EC Within the Delta

	3.	Water Levels
	a. Minimum Water Levels
	b. Mitigation for Impacts to Water Levels

	4.	Fish and Aquatic Resources

	F.	ENVIRONMENTAL EFFECTS OF IMPLEMENTING JOINT POD 	ALTERNATIVES IN THE UPSTREAM AREAS
	1.	Hydrology
	2.	Water Temperature
	a. Sacramento River
	b. Feather River
	c. American River
	d. Stanislaus River

	3.	Aquatic Habitat
	a. Rivers
	b. Reservoirs
	c. Riparian Wetland Habitat

	4. Geology
	a. Background and Assumptions
	b. Impact Analysis

	5. Energy
	a. Hydroelectric Power Availability
	b. Groundwater Pumping
	c. Fossil Fuels

	6. Recreation
	7. Cultural Resources
	a. Impacts
	b. Continuing Effects
	c. Impact Analysis
	d. Consultation with the California State Historic Preservation Officer

	8. Economic Analysis
	a. Introduction
	b. Irrigation and M&I Water Impacts
	c. Impacts on Regional Economies
	d. Impacts on Land Use


	Literature Cited in Chapter XIII


	08. Revised Water Rights 1641
	Water Right Decision 1641
	1.0 Introduction
	2.0 Background
	2.1 Procedural History
	2.2 Physical Setting

	3.0 Project Description
	4.0 Issues Considered in the Hearing
	4.1 Issues Noticed
	4.2 Parties

	5.0 Effects of Proposed Sourthern Delta Channel Barriers
	6.0 Responsibility of Parties Proposing the San Joaquin River Agreement, and Alternatives to the Agreement
	6.1 Current Implementation of the Vernalis Flow Objectives by USBR and DWR
	6.2 Recirculation Proposal
	6.3 Responsibility Consistent with the SJRA, the VAMP and the Change Petitions
	6.3.1 The San Joaquin Agreement
	6.3.2 The VAMP Experiment
	6.3.3 Terms of the SJRA
	6.3.4 Findings Addressing the Petitions for Long-Term Changes
	6.3.5 Summary of Findings and Actions Regarding the SJRA


	7.0 Responsibility for Meeting the Suisun Marsh Objectives
	7.1 Background
	7.2 Implementation of the Numeric Objectives Using Equivalent Protection
	7.3 Implementation of the Narrative Objective
	7.4 Conclusions Regarding Suisun Marsh

	8.0 Responsiblility of Parties Proposing Agreements in the Sacramento, Mokelumne, Calaveras, and Cosumnes River Watersheds
	8.1 Mokelumne Agreement
	8.1.1 Support for Finding that the MOU Satisfies Any Responsibility of EBMUD to Meet Bay-Delta Objectives
	8.1.2 Opposition to Establishing EBMUD's Responsibility in Accordance with the JSA Flows
	8.1.3 SWRCB Findings Regarding the Mokelumne Agreement

	8.2 North Delta Agreement
	8.3 Putah Creek Agreement
	8.4 Cache Creek Agreement

	9.0 Responsibility for Meeting Dissolved Oxygen Objectives
	9.1 Background
	9.2 Ways to Meet the Dissolved Oxygen Objectives
	9.2.1 Flow and Barriers
	9.2.2 Establishment of a TMDL
	9.2.3 Stockton WWTP

	9.3 Summary

	10.0 Responsibility for Meeting Southern Delta Salinity Objectives
	10.1 Background
	10.2 Responsibility to Meet the Vernalis Salinity Objective
	10.2.1 Causes of Salinity Concentrations at Vernalis
	10.2.2 Actions to Meet the Vernalis Salinity Objectives

	10.3 Responsibility for Southern Delta Salinity Objectives Downstream of Vernalis
	10.3.1 Causes of Salinity Concentrations Downstream of Vernalis
	10.3.2 Actions to Meet Interior Delta Salinity Objectives

	10.4 Summary

	11.0 The Petition to Authorize Joint Points of Diversion by the CVP and the SWP
	11.1 Background
	11.2 SWRCB Authority Regarding Petitions for Change
	11.3 Positions of the Parties
	11.4 Issues Raised in Opposition to JPOD Petition
	11.5 Effects of the JPOD on the SWP and the CVP
	11.6 Effect of the Proposed Change on Other Legal Users of Water
	11.6.1 Effects on Sacramento River Water Users
	11.6.2 Water Supply Effects on Contra Costa Water District
	11.6.3 Effects on Uses of Water in the Delta

	11.7 Effects on Fish, Wildlife, and Other Instream Beneficial Uses of the Water
	11.7.1 Effect on Refuges
	11.7.2 Effects on Aquatic Resources

	11.8 Summary

	12.0 The Petition to Change and Consolidate Places of Use and Purposes of Use of Water Under Certain Permits of the CVP
	12.1 Background
	12.2 SWRCB Authority Regarding Petitions for Change
	12.3 Current and Added Places of Use
	12.4 Effects on Other Legal Users of Water
	12.4.1 Effect of Consolidation of Places of Use
	12.4.2 Effects of Including the Encroachment Lands in the Place of Use
	12.4.3 Effects of Changing the Purposes of Use


	13.0 Responsibilities of DWR and USBR
	13.1 Responsibility for Meeting Objectives Requiring Operation of Facilities
	13.2 Responsibility for Meeting Flow Objectives

	14.0 Compliance with the California Environmental Quality Act
	14.1 Environmental Documentation for Responsibilities to Meet Objectives in the 1995 Bay-Delta Plan
	14.2 Environmental Documentation for Changes in Places and Purposes of Use of CVP Water Right Permits
	14.3 Significant Environmental Effects of This Decision
	14.3.1 Fish and Aquatic Resources
	14.3.2 Terrestrial Endangered Species
	14.3.3 Energy
	14.3.4 Recreation
	14.3.5 Scenic Quality
	14.3.6 Cultural Resources
	14.3.7 Groundwater
	14.3.8 Land Use Impacts

	14.4 Statement of Overriding Considerations

	Order


	09. Biological Assessment on the Continued Long-term Operations
	BA/OCAP of CVP-SWP
	Table of Contents
	List of Figures
	List of Tables
	List of Abbreviations/Acronyms
	Preface

	Chapter 1
	Chapter 2
	Chapter 3
	Chapter 4
	Chapter 5
	Chapter 6
	Chapter 7
	Chapter 8
	Chapter 9
	Chapter 10
	Chapter 11
	Chapter 12
	Chapter 13
	Chapter 14
	Chapter 15
	Chapter 16
	Chapter 17
	Chapter 18
	Appendices

	10. Formal Endangered Species Act Consultation on the Proposed C



